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Foreword

During Easter 2019, I got a message from Lorn Potter, asking if I could write a foreword for
his book about mobile and embedded development with Qt 5. I said, "sure, I'd be happy
to," knowing what a skilled guy he is. Then he told me that the deadline was in a few hours.
Challenge accepted!

I think he probably chose me because I've known him for a very long time, and maybe also
because I am one of the two founders of Trolltech and also one of the first two Qt designers
and developers.

Back in the stone ages, when Trolltech re-licensed Qt for Windows, to make it available for
the development of open source software, we got an email from a guy called Lorn Potter.
He wrote to us: "Trolltech, if you were a woman, I'd... I'd... Well, I'd take you out for dinner
and a movie!". A bit later we worked on putting together some marketing material and
someone thought it would be cool to use that quote. Marketing asked for permission to use
the quote and contact with Lorn was established. Another story is that that quote created
quite a controversy internally and was later removed.

Lorn was the creator of a desktop app called Gutenbrowser and quite a rock star in the
open source community. When we needed a community liaison for our Qtopia product in
mid-2003, Lorn was offered the job and took it. He then moved from the US to Brisbane,
Australia, to work at our office there. Qtopia was basically a complete platform and
application suite for mobile devices and was built with Qt.



Lorn was heavily involved with the open source developed version of Qtopia. Other duties
he had at Trolltech included creating the Qtopia Greenphone SDK for our only hardware
product, the Trolltech Greenphone:

He also ported Qtopia to run on other devices, such as Nokia's N770, N800, N900, Siemens
SIMpad SL4, and Openmoko's Neo 1973 phone.

Lorn has decades of experience in using Qt for mobile and embedded development. Here is
a picture of his collection of devices running Qt, just to give you an idea:

I'haven't read this book, so I cannot guarantee its quality, but I can guarantee the quality of
Lorn as a communicator and a very talented developer. You are in the best of hands.

Now read on and use Qt, my baby who has grown up to be a very powerful adult.

Eirik Chambe-Eng, Co-founder, Trolltech
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Preface

Qt is everywhere these days. From your typical home computer to cloud servers, mobile
phones, machine automation, coffee machines, medical devices, and embedded devices of
all kinds, even in some of the classiest automobiles. It might even be somewhere in space,
too! Even watches run Qt these days.

The Internet of Things (IoT) and home automation are big buzzwords that Qt is also a part
of. As I like to say, there's no IoT without sensors! Would I write a book on Qt development
without mentioning sensors? No. So, we will also dive into Qt Sensors as well.

There's no shortage of target devices these days, that's for sure. But in this book, we will
only specifically target mobile phone platforms and Raspberry Pi to demonstrate some of
the embedded features of Qt. Because Qt is cross-platform, you should still come away with
knowledge on how to target coffee makers, too!

One consideration to make is which UI framework is going to be used. Using OpenGL is a
viable option for mobile devices, especially if there is hardware support. I deliberately skip
discussing OpenGL, as that is quite complicated and would be a complete book in itself. It
is an option, however, and is available through the use of Qt frameworks.

Who this book is for

This book is aimed at developers who are interested in developing cross-platform
applications with Qt for use on mobile and embedded devices. Readers should have prior
knowledge of C++ and be familiar, running commands from a command-line interface.

What this book covers

Chapter 1, Standard Qt Widgets, covers standard Ul elements and dynamic layouts to teach
the reader how to handle orientation changes.

Chapter 2, Fluid Ul with Qt Quick, outlines standard QML elements, charts, data
visualization, and animation.

Chapter 3, Graphical and Special Effects, looks at QML particles and graphical effects.
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Chapter 4, Input and Touch, teaches the readers how to create and use virtual keyboards,
and touch and voice input.

Chapter 5, Qt Network for Communication, talks the reader through network operations,
sockets, and sessions.

Chapter 6, Connectivity with Qt Bluetooth LE, goes over Bluetooth LE device discovery,
setting up a service, and manipulating characteristics.

Chapter 7, Machines Talking, discusses sensors, WebSockets, and MQTT automation.

Chapter 8, Where Am I? Location and Positioning, looks at GPS location, positioning, and
maps.

Chapter 9, Sounds and Visions — Qt Multimedia, covers 3D audio, FM radio, and recording
and playing video.

Chapter 10, Remote Databases with Qt SQL, outlines, remote use of SQLite and MySQL
databases.

Chapter 11, Enabling In-App Purchases with Qt Purchasing, discusses adding in-app
purchases to your apps.

Chapter 12, Cross Compiling and Remote Debugging, looks at cross-compiling, and
connecting to and debugging on a remote device.

Chapter 13, Deploying to Mobile and Embedded, examines the setting up of an application
and completion of app store procedures.

Chapter 14, Universal Platform for Mobiles and Embedded Devices, looks at running Qt apps in
a web browser.

Chapter 15, Building a Linux System, covers setting up and building a complete Linux
embedded system.

To get the most out of this book

This book assumes you have used C++, are familiar with QML, can use Git to download
source code, and can type commands into a command-line interface. You should also be
accustomed to using GDB debugger.

It also assumes you have a mobile or embedded device, such as a phone or Raspberry Pi.

[2]
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Download the example code files

You can download the example code files for this book from your account
at www.packt . com. If you purchased this book elsewhere, you can
visit www.packt .com/support and register to have the files emailed directly to you.

You can download the code files by following these steps:

Log in or register at www.packt . com.
Select the SUPPORT tab.
Click on Code Downloads & Errata.

Enter the name of the book in the Search box and follow the onscreen
instructions.

L e

Once the file is downloaded, please make sure that you unzip or extract the folder using the
latest version of:

e WinRAR/7-Zip for Windows
e Zipeg/iZip/UnRarX for Mac
e 7-Zip/PeaZip for Linux

The code bundle for the book is also hosted on GitHub at https://github.com/
PacktPublishing/Hands-On-Mobile-and-Embedded-Development-with-Qt-5/tree/

master. In case there's an update to the code, it will be updated on the existing GitHub
repository.

We also have other code bundles from our rich catalog of books and videos available
athttps://github.com/PacktPublishing/. Check them out!

Download the color images

We also provide a PDF file that has color images of the screenshots/diagrams used in this

book. You can download it here:
https://www.packtpub.com/sites/default/files/downloads/9781789614817_ColorImage

s.pdf.

Conventions used

There are a number of text conventions used throughout this book.

[3]
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CodeInText: Indicates code words in text, database table names, folder names, filenames,
file extensions, pathnames, dummy URLSs, user input, and Twitter handles. Here is an
example: "On iOS, you need to edit the plist.info file."

A block of code is set as follows:

if (!QTouchScreen::devices () .isEmpty()) {
gApp->setStyleSheet ("QButton {padding: 10px;}");
}

Bold: Indicates a new term, an important word, or words that you see onscreen. For
example, words in menus or dialog boxes appear in the text like this. Here is an example:
"Select the Projects icon on the left side of Qt Creator, then pick which target platform you
want like Qt 5.12.0 for iOS"

Warnings or important notes appear like this.

Tips and tricks appear like this.

Get in touch

Feedback from our readers is always welcome.

General feedback: If you have questions about any aspect of this book, mention the book
title in the subject of your message and email us at customercare@packtpub.com.

Errata: Although we have taken every care to ensure the accuracy of our content, mistakes
do happen. If you have found a mistake in this book, we would be grateful if you would
report this to us. Please visit www.packt .com/submit-errata, selecting your book, clicking
on the Errata Submission Form link, and entering the details.

Piracy: If you come across any illegal copies of our works in any form on the Internet, we
would be grateful if you would provide us with the location address or website name.
Please contact us at copyright@packt .com with a link to the material.

[4]
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If you are interested in becoming an author: If there is a topic that you have expertise in
and you are interested in either writing or contributing to a book, please
visit authors.packtpub.com.

Reviews

Please leave a review. Once you have read and used this book, why not leave a review on
the site that you purchased it from? Potential readers can then see and use your unbiased
opinion to make purchase decisions, we at Packt can understand what you think about our
products, and our authors can see your feedback on their book. Thank you!

For more information about Packt, please visit packt .com.
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Section 1: Making Great Uls

Qt provides several ways for a developer to create great looking applications, from the
more standard looking Qt Widgets to Qt Quick, with its endlessly creative fluid animation
and sparkling effects, to Qt OpenGL, which brings immersive gaming into the Qt mobile
world. In this section readers will learn how to use Qt's various UI frameworks to create
dynamic and flexible user interfaces for mobile and embedded devices, targeting platforms,
such as iOS, Android for mobile, and the Raspberry Pi.

This section comprises of the following chapters:

® Chapter 1, Standard Qt Widgets

e Chapter 2, Fluid Ul with Qt Quick

e Chapter 3, Graphical and Special Effects
e Chapter 4, Input and Touch



Standard Qt Widgets

Qt Widgets are not the new kid on the block, but they still do have their place in
applications that target mobile and embedded devices. They are well formed, predictable
and have standard UI elements.

Recognizable Ul elements are found in Qt Widgets and work great on laptops, which are
simply mobile desktops. In this chapter, you will learn to design standard looking
applications. Basic widgets such as menus, icons, and lists will be discussed with an
emphasis on how to constrain the user interface to medium and small-sized displays.
Topics we will discuss include how to use Qt's dynamic layouts to handle orientation
changes. Classes such as QGraphicsScene, QGraphicsView, and QGraphicsItem will be
used. Layout API such as QVBoxLayout, QGridLayout, and QStackedLayout will be
discussed.

In this chapter we will cover:

¢ Using Qt Creator and Qt Widgets to create a mobile app and run on the device

e Differences between desktop and mobile apps including screen size, memory,
gestures

¢ Using Qt Widgets in dynamic layouts for easy screen size and orientation
changes

e Using OGraphicsView for graphical apps



Standard Qt Widgets Chapter 1

Hello mobile!

So you want to develop apps for mobile and embedded devices using Qt. Excellent choice,
as Qt was made for cross-platform development. To get you started, we will run through
the basic procedure of using Qt Creator to create, build and run an application. We will
briefly examine different aspects to consider when creating mobile and embedded apps,
such as how to use Qt Creator to add a menu. Adding a Qwidget in the designer is not that
difficult, and I will show you how.

Qt has a long history of running on mobile devices, starting with Qt Embedded, which was
initially released in 2000. Qt Embedded was the base framework for the UI Qtopia, which
was initially released on the Sharp Zaurus on the SL-5000D developer edition.

These days, you can develop an application using Qt and sell it in the iOS App Store,
Android Google Play store, or other Linux mobile phones. Qt apps run on TVs and you can
even see them running on entertainment systems in cars and planes. It runs on medical
devices as well as industrial automation machines on factory floors.

There are considerations for using Qt on mobile and embedded devices such as memory
constraints and display size constraints. Mobiles have touchscreens, and embedded devices
might not have screens at all.

When you install Qt, you can use the Qt Creator IDE to edit, build and run your code. It's
free and open source, so you can even customize it. I once had a patch that customized Qt
Creator in a way that would allow me to print out all the keyboard commands that is was
using, so I could have a quick reference sheet. Let's take a quick look at Qt Creator, that was
once known as Workbench.

Qt Creator

We are not going to go into any great detail about Qt Creator, but I thought I should
mention it to demonstrate how we could go about using it to develop a cross-platform
Qwidget based application that runs on a desktop and mobile platform. Some differences
between the two will be discussed. We'll then demonstrate how using dynamic layouts can
help you target many different screen sizes and handle device orientation changes. You
might already be familiar with Qt Creator, so we will refresh your memory.

[8]



Standard Qt Widgets Chapter 1

Basic Qt Creator procedure
The basic procedure for cross-compiling and building apps that run on a mobile device are
straight forward after you get set up. The procedure that we would hypothetically follow
is:
1. File | New File or Project... | Qt Widgets Application, click the Choose... button
2. Write some amazing code

3. Select the Projects icon on the left side of Qt Creator, then pick which target
platform you want like Qt 5.12.0 for iOS

4. Hit Ctrl + B, or Command + B to build
5. Hit Ctrl + R, or Command + R to run
6. Hit F5, or Command + Y to debug

For this first chapter, we will use Qt Widgets, which are Ul elements that are more closely
aligned to traditional desktop computer applications. They are still useful for mobile and
embedded devices.

Qt Designer

Qt Creator comes with a design tool named Qt Designer. When you create a new template
application, you will see a list of files on the left. It will open your application form in Qt
Designer when you click on any .ui file.

The source code can be found on the Git repository under
0 the Chapter01-a directory, in the cp1 branch.

[9]
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Navigate to Forms | mainwindow.ui and double click on that. This will open the Ul file in
Qt Creators Designer. A Ul file is just a text file in the form of XML, and you can edit that
file directly if you choose. The following image shows how it looks when opened in Qt
Designer:

@ [ ] mainwindow.ui @ chapter-1a [master] - book - Qt Creator
P do ) B
Filter L’ L] [ Object Class
v Layouts Type Here v MainWindow QMainWindc
g = verical Lo v monazar O Qe
= [11] Horizontal Layout v menuMenu QMenu
. #3 orid Layout actionltem? QAction
Form Layout actionltem2 QAction
mainToolBar QToolBar
— Spacers statusBar QStatusBar

Horizontal Spacer
Vertical Spacer

Buttons

Push Button N
Filter

&
‘Home BE mE| =

Tool Button actionltem1 : QAction
Radio Button Property Value
P Check Box J - L Yy
Command Link Button objectName actionitem1
v
Dialog Button B
'alog Button Box checkable
Item Views (Model-Based)
checked
List View
s enabled
S Tree View > icon
B Table view > text item1
Column View » iconText Item1
¥ Item Widgets (Item-Based) > toolTip Item1
[ uist wiaget > statusTip
P B Tree Widget » whatsThis
% X » font A [SFNST..
Table Widget » shortcut
v Containers - shortcutContext | WindowShort...
] croup sox N: Used Te Sh Fmer(:n kabl ToolTi SioREpeat
T scroll Area lame se ext ortcut eckable ool Tip Tl o
ool B acti...tem1 Item1 Item?1 9 —
- ‘0ol Box acti..tem2 ltem2 ltem2 menuRole TextHeuristic...
n 1 Tab Widget iconVisibleiInMenu
- E Stacked Widget shortcutVisibleln...
D Frame priority NormalPriority
\:l Widget
[[H ™I Area
k4 Dock Widget
v Input Widgets Action Editor Signals Slots Editor
O
L. Type to locate (88K) 1 Issues@® 2 SearchR.. 3 Applicati.. 4 Compile.. 5 Debugge.. 6 General ... Test Res...
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Let's start with something just about every desktop application has—a Menu. Your mobile
or embedded application might even need a Menu. As you can see, there is a template
Menu that the Qt app wizard has produced for us. We need to customize this to make it
usable. We can add some sub-menu items to demonstrate basic Qt Creator functionality.

Add a QMenu

Click on the application form where it says Menu to add menu items. Type in something
like Item1, hit Enter. Add another menu item, as demonstrated in the following image:

Type Here
Add Separator

If you were to build this now, you would have an empty application with a Menu, so let's
add more to demonstrate how to add widgets from the list of widgets that is on the left side
of Qt Creator.

Add QListView

Our UI form needs some content. We will build and run it for the desktop, then build and
run it for the mobile simulator to compare the two. The procedure here is easy as drag and
drop.

[11]
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On the left side of Qt Creator is a list of Widgets, Layouts and Spacers that you can simply
drag and drop to place onto the template form and create your masterpiece Qt application.
Let's get started:

1. Drag a ListView and drop it on the form.

@ mainwindow.ui @ chapter-1a [master] - book - Qt
/ a ao = ) & 123,
Filter
Menu Type Here
Layouts
Vertical Layout S

Horizontal Layout
Grid Layout
Form Layout

Spacers n
Horizontal Spacer

Vertical Spacer

Buttons
Push Button

Tool Button
Radio Button
Check Box

Command Link Button

(O e RE"ME ‘ST

Tlalog BU Box
Item Views (Mgdel-Based)
List View

%=

Tree View

Column View

Item Widgets (ltem-Based)

‘B

2. Select Desktop kit and build and run it by hitting the Run button. Qt Creator can
build and run your application in the same step if you have made any changes to
the form or source code. When you run it, the application should look similar to
this image:
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[ JON ] MainWindow

That's all fine and dandy, but it is not running on anything small like a phone.

Qt Creator comes with iOS and Android simulators, which you can use to see how your
application will run on a small screened device. It is not an emulator, which is to say it does
not try to emulate the device hardware, but simply simulates the machine. In effect, Qt
Creator is building and running the target architectures.

3. Now select iOS Simulator kit, or Android from the Projects tool in green, as
seen in the following image:

p e

Projects

o

4. Build and run it, which will start it in the simulator.
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Here is this app running on the iOS simulator:

iPhone XS Max - 12.0

There you go! You made a mobile app! Feels good, doesn't it? As you see, it looks slightly
different in the simulator.
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Going smaller, handling screen sizes

Porting applications which were developed for the desktop to run on smaller mobile
devices can be a daunting task, depending on the application. Even creating new apps for
mobiles, a few considerations need to be made, such as differences in screen resolution,
memory constraints, and handling orientation changes. Touch screens add another fantastic
way to offer touch gestures and can be challenging due to the differences in the size of a
finger as point compared to a mouse pointer. Then there are sensors, GPS and networking
to contemplate!

Screen resolution

As you can see in the previous images in the Add QListView section, the application
paradigms are fairly different between desktop and mobile phones. When you move to an
even smaller display, things start to get tricky in regards to fitting everything on the screen.

Luckily, there are Qt Widgets that can help. The C++ classes QScrollArea,
QStackedWidget and QTabbedWidget can show content more appropriately. Delegating
your on-screen widgets to different pages will allow your users the same ease-of-navigation
which a desktop application allows.

There might also be an issue on mobile devices while using oMenu. They can be long,
unruly and have a menu tree that drills down too deeply for a small screen. Here's a menu
which works well on a desktop:

chapter-1a | Menu

[tem? > itemla > ltemlb > [temlc
Item2
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On a mobile device, the last items on this menu become unreachable and unusable. We

need to redesign this!

8:37
Menu

Iltem1
Iltem2

»

itemla

»

Iltem1b

iPhone XS Max - 12.0

Menus can be fixed by eliminating them or refactoring them to reduce their depth, or

by using something like a 9StackedWidget to present the Menu options.

[16]
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Qt has support for high (Dots Per Inch) DPI displays. Newer versions of Qt automatically
compensate for differences between high DPI and low DPI displays for iOS and the
Wayland display server protocol. For Android, the environmental variable

QT _AUTO_SCALE_FACTOR needs to be set to true. To test different scale factors, set
QT_SCALE_FACTOR, which works best with an integer, typically 1 or 2.

Let's run through a few examples of widgets and how they can be better used on differing
screens:

e Widgets like QScrollBar can be increased in size to better accommodate a
finger as pointer, or better yet be hidden and use the widget itself to scroll. The
Ul usually needs to be simplified.

e Long OListViews can present some challenges. You can try to filter or add a
search feature for such long lists to make the data more accessible and eye
pleasing on smaller displays.

e Even QSstackedWidget or QTabbedWidget can be too big. Don't make the user
flick left or right more than a few pages. Anything more can be cumbersome and
annoying for the user to be flicking endlessly to get at content.

® OstyleSheets are a good way to scale for smaller display's, allowing the
developer to specify customizations to any widget. You can increase the padding
and margins to make it easier for finger touch input. You can either set a style on
a specific widget or apply it to the entire QApplication for a certain class of
widget.

gApp->setStyleSheet ("QButton {padding: 10px;}");
or for one particular widget it would be:

myButton->setStyleSheet ("padding: 10px;");

Let's apply this only when there is a touch screen available on the device. It will make the
button slightly bigger and easier to hit with a finger:

if (!'QTouchScreen::devices () .isEmpty()) {
gApp->setStyleSheet ("QButton {padding: 10px;}");
}

If you set one style with a style sheet, you will most likely need to
customize the other properties and sub-controls as well. Applying one
style sheet removes the default style.
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Of course, it is also easy to set a style sheet in Qt Designer, just right click on the target
widget and select, Change styleSheet from the context menu. As seen here on the Apple
Mac:

Change objectName...
Change toolTip...
Change whatsThis...

Change styleSheet...

Size Constraints
Promote to ...
Go to slot...
Send to Back
Bring to Front
Cut

Copy

Paste

Select All
Delete

Lay out

Mobile phones and embedded devices have smaller displays, and they also have less RAM
and storage.

Memory and storage

Mobile phones and embedded devices usually have less memory than desktop
machines. Especially for embedded devices both RAM and storage are limited.

The amount of storage space used can be lowered by optimizing images, compressing if
needed. If different screen sizes are not used, the images can by manually resized instead of
scaling at runtime.
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There are also heap vs stack considerations which generally always pass arguments into
functions by reference by using the & (ampersand) operator. You will notice this in the
majority of Qt code.

Compiler optimizations can greatly effect both performance and the size of executables. In
general, Qt's gmake mkspec build files are fairly good at using the correct optimizations.

If storage space is a critical consideration, then building Qt yourself is a good idea.
Configuring Qt using the -no-feature-* to configure out any Qt features you might not
need is a good way to reduce it's footprint. For example, if a device has one static Ethernet
cable connection and does not need network bearer management, simply configure Qt
using -no-feature-bearermanagement. If you know you are not using SQL why ship
those storage using libraries? Running configure with ——1ist-features argument will
list all the features available.

Orientation

Mobile devices move around (whodathunkit?) and sometimes it is better to view a
particular app in landscape mode instead of portrait. On Android and iOS, responding to
orientation changes are built in and occurs by default according to the users configuration.
One thing you might need to do, is actually disable the orientation change.

On iOS, you need to edit the plist.info file. For the key
UISupportedInterfaceOrientations, you need to add the following;:

<array><string>UIInterfaceOrientationLandscapeleft</string></array>

On Android, edit the AndroidManifest .xml
file android:screenOrientation="landscape"

If a picture frame device has a custom-built operating system, it might need it's photo
viewing app to respond when the user switches orientations. That's where Qt Sensors can
help out. More on that later in the first section of chapter 7, Machines Talking.
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Gestures

Touchscreen gestures are another way mobiles are different to desktops. Multi-touch
screens have revolutionized the device world. QPanGesture, QPinchGesture and
QSwipeGesture can be used to great effect on these devices, and Qt Quick has components
build for this type of thing—Flickable, SwipeView, PinchArea and others. More on Qt
Quick later.

To use QGestures, first create a QList of containing the gestures you want to handle, and
call the grabGesture function for the target widget.

QList<Qt::GestureType> gestures;

gestures << Qt::PanGesture;

gestures << Qt::PinchGesture;

gestures << Qt::SwipeGesture;

for (Qt::GestureType gesture : gestures)
someWidget->grabGesture (gesture) ;

You will need to derive from and then override the widgets event loop to handle when the
event happens.

bool SomeWidget::event (QEvent *event)
{
if (event->type () == QEvent::Gesture)
return handleGesture (static_cast<QGestureEvent *> (event));
return QWidget::event (event);

}

To do something useful with the gesture, we could handle it like this:

if (QGesture *swipe = event->gesture (Qt::SwipeGesture)) {
if (swipe->state() == Qt::GestureFinished) {
switch (gesture->horizontalDirection()) {
case QSwipeGesture::Left:
break;
case QSwipeGesture::Right:
break;
case QSwipeGesture: :Up:
break;
case QSwipeGesture::Down:
break;

[20]
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Devices with sensors also have access to QSensorGesture, which enable motion gestures
such as shake. More on that later, in chapter 7, Machines Talking.

Dynamic layouts

Considering that mobile phones come in all shapes and sizes, it would be ridiculous
to need to provide a different package for every different screen resolution. Hence we will
use dynamic layouts.

The source code can be found on the Git repository under
the Chapter01-layouts directory, in the cp1 branch.

Qt Widgets have support for this using classes such as QVBoxLayout and QGridLayout.

Qt Creator's designer is the easiest way to develop dynamic layouts. Let's go through how
we can do that.

To set up a layout, we position a widget on the application form, and press Command or
Control on the keyboard while selecting the widgets that we want to put in a layout. Here
are two QPushButtons selected for use:

123

Filter

Layouts Type Here

Vertical Layout

[ | [ | | [ | [ | n
m PushButton = m  PushButton2 =
Grid Layout [ n ] n n n

Horizontal Layout

Form Layout

Spacers @
Horizontal Spacer

Vertical Spacer
Buttons
Push Button

Tool Button
Radio Button
Check Box

Mo RE g “=FES0 )
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Next, click on the Horizontal Layout icon highlighted here:

Layouts
= Vertical Layout

ﬂﬂ[l Horizontal Layout

m  PushButton = m PushButton2 =
[ | [ | [ | [ | [ | n

uu  Grid Layout

Form Layout

Spacers ] . | @
Horizontal Spacer

Vertical Spacer

Design

>
: [ 3
Debug
Buttons

=]
[=1r ]
4
v
[z
E
v
/‘ @ Push Button
&
®
i

Projects

Tool Button
Radio Button

Check Box

You will then see the two widgets enclosed by a thin red box as in the following screenshot:

PushButton PushButton2

Now repeat this for the remaining widgets.
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To make the widgets expand and resize with the form, click on the background and select
Grid Layout:

Layouts
WEEL = Vertical Layout

[lﬂ[l Horizontal Layout

PushButton PushButton2

Grid Layout
Form Layout " - "
Design Spacers
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L3 Vertical Spacer
Debug
Buttons
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Projects

@

Tool Button
Radio Button
Check Box
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i@@x ME oo Bog
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Save and build this, and this app will now be able to resize for orientation changes as well
as being able to work on different sized screens. Notice how this looks like in portrait

(vertical) orientation:

3:55

PushButton

PushButton2
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Also note how this same application looks in landscape (horizontal) orientation:

PushButton PushButton2

As you can see, this application can change with orientation changes, but all the widgets
are visible and usable. Using 0Spacer will help guide the widgets and layouts positioning.
They can push the widgets together, apart, or hold some to one side or another.

Of course, layouts can be used without touching Qt Designer. For example the following
code:

QPushButton *button = new QPushButton (this);
QPushButton *button2 = new QPushButton (this);
OBoxLayout *boxLayout = new QVBoxLayout;
boxLayout->addWidget (button) ;
boxLayout->addWidget (button2) ;

QHBoxLayout *horizontallLayout = new QHBoxLayout;
horizontallLayout->setLayout (boxLayout) ;

QLayout and friends are the key to writing a cross-platform application that
can accommodate the myriad screen resolutions and dynamically changing orientations of
the target devices.

Graphics view

QGraphicsView, QGraphicScene and QGraphicsItem provide a way for applications
based on Qt Widgets to show 2D graphics.
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The source code can be found on the Git repository under
the Chapter0l-graphicsview directory, in the cp1 branch.

Every QGraphicsView needs a QGraphicsScene. Every QGraphicsScene needs one or
more QGraphicsItem.

QGraphicsItem can be any of the following:

® QGraphicsEllipseltem

® OGraphicsLineItem

® OGraphicsLineItem

® QGraphicsPathItem

® OGraphicsPixmapItem

® OGraphicsPolygonItem

® QGraphicsRectItem

® OGraphicsSimpleTextItem
® OGraphicsTextItem

Qt Designer has support for adding 9GraphicsView . You can follow these steps to do so:

1. Drag the 0GraphicsView to a new application form and fill the form with a
QGridLayout like we did before.

Display Widgets
Label

Text Browser

Graphics View
Calendar Widge\
LCD Number

Progress Bar

me EREeE o

Horizontal Line

Vertical Line
OpenGL Widget
QQuickWidget

NE
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2. Implement a QGraphicsScene in the source code and add it to the
QGraphicsView

QGraphicsScene *gScene = new QGraphicsScene (this);
ui->graphicsView->setScene (gScene) ;

3. Define a rectangle which will be the extent of the Scene. Here it is smaller than
the size of the graphics view so we can go on and define some collision detection.

gScene->setSceneRect (-50, -50, 120, 120);

4. Create a red rectangle to show the bounding rectangle. To make it a red color,
create a QPen which will be used to paint the rectangle and then add the
rectangle to the Scene.

QPen pen = QPen(Qt::red);
gScene—>addRect (gScene—>sceneRect (), pen);

5. Build and run the application. You will notice an app with a red bordered square
on it.

As mentioned before, QGraphicsvView shows QGraphicsItems. If we want to add some
collision detection we need to subclass QGraphicsSimpleTextItem.

The header file for this is as follows:

#include <QGraphicsScene>
#include <QGraphicsSimpleTextItem>
#include <QGraphicsItem>
#include <QPainter>
class TextGraphic :public QGraphicsSimpleTextItem
{
public:
TextGraphic (const QString &text);
void paint (QPainter *painter, const QStyleOptionGraphicsItem *option,
QWidget *widget) ;
QOString simpleText;
bi

This custom class derived from QGraphicsSimpleTextItem will reimplement the
paint (..) function, and use the collidingItems (...) function of scene to detect
when something collides with our text object. Normally, collidingItems will return a
QList of QGraphicsItems, but here it is just used to detect if any items are colliding.
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Since this class holds only one item, it is known which item it is. If a collision is detected,
the text changes. We don't need to check if the item's text is different before we change it, as
the parent class's setText (. ..) does that for us.

TextGraphic::TextGraphic (const QString &text)
: QGraphicsSimpleTextItem(text),
simpleText (text)

void TextGraphic::paint (QPainter *painter, const QStyleOptionGraphicsItem
*option, QWidget *widget)
{
if (scene()->collidingItems (this) .isEmpty())
QGraphicsSimpleTextItem: :setText ("BOOM!") ;
else
QGraphicsSimpleTextItem: :setText (simpleText) ;

QGraphicsSimpleTextItem: :paint (painter, option, widget);
}

Now create our TextGraphic object and add it to the Scene to use.

TextGraphic *text = new TextGraphic (QStringLiteral ("Qt Mobile!"));
gScene->addItem (text) ;

If you build and run this, notice the text object will not move if we try to drag it around.
QGraphicsItems have a flag property called QGraphicsItem: : ItemIsMovable that
can be set to allow it to be moved around, either by the user or programmatically:

text->setFlag (QGraphicsItem: :ItemIsMovable);

When we build and run this, you can grab the text object and move it around. If it goes
beyond our bounding rectangle, it will change text, only returning to the original text if it
moves inside the red box again.

If you wanted to animate this, just throw in a timer and change the text object's position
when the timer fires.

Even with Qt Quick's software renderer, QGraphicsView is still a viable solution for
graphics animation. If the target device's storage space is really tight, there might not be
enough space to add Qt Quick libraries. Or a legacy app might be difficult to import to Qt
Quick.
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Summary

In this chapter we covered some of the issues facing mobile and embedded developers
when trying to develop for smaller display devices, and how QStyleSheets can be used
to change the interface at runtime to adapt itself for using touchscreen inputs.

We discussed storage and memory space requirements, and the need to configure
unneeded features out of Qt to make it have a smaller footprint.

We went through handling orientation changes and discussed using screen gestures such
as Pinch and Swipe.

We learning how to use Qt Designer to add QLayouts to create dynamically resizing
applications.

Finally, we discussed how to use QGraphicsView to utilize graphical elements such as
graphical text and images.

Next, we will go through the next best thing since sliced bread for mobile and embedded
development—Qt Quick and QML. Then we'll crack on with the real fancy stuff about
graphical effects to spice up any interface!
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My television uses Qt. My phone uses Qt. I could buy a car that uses Qt. I can fly on a plane
that uses Qt on its infotainment center. All these things use Qt Quick as their UL. Why?
Because it provides faster development—no waiting around for compiling—and the syntax
is easy to use, but complex enough to customize it beyond your imagination.

Qt Quick started out being developed in the Brisbane development office of Trolltech as
one developer's research project. One of my jobs was to put a demo app of an early version
of it onto a Nokia N800 tablet, which I had customized to run Qtopia instead of Nokia's
Maemo interface. This was before Nokia purchased the Trolltech company. In my opinion,
it was going to become the next generation of Qtopia, which had been renamed Qt
Extended. Qtopia, by 2006, had been sold on millions of phone handsets, including 11
models of phones and 30 various handheld devices. Some parts of Qtopia were melded into
Qt itself — my favorites, Qt Sensors, and Qt Bearer Management, are examples of these. This
new XML-like framework became QML and Qt Quick.

Qt Quick is a really exciting technology and it seems to be taking over the world. It is used
in laptops, mobile phones such as the Jolla Sailfish, and medical devices, among others
things.

It allows rapid development, fluid transformations, animations, and special effects. Qt
Quick allows developers to design customized animated User Interfaces (UI). Along with
the related Qt Quick Controls 2 and Qt Charts APIs, anyone can create snazzy mobile and
embedded apps.

In this chapter, we will design and construct an animated UI. We will also cover basic
components, such as Item, Rectangle, and more advanced elements, such as
GraphicsView. We will look at positioning items with anchors, states, animations, and
transitions, and we will also cover traditional features, such as buttons, sliders, and
scrollbars. Advanced components showing data in charts, such as BarChart and PieChart,
will be shown.
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We will be covering the following topics in this chapter:

e Learning Qt Quick basics
e Advanced QML elements in Qt Quick Controls
¢ Elements for displaying data—Qt Data Visualization and Qt Charts

¢ Basic animation with Qt Quick

Qt Quick basics - anything goes

Qt Quick is unreal. You should be aware that, at its core, it has only a few fundamental
building blocks, called components. You will undoubtedly be using these components quite
often:

e Ttem

® Rectangle
e Text

® Tmage

® TextInput

® MouseArea

Although there are probably hundreds of components and types, these items are the most
important. There are also several classes of elements for text, positioning, states, animation,
transitions, and transformations. Views, paths, and data handling all have their own
elements.

With those building blocks, you can create fantastic Uls that are alive with animations.

The language to write Qt Quick applications is quite easy to pick up. Let's get started.

QML

Qt Modeling Language (QML) is the declarative programming language that Qt Quick
uses. Closely aligned with JavaScript, it is the centerpiece language for Qt Quick. You can
use JavaScript functions within a QML document, and Qt Quick will run it.
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We use Qt Quick 2 for this book, as Qt Quick 1.0 is depreciated.

All QML documents need to have one or more import statements.

This is about the same as C and C++'s #include statement.

The most basic QML will have at least one import statement, such as this:
import QtQuick 2.12

The . 12 corresponds with Qt's minor version, which is the lowest version the application
will support.

If you are using properties or components that were added in a certain Qt version, you will
need to specify that version.

Qt Quick applications are built with building blocks known as elements, or components.
Some basic types are Rectangle, Item, and Text.

Input interaction is supported through MouseArea and other items, such as Flickable.

One way to start developing a Qt Quick app is by using the Qt Quick app wizard in Qt
Creator. You can also grab your favorite text editor and start coding away!

Let's go though some of the following concepts that are important to be aware of as terms
that make up the QML language:

e Components, types, and elements
¢ Dynamic binding
e Signal connection

Components

Components, also known as types or elements, are objects of code and can contain both UI
and non-UI aspects.
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A UI component example would be the Text object:

Text |
// this is a component

}

Component properties can be bound to variables, other properties, and values.

Dynamic binding
Dynamic binding is a way to set a property value, which can either be a hardcoded static

value, or be bound to other dynamic property values. Here, we bind the Text component's
id property to textLabel. We can then refer it to this element just by using its id:

Text {
id: textLabel
t

A component can have none, one, or a few signals that can be utilized.

Signal connections

There are two ways signals can be handled. The easiest way is by prepending on and then
capitalizing the first letter of the particular signal. For example, a MouseArea has a signal
named clicked, which can be connected by declaring onClicked, and then binding this to
a function with curly brackets, { }, or even a single line:

MouseArea A
onClicked: console.log("mouse area clicked!")

}
You can also use the Connections type to target some other component's signal:

Connections {
target: mouseArea
onClicked: console.log("mouse area clicked!")

}

The model-view paradigm is not dead with Qt Quick. There are a few elements that can
show data model views.
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Model-view programming

Qt Quick's views are based on a model, which can be defined either with the model
property or as a list of elements within the component. The view is controlled by a delegate,
which is any Ul element capable of showing the data.

You can refer to properties of the model data in the delegate.

For example, let's declare a ListModel, and fill it with two sets of data. Component is a
generic object that can be declared, and here, I use it to contain a Text component that will
function as the delegate. The model's data with the ID of carModel can be referred to in the
delegate. Here, there is a binding to the text property of the Text element:

The source code can be found on the Git repository under
the Chapter02-1b directory, in the cp2 branch.

ListModel {
id: myListModel
ListElement { carModel: "Tesla" }
ListElement { carModel: "Ford Sync 3" }
}

Component {
id: theDelegate
Text {
text: carModel
}
}

We can then use this model and its delegate in different views. Qt Quick has a few different
views to choose from:

e GridView
e ListView
e PathView

e TreeView

Let's look at how we can use each of these.
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GridView

The Gridview type shows model data in a grid, much like a GridLayout.
The grid's layout can be contained with the following properties:

e flow:
e GridView.FlowLeftToRight

e GridView.FlowTopToBottom
e layoutDirection

e Ot .LeftToRight

e Ot .RightToLeft
e verticallayoutDirection

e GridView.TopToBottom

e GridView.BottomToTop

The £1ow property contains the way the data is presented so it becomes wrapped to the
next line or column when it is appropriate. It controls the way it overflows to the next line
or column.

The icon for the following example came from https://icons8.com.

FlowLeftToRight means the flow is horizontal. Here's a pictorial representation for
FlowLeftToRight:

- Hello World - o x
Tesla Ford Sync 3 Unknown Tesla Ford Sync 3
Unknown Tesla Ford Sync 3 Unknown
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For FlowTopToBottom, the flow is vertical; here's a representation of FlowTopToBottom:

— Hello World -0 x

Ford Sync 3 Unknown

205

&

Ford Sync 3 Unknown

&
g D

Unknown

Ford Sync 3

g D
&

When this example gets built and run, you can resize the window by grabbing the corner
with the mouse. You will get a better idea of how the flow works.
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The layoutDirection property indicates which direction the data will be laid out. In the
following case, this is Right ToLeft:

- Hello world - o x
Ford Sync 3 Tesla Unknown Ford Sync 3 Tesla
Unknown Ford Sync 3 Tesla Unknown

o

The verticallLayoutDirection also indicates which direction the data is laid out, except
this will be vertical. Here's the Gridview.BottomToTop representation:

- Hello World -8 x

Unknown

Ford Sync 3

Tesla
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ListView

The QML Listview is a type of Flickable element, meaning that the user can swipe or
flick left or right to progress through the difference views. ListView looks different from
the 0ListView desktop, as the items are presented in their own page, which is accessible
by flicking left or right.

The layout is handled by these properties:

® orientation:
e Ot .horizontal

e Ot .vertical
® layoutDirection:
e Ot.LeftToRight
e Ot .RightTolLeft
® verticallayoutDirection:
e ListView.TopToBottom
e IistView.BottonToTop

PathView

PathView shows model data in a Path. Its delegate is a view for displaying the model data.
It could be a simple drawn line, or an image with text. This can produce a flowing wheel
type of data presentation. A Path can be constructed by one or more of the following path
segments:

e PathAngleArc: An arc with radii and center
e PathArc: An arc with radius

e PathCurve: A path through a set of points

e PathCubic: A path on Bézier curve

e PathLine: A straight line

e PathQuad: A quadratic Bézier curve
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Here, we use PathArc to display a wheel-like item model, using our carModel:

The source code can be found on the Git repository under
the Chapter02-1c directory, in the cp2 branch.

PathView {
id: pathView
anchors.fill: parent
anchors.margins: 30
model: myListModel
delegate: Rectangle {
id: theDelegate
Text {
text: carModel
}
Image {
source: "/icons8-sedan-64.png"

3
path: Path {
startX: 0; startY: 40
PathArc { x: 0; y: 400; radiusX:5; radiusY¥: 5 }
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You should now see something like this:

(] Hello World

Tesla

; : Ford Sync 3
known
; esla

Ford Sync 3

fé?@

Unknown

o

Tesla

Ford Sync ; E

Unknown

There are a couple of special path segments that augment and change attributes of the
path:

e PathAttribute: Allows an attribute to be specified at certain points along a
path
e PathMove: Moves a path to a new position
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TreeView

TreeView is perhaps the most recognizable of these views. It looks very similar to the
desktop variety. It displays a tree structure of its model data. Treeview has headers, called
TableViewColumn, which you can use to add a title as well as to specify its width. Further
customization can be made using headerDelegate, itemDelegate, and rowDelegate

Sorting is not implemented by default, but can be controlled by a few properties:

e sortIndicatorColumn: Int, indicating the column to be sorted
e sortIndicatorVisible: Bool is used to enable sorting

e sortIndicatorOrder: Enum either Ot .AscendingOrder or
Qt .DescendingOrder

Gestures and touch

Touch gestures can be an innovative way to interact with your application. To use the
QtGesture class in Qt, you will need to implement the handlers in C++ by overriding the
QGestureEvent class and handling the built-in Ot : : GestureType. In this way, the
following gestures can be handled:

® Ot::TapGesture

® Qt::TapAndHoldGesture
® Qt::PanGesture

® Ot::PinchGesture

e Ot::SwipeGesture

® Ot ::CustomGesture

The Ot : : CustomGesture flag is a special one that can be used to invent your own custom
gestures.

There is one built-in gesture item in Qt Quick— PinchArea.

PinchArea

PinchArea handles pinch gestures, which are commonly used on mobile phones to zoom
in on an image from within Qt Quick, so you can use simple QML to implement it for any
Item-based element.
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You can use the onPinchFinished, onPinchStarted, and onPinchUpdated signals, or
set the pinch.target property to the target item to handle the pinch gesture.

MultiPointTouchArea

The MultiPointTouchArea is not a gesture, but rather a way to track multiple points of
contact of the touchscreen. Not all touchscreens support multi-touch. Mobile phones
usually support multi-touch, and some embedded devices do as well.

To use multi-point touchscreens in QML, there is the MultiPoint TouchArea component,
which works a bit like MouseArea. It can operate alongside MouseArea by setting

its mouseEnabled property to t rue. This makes the Mult iPoint TouchArea component
ignore events from the mouse and only respond to touch events.

Each MultiPointTouchArea takes an array of TouchPoints. Note the use of square
brackets, [ ]—this denotes that it is an array. You can define one or more of these to
handle a certain number of TouchPoints or fingers. Here, we define and handle only three
TouchPoints.

If you try this on a non-touchscreen, only one green dot will track the touch point:

The source code can be found on the Git repository under
the Chapter02-2a directory, in the cp2 branch.

import QtQuick 2.12
import QtQuick.Window 2.12

Window {
visible: true
width: 640

height: 480
color: "black"
title: "You can touch this!"

MultiPointTouchArea <
anchors.fill: parent
touchPoints: [

TouchPoint { id: touchl },
TouchPoint { id: touch2 },
TouchPoint { id: touch3 }
]
Rectangle {
width: 45; height: 45
color: "#80c342"
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duration:

duration:

}

x: touchl.x
y: touchl.y
radius: 50
Behavior on x {
PropertyAnimation {easing.type: Easing.OutBounce;
500 }
}
Behavior on y {
PropertyAnimation {easing.type: Easing.OutBounce;
500 }

}

Rectangle {

duration:

duration:

}

width: 45; height:
color: "#b40000"
x: touch2.x
y: touch2.y
radius: 50
Behavior on x {
PropertyAnimation {easing.type:

45

Easing.OutBounce;

500 }
}
Behavior on y {
PropertyAnimation {easing.type: Easing.OutBounce;
500 }

}

Rectangle {

duration:

duration:

width: 45; height:
color: "#6b11d8"
x: touch2.x
y: touch2.y
radius: 50
Behavior on x {
PropertyAnimation {easing.type:

45

Easing.OutBounce;

500 }
}
Behavior on y {
PropertyAnimation {easing.type: Easing.OutBounce;
500 }
}
}
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You should see this when you run it on a non-touchscreen:

You can touch this!

Notice the PropertyAnimation? We'll get to that soon; keep reading.

Positioning

With the myriad of different mobile phones and embedded device sizes currently available,
the dynamic positioning of elements becomes more important. You may not necessarily
want things placed randomly on the screen. If you have a great-looking layout on a high-

DPI iPhone, it may look completely different on a small Android device, with images
covering half of the screen. Automatic layouts in QML are called positioners.

[44]



Fluid UI with Qt Quick Chapter 2

Mobile and embedded devices come with a variety of screen sizes. We can better target the
size variance by using dynamic layouts.

Layouts

These are the positioning elements that arrange the layout of the different items that you
may want to use:

e Grid: Positions items in a grid

e Column: Positions items vertically

¢ Row: Positions items horizontally

e Flow: Positions items side by side with wrapping

Additionally, there are also the following items:

e GridLayout
® ColumnLayout
e RowLayout

e StackLayout

The difference between the Grid and the GridLayout elements are that the layouts are
more dynamic in terms of resizing. Layouts have attached properties, so you can easily
specify aspects of the layout, such as minimumwidth, the number of columns, or the
number of rows. The item can be made to fill itself to the grid or fixed width.

You can also use rigid layouts which are more like tables. Let's look at using layouts that are
slight less dynamic and use static sizing.

Rigid layouts

I use the word rigid because they are less dynamic than all the layout items. The cell sizes
are fixed and based on a percentage of the space where they are contained. They cannot
span across rows or columns to fill the next column or row. Take this code, for example.
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It has no layouts at all, and, when you run it, all the elements get squished together on top
of one another:

The source code can be found on the Git repository under
the Chapter02-3 directory, in the cp2 branch.

import QtQuick 2.12
import QtQuick.Window 2.12

Window {
visible: true
width: 640

height: 480
title: gsTr ("Hello World")
Rectangle {

width: 35

height: 35

gradient: Gradient {

GradientStop { position: 0.0; color: "green"; }
GradientStop { position: 0.25; color: "purple"; }
GradientStop { position: 0.5; color: "yellow"; }
GradientStop { position: 1.0; color: "black"; 1}
}
}
Text {
text: "Hands-On"
color: "purple"
font.pointSize: 20
}
Text {
text: "Mobile"
color: "red"
font.pointSize: 20
}
Text {
text: "and Embedded"
color: "blue"
font.pointSize: 20
}

[46]



Fluid UI with Qt Quick Chapter 2

As you can see in the following screenshot, all of the elements are bunched up on top of
each other without positioning:

| NON ) gmiscene
snlbedded

This was probably not what the design team had dreamed up. Unless, of course, they did,
and then wanted to use a PropertyAnimation value to animate the elements moving to
their proper layout positions.

What happens when we add a Column QML element? Examine the following code:

The source code can be found on the Git repository under
the Chapter02-3a directory, in the cp2 branch.

Rectangle {
width: 500
height: 500
Column {
Rectangle {
width: 35
height: 35
gradient: Gradient {
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GradientStop { position: 0.0; color: "green"; }
GradientStop { position: 0.25; color: "purple"; }
GradientStop { position: 0.5; color: "yellow"; }
GradientStop { position: 1.0; color: "black"; }

Text A
text: "Hands-On"
color: "purple"
font.pointSize: 20

Text A
text: "Mobile"
color: "red"

font.pointSize: 20

Text A
text: "and Embedded"
color: "blue"
font.pointSize: 20

}

When you build this example, the layout looks like this:

| NON | gmiscene

Hands-On
Mobile
and Embedded

That's more like what the designer's mock-ups look like! (I know; cheap designers.)

Flow is another layout item we can use.
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The source code can be found on the Git repository under
the Chapter02-3b directory, in the cp2 branch.

Flow {
anchors.fill: parent
anchors.margins: 4
spacing: 10

Now, from our preceding code, change Column to Flow, add some anchor items, and build,
then run on a simulator to get a feel for how the Flow item works on a small screen:

Carrier &

M ands-On Mobile
-

and Embedded

iPhone 5s - 12.0

The Flow type will wrap its contents around if needed, and, indeed, it has wrapped here on
the last Text element. If this were to be re-oriented to the landscape orientation or on a
tablet, there would be no need to wrap, and all of these elements would be on one row at
the top.
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Dynamic layout

Instead of using a Grid element to lay out items, there is also GridLayout, which can be
used to customize the layout. In terms of targeting mobile and embedded devices that come
with different screen sizes and device orientations, it is probably better to use GridLayout,
RowLayout, and ColumnLayout. Using these, you will gain the ability to use its attached
properties. Here is a list of attached properties you can use:

Layout .alignment ggiﬁﬁlignmentVdueqmd@hgahgnnaﬁoﬁ&mlwﬁMn
Layout.bottomMargin Bottom margin of space
Layout.column Specifies column position
Layout.columnSpan How many columns to spreads out to
Layout.fillHeight If true, item fills to the height
Layout.fillWidth If t rue, item fills to the width
Layout.leftMargin Left margin of space
Layout.margins All margins of space

Layout .maximumHeight Maximum height of item

Layout .maximumWidth Maximum width of item

Layout .minimumHeight Minimum height of item

Layout .minimumWidth Minimum width of item
Layout.preferredHeight Preferred height of item

Layout .preferredWidth Preferred width of item
Layout.rightMargin Right margin of space
Layout.row Specifies row position
Layout.rowSpan How many rows to spread out to
Layout.topMargin Top margin of space

In this code, we use GridLayout to position the three Text items. The first Text item will
span, or fill, two rows so that the second Text will be in the second row:

The source code can be found on the Git repository under
the Chapter02-3c directory, in the cp2 branch.

GridLayout {
rows: 3
columns: 2
Text {
text: "Hands-On"
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}

color: "purple"
font.pointSize: 20
}

Text {
text: "Mobile"
color: "red"

font.pointSize: 20

t

Text A
text: "and Embedded"
color: "blue"
font.pointSize: 20
Layout.fillHeight: true

Positioning is a way to get dynamically changing applications and allow them to work on
various devices without having to change the code. GridLayout works much like a layout,
but with expanded capabilities.

Let's take a look at how we can dynamically position these components using Anchors.

Anchors

Anchors are related to positioning, and are a way to position elements relative to each
other. They are a way to dynamically position Ul elements and layouts.

They use the following points of contact:

left

right

top

bottom
horizontalCenter

verticalCenter

Take, for example, two images; you can put them together like a puzzle by specifying
anchor positions:

Image{ id: imagel; source: "imagel.png"; }
Image{ id: image2; source: "image2.png; anchors.left: imagel.right; }
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This will position the left side of image2 at the right side of image1. If you were to add
anchors.top: parent.top to imagel, both of these items would then be positioned
relative to the top of the parent position. If the parent was a top-level item, they would be
placed at the top of the screen.

Anchors are a way to achieve columns, rows, and grids of components that are relative to
some other component. You can anchor items diagonally and anchor them apart from each
other, among other things.

For example, the anchor property of Rectangle, called £111, is a special term meaning
top, bottom, left, and right, and is bound to its parent. This means that it will fill itself to the
size of its parent.

Using anchors. top indicates an anchor point for the top of the element, meaning that it
will be bound to the parent component's top position. For example, a Text component will
sit above of the Rectangle component.

To get a component such as Text to be centered horizontally, we use
the anchor.horizontal property and bind it with
the parent .horizontalCenter positional property.

Here, we anchor the Text label to the top center of the Rectangle label, itself anchored
to £111 its parent, which is the window:

import QtQuick 2.12
import QtQuick.Window 2.12

Window <
visible: true
width: 500

height: 500

Rectangle {
anchors.fill: parent
Text A
id: textLabel
text: "Hands-On Mobile and Embedded"
color: "purple"
font.pointSize: 20
anchors.top: parent.top
anchors.horizontalCenter: parent.horizontalCenter
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The source code can be found on the Git repository under
the Chapter02 directory, in the cp2 branch.

The window component was provided by the Qt Quick app wizard and is not visible by
default, so the wizard set the visible property to true as we need see it. We will

use Window as the parent for the Rectangle component. Our Rectangle component will
provide an area for our Text component, which is a simple label type.

Each component has its own properties to fiddle with. By fiddling, I mean binding. For
instance, the color: "purple" line is binding the color referenced as "purple" to

the color property of the Text element. These bindings do not have to be static; they can
be dynamically changed, and the property's value that they are bound to changes as well.
This value binding will persist until the property is written with another value.

The background of this application is boring. How about we add a gradient there? Under
the closing bracket for the Text component, but still within the Rectangle, add this
gradient. GradientStop is a way to specify a color at a certain point in the gradient.

The position property is a percent fraction point from zero to one, corresponding to
where the color should start. The gradient will fill in the gap in between:

gradient: Gradient {
GradientStop { position:
GradientStop { position:
GradientStop { position:
GradientStop { position:

.0; color: "green"; }
.25; color: "purple"; }
.75; color: "yellow"; }
.0; color: "black"™; }

= O O O

The source code can be found on the Git repository under
the Chapter02-1 directory, in the cp2 branch.

[53]



Fluid Ul with Qt Quick Chapter 2

As you can see, the gradient starts with the green color at the top, smoothly blends to
purple, then yellow, and finishes at black:

gmlscene

Easy peasy, lemon squeezy!

Layouts and anchors are important to be able to control the Uls. They provide an easy way
to deal with differences in display size and orientation changes on hundreds of different
devices with different screen sizes. You could have a QML file work on all displays,
although it is recommended to use different layouts for extremely different devices. An
application could work fine on a tablet, or even a phone, but try to place it on a watch or
other embedded device, and you will run into trouble accessing many details that your
users can use.

Qt Quick has many building blocks to create useful applications on any device. What
happens when you don't want to create all the UI elements yourself? That is where Qt
Quick Controls come into play.
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Qt Quick Controls 2 button, button, who's
got the button?

For a while in the life of Qt Quick, there were only basic components, such as Rectangle
and Text. Developers had to create their own implementations of buttons, dials, and just
about every common Ul item. As it matured, it also grew elements such as Window and
even Sensor elements. There were always rumblings about having a set of common UI
elements available. Eventually, common UI elements were released.

Spotlight on Qt Quick Controls. No more having to create your own buttons and other
components, yay! And developers rejoiced!

Then, they found a better way to do things and released Qt Quick Controls 2!

Quick Controls 2. Qt Quick Controls (the original one) has been
depreciated by Qt Quick Controls 2. Any new use of these components

0 Qt Quick Controls comes in two versions, Qt Quick Controls and Qt
should use Qt Quick Controls 2.

You can access all kinds of common UI elements, including the following:

e Buttons

e Containers

® Input

® Menu

e Radio buttons
® Progress bar

e Popups
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Let's examine a simple Qt Quick Controls 2 example.

An ApplicationWindow has attached menuBar, header, and footer properties that you
can use to add whatever you need to them. Since an ApplicationWindow is not visible by
default, we almost always need to add visible: true.

Here, we will add a traditional menu with TextField in the header.

The menu has an onTriggered signal, which is used here to run the open () function
of MessageDialog:

The source code can be found on the Git repository under
the Chapter02-4 directory, in the cp2 branch.

import QtQuick 2.12
import QtQuick.Controls 2.3
import QtQuick.Dialogs 1.1

ApplicationWindow {
visible: true
title: "Mobile and Embedded"
menuBar: MenuBar {
Menu { title: "File"
MenulItem { text: "Open "
onTriggered: helloDialog.open ()

}
header: TextField {
placeholderText: "Remember the Ot 4 Dance video?"
}
MessageDialog {
id: helloDialog
title: "Hello Mobile!"
text: "Qt for Embedded devices to rule the world!"
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Here's what our code would result in:

Hello Mobile!

Qt for Embedded devices to rule
the world!

OK

iPhone XS Max - 12.0

Oooooh - fancy!
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Qt Quick Controls 2 has different styles to choose from — Default, Fusion, Imagine,
Material, and Universal. This can be set in the C++ backend
as QQuickStyle::setStyle ("Fusion") ;. I presume you do have a C++ backend, right?

Views that can come in handy on mobile and embedded devices are as follows:

e ScrollView
e StackView

® SwipeView

These can be helpful on small screens, as they provide a way to easily view and access
several pages without too much hassle. A Drawer element is also handy and can provide a
way to implement a menu or a toolbar that sticks to the side.

Buttons are awesome, and Qt Quick Controls 2 has buttons. It even has the RoundButton
component, as well as icons for the buttons! Before Qt Quick Controls, we had to roll these
up ourselves. At the same time, it is nice that we can implement these things to do what we
need with little effort. And now with even less effort!

Let's put some of these to the test and expand upon our last example.
Ilike swipeView, so let's use that, with two Page elements as children of SwipeView:

The source code can be found on the Git repository under
the Chapter02-5 directory, in the cp2 branch.

SwipeView {
id: swipeView
anchors.fill: parent
Page {
id: pagel
anchors.fill: parent.fill
header: Label {
text: "Working"
font.pixelSize: Qt.application.font.pixelSize * 2
padding: 10
}
BusyIndicator {
id: busyId
anchors.centerIn: parent
running: true;
}
Label {
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text: "Busy Working"
anchors.top: busyId.bottom
anchors.horizontalCenter: parent.horizontalCenter

Page {

id: page2

anchors.fill: parent.fill

header: Label {
text: "Go Back"
font.pixelSize: Qt.application.font.pixelSize * 2
padding: 10

}

Label {
text: "Nothing here to see. Move along, move along."
anchors.centerIn: parent

PageIndicator {
id: indicator
count: swipeView.count
currentIndex: swipeView.currentIndex
anchors.bottom: swipeView.bottom
anchors.horizontalCenter: parent.horizontalCenter

}

I think that a PageIndicator at the bottom to indicate which page we are on gives the
user some visual feedback for navigation. We tie in PageIndicator by binding

the count of SwipeView and currentIndex properties to its properties of the same name.
How convenient!

Instead of PageIndicator, we could just as easily use TabBar.
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Customizing

You can customize the look and feel of just about every Qt Quick Control 2 component.
You can override different properties of the controls, such as background. In the previous
example code, we customized the Page header. Here, we override the background to a
button, add our own Rectangle, color it, give it a border with a contrasting color, and
make it rounded at the ends by using the radius property. Here's how it would work:

The source code can be found on the Git repository under
the Chapter02-5 directory, in the cp2 branch.

Button {

text: "Click to go back"

background:

color:

radius:
border.
border.

}
onClicked:

Rectangle {

"#673AB7"

50
color: "#4CAF50"
width: 2
swipeView.currentIndex = 0

CLICK TO GO BACK

Customizing is easy with Qt Quick. It was built with customizing in mind. The ways are
endless. Nearly all the Qt Quick Controls 2 elements have visual elements that can be
customized including most of the background and content items, although not all.

These controls seem to be best on a desktop, but they can be customized to work well on
mobile and embedded devices. The ScrollBar property of Scrollview can be made

larger in width on touchscreens.
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Show your data - Qt Data Visualization and
Qt Charts

Qt Quick has a convenient way to show data of all kinds. The two modules, Qt Data
Visualization and Qt Charts, can both supply integral Ul elements. They are similar, except
Qt Data Visualization displays data in 3D.

Qt Charts

Qt Charts shows 2D graphs and uses the Graphics View framework.
It adds the following chart types:

e Area

e Bar

¢ Box-and-whiskers

e Candlestick

e Line: a simple line chart

e Pie: pie slices

e Polar: a circular line

e Scatter: a collection of points

e Spline: a line chart with curved points
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The following example from Qt shows a few different charts that are available:

Theme: Animation: [IEIIhTeRl No Legend ? Anti-aliasing

Area chart Pie chart Line chart

Slice 0:0
ElEI U

Bar chart Spline chart Scatter chart

(&)

o %

%) (¢
O\OO

iPad Pro (9.7-inch) - 12.0

Each graph or chart has at least one axis and can have the following types:

e Bar axis
Category
Date-time

Logarithmic value
Value
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Qt Charts requires a QApplication instance. If you use the Qt Creator
wizard to create your app, it uses a QGuiApplication instance by
default. You will need to replace the QGuiApplication instance in
main.cpp to QApplication, and also change the includes file.

You can use grid lines, shades, and tick marks on the axis, which can also be shown in these
charts.

Let's look at how to create a simple BarChart.

The source code can be found on the Git repository under
the Chapter02-6 directory, in the cp2 branch.

import QtCharts 2.0

ChartView {
title: "Australian Rain"
anchors.fill: parent
legend.alignment: Qt.AlignBottom
antialiasing: true

BarSeries {
id: mySeries
axisX: BarCategoryAxis {

categories: ["2015", "2016", "2017" ]
}
BarSet { label: "Adelaide"; values: [536, 821, 395] }
BarSet { label: "Brisbane"; values: [1076, 759, 1263] }
BarSet { label: "Darwin"; values: [2201, 1363, 1744] }
BarSet { label: "Melbourne"; values: [526, 601, 401] }
BarSet { label: "Perth"; wvalues: [729, 674, 578] }
BarSet { label: "Sydney"; values: [1076, 1386, 1338] }
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See how nice the charts look? Have a look:

Australian Rain

m Adelaide m Brisbane m Darwin m Melbourne m Perth m Sydney

2015

iPhone XS Max - 12.0

Qt Data Visualization

Qt Data Visualization is similar to Qt Charts but presents data in 3D form. It can be
downloaded through Qt Creator's Maintenance Tool app. It is available for use with Qt
Widget and Qt Quick. We will be working with the Qt Quick version. It uses OpenGL to
present 3D graphs of data.

Since we are targeting mobile phones and embedded devices, we talk about using OpenGL
ES2. There are some features of Qt Data Visualization that do not work with OpenGl ES2,
which is what you will find on mobile phones:

¢ Antialiasing

¢ Flat shading

e Shadows

¢ Volumetric objects that use 3D textures

Let's try using a Bars3D with data from the total amount of rain in certain Australian cities
used in the previous example.
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I set the theme to Theme3D. ThemeQt, which is a green-based theme. Add a few

customizations such as font size to be able to see the content better on small mobile
displays.

Bar3DSeries will manage the visual elements such as labels for rows, columns, and the
data, which here is the total rain amount for that year. ItemModelBarDataProxy is the
proxy for displaying the data. The model data here is a ListModel containing
ListElements of cities rainfall data for the previous three years. We will use the same data

from the previous Qt Charts example so you can compare the differences in the way the bar
charts display their data:

The source code can be found on the Git repository under
the Chapter02-7 directory, in the cp2 branch.

import QtQuick 2.12
import QtQuick.Window 2.12
import QtDataVisualization 1.2

Window <
visible: true
width: 640

height: 480
title: gsTr ("Australian Rain")
Bars3D {
width: parent.width
height: parent.height
theme: Theme3D {
type: Theme3D.ThemeQt
labelBorderEnabled: true
font.pointSize: 75
labelBackgroundEnabled: true
}
Bar3DSeries {
itemLabelFormat: "@colLabel, @rowLabel: @valueLabel"
ItemModelBarDataProxy {
itemModel: dataModel
rowRole: "year"
columnRole: "city"
valueRole: "total"

}
ListModel {
id: dataModel
ListElement{ year: "2017"; city: "Adelaide"; total: "536"; }
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ListElement{ year: "2016"; city: "Adelaide"; total: "821"; }
ListElement{ year: "2015"; city: "Adelaide"; total: "395"; }
ListElement{ year: "2017"; city: "Brisbane"; total: "1076"; }
ListElement{ year: "2016"; city: "Brisbane"; total: "759"; }
ListElement{ year: "2015"; city: "Brisbane"; total: "1263"; }
ListElement{ year: "2017"; city: "Darwin"; total: "2201"; }
ListElement{ year: "2016"; city: "Darwin"; total: "1363"; }
ListElement{ year: "2015"; city: "Darwin"; total: "1744"; }
ListElement{ year: "2017"; city: "Melbourne"; total: "526"; }
ListElement{ year: "2016"; city: "Melbourne"; total: "601"; }
ListElement{ year: "2015"; city: "Melbourne"; total: "401"; }
ListElement{ year: "2017"; city: "Perth"; total: "729"; }
ListElement{ year: "2016"; city: "Perth"; total: "674"; }
ListElement{ year: "2015"; city: "Perth"; total: "578"; }
ListElement{ year: "2017"; city: "Sydney"; total: "1076"; 1}
ListElement{ year: "2016"; city: "Sydney"; total: "1386"; 1}
ListElement{ year: "2015"; city: "Sydney"; total: "1338"; }

}

You can run this on a touchscreen device, and then move the chart around in 3D!:

iPhone XS Max - 12.0

You can grab the graph and spin it around to see the data from different perspectives. You

can zoom in and back out, as well.
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The otDataVisualization module also has scatter and surface graphs that show data in
3D.

Animate it!
This is where it gets gloriously complicated. There are various types of animations:

e ParallelAnimation
e SmoothedAnimation
® PauseAnimation

e SequentialAnimation

Additionally, PropertyAction and ScriptAction can be used. A PropertyActionisa
change to any property that happens without an animation. We learned
about ScriptAction in the last section on States.

There are also animation types that operate on various values:

e AnchorAnimation

e ColorAnimation

e NumberAnimation

e OpacityAnimator

e PathAnimation

® ParentAnimation

® PropertyAnimation
e RotationAnimation
e SpringAnimation

® Vector3DAnimation
A Behavior can be used to specify an animation for a property change.

Let's look at how some of these can be used.

Transitions

Transitions and states are explicitly tied together. A Transition animation happens when
a State change occurs.
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A state change can handle different kinds of changes:

e AnchorChanges: Changes to anchor layouts
e ParentChanges: Changes to parenting (as in reparenting)
e PropertyChanges: Changes to the target's properties

You can even run JavaScript on State changes using StateChangeScript and
ScriptAction.

To define different states, an element has a states array of State elements that can be
defined. We will add a PropertyChanges:

states : [
State {
name: "phasel"
PropertyChanges { target: someTarget; someproperty: "some value";}
}!
State {
name: "phase2"
PropertyChanges { target: someTarget; someproperty: "some other

value"; }
}
1

Target properties can be just about anything—opacity, position, color, width, or
height. If an element has a changeable property, the chances are that you can animate it in
a State change.

As I mentioned before, to run a script in a State change, you can define
a StateChangeScript in the state element that you want it to run in. Here, we simply
output some logging text:

function phase3Script () |
console.log("demonstrate a state running a script");

}

State {
name: "phase3"
StateChangeScript {
name: "phase3Action"
script: phase3Script ()

}

Just imagine the possibilities! We haven't even presented animations! We will go there next.
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Animation

Animation can spice up your apps in wonderful ways. Qt Quick makes it almost trivial to
animate different aspects of your application. At the same time, it allows you to customize
them into unique and more complicated animations.

PropertyAnimation

PropertyAnimation animates an item's changeable property. Typically, this is x or y
color, or it can be some other property of any item:

Behavior on activeFocus { PropertyAnimation { target: myItem; property:
color; to: "green"; } }

The Behavior specifier implies that when the activeFocus is on myItem, the color will
change to green.

NumberAnimation

NumberAnimation derives from PropertyAnimation, but only works on properties that
have a greal changeable value:

NumberAnimation { target: myOtherItem; property: "y"; to: 65; duration: 250
}

This will move the myOtherItem element's y position to 65 over a 250-microsecond period
of time.

Some of these animation elements control how other animations are played,
including SequentialAnimation and ParallelAnimation.

SequentialAnimation

SequentialAnimation is an animation that runs other animation types consecutively, one
after the other, like a numbered procedure:

SequentialAnimation {

NumberAnimation { target: myOtherItem; property: "x"; to: 35; duration:
1500 }

NumberAnimation { target: myOtherItem; property: "y"; to: 65; duration:
1500 }
}
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In this instance, the animation that would play first is ColorAnimation, and, once that is
finished, it would play NumberAnimation. Move the myOtherItem element's x property to
position 35, and then move its y property to position 65, in two steps:

You can use either on <property> or properties to target a property.

Also available is the when keyword, which denotes when something can
take place. It can be used with any property if it evaluates to true or
false,such as when: y > 50. You could use it, for example, on the
running property.

ParallelAnimation
ParallelAnimation plays all its defined animations at the same time, asynchronously:

ParallelAnimation {

NumberAnimation { target: myOtherItem; property: "x"; to: 35; duration:
1500 }

NumberAnimation { target: myOtherItem; property: "y"; to: 65; duration:
1500 }

}
These are the same animations, but this would perform them at the same time.

It is interesting to note that this animation would move myOtherItem to position 35 and 65
directly from where the current position is, as if it were one step:

1
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SpringAnimation
SpringAnimation animates items with a spring-like motion. It has two properties to pay
attention to—spring and damping:

e spring: A greal value that controls how energetic the bounce is

e damping: How quickly the bouncing stops

e mass: Adds a weight to the bounce, so it acts as if there is gravity and weight
e velocity: Specifies the maximum velocity

e modulus: The value at which a value will wrap around to zero

¢ epsilon: Amount of rounding to zero

The source code can be found on the Git repository under
the Chapter02-8 directory, in the cp2 branch.

import QtQuick 2.12
import QtQuick.Window 2.12

Window {
visible: true
width: 640
height: 480
color: "black"

title: gsTr ("Red Bouncy Box")
Rectangle {

id: redBox

width: 50; height: 50

color: "black"

border.width: 4

border.color: "red"

Behavior on x { SpringAnimation { spring: 10; damping: 10; } }
Behavior on y { SpringAnimation { spring: 10; damping: .1; mass:

10 } }
}
MouseArea {
anchors.fill: parent
hoverEnabled: true
onClicked: animation.start ()
onPositionChanged: {
redBox.x = mouse.xX — redBox.width/2
redBox.y = mouse.y - redBox.height/2

}

ParallelAnimation {
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id: animation

NumberAnimation { target: redBox; property: "x"; to: 35; duration:
1500 }

NumberAnimation { target: redBox; property: "y"; to: 65; duration:
1500 }

}
}

In this example, a red square follows the finger or mouse cursor around, bouncing up and
down as it goes. When the user clicks on the app, the red square will move to position 35
and 65. A spring value of 10 makes it very bouncy, but the mass of 10 on the y axis will
cause it to bounce like it has more weight. The lower the damping value is, the more
quickly it will come to rest. Here, the damping value is much greater on the x axis, so it will
tend to keep bouncing up and down more than side to side.

Easing

I should mention easing at this point. Every Qt Quick animation has an easing property.
Easing is a way to specify the speed at which the animation progresses. The default easing
value is Easing.Linear. There are 40 different easing properties, which are probably
better seen running in an example than seen here demonstrated with graphs.

You can see a demonstration of this at my GitHub web server by the magic of Qt for
WebAssembly at

https://lpotter.github.io/easing/easing.html.

Qt for WebAssembly brings Qt apps to the web. Firefox has the fastest WebAssembly
implementation at the time of writing this book. We will discuss Qt for WebAssembly in
Chapter 14, Universal Platform for Mobiles and Embedded Devices.

SceneGraph

Scene Graph is based on OpenGL for Qt Quick. On mobile and embedded devices, it is
usually OpenGL ES2. As I mentioned before, Scene Graph caters to manage a sizable
number of graphics. OpenGL is a huge subject worthy of its own book—in fact, tons of
books—about OpenGL ES2 programming. I won't go into too much detail about it here, but
will just mention that OpenGL is available for mobile phones and embedded devices,
depending on the hardware.
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If you are planning to use Scene Graph, most of the heavy lifting will be done in C++. You
should already be familiar with how to use C++ and QML together, as well as OpenGL ES2.
If not, Qt has great documentation on it.

Summary

Qt Quick is ready-made for using on mobile and embedded devices. From the simple
building blocks of basic Qt Quick items to 3D data charts, you can write complicated
animated applications using various data sets and presentations in QML.

You should now be able to use basic components such as Rectangle or Text to create Qt
Quick applications that use dynamic variable bindings and signals.

We also covered how to use anchors to position the components visually and will be able
to accept changing orientations and various screen sizes of target devices.

You are now able to use more conventional-looking components such as ready-made
Button, Menu and ProgressBar instances, as well as more advanced graphical elements
such as PieChart and BarChart.

We also examined using different animation methods available in Qt Quick, such as
ProperyAnimation and NumberAnimation.

In the next chapter, we will learn about using particles and special graphical effects.
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Qt Quick has been extended with animation and special effects through the use of particles.
Particles and Qt Graphical Effects will make a User Interface (UI) come alive and stand out
among the crowd.

The particle system in Qt Quick allows for a large number of images or other graphical
objects to simulate highly energized and chaotic animation and effects. Simulating snow
falling or explosions with fire is made easier by using a particle system. Dynamic properties
of these elements animate these even more.

Using Qt Graphical Effects can help make Uls visually more appealing and make it easier
for the user to differentiate between graphical components. Drop shadows, glows, and
blurring make 2-dimensional objects seem more like 3-dimensional ones.

In this chapter, we will cover the following topics:

¢ The universe of particles
e Particle painters, emitters, and affectors

e Graphical effects for Qt Quick

The universe of particles

Finally! We have reached the fun part of the book where the magic happens. It's all fine and
dandy using rectangles, text, and buttons, but particles add splash and zing, together with
adding wisps of light to games. They can also be used to highlight and emphasize items of
interest.

Particles are a type of animation that consist of numerous graphical elements, all moving in
a fuzzy manner. There are four main QML components to use:

e ParticleSystem: Maintains the particle animation timeline
¢ Emitters: Radiates the particles in to the system
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e Painters: These components paint the particles. Here are the various
components:
e ImageParticle: A particle using an image

e ItemParticle: A particle using a QML item as delegate
e CustomParticle: A particle using a shader

e Affectors: Alters the properties of a particle

To see how we manage all these items, let's take a look at the main particle manager,
the ParticleSystem.

ParticleSystem

The ParticleSystem component maintains the particle animation timeline. It is
what bonds all the other elements together and acts as the center for operations. You can
pause, resume, restart, reset, start, and stop the particle animation.

The painters, emitters, and affectors all interact with each other through
the ParticleSystem.

Many ParticleSystem components can exist in your application, and each has
an Emitter component.

Let's dive a little more into the details about particle painters, emitters, and
affectors.

Particle painters, emitters, and affectors

Particles in Qt Quick are graphical elements such as images, QML items, and OpenGL
shaders.

They can be made to move and flow in endless ways.

Every particle is part of a ParticleGroup, which, by default, has an empty name.
A ParticleGroup is a group of particle painters that allow for the timed animation
transitions for the grouped particle painters.

The direction that particles are emitted is controlled by the Direction items which consist
of these components: AngleDirection, PointDirection, and TargetDirection.
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There are only a few types of particle painters you can use, but they cover just about
everything you would want to use them for. Particle types available in Qt Quick are as
follows:

e CustomParticle: A particle based on OpenGL shader
e ImageParticle: A particle based on an image file
e ItemParticle: A particle based on a QML Item

ImageParticle is probably the most common and easiest to use and can be made from
any image that QML has support for. If there are going to be numerous particles, it might
be best to use small and optimized images.

Let's examine a simple ItemParticle animation. We will start by defining a
ParticleSystem component with a child ItemParticle animation that is defined as a
transparent Rectangle element with a small green border and a radius of 65, which means
it appears as a green circle.

There are actually two type of emitters—the standard Emitter type, but also a special
TrailEmitter type, which is derived from the Emitter item, but emits its particles from
other particles instead of its bounding area.

An Emitter item is defined with the SystemParticle component bound to its system
property. For the velocity property of the Emitter item, we use AngleDirection.
AngleDirection directs the particles emitted at a certain angle.

Angles in QML elements work in a clockwise fashion, starting at the right-hand side of an
element. Here's the representation of it:

270°

180@ 0°

90°

For example, setting an AngleDirection of 90 would make the particles move downward.
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Let's dig into a particle example:

The source code can be found on the Git repository under
the Chapter03-1 directory, in the cp3 branch.

1. We start by defining a ParticleSystem:

ParticleSystem {
id: particelSystem
anchors.fill: parent

2. We add an ItemParticle and define the delegate tobe a
transparent Rectangle. We define a radius, which gives it rounded corners,
and designate it to have a small green border:

ItemParticle {
delegate: Rectangle {

height: 30; width: 30
id: particleSquare
color: "transparent"
radius: 65
border.color: "green"
border.width: 4

}
3. We define an Emitter and assign it to the ParticleSystem:

Emitter {
id: particles
system: particleSystem
anchors { horizontalCenter: parent.horizontalCenter; }
y: parent.height / 2
width: 10
height: 10
lifeSpan: 5000
velocityFromMovement: 60
sizeVariation: 15
emitRate: 50
enabled: false
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4. We give the Emitter an AngleDirection velocity to add some variation in
the direction:

velocity: AngleDirection {
angle: 90
magnitude: 150
angleVariation: 25
magnitudeVariation: 50

}

At this point, the app looks like this:

Mobile and Embedded

Let's see how the emitter would look when it is not centered:

1. We bind the Emitter property, called enabled, to the value of false in order to
stop the particles being constantly emitted.

2. We then bind the burst property to animate a pulse of 25 particles with a mouse
click like this:

MouseArea A
id: mousey
anchors.fill: parent
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onClicked: {particles.burst(25) }
hoverEnabled: true

The properties of the Emitter component are attributes of the particles at
the start of the animation.

3. We bind the Emitter property's x and y properties to the mouse position:

y: mousey.mouseY
X: mousey.mouseX

4. We can also remove the horizontalCenter anchor as well, unless you want the
particle burst start to always be centered horizontally.

This image shows the Emitter when it's not centered horizontally:

Mobile and Embedded
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To influence the particles as they get beamed out into the scene, you need an Affector.
Let's take a look at how to use an Affector in the next section.

Affectors

An affector is an attribute that affects the way particles are streamed. There are a few types
of affectors to choose from:

e Age: Will terminate particles early

e Attractor: Attracts particles toward a point

e Friction: Slows a particle proportional to its velocity
e Gravity: Applies acceleration at an angle

e Turbulence: Applies noise in a fluid manner

¢ Wander: Random particle trajectory

There are also GroupGoal and SpriteGoal affectors.
Affectors are optional but add their bling to the particles after they get emitted.
Let's examine one way to use these items.

1. We add a Turbulence item as a child to the ParticleSystem component. The
particles will now fly around randomly, like falling leaves being blown around in
the wind:

Turbulence {
anchors.fill: parent
strength: 32
}

2. You can have more than one affector. Let's add some Gravity, as well! We will
make this Gravity go upward. Gravity is kind of like giving an item some
weight in a certain direction:

Gravity {
anchors.fill: parent
angle: 270

magnitude: 4
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Here is what our example of Turbulence circles looks like:

You can try the Qt for WebAssembly version here at https://lpotter.github.io/
particles/ch3-1.html.

We can also cause the particles to flow in a particular direction, or act in a particular shape.

Shapes and directions

Shapes are a way that can be used to affect how Affectors act upon a certain area.

e EllipseShape: Acts on ellipse shaped area
e LineShape: Acts on a line

¢ MaskShape: Acts on an image shaped area
e RectangleShape: Acts on a rectangle area
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Particles can have a velocity in a certain direction. There are three ways to direct particles:

e AngleDirection
e PointDirection

e TargetDirection

From the point of emissions, AngleDirection has four properties—angle,
angleVariation, magnitude, and magnitudeVariation. AsImentioned previously,
angles are measured in degrees clockwise, starting to the right of the Emitter item. The
magnitude property specifies the velocity of movement in pixels per second.

PointDirection will direct a velocity property to a certain point in the scene, or off the
screen, if you like. It takes the %, y, xVariation, and yvVariation properties.

With TargetDirection, you can instruct particles to be emitted toward a target item, or a
targeted x, y point. TargetDirection has a new property called
proportionalMagnitude, which makes the magnitude and magnitudeVariation
properties operate as a multiple of the distance between starting point and target point per
second.

Particles can be quite fun and add a sci-fi element to an application. It takes some
experimentation to get them to perform as you see in your mind, as there is a great
randomness to them.

Now, let's look at adding some other types of effects for graphics.

Graphical effects for Qt Quick

When you usually think of effects such as blur, contrast, and glow, you might think of
image editing software, as they tend to be applied those effects to images. Qt Graphical
Effects can apply those same types of effects to QML UI components.

If you use the Qt Quick Scene Graph software renderer, these will not be available or
usable, as this does not support the effects.

Qt Graphical Effects come in a variety of types, each with various sub-effects:

e Blend

® Color:
e BrightnessContrast

® ColorOverlay
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® Colorize
® Desaturate
e GammaAdjust
e HueSaturation
e TLevelAdjust
® Gradients:
® ConicalGradient
e LinearGradient
® RadialGradient
e Displace
® DropShadows:
® DropShadow
® TnnerShadow
e Blurs:
® FastBlur
® GaussianBlur
® MaskedBlur
® RecursiveBlur
e MotionBlurs:
e DirectionalBlur
e RadialBlur
e ZoomBlur
® Glows:
e Glow
® RectangularGlow
® Masks:
® OpacityMask
e ThresholdMask

Now, let's move on to how DropShadow, being one of the most useful effects, works.
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DropShadow

A DropShadow effect is something you can use to make things stand out and look more
alive. It's usefulness is that it will give depth to otherwise flat objects.

We can add a Dropshadow effect to a Text item from our last example. The
horizontalOffset and verticalOffset properties characterize where the shadow will
be perceived as being positioned upon the scene. The radius property describes the focus
of the shadow, while the samples property determines the number of samples per pixel
when blurring.

Use the following code to add a Dropshadow and apply it to the Text component:

Text |
id: textLabel
text: "Hands-On Mobile and Embedded"
color: "purple"
font.pointSize: 20
anchors.top: parent.top
anchors.horizontalCenter: parent.horizontalCenter
}
DropShadow {
anchors.fill: textLabel
horizontalOffset: 2
verticalOffset: 2
radius: 10
samples: 25
color: "white"
source: textLabel

}

The source code can be found on the Git repository under
the Chapter03-2 directory, in the cp3 branch.

Here, you can see the letters now have a white shadow under them:

rEIriels=Cr) Mleeil= ciplel =pple)siefefsle]

It also has a spread property that controls the sharpness of the shadow. That is still a bit
difficult to read, so let's try something else. How about a Glow effect?
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Glow

Glow is an effect that produces a diffused color around the object by using the following
code:

Glow A
anchors.fill: textLabel
radius: 10
samples: 25
color: "lightblue"
source: textLabel

}

The effect is shown in the following screenshot. Notice the nice light blue glow:

BandsE@nliVobilefandlEmbedded,

That's more like it! We can even give the Glow effect its own shadow! Change the
DropShadow,anchors.fill,and,sourcezproperﬁesto<glow:

DropShadow {
anchors.fill: glow
horizontalOffset: 5
verticalOffset: 5
radius: 10
samples: 25
color: "black"
source: glow

}

Let's make the horizontalOffset and verticalOffset properties a tad bigger too.

Our banner now looks like this:

Embedded

DropShadows are great for making something stand out from the scene. Gradients are
another effect to use.

Gradient

Gradients can grab a user's attention, draw them into a Ul, and connect to their emotions.
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Qt Graphical Effects have built-in support for three types of gradients—Conical, Linear,
and Radial.

RadialGradient, or any QML gradient for that matter, is made up of a series of
GradientStop items, which specify the color and where to start it in the gradient cycle, the
number zero being at the beginning, and one being at the end point.

Here's the code for representing a RadialGradient:

Item {
width: 250; height: 250
anchors.horizontalCenter: parent.horizontalCenter
anchors.verticalCenter: parent.verticalCenter
RadialGradient |
anchors.fill: parent
gradient: Gradient {
GradientStop { position: 0.0; color: "red" }
GradientStop { position: 0.3; color: "green" }
GradientStop { position: 0.6; color: "purple" }

The source code can be found on the Git repository under
the Chapter03-4 directory, in the cp3 branch.

The following is the pictorial presentation of our RadialGradient:
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This RadialGradient uses three GradientStop items to tell the gradient where a certain
color should start from. The position property is a greal value from 0.0 to 1.0;
although having a number larger than 1. 0 will not give an error, it will simply not be
drawn in the bounding item.

Using the same color-stop schemes as the RadialGradient, we see how the
LinearGradient and ConicalGradient look.

The following is a representation of LinearGradient:

The following is a representation of ConicalGradient:

You can see the differences between each of these gradients.
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Blur

Blur effects can help de-emphasize or bring action to a static image. The fastest B1ur effect
would be the aptly named FastBlur effect, but the GaussianBlur effect is the highest
quality, and, consequently, the slowest to render.

All the Blur effects have radius, samples, and source properties. Radius represents the
distance of pixels that will affect the B1ur effect, with a higher number increasing the Blur
effect. The samples property represents the number of samples per pixel used when the
effect is applied. A higher number means better quality, but a slower render time. Source
is the source item that the Blur effect will be applied to.

Displace is a type of a Blur effect, but with more of a possible watermark-type effect. The
displacementSource property is the item that is being interposed onto the source item.
The displacement property is a greal value between -1.0 and 1.0, with 0 meaning there is
no displacement of pixels.

Summary

Qt Quick offers graphical and special effects that are very easy to start using. Particles, in
particular, are great for gaming apps. You now know how to use the ParticleSystemto
emit an ImageParticle at a particular angle using AngleDirection. We examined how
Affectors such as Turbulence will affect an Emitter by adding variation to the particle
stream.

Gradients, Glow, and DropShadows are useful for bringing emphasis to certain items.
The Blur effects are used to simulate movement action or to add your watermark to
images.

In the next chapter, we delve into using something now ubiquitous on mobile
phones—touch input. I will also touch upon (pun intended) using other forms of inputs,
such as what to do when there is no hardware keyboard and your app is what gets booted
into.
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Not all devices have a readily available keyboard. With a touchscreen device, users can
easily use buttons and other User Interface (UI) features. What do you do when there is no
keyboard or mouse, like on a kiosk or interactive signage? Virtual keyboards and touch
interaction define mobile and embedded applications these days.

In this chapter, we will cover the following topics:

e We will discover Qt's graphical solutions to incorporating user input.
¢ The reference Qt Virtual Keyboard will be examined.

¢ We will demonstrate Touch components, such as TouchPoints, Flickable, and
PinchArea.

What to do when there's no keyboard

Dude, where's my keyboard?

Computer information kiosks and cars do not usually come with keyboard inputs. They use
virtual inputs, such as a virtual keyboard, voice inputs, or even gesture recognition.

People at the Qt Company have created a virtual input method they named Qt Virtual
Keyboard (QtVK). It's more than just an onscreen keyboard, as it also has handwriting
recognition. It is available under a commercial license as well as the open source GPL
version 3.

There are other virtual keyboards that will work with Qt apps. On a desktop computer that
also has a touchscreen, such as a two-in-one laptop, the system might already have a virtual
keyboard. These should work as an input method for Qt apps, although they may or may
not automatically pop up when the user wants to input into a text area.
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There are two ways to integrate Qt's Virtual Keyboard:

Desktop system Fully integrated into applications

Qt Widget apps: Set environmental
Application QT_IM MODULE=gtvirtualkeyboard variable

Qt Quick: Use InputPanel in your application
I'have a Raspberry Pi setup here for Boot to Qt, which is fully integrated into the Qt
Creator, so I can build and run Qt apps on the Raspberry Pi from the Qt Creator. You can
also grab the sources and build it yourself
from git://code.qgt.io/gt/gtvirtualkeyboard.git.

To build the QtVK, download the following source:

git clone git://code.qgt.io/gt/gtvirtualkeyboard.git

QtVK build can be configured by gmake, using CONFIG+=<configuration> and the
following configuration options:

e lang <code>
e form of language_country
¢ Language is lowercase, a two-letter language code
e Country is uppercase, a two-letter country code

e lang—-all

e handwriting
¢ Handles custom engines

Arrow-key navigation

For example, to configure only Australian-English and add handwriting
support, you would run gmake CONFIG+=lang-en_AU
CONFIG+=handwriting and then make && make install.

There are many other configurations available. You can disable layouts for creating a
custom layout and desktop integration, among other configurations.

QtVK can be used in C++ or QML. Let's start by using Qt Quick by ticking the Use Qt
Virtual Keyboard in the Qt Creator project wizard when creating a new Qt Quick
Application from a template:
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M= Qt Quick Application - Empty _ o ox

Define Project Details

Location
Build System Minimal required Qt version: |Qt5.12 v
= Details v Use Qt Virtual Keyboard

”

<Back | | Next> | | Cancel

This is the boiler plate code you get when you use Boot to Qt for Device Creation:

InputPanel {
id: inputPanel
z: 99
x: 0
y: window.height
width: window.width
states: State {
name: "visible"
when: inputPanel.active
PropertyChanges {
target: inputPanel
y: window.height - inputPanel.height

}
transitions: Transition {
from: ""
to: "visible"
reversible: true
ParallelAnimation {
NumberAnimation {
properties: "y"
duration: 250
easing.type: Easing.InOutQuad
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The source code can be found on the Git repository under the
Chapter04-1 directory, in the cp4 branch.

Let's add something that takes text as input, such as a TextField element:

TextField {
anchors {
bottom: inputPanel.top
top: parent.top
right: parent.right
left: parent.left
}

placeholderText: "Enter something"

}

The anchors here are used to resize this TextField element when QtVK is
opened automatically when the user taps on TextField.

Here is what this should look like:

- Mobile and Embedded -5 =

Enter something

[92]
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Implementing a touch screen can have many benefits, which we can do by using the Qt
event loop. Let's look in detail at using touch screens as an input.

Using touch input

Touch screens are ubiquitous these days. They are everywhere. While essential in a mobile
phone or tablet, you can also get a laptop or desktop computer with one. Refrigerators and
cars also commonly have touchscreens. Knowing how to utilize these in your Qt app is also
essential.

On mobile phone and tablet platforms, touchscreen support comes from the system and is
often built-in. If you are creating your own embedded device, you will most likely need to
tell Qt how to use the touchscreen. Qt has support for various touchscreen systems on
embedded devices.

QEvent

QEvent is the way to get access to the touch input events in C++. It comes through an event
filter you can add to your application. There are a few different ways to access this data.

We can use an event filter or an event loop. We will start by looking at an event filter.

Event filter

One way you can access the event loop is by using an event filter. You first need to call the
following function:

gApp—>installEventFilter (this);

The source code can be found on the Git repository under
the Chapter04-2 directory in the cp4 branch.

You then need to override the function named eventFilter (QObject* obj, QEvent* event),
which returns abool value:
bool MainWindow::eventFilter (QObject* obj, QEvent* event);
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You will then receive any and all events. You can also handle these touch events by using
the following:

e QEvent::TouchBegin

QEvent::TouchCancel
® QEvent::TouchEnd
e QEvent::TouchUpdate

Using a switch statement in a eventFilter is an effective way to go through different
options:

bool MainWindow::eventFilter (QObject* obj, QEvent* event)
{
switch (event->type()) {
case QEvent::TouchBegin:
case QEvent::TouchCancel:
case QEvent::TouchEnd:
case QEvent::TouchUpdate:
gWarning ("Touch event %d", event->type());
break;
default:
break;
}i
return false;

}

Be sure to pass these events on to the parent class unless you need to intercept them. To not
pass these on, return t rue. Using an event loop is another way to access events. Let's take a
look.

Event loop

To use the event loop, you need to override event (QEvent *ev):

bool MainWindow: :event (QEvent *ev)
{
switch (ev->type()) {
case QEvent::TouchBegin:
gWarning ("TouchBegin event %d", ev->type());
break;
case QEvent::TouchEnd:
gWarning ("TouchEnd event %d", ev->type());
break;
case QEvent::TouchUpdate:
gWarning ("TouchUpdate event %d", ev->type());

[94]



Input and Touch Chapter 4

break;

bt

You also need to add setAttribute (Qt: :WA_AcceptTouchEvents, true); to the class
constructor, otherwise your application will not receive touch events.

Let's take a look at how touchscreen support is handled in Qt and how you can use Qt to
access a lower level of the touchscreen input stack.

Touchscreen support

Touchscreen support for Qt is done through the Qt Platform Abstraction (QPA) platform
plugins.

Qt configure will auto-detect the correct platform and determine whether or not the
development files are installed. If it finds the development files, it will use them.

Let's see how touchscreens work for various operating systems, starting out with mobile
phones.

Windows, iOS and Android

On Windows, iOS and Android, touchscreens are supported through the Qt Event system.

Using the Qt event system and allowing the platform plugins to do the scanning and
reading, we can use QEvent if we need access to those events.

Let's look at how we can access a low level of the input system using Qt on embedded
Linux.

Linux

On the Linux operating system there are a variety of input systems that can be used with

Qt.

Qt has built-in support for these types of touchscreen interfaces:

e cevdev: an event device interface
¢ libinput: alibrary to handle input devices
e tslib:a typescript runtime library
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We will start by learning about the Linux evdev system to read the device files directly.

evdev

Qt has built-in support for the evdev standard event-handling system for Linux and
embedded Linux . This is what you will get by default if no other system is configured or
detected. It handles keyboard, mouse, and touch. You can then use Qt as normal with
respect to keyboard, touch, and mouse events.

You can assign startup parameters, such as device file path and default rotation of the
screen, like this:

QT_QPA_EVDEV_TOUCHSCREEN_PARAMETERS=/dev/input/input2:rotate=90

Other parameters available are invertx and inverty. Of course, you do not need to reply
on Qt for these input events, and can access them directly in the stack below Qt. I call
them raw events, but they are really just reading the special Linux kernel device files.

Let's take a look at handling these evdev input events yourself while using Qt. This is low-
level system file access, so you might need root or administrator permissions to run the
applications that use it this way.

Input events on Linux are accessed through the kernel's dev nodes, typically found at
/dev/input, but they could be anywhere under the /dev directory tree, depending on the
driver. QFile should not be used for actually reading from these special device node files.

QF1ile is not suited for reading Unix device node files. This is because
QFile has no signals and the device node files report a size of zero and
only have data when you read them.

The main include file to read input nodes is as follows:
#include <linux/input.h>

The source code can be found on the Git repository under
the Chapter04-3 directory in the cp4 branch.
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You will want to scan the device files to detect which file the touchscreen produces. In
Linux, these device nodes are named dynamically, so you need to use some other method
to discern the correct file other than just the filename. So, you have to open the file and ask
it to tell you its name.

We can use ODir and its filters to at least filter out some of the files we know are not what
we are looking for:

QDir inputDir = QDir ("/dev/input");
QStringList filters;
filters << "event*";
QStringList eventFiles = inputDir.entrylList (filters,
QDir::System);
int fd = -1;
char name[256];
for (QString file : eventFiles) {
file.prepend (inputDir.absolutePath());
fd = ::open(file.tolocal8Bit ().constData (), O_RDONLY|O_NONBLOCK) ;
if (fd >= 0) {
ioctl (fd, EVIOCGNAME (sizeof (name)), name);
::close (fd);
}
}

Be sure to include the 0_NONBLOCK argument for open.

At this point, we have a list of the names for the different input devices. You might have to
just guess which name to use and then do a St ring compare to find the correct device.
Sometimes, the driver will have correct id information, which can be obtained

using EVIOCGID like this:

unsigned short id[4];
ioctl (fd, EVIOCGID, &id);

Sometimes, you can detect certain features using EVIOCGBIT. This will tell us which
buttons or keys the hardware driver supports. The touchscreen driver outputs a keycode
of 0x14a (BTN_TOUCH) when you touch it, so we can use this to detect which input event
will be our touchscreen:

bool MainWindow: :isTouchDevice (int £d)
{
unsigned short id[4];
long bitsKey[LONG_FIELD_SIZE (KEY_CNT) ];
memset (bitsKey, 0, sizeof (bitsKey));
ioctl (fd, EVIOCGBIT (EV_KEY, sizeof (bitsKey)), bitsKey);
if (testBit (BTN_TOUCH, bitsKey)) |
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return true;
t
return false;

}

We can now be fairly certain that we have the proper device file. Now, we can set up

a QSocketNotifier object to notify us when that file is activated, and then we can read it
to get the X and Y values of the touch. We use the QSocketNotifier class because we
cannot use QFile, as it doesn't have any signals to tell us when the Linux device files get
changed, so this makes it much easier:

int MainWindow: :doScan (int £d)
{
QSocketNotifier *notifier
= new QSocketNotifier (fd, QSocketNotifier::Read,
this);
auto ¢ = connect (notifier, &QSocketNotifier::activated,
[=]1( int /*socket*/ ) {
struct input_event ev;
unsigned int size;
size = read(fd, &ev, sizeof (struct input_event));
if (size < sizeof (struct input_event)) {
gWarning ("expected %u bytes, got %u\n", sizeof (struct
input_event), size);
perror ("\nerror reading");
return EXIT_FAILURE;
t

if (ev.type == EV_KEY && ev.code == BTN_TOUCH)
gWarning ("Touchscreen value: %i\n", ev.value);

if (ev.type == EV_ABS && ev.code == ABS_MT_POSITION_X)
gWarning ("X value: %$i\n", ev.value);

if (ev.type == EV_ABS && ev.code == ABS_MT_POSITION_Y)
gWarning ("Y value: %$i\n", ev.value);

return 0;

)i
return true;
}
We also use the standard read () function instead of QFile to read this.

The BTN_TOUCH event value tells us when the touchscreen was pressed or released.

The ABS_MT_POSITION_X value will be the touchscreen's X position, and
the ABS_MT_POSITION_Y value will be the Y position.

There is a library that can be used to do the very same thing, which might be a little easier.
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libevdev

When you use the library 1ibevdev, you won't have to access such low level filesystem
functions like a QSocketNotifier and read files yourself.

To use 1ibevdev, we start by adding to the LIBS entry in our projects . pro file.
LIBS += -levdev

The source code can be found on the Git repository under
the Chapter04-4 directory in the cp4 branch.

This allows gmake to set up proper linker arguments. The include header would be as
follows:

#include <libevdev-1.0/libevdev/libevdev.h>

We can borrow the initial code to scan the directory for device files from the preceding
code, but the i sTouchDevice function gets cleaner code:

bool MainWindow: :isTouchDevice (int fd)

{

int rc = 1;
rc = libevdev_new_from_fd (fd, &dev);
if (rc < 0) |
gWarning ("Failed to init libevdev (%s)\n", strerror(-rc));

return false;

}

if (libevdev_has_event_code (dev, EV_KEY, BTN_TOUCH)) {
gWarning ("Device: %s\n", libevdev_get_name (dev));
return true;

}
libevdev_free (dev) ;
return false;

}

Libevdev has the nice 1ibevdev_has_event_code function that can be used to easily
detect whether or not the device has a certain event code. This is just what we needed to
identify the touchscreen! Notice the 1ibevdev_free function, which will free the memory
being used that we do not need.
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The doScan function loses the call to read, but substitutes a call to 1ibevdev_next_event
instead. It can also output a nice message with the actual name of the event code by
calling 1ibevdev_event_code_get_name:

int MainWindow: :doScan (int fd)
{
QSocketNotifier *notifier
= new QSocketNotifier (fd, QSocketNotifier::Read,

this);
auto ¢ = connect (notifier, &QSocketNotifier::activated,
[=] ( int /*socket*/ ) {
int rc = -1;
do { struct input_event ev;
rc = libevdev_next_event (dev,
LIBEVDEV_READ_FLAG_NORMAL, &ev);
if (rc == LIBEVDEV_READ_STATUS_SYNC) {
while (rc == LIBEVDEV_READ_STATUS_SYNC) {
rc = libevdev_next_event (dev, LIBEVDEV_READ_FLAG_SYNC,
&ev) ;
}
} else if (rc == LIBEVDEV_READ_STATUS_SUCCESS) {
if ((ev.type == EV_KEY && ev.code == BTN_TOUCH) ||
(ev.type == EV_ABS && ev.code ==
ABS_MT_POSITION_X) |
(ev.type == EV_ABS && ev.code ==

ABS_MT_POSITION_Y)) |
gWarning ("%$s value: %i\n",
libevdev_event_code_get_name (ev.type, ev.code), ev.value);
}
}
} while (rc == 1 || rc == || rc == —-EAGAIN);
return 0;
}) i
return 0;

}

The library 1ibinput also uses evdev, and is a bit more up to date than the others.
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libinput

The 1ibinput library is the input handling for Wayland compositors and X.Org window
system. Wayland is a display server protocol a bit like a newer version of the ancient Unix
standard X11. Libinput depends on libudev and supports the following input types:

® Keyboard: Standard hardware keyboard
e Gesture: Touch gestures

e Pointer: Mouse events

e Touch: Touchscreen events

e switch: Laptop lid switch events

e Tablet: Tablet tool events

e Tablet pad: Tablet pad events

The 1ibinput library has a build-time dependency upon libudev ;therefore, to
configure Qt, you will need 1ibudev as well as the 1ibinput development files or
packages installed. If you need hardware keyboard support, the xcbcommon package is also
needed.

Yet another touch library is t s1ib, which is specifically used in embedded devices, as it has
a small filesystem footprint and minimal dependencies.

Tslib

Tslib is a library used to access and filter touchscreen events on Linux devices; it supports
multi-touch and Qt has support for using it. You will need to have the ts1ib development
files installed. Qt will auto-detect this, or you can explicitly configure Qt with the following;:

configure —-gt-mouse-tslib

It can then be enabled by setting OT_QPA_EGLFS_TSLIB or QT_QPA FB_TSLIBto 1. You
can change the actual device file path by setting the environmental variable
called TSLIB_TSDEVICE to the path of the device node like this:

export TSLIB_TSDEVICE=/dev/input/event4

Let's now move on to see how we can use higher level APIs in Qt to utilize the touchscreen.
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Using the touchscreen

There are two ways the Qt backend uses the touchscreen. The events come in as a mouse
using a point with click and drag events, or as multi-point touch-to-handle gestures, such
as pinch and swipe. Let's get a better understanding about multi-point touch.

MultiPointTouchArea

As I have mentioned earlier, to use multi-point touchscreens in QML, there is the
MultiPointTouchArea type. If you want to use gestures in QML, you either have to
use MultiPointTouchArea and do it yourself, or use QGesture in your C++ and handle
custom signals in your QML components.

The source code can be found on the Git repository under the
/Chapter04-5 directory in the cp4 branch.

MultiPointTouchArea A
anchors.fill: parent

touchPoints: [
TouchPoint { id: fingerl },
TouchPoint { id: finger2 },
TouchPoint { id: finger3 },
TouchPoint { id: finger4 },
TouchPoint { id: finger5 }

You declare the touchPoints property of MultiPointTouchArea with a
TouchPoint element for each finger you want to deal with. Here, we are using five-finger
points.

You can use the x and y properties to move things around:

Rectangle {
width: 30; height: 30
color: "green"
radius: 50
x: fingerl.x
y: fingerl.y

}

You can also use touchscreen gestures in your app.
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Qt Gestures

Gestures are a great way of utilizing user input. As I mentioned gestures in Chapter 2,
Fluid Ul with Qt Quick, I will mention the C++ API here, which is much more feature-rich
than gestures in QML. Keep in mind that these are touchscreen gestures and not device or
sensor gestures, which I will examine in a later chapter. QGesture supports the following

built-in gestures:

® QPanGesture
® QPinchGesture
® OSwipeGesture

® QDTapGesture

QTapAndHoldGesture

QGesture is an event-based API, so it will come through the event filter, which means you
need to re-implement your event (QEvent *event) widgets as the gesture will target
your widget. It also supports custom gestures by subclassing QGestureRecognizer and
re-implementing recognize.

To use gestures in your app, you need to first tell Qt that you want to receive touch events.
If you are using built-in gestures, this is done internally by Qt, but if you have custom
gestures, you need to do this:

setAttribute (Qt: :WA_AcceptTouchEvents) ;

To accept touch events, you then need to
call 9GraphicsItem: : setAcceptTouchEvent (bool) with true as the argument.

If you want to use unhandled mouse events for touch events, you can also set
the Ot : :WA_SynthesizeTouchEventsForUnhandledMouseEvents attribute.

You then need to define to Qt that you want to use certain gestures by calling
the grabGesture function of your QWidget or QGraphicsObjectclass:

grabGesture (Qt: :SwipeGesture) ;

QGesture events are delivered to a specific Qwidget class and not the
current QWidget class that holds the focus like a mouse event would.
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In your QWidget derived class, you need to re-implement the event function and then handle the
gesture event when it happens:

bool MyWidget::event (QEvent *event)
{
if (event->type () == QEvent::Gesture)
handleSwipe () ;
return QWidget::event (event) ;

}

Since we are handling only one QGesture type, we know it is our target gesture. You can
check whether or not this event is caused by a certain gesture by checking for its pointer
using the gesture function that is defined as follows:

QGesture * QGestureEvent::gesture (Qt::GestureType type) const

This can be implemented by the following;:

if (QGesture *swipe = event->gesture (Qt::SwipeGesture))
If the QGesture object called swipe is nullptr, then this event is not our target gesture.
It is also a good idea to check on the gesture's state (), which can be one of the following;:

® Ot ::NoGesture

® Ot ::GestureStarted
® Ot ::GestureUpdated
® Ot::GestureFinished

® Ot ::GestureCanceled

You can create your own gesture using QGestureRecognizer by sub-classing
QGestureRecognizer and re-implementing recognize (). This is where most of the
work will be, as you will need to detect your gesture and are more likely detect what is not
your gesture. Your recognize () function will need to return one of the values of the
enum value, QGestureRecognizer: :Result, which can be any of the following

® OGestureRecognizer::Ignore

® OGestureRecognizer: :MayBeGesture

® OGestureRecognizer::TriggerGesture
® OGestureRecognizer::FinishGesture
® OGestureRecognizer::CancelGesture

® OGestureRecognizer::ConsumeEventHint
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There are heaps of edge cases you need to handle here to discern exactly what is and what
is not your gesture. Do not be afraid if this function is complicated or long.

Another form of input that is becoming more popular is using your voice. Let's look at that
next.

Voice as input

Voice recognition and Qt has been around for a while now. IBM's ViaVoice was ported to
KDE and was being ported to Trolltech's phone software suite Qtopia at the time that I
became the Qtopia Community Liaison in 2003. Consequently, it was worked on by the
same developer who later dreamed-up what became Qt Quick. While the concept has
essentially stayed the same, the technology has gotten better, and now you can find voice
control in many different devices, including automobiles.

There are many competing systems, such as Alexa, Google Voice, Cortana, and Siri, as well
as some open source APIs. Combined with voice search, voice input is an invaluable tool.

At the time of writing, Qt Company and one of its partners, Integrated Computer
Solutions (ICS), have announced that they are working together on integrating the
Amazon Alexa system with Qt. I have been told that it will be called QtAlexaAuto and be
released under the Igpl v3 license. Since this has not been released at the time of writing, I
cannot go into very much detail about how to use this implementation just yet. I am sure
that, if or when it gets released, the API will be quite easy to use.

Amazon's Alexa Voice Service (AVS) Software Development Kit (SDK) works on
Windows, Linux, Android and MacOS. You can even use a mic array component, such as
the MATRIX creator with the Raspberry Pi. Siri works on iOS and MacOS. Cortana works
on Windows.

While none of these voice systems are integrated into Qt, they can be used with a custom
integration. It is worth looking into them, depending on what your application will be
doing and what device it will run on.

Alexa, Google Assistant, and Cortana have C++ APIs, and Siri can be used as well with its
Objective-C API:

e Alexa: https://github.com/alexa/avs-device-sdk.git

o Google Assistant: https://developers.google.com/assistant/sdk/guides/
library/python/embed/install-sample
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e Cortana: https://developer.microsoft.com/en-us/cortana

e Siri: https://developer.apple.com/sirikit/

QtAlexaAuto

QtAlexaAuto is a module created by Integrated Computer Solutions (ICS) and the Qt
Company to enable the use of Amazon's Alexa Voice Service (AVS) from within Qt and
QtQuick applications. You can use Raspberry Pi, Linux, Android, or other machines to
prototype an application that uses voice as input.

At the time of writing this book, QtAlexaAuto is yet to be released, so you will need to
search the internet for the url to download the source code. Some things may have changed
in the official release from what it written in this book.

You will need to download, build and install the following SDKs from Amazon:

e AVS Device SDK: git clone -b v1.9 https://github.com/alexa/avs-device-sdk
e Alexa Auto SDK: git clone -b 1.2.0 https://github.com/alexa/aac-sdk

To build these you should follow instructions for your platform from this URL:

https://github.com/alexa/avs—-device-sdk/wiki
The basic steps for building QtAlexaAuto are the following:

1. Sign-up for an Amazon developer account, and register a product. https://
developer.amazon.com/docs/alexa-voice-service/register—a-product.html

Add your clientID and productID

Install the requirements mentioned in the Alexa wiki
Apply patches as detailed in install_aac_sdk.md
Build and install AVS Device SDK

Build and install Alexa Auto SDK

Edit AlexaSamplerConfig.json

Build QtAlexaAuto

® NN

There are a few patches you need to apply. Luckily there are instructions in
install_aac_sdk.md, which instruct you on how to apply the patches from aac-sdk to the
avs-device-sdk.
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The file AlexaSamplerConfig.json needs to be edited and renamed to
AlexaClientSDKConfig_new_version_linux.json

The file then needs to be put into the directory where you are running the example from.

The QtAlexaAuto main QML component is named alexaApp, which corresponds to the
QtAlexaAuto class.

When you run the example app, you will need to sign in to your Amazon developer
account and link this application by entering a code the application gives you when you
start it for the first time. These can be provided to the user by calling acctLinkUrl() and
acctLinkCode(), or in QML by the alexaApp properties named accountLinkCode and
accountLinkUrl.

Once this is linked to an account, you use voice input and the Alexa Voice Service by
tapping on the button.

The function that runs when the user presses the talk button is tapToTalk(), and the
startTapToTalk signal gets emitted.

Connection Status
Status

Lattitude Longitude

AVS has a notion of a RenderTemplate, which gets passed from the service so the
application will be able to show the user visual information about the response.
QtAlexaAuto handles Weather, media player templates, as well as some generic
multipurpose templates. The RenderTemplate gets emitted as JSON documents and shown
in the example application using QML components, which then parse and display the data.
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This was just a quick look at QtAlexaAuto, as I did not have enough time to really dig into
this new API before the publication of this book.

Summary

User input is important, and there are various ways for users to interact with applications.
If you are creating your own embedded device, you will need to decide what input
methods to use. Touchscreens can increase usability because touching things is a very
natural thing to do. Babies and even cats can use touchscreen devices! Gestures are a
fantastic way to use touch input and you can even develop custom gestures for your
application. Voice input is taking off right now. Whilst adding support for it might take a
little work, it can be the right thing to do on some devices that require hands-free usage.

In the following chapter, we will learn about networking and its features.
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Section 2: Networking,

Connectivity, Sensors, and

Automation

In this section you will learn about additional features and mobile APIs to extend
applications beyond their device. Reading data from remote sensors, and using APIs to
communicate with machines will be discussed. QNetworkReply, QNetworkRequest,
QDnsLookup, QHostInfo, QLocalServer, and QTcpSocket APIs will be covered. We'll
also discuss QNetworkSession and QNetworkConfiguration which is used to see
available Wi-Fi networks nearby.

This section comprises of the following chapters:

Chapter
Chapter
Chapter
Chapter

5, Qt Network for Communication

6, Connectivity with Qt Bluetooth LE

7, Machines Talking

8, Where Am I? Location and Positioning
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Networking is almost as important to mobile devices as the device being mobile. Without
networking, data would have to be physically moved from one place to another. Luckily,
Qt has extensive networking features in QNetwork. In this chapter, we will discuss the
following APIs:

® ONetworkReply

® ONetworkRequest
e ODnsLookup

® QHostInfo

® QLocalServer

® QTcpSocket
To show available Wi-Fi networks that are nearby, we will also go over the following;:

® ONetworkSession

® ONetworkConfiguration

You will also learn how to use Qt APIs for standard networking tasks, such as Domain
Name Service (DNS) lookups, download and upload files, and how to use Qt's socket
classes for communication.

High level - request, reply, and access

Networking in Qt is quite feature-rich. Networking in Qt Quick is more behind the scenes
than in your face. In Qt Modeling Language (QML), you can download remote
components and use them in your application, but any other arbitrary download or
network functionality you will have to bake yourself in the C++ backend or use JavaScript.
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Even though ONetworkRequest, QNetworkReply, and ONetworkAccessManager are all
used to make network requests, let's split them up and see how to use them.

QNetworkRequest

ONetworkRequest is a part of the access functionality. It constructs a request, which can
be one of the following verbs:

GET:get (...)

POST:post (...)

PUT:put (...)

DELETE: deleteResource(...)
HEAD: head(...)

You can also send custom verbs using sendCustomRequest, which takes the custom verb
as a QByteArray argument.

Headers can be set as known headers using setHeader and can be one of the following:

ContentDispositionHeader
ContentTypeHeader
ContentLengthHeader
LocationHeader
LastModifiedHeader
CookieHeader
SetCookieHeader
UserAgentHeader

ServerHeader

Raw or custom headers can be set with setRawHeader. HTTP attributes can help to control
the request cache, redirect, and cookies. They can be set with, you guessed it,
setAttribute
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Let's put this into the following code.

The source code can be found on the Git repository under the
Chapter05-1 directory, in the cp5 branch.

To use the networking module, in the . pro project, add network to the QT variable as
follows:

QT += network
We can now use Qt Networking.

QONetworkRequest is what needs to be used to request operations from the network such
as get and put.

A simple implementation looks like this:

ONetworkRequest request;
request.setUrl (QUrl ("http://www.example.com"));

ONetworkRequest can also take QUr1 as its argument. QNetworkRequest is not based on
QObject, so it has no parent, nor does it have any of its own signals. All communication is
done through QNetworkAccessManager.

The one signal you want to connect to is the finished signal.

Suppose I have some form data I need to transfer; I would need to add a standard header
with setHeader. I could also add the following custom header I call Xx-~UUID:

request.setHeader (QNetworkRequest: :ContentTypeHeader, "application/x-www-—
form-urlencoded") ;

request.setRawHeader (QByteArray ("X-UUID"),

QUuid: :createUuid () .toByteArray());

Now that we have a viable QNetworkRequest, we need to send it to
QNetworkAccessManager. Let's take a look at how we can do that.
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QNetworkAccessManager

Bring in the manager—QNetworkAccessManager (QNAM). It is used to send and receive
asynchronous requests over a network. Usually, there is one instance of QNAM in an
application, as here:

ONetworkAccessManager *manager = new QNetworkAccessManager (this);

At its simplest, you can make a QNAM request using the get, put, post,
deleteResource, or head functions.

QNAM uses signals to transfer data and request information and the finished () signal is
used to signal when a request has finished.

Let's add a signal handler for that, as follows:

connect (manager, &QNetworkAccessManager::finished,
this, &MainWindow::replyFinished);

This would call your replyFinished slot with the data and headers within the
ONetworkReply argument, as follows:

void MainWindow: :replyFinished (ONetworkReply *reply)
{

if (reply->error())

ui->textEdit->insertPlainText ( reply->errorString());

else {
QList<QByteArray> headerList = reply->rawHeaderList ();
ui->textEdit->insertPlainText (headerList.join ("\n") +"\n");

QByteArray responsData = reply->readAll();
ui->textEdit->insertHtml (responsData);

}
Then, call the get method on QNetworkAccessManager as follows:
manager—>get (request) ;

It's as simple as that to download something! QNAM will work its magic and download
the URL.

It is also just as easy a method to create a file upload. Of course, your web server needs to
support the put method, as follows:

QFileDialog dialog(this);
dialog.setFileMode (QFileDialog: :AnyFile);
QString filename = QFileDialog::getOpenFileName (this, tr("Open File"),
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QDir::homePath());

if (!'filename.isEmpty()) {
QFile file(filename);
if (file.open(QIODevice::ReadOnly | QIODevice::Text)) {
OByteArray fileBytes = file.readAll();
manager—>put (request, fileBytes);

}

The source code can be found on the Git repository under the Chapter05-2 directory, in
the cp5 branch.

If you need to send some query parameters in the URL, you can use QUr1Query to
construct the form query data, and then send the request as follows:

ONetworkRequest request;
QUrl url ("http://www.example.com");

QUrlQuery formData;
formData.addQueryItem("login", "me");
formData.addQueryItem("password", "123");
formData.addQueryItem("submit", "Send");
url.setQuery (formData) ;

request.setUrl (url);

manager—>get (request) ;

Form data can be uploaded with the post function as a QByteArray as follows:

QOByteArray postData;
postData.append ("?login=me&password=123&submit=Send") ;
manager—->post (request, postData);

To send a multipart form data, such as form data and an image, you can use
QHttpMultiPart as follows:

QFile *file = new QFile(filename);
if (file->open (QIODevice::ReadOnly)) {
OByteArray fileBytes = file->readAll();
QHttpMultiPart *multiPart =
new QHttpMultiPart (QHttpMultiPart::FormDataType) ;

QHttpPart textPart;

textPart.setHeader (QNetworkRequest: :ContentDispositionHeader,
QVariant ("form-data; name=\"filename\""));

textPart.setBody (filename.toLocal8Bit ());

QHttpPart filePart;
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filePart.setHeader (QNetworkRequest::ContentDispositionHeader,
QVariant ("form—-data; name=\"file\""));

filePart.setHeader (QNetworkRequest: :ContentTypeHeader,
QVariant ("application/zip"));

filePart.setBodyDevice (file);
file->setParent (multiPart);

multiPart->append (textPart);
multiPart->append (filePart);

manager—>put (request, multiPart);

}

Of course, none of these examples keeps track of the reply. QNetworkReply is returned by
the get, post, and put methods of QNetworkAccessManager, which can be used to track
download or upload progress or if there are any errors.

QNetworkReply

All calls to QN AM's get, post, and so on, will return QNetworkReply.

You will need to delete this pointer, otherwise it will leak memory, but do
not delete it in the finished signal handler. You can use
deletelater ().

ONetworkReply has an interesting signal we would most likely need to handle. Let's start
with the two most important—error and readyRead.

So, let's handle that ONetworkReply properly. Since we do not have the valid object
beforehand, we need to connect the signals after the network request action. It seems a bit
backward to me, but this is the way it needs to be and it works. The code is as follows:

QONetworkReply *networkReply = manager->get (request);
connect (networkReply, SIGNAL(finished()), this, SLOT (requestFinished()));
connect (networkReply, SIGNAL (error (QNetworkReply::NetworkError)),
this, SLOT (networkReplyError (QNetworkReply: :NetworkError)));
connect (networkReply, SIGNAL (readyRead()), this, SLOT (readyRead()));
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I am using the legacy style of signal connections, but you could and should write
connections like the following because it allows compile time checking for syntax and other
erTors:

connect (networkReply, &QNetworkReply::error, this,
&MyClass: :networkReplyError) ;
connect (networkReply,
QOverload<QNetworkReply: :NetworkError>::0f (&§QNetworkReply::error),this,
&MyClass: :networkReplyError) ;
connect (networkReply, &QONetworkReply::finished, this,
&MyClass: :requestFinished);
connect (networkReply, &QNetworkReply::readyRead, this,
&MyClass: :readyRead) ;

So, now we have done a request and are waiting for a reply from the server. Let's look at
the signal handlers one by one.

error (QNetworkReply: :NetworkError) is emitted when there is an error with the error
code as argument. If you need a user-friendly string, you can retrieve that with
QNetworkReply::errorString (). finished() is emitted when the request is finished.
The reply is still open, so you can read it here: readyRead () .Since the reply is derived
from QIODevice, it has the readyRead signal, which is emitted whenever more data is
ready to read.

On large downloads, you might want to monitor the progress of the download, which is a
common thing to do. Usually, every download has some kind of progress bar.
ONetworkReply emits the downloadProgress (qint 64 bytesReceived, gint64
bytesTotal) signal as follows:

connect (networkReply, &QNetworkReply::downloadProgress, this,
&MyClass: :onDownloadProgress) ;

There is the corresponding uploadProgress for uploads.

preSharedKeyAuthenticationRequired (QSslPreSharedKeyAuthenticator
*authenticator) gets emitted when the download needs authentication. The
QSslPreSharedKeyAuthenticator object should be loaded with the pre-shader key and
other details to authenticate the user.

The ss1lErrors (const QList<QSslError> &errors) signalis called when Secure
Sockets Layer (SSL) encounters problems, including certificate verification errors.

QNetworkManager can also do simple File Transfer Protocol (FTP) transfers.
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QFtp

There are two ways to use FTP with Qt. QNetworkAccessManager has simple FTP get
and put support, we can easily use that.

FTP servers usually require some sort of username and password. We use setUserName ()
and setPassword () of QUrl to set these, as follows:

QUrl url ("ftp://llornkcor.com/");
url.setUserName ("guest@llornkcor.com") ;
url.setPassword ("handsonmobileandembedded") ;

The source code can be found on the Git repository under the
Chapter05-5 directory, in the cp5 branch.

Once we know the file's name, we need to add that to the ur1l, as it will use this to write the
fail, as follows:

url.setPath(QFileInfo(file).fileName());
Then, set the request ur1l, as follows:

request.setUrl (url);

We can hook up slots to the QNetworkReply signals, once we call put on the QNAM, as
follows:

QONetworkReply *networkReply = manager—->put (request, fileBytes);

connect (networkReply, &QNetworkReply::downloadProgress,
this, &MainWindow::onDownloadProgress);

connect (networkReply, &QNetworkReply::downloadProgress,
this, &MainWindow::onUploadProgress);

Do not forget that error signal needs QOverload as follows:

connect (networkReply,

QOverload<QNetworkReply: :NetworkError>::0f (&§QNetworkReply: :error),
[=] (ONetworkReply: :NetworkError code) {
gDebug () << Q_FUNC_INFO << code << networkReply->errorString(); 1});

connect (networkReply, &QNetworkReply::finished,
this, &MainWindow: :requestFinished);
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If you need to do more complicated things other than get and put, you will need to use
something else besides QNetworkAccessManager.

QFtp is not included with Qt, but you can access the standalone QF t p module that was
ported from Qt 4 to run with Qt 5 as follows:

git clone -b 5.12 git://code.qgt.io/qgt/qtftp.qgit

We will need to build QFtp, so we can open the gt ftp. pro in Qt Creator. Run Build and
install that.

Using the command line the commands would be as follows:
cd gtftp
gmake

make
make install

We will need to install this into Qt 5.12, so in Qt Creator, navigate to Projects | Build |
Build Steps and select Add Build Step | Make. In the arguments field, type install.

Build this and it will also install.

In the project's . pro file, to tell gmake to use the network and ftp modules, add the
following;:

QT += network ftp

QFtp works very typically; log in, do operations, and then log out, as follows:

connect (ftp, SIGNAL (commandFinished(int,bool)),
this, SLOT (gftpCommandFinished (int,bool)));

connect (ftp, SIGNAL (stateChanged (int)),
this, SLOT (stateChanged(int)));

connect (ftp, SIGNAL (dataTransferProgress (gint64,gint64d)),
this, SLOT (gftpDataTransferProgress (gint64,gint64)));

QUrl url (URL);
ftp->connectToHost (url.host (), 21);
ftp->login (USER, PASS);

We connect to the commandFinished signal, which can tell us whether there was an error.
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The stateChanged signal will tell us when we are logged in and the
dataTransferProgress signal will tell us when bytes are being transferred.

QFtp supports other operations, including the following;:

e list

e cd

® remove
e mkdir
e rmdir

® rename

QNAM also touches upon my favorite part of Qt Network—Bearer Management. Let's
move on to learning about Bearer Management.

Bearer Management of good news

Bearer Management was meant to facilitate user control over the network connections.
There are open and close functions for found connections. One thing it does not do is
actually configure these connections. They must already be configured by the system.

It is also meant to be able to group connections together to make it easier to smoothly
switch between connections, such as migrating from Wi-Fi to mobile cellular data,
somewhat like Media Independent Handover (MIH) or also Unlicensed Mobile Access
(UMA) specification. If you are interested in an open source library to help with handovers,
look at Open MIH at SourceForge.

At the time Qt's Bearer Management was first developed, Symbian was the most used and
arguably the most important mobile OS. Symbian had the ability to seamlessly migrate
connections between technologies without dropping the connection or data, kind of like the
way mobile phone connections get migrated from cell tower to cell tower.

Apple seems to call this Wi-Fi Assist; Samsung has Auto Network Switching.

Years ago, mobile data connections were very expensive, so the connection was often
closed after a specific upload or download happened. The opening and closing of
connections was more dynamic and needed automatic controls.
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At any rate, QtConfigurationManager will use what the system supports; it does not
implement its own connection data migration.

Qt has the following three main classes that make up Bearer Management:

® ONetworkConfiguration
® ONetworkConfigurationManager

® ONetworkSession

There is also QBearerEngine, which is the base class for bearer plugins.

QNetworkConfiguration

ONetworkConfiguration represents a network connection configuration, such as a Wi-Fi
connection to a particular access point with its Service Set Identifier (SSID) as the
configuration name.

The network configuration can be one of the following types:

® ONetworkConfiguration::InternetAccessPoint:
e This type is a typical access point, such as a Wi-Fi Access Point
(AP) or it could represent an Ethernet or mobile network.

® ONetworkConfiguration: :ServiceNetwork
e A ServiceNetwork type is a group of access points known as a

Service Network Access Point (SNAP). The system will determine
which of the service networks is best to connect with based on
criteria such as cost, speed, and availability. A configuration of the
QNetworkConfiguration::ServiceNetworktypernayabo
roam between its children
QNetworkConfiguration::InternetAccessPoint.

® ONetworkConfiguration: :UserChoice
e This type can represent a user preferred configuration. It was used
by Nokia's Maemo and Symbian platforms in which the system
could pop up a dialog asking the user to choose which AP was
best. None of the current bearer backends use this type of
QNetworkConfiguration.
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Often, we need to know the type of bearer, which is to say, what communication protocol
the connection is using. Let's find out about BearerType.

QNetworkConfiguration::BearerType

This is an enum that specifies what the underlying technology of QNetworkConfiguration
is and can be one of the following;:

® BearerEthernet
® BearerWLAN

® Bearer2G

® BearerCDMA2000
® BearerWCDMA

® BearerHSPA

® BearerBluetooth
® BearerWiMAX

® BearerEVDO

® BearerLTE

® Bearer3G

® BeareriG

This can be determined by calling the bearerType () function of the
ONetworkConfiguration object, as follows:

ONetworkConfiguration config;

if (config.bearerType () == QNetworkConfiguration: :Bearer4G)

gWarning () << "Config is using 4G";

You can open or connect.

QNetworkConfiguration::StateFlags

StateFlags are an OR'd | | ,combination of the StateFlag values, which are as follows:

¢ Defined: Known to the system but not yet configured
e Discovered: Known and configured, can be used to open ()
e Active: Currently online
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A QNetworkConfiguration that has an Active flag will also have the Discovered and
Defined flags as well. You can check to see whether a configuration is active by doing this:

QONetworkConfiguration config;
if (config.testFlag(QNetworkConfiguration::Active))
gWarning () << "Config is active";

QNetworkConfigurationManager

QONetworkConfigurationManager allows you to obtain QNetworkConfigurations of
the system, as follows:

ONetworkConfigurationManager manager;
ONetworkConfiguration default = manager.defaultConfiguration();

It's always wise to wait for the updateCompleted signal from
QNetworkConfigurationManager before using it, to be sure the
configurations are set up properly.

A default configuration is the configuration that the system defines as the default. It could
have a state of Active orjust Discovered.

If you need to simply determine whether the system is currently online,
manager—>isOnline (); will return true if the system is considered online. Online is
when it is connected to another device via a network, which may or may nor be the
internet, and may or may not be routed correctly. So, it could be online, but cannot access
the internet.

You may need to call updateConfigurations (), which will ask the system to update the
list of configurations, and then you need to listen for the updateCompleted signal before
proceeding.

You can get all configurations known to the system with a call to allConfigurations (),
or filter it to the ones that have a certain state with
allConfigurations (QNetworkConfiguration: :Discovered) ;.

In this case, it returns a list of Discovered configurations.
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You can check the system's capabilities with a call to capabilities (), which can be one
of the following:

e CanStartAndStopInterfaces: System allows user to start and stop
connections

® DirectConnectionRouting: Connection routing is bound directly to a
specified device interface

e SystemSessionSupport: System keeps connection open until all sessions are
closed

¢ ApplicationLevelRoaming: Apps can control roaming/migrating

e ForcedRoaming: System will reconnect when roaming/migrating

e DataStatics: System provides information about transmitted and received data

® NetworkSessionRequired: System requires a session

QNetworkSession

QONetworkSession provides a way to start and stop connections as well as providing
management of connection sessions. In the case of instantiating ONetworkSession with a
QONetworkConfiguration thatis a ServiceNetwork type, it can provide roaming
features. On most systems, roaming will entail actually disconnecting and then connecting
a new interface and/or connection. On others, roaming can be seamless and without
disturbing the user's data stream.

If the capabilities of OQNetworkConfigurationManager reports that it supports
CanStartAndStopInterface&thmlyouL&eQNetworkSessiontOopen()(Connedjand
stop () (close) QNetworkConfigurations.

The QNAM will use QNetworkSession when making network requests behind the scenes.
You can use QNetworkSession to monitor the connection as follows:

The source code can be found on the Git repository under the
Chapter05-3 directory, in the cp5 branch.

ONetworkAccessManager manager;

QNetworkConfiguration config = manager.configuration();
QNetworkSession *networkSession = new QNetworkSession(config, this);
connect (networkSession, &QNetworkSession::opened, this,

&SomeClass: :sessionOpened) ;

networkSession->open () ;
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To monitor bytes received and sent from a QNAM request, connect up to the
bytesReceived and bytesWritten signals, as follows:

connect (networkSession, &QNetworkSession::bytesReceived, this,
&SomeClass: :bytesReceived) ;

connect (networkSession, &QNetworkSession::bytesWritten, this,
&SomeClass: :bytesWritten);

QNetworkRequest request (QUrl ("http://example.com"));
manager—->get (request) ;

Roaming

By roaming, I mean roaming between Wi-Fi and mobile data, not roaming as in out of the
home network, which can be very expensive mobile data to use.

In order to facilitate roaming, a client app can connect to the
preferredConfigurationChanged signal and then begin the process by calling
migrate () or cancel it by calling ignore (). Migrating a connection could be as simple as
pausing the download, disconnecting and reconnecting to the new connection, and then
resuming the download. This method is called forced roaming. It can, on some platforms,
seamlessly migrate the data stream to the new connection, similar to what a mobile phone
does when a call gets migrated to another cell tower.

At this time, there are no currently supported backends that support migrating sessions. A
system integrator could implement a backend that does true connection migration and
handovers. It would also help if the system allows this.

That said, both Samsung's Android and iOS support roaming features seem to have caught
up to where Nokia was years ago. Samsung calls it Adaptive Wi-Fi, previously known as
Smart Network Switch. iOS calls it Wi-Fi Assist. These happen at the system level and
allow roaming between Wi-Fi and mobile data connections. Neither of these platforms
allows applications to control the handover.

QBearerEngine

Qt comes with the following bearer backend plugins based off of the 0BearerEngine class:
e Android: Android

e Connman: Linux desktop & embedded, SailfishOS
e Corewlan: Mac OS and iOS
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Generic: All
e NativeWifi: Windows

e NetworkManager: Linux

NLA: Windows

Depending on the platform, some of these work in conjunction with the generic backend.

Low level — of sockets and servers

QTcpSocket and QTcpServer are two classes for sockets used in Qt. They work in much
the same way as your web browser and a WWW server. These connect to a network
address host, whereas QLocalSocket and QLocalServer connect to a local file descriptor.

Let's look at QLocalServer and QLocalSocket first.
In socket server programming, the basic procedure is as follows:

Create a socket

Set socket options
Bind a socket address
Listen for connections

Ll e

5. Accept new connection
Qt simplifies these steps to the following:

1. Create a socket
2. Listen for connections
3. Accept new connection
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QLocalServer

If you need communication on the same machine, then QLocalServer will be slightly
more performant than using a TCP-based socket server. It can be used for Inter-process
communication (IPC).

First, we create the server, and then call the 1isten function with a string name that clients
use to connect. We hook up to the newConnection signal, so we know when a new client
connects.

The source code can be found on the Git repository under the
Chapter05-5a directory, in the cp5 branch.

When a client tries to connect, we then send a small message using the write function, and
finally f1ush the message, as follows:

QLocalServer *localServer = new QLocalServer (this);
localServer—->listen ("localSocketName") ;

connect (localServer, &QLocalServer::newConnection, this,
&SomeClass: :newLocalConnection) ;

void SomeClass: :newLocalConnection ()

{
QLocalSocket *local = localServer—->nextPendingConnection();
local->write ("Client OK\r\n");
local->flush{();

}

It's that simple! Anytime you need to write to the client, simply

use nextPendingConnection () to get the next QLocalSocket object and use write to
send the data. Be sure to add \r\n to all lines you need to send, including the last line. The
call to £1ush () is not required, but it sends the data immediately.

You can keep this object around to send more messages when needed.

Our app is now waiting and listening for connections. Let's do that next.
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QLocalSocket

QLocalSocket is used to communicate with QLocalServer. You will want to connect to
the readyRead signal. Other signals are connected (), disconnected (), error(...),
and stateChanged(...), as follows:

The source code can be found on the Git repository under the
Chapter05-5b directory, in the cp5 branch.

QLocalSocket *1Socket = new QLocalSocket (this);
connect (1Socket, &QLocalSocket::connected, this, &SomeClass::connected);

connect (1Socket, &QLocalSocket::disconnected, this,
&SomeClass: :disconnected) ;

connect (1Socket, &QLocalSocket::error, this, &SomeClass::error);
connect (1Socket, &QLocalSocket::readyRead, this, &SomeClass::readMessage);

volid SomeClass::readMessage ()
{
if (lSocket->bytesAvailable())
QOByteArray msg = l1lSocket->readAll();
}

If you need state changes, you connect to stateChanged and will be notified when the
following states change:

e UnconnectedState
e ConnectingState
e ConnectedState

e ClosingState

Now, we need to actually connect to the server, as follows:

1Socket—->connectToHost ("localSocketName") ;

Like QLocalServer, QLocalSocket uses the write function to send messages to the
server, as follows:

l1Socket—>write ("local socket OK\r\n");

Remember to add the End Of Line (EOL) \ r\n to mark the end of the data feed line.
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That is a simple local sockets based communication. Now, let's look at a TCP-based socket
over a network.

QTcpServer

The QTcpServer APl is much like QLocalServer and can be pretty much a drop-in
replacement with a few small changes. Most notably, the arguments for the listen call are
slightly different, in which you need to specify QHostAddress for QTcpServer instead of a
QString name, and a port number. Here, I use QHostAddress: : Any, which means it will
listen on all network interfaces. If you don't care about which port is used, set it to 0 as
follows:

QTcpServer *tcpServer = new QTcpServer (this);
tcpServer->listen (QHostAddress: :Any, 8888);

connect (tcpServer, &QTcpServer::newConnection, this,
&SomeClass: :newLocalConnection);

void SomeClass: :newLocalConnection ()

{
QTcpSocket *tSocket = tcpServer->nextPendingConnection();
tSocket->write ("Client OK\r\n");
tSocket->flush () ;

}

Does it look familiar? QHostAddress can be an IPv4 or IPv6 address. You can also specify
different ranges of address by using the QHostAddress: : SpecialAddress enumas I did,
which can be one of the following:

e TocalHost:127.0.0.1

e LocalHostIPv6: ::1

® Broadcast: 255.255.255.255

e AnyIPv4:0.0.0.0

® AnyIPvV6: ::

e Any:all IPv4 and IPv6 addresses

QTcpServer has an additional signal to QLocalServer—acceptError, which gets
emitted when an error occurs during the accept phase of a new connection. You can also
pauseAccepting () and resumeAccepting () the accepting of the connections in the
pending connection queue.
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QTcpSocket

QTcpSocket is similar to QLocalSocket as well. Except, among other things, 0TcpSocket
has connectToHost as a way to connect to a server, as follows:

QTcpSocket *tSocket = new QTcpSocket (this);
connect (tSocket, &QTcpSocket::connected, this, &SomeClass::connected);

connect (tSocket, &QTcpSocket::disconnected, this,
&SomeClass: :disconnected) ;

connect (tSocket, &QTcpSocket::error, this, &SomeClass::error);
connect (tSocket, &QTcpSocket::readyRead, this, &SomeClass::readData);

To make a simple HTTP request, we can write to the socket after we are connected, as
follows:

volid SomeClass:connected()
{
QString requestlLine = QStringLiteral ("GET \index.html HTTP/1.1\r\nhost:
www.example.com\r\n\r\n") ;
QOByteArray ba;
ba.append (requestLine) ;
tSocket->write (ba) ;
tSocket->flush () ;
t

This will request the index.html file from the server. The data can be read in the
readyRead signal handler, as follows:

void SomeClass::readData ()
{
if (tSocket->bytesAvailable())
OByteArray msg = tSocket->readAll();
}

You can also use the waitForConnected, waitForBytesWritten, and
waitForReadyRead functions if you do not want to use this more synchronously, as
follows:

QTcpSocket *tSocket = new QTcpSocket (this);
if (!tSocket->waitForConnected (3000)) {
gWarning () << "Not connected";
return;

tSocket—->write ("GET \index.html HTTP/1.1\r\nhost:
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www.example.com\r\n\r\n") ;

tSocket->waitForBytesWritten (1000);

tSocket->waitForReadyRead (3000) ;

if (tSocket->bytesAvailable())
QOByteArray msg = tSocket->readAll();

Then, close the connection with the following command:

tSocket—->close();

QSctpServer

SCTP stands for Stream Control Transmission Protocol. QSctpServer sends messages as
groups of bytes like UDP, rather than a stream of bytes like a TCP socket. It also ensures
reliable delivery of the packets, like TCP. It can send several messages in parallel or at the
same time. It does this by using several connections.

QSctpServer can also send a stream of bytes like TCP by setting
setMaximumChannelCount to —1. The first thing you want to do after creating the
QSctpServer object is setMaximumChannelCount. Setting this to 0 will let this use the
number of channels that the client uses, as follows:

QSctpServer *sctpServer = new QSctpServer (this);
sctpServer->setMaximumChannelCount (8) ;

If you intend to use TCP byte streams, you use the nextPendingConnection () function
like QTcpServer to get a QTcpSocket object to communicate with. 9SctpServer has the
additional nextPendingDatagramConnection () to communicate with QSctpSocket

To receive bytes in the newConnection signal handler, use the following code:

QSctpSocket *sSocket = sctpServer->nextPendingDatagramConnection();

QSctpSocket

QSctpSocket also has controls for channel count, and as with QSctpServer, if you set the
maximum channel count to -1, it will behave more like TCP sockets and send a data stream
instead of message packets. The message blob is called a datagram.

To read and write these datagrams, use readbatagram() and writeDatagram(). Let's
examine QNetworkDatagram.
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To construct QNetworkDatagram, you need a QByteArray that holds the data message, a
QHostAddress for the destination, and optionally, a port number. It can be as simple as the
following;:

QONetworkDatagram datagram("Hello Mobile!", QHostAddress("10.0.0.50"),
8888) ;
sSocket->writeDatagram(datagram) ;

This will send the "Hello Mobile!™ message to the corresponding server.

QUdpSocket

QUdpSocket sends datagrams such as QSctpSocket, but they are not reliable, which
means it will not retry to send any datagrams. It is also connectionless and has a restriction
on data length of 65,536 bytes.

There are two ways to set up QUdpSocket—bind (. ..) and connectToHost (...).

If you use connectToHost, you can use QIODevice read (), write (), readAll () to send
and receive datagrams. Using the bind (. ..) method, you need to use readbatagram and
writeDatagram instead, as follows:

QUdpSocket *uSocket = new QUdpSocket (this);
uSocket->bind (QHostAddress: :LocalHost, 8888);
connect (uSocket, &QUdpSocket::readyRead, this, &SomeClass::readMessage);

void SomeClass::readMessage ()
{
while (udpSocket->hasPendingDatagrams()) {
QNetworkDatagram datagram = uSocket->receiveDatagram() ;
gWarning () << datagram.data();

QSslISocket

Encrypted socket communications can be handled by 0ss1sSocket, which uses SSL to
encrypt the TCP connection. The encrypted signal is emitted when the connection is
secured, as follows:

QSslSocket *sslSocket = new QSslSocket (this);
connect (sslSocket, &QSslSocket::encrypted, this,
SomeClass: :socketEncrypted) ;
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sslSocket->connectToHostEncrypted ("example.com", 943);

The source code can be found on the Git repository under the
Chapter05-6a directory, in the cp5 branch.

This will start the connection and immediately start the secure handshake procedure. Once
the handshake is finished with no error, the encrypted signal will be emitted and the
connection will be ready.

You will need to add key/certificate pair to 0Ss1Socket to utilize the encryption
capabilities. You can easily generate key-certificate fail pair for testing by using this web
site: https://www.selfsignedcertificate.com/.

Because we are using a self-signed certificate, we will need to add ignoreSslErrorsin
our error handling slot:

sslSocket->ignoreSslErrors();

To add the encryption key and certificate, you need to open and read both files, and use the
resulting OByteArrays to create QSs1Key and QSslCertificate:

void MainWindow::initCerts ()
{
OByteArray key;
QByteArray cert;

QString keyPath =
QFileDialog::getOpenFileName (0, tr ("Open Key File"),
QDir::homePath (),
"Key file (*.key)");

if (!'keyPath.isEmpty()) A
QFile keyFile (keyPath);
if (keyFile.open (QIODevice::ReadOnly)) {
key = keyFile.readAll ();
keyFile.close () ;

}

QString certPath =
QFileDialog::getOpenFileName (0, tr ("Open cert File"),
QDir::homePath (),
"Cert file (*.cert)");

if (!certPath.isEmpty()) {
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QFile certFile (certPath);

if (certFile.open (QIODevice::ReadOnly)) {
cert = certFile.readAll();
certFile.close () ;

}

QSsl1lKey sslKey(key, QSsl::Rsa,
QSsl::Pem,QSsl::PrivateKey,"localhost");
sslSocket->setPrivateKey (sslKey) ;

QSslCertificate sslCert (cert);
sslSocket->addCaCertificate(sslCert);

sslSocket->setLocalCertificate(sslCert);

}

When you run this code, you will need to use QFileDialog to navigate and find the
localhost.key and localhost.cert files in the source directory.

Then, we use setPrivateKey to set the key file, and addCacCertificate and
setLocalCertificate to add the certificate.

To read from the socket, you can connect to the readReady signal like in QTcpSocket.
To write to the socket, which transmits to the server, simply use the write function:
sslSocket—->write (ui->lineEdit->text () .toUtf8 () +"\r\n");

You can then use QSs1Socket to connect to QTcpServer that opens QSs1Socket. This
brings us to our next step.

QSslServer

Ok, there is no QSs1Server class, but since the 9Ss1socket class is just derived from
QTcpSocket with some extra SSL stuff on top, you can create your own SSL server using
the functions from QSs1Socket.

You will need to generate SSL key and certificates. If they are self-signed, the same rules
apply, in which we need to set the following:

server—->ignoreSslErrors ()
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You can create an SSL server by subclassing QTcpServer and overriding
incomingConnection () ,as follows.

The source code can be found on the Git repository under the
Chapter05-6 directory, in the cp5 branch.

We implement the header file with the override function, as well as a slot to connect to
when the server changes into encrypted mode:

class MySslServer : public QTcpServer
{
public:
MySslServer () ;
protected:
voilid incomingConnection (gintptr handle) override;
private slots:
void socketEncrypted();
bi

In the implementation of the SSL server class, pay attention to the call to
startServerEncryption (). This will initiate the encryption of the server channels and
create a Server, as follows:

MySslServer::MySslServer ()

{
server = new QSslSocket (this);
initCerts();

}

We also need to add the encruption key and certificate, as this uses 0Ss1socket like in the
last section, QSslSocket:

volid MySslServer::incomingConnection (gintptr sd)
{
if (server->setSocketDescriptor(sd)) {
addPendingConnection (server) ;
connect (server, &QSslSocket::encrypted, this,
&MySslServer: :socketEncrypted) ;
server—->startServerEncryption () ;
} else {
delete server;
}
}

void MySslServer::socketEncrypted()
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{

// entered encrypted mode, time to write secure transmissions

}

Here, we connect to the QSs1Socket encrypted signal, which signals when 9ss1Socket
enters encrypted mode. From then on, all bytes sent or received are encrypted.

Errors are handled by connecting to the ss1Errors (const QList<QSslError>
&errors) signal:

connect (server, QOverload<const QList<QSslError>
&>::0f (&Q0SslSocket::sslErrors),
[=] (const QList<QSslError> &errors) {
for (QSslError error : errors) {
emit messageOutput (error.errorString());

1)

We also need to connect to the QAbstractSocket: : socketError signal to handle those
errors as well:

connect (server, SIGNAL (error (QAbstractSocket::SocketError)),
SLOT (error (QAbstractSocket::SocketError)));

Other signals you will also want to connect to are the following:

® OSslSocket::connected

QSslSocket::disconnected
® OSslSocket::encrypted

QSslSocket: :modeChanged
® OSslSocket::stateChanged

Up till now, we have been using local IP addresses, but what happens when the server is
remote and we need not just the server name, but it's IP address? Let's explore how we can
use Qt to do domain name lookups.
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Lookups - look me up

Computer networks such as the internet rely on Domain Name Service (DNS) lookups.
This is usually done on remote central servers, but can also be used locally.

There are two classes for doing network lookups—QDnsLookup and QHost Info.
QHostInfo will provide simple IP address lookups for a hostname. It is really just looking
up an IP address using a hostname. Let's look at how we can use this.

QHostinfo

QHostInfo is a simple class to do address lookups provided by the platform system. It has
synchronous, blocking method for lookup, or you can use signal/slots, as follows:

QHostInfo hInfo = QHostInfo::fromName ("www.packtpub.com");

This method blocks until a response is received.

The lookupHost function does asynchronous lookups and takes a slot as an argument, as
follows:

QHostInfo::lookupHost ("www.packtpub.com", this,
SLOT (lookupResult (QHostInfo)));

The slot we need to implement receives QHost Info as an argument, as such:

void SomeClass: :lookupResult (QHostInfo info)
{
if (!'hInfo.addresses () .isEmpty()) {
QHostAddress address = info.addresses () .first();
gWarning () << address.toString();

}
To get an address from either of these responses, do something like the following:
if (!'hInfo.addresses () .isEmpty()) {

QHostAddress address = info.addresses () .first();
gWarning () << address.toString();
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Let's now proceed to QDnsLookup.

QDnsLookup

ObnsLookup can look up different types of records, not just IP addresses. The values you
can use to set the type of lookup are as follows:

e A:IPv4 addresses, access with hostAddressRecords ()

e AAAA: IPv6 addresses, access with host AddressRecords ()

e ANY: Any record

e CNAME: Canonical name, access with canonicalNameRecords ()
¢ Mx: Mail exchange, access with mailExchangeRecords ()

e NS: Name server, access with nameServerRecords ()

e PTR: Pointer, access with pointerRecords ()

e SRV: Service, access with serviceRecords ()

e TXT: Text, access with textRecords ()

Let's look at how this can be implemented. We connect the QDnsLookup signal named
finished to our lookupFinished slot. We set the type here to TXT to access text records:

QODnsLookup *lookup = new QDnsLookup (this);

connect (lookup, &QDnsLookup::finished, this, &SomeClass::lookupFinished);
lookup—>setType (QDnsLookup: : TXT) ;

lookup—>setName ("example.com") ;

lookup—>lookup () ;

The call to Lookup () will start a lookup of the text records for the name that we set, which
is example . com. We still need to handle the response, as follows:

voilid SomeClass:: lookupFinished()

{

ODnsLookup *lookup = gobject_cast<QDnsLookup *>(sender());
if (!lookup)

return;
if (lookup->error () != QODnsLookup::NoError) {
lookup->deletelater();
return;
}
const QList<QDnsTextRecord> txtRecords = lookup->textRecords();
for (const QDnsTextRecord &record: txtRecords) |
const QString recordName = record->name();
const QList <QByteArray> recordValues = record->values();
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}

You can then use these records in the manner you need.

Summary

QONetwork is quite extensive in what it can do. I have touched upon a few features, such as
QONetworkRequest, QNetworkAccessManager, and QNetworkReply to make network
requests, such as get and put. You can use Qt's Bearer Management features to control the
online state and QNetworkSession to group connections together to roam between
connections. We discussed socket development with QLocalSocket, QLocalServer,
QTcpSocket, and QTcpServer. You can perform host and DNS lookups with QHost Info
and QDnsLookup.

Connectivity can mean a few things, and in the next chapter, we explore connectivity using
Bluetooth Low Energy (LE).
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LE

You will learn about using Qt Bluetooth Low Energy (LE) to build connectivity to devices
that have LE Bluetooth radios. Bluetooth is more than mice, keyboards, and audio. Device
discovery, data exchange, and other tasks involving Bluetooth Low Energy will be
examined. We will use the QBluetoothUuid, QBluetoothCharacteristic,
QLowEnergyController, and QLowEnergyService classes.

We will cover the following topics in this chapter:

e What is Bluetooth Low Energy

¢ Discovering and connecting with devices
e Advertising services

¢ Retrieving sensor data from remote device

What is Bluetooth Low Energy?

Bluetooth Low Energy (BLE), or Bluetooth Smart as it is also called, was originally
developed by Nokia under the name Wibree and was originally released in 2006. It was
integrated into the Bluetooth 4.0 specification and released in 2010.

Bluetooth is a wireless connection technology that operates in the 2,400-2,483.5 MHz range
of the 2.4 GHz frequency band. There are 79 data channels it can choose for transmitting
packets. BLE limits the data channels to 40.

BLE is targeted at mobile and embedded devices that require lower power consumption.
Unlike Bluetooth, BLE is designed for devices that exchange small amounts of data
periodically, as opposed to regular Bluetooth that was designed for continuous data
streams. Most importantly, BLE has a sleep mode that it uses to conserve power.
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Qt has support for BLE in the Qt Connectivity module alongside Near-field
Communication (NFC). BLE has a number of profiles and services:

o Alerts
¢ Battery
¢ Fitness
e Health
e HID

e Internet
e Mesh

e Sensors

Generic Attribute (GATT) is used to store profiles, services, characteristics, and other data.
Each entry is a unique 16-bit ID. The BLE connection is exclusive in that it can only connect
to one computer at a time. The BLE peripheral device is known as the GATT server, and the
computer it connects to is the GATT client.

Each profile can have a number of services. Each service can have a number of
characteristics. A profile is just the collection of pre-defined services in the specification.

A service is just a group of characteristics defined by a unique 16 or 128-bit ID. A
characteristic is a single data point, which may contain an array of data, such as with an
accelerometer.

Now that you know a little bit of the background, let's get started.

Implementing a BLE GATT server

I guess we really need a BLE server now.

Let's say you have an embedded device that has a few environmental sensors attached,
such as humidity and temperature. You need to send this data over Bluetooth to another
handheld device once in a while. On the embedded sensor device, you need to setup the
device. The basic procedure to set up the BLE server is as follows:

1. Supply advertisement data (QLowEnergyAdvertisingData)

2. Supply characteristic data (QLowEnergyCharacteristicData)
3. Set up the service data (QLowEnergyServiceData)

4. Start advertising and listening for connections
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QLowEnergyAdvertisingData

QLowEnergyAdvertisingData is the class you use to tell the server what and how the
data is going to be presented.

Here's how we would use QLowEnergyAdvertisingData.

Construct a QLowEnergyAdvertisingData object:

QLowEnergyAdvertisingData *leAdd = new QLowEnergyAdvertisingData;

Set Discoverability options:

leAdd->setDiscoverability(
QLowEnergyAdvertisingData: :DiscoverabilityGeneral) ;

Set a Name for our service:

leAdd->setLocalName ("SensorServer") ;

Add a list of services we are interested it:

QList<QBluetoothUuid> servicesList
<< QBluetoothUuid::EnvironmentalSensing;
leAdd->setServices (servicesList) ;

The source code can be found on the Git repository under
the Chapter06-1 directory, in the cp6 branch.

We need to create some characteristic data now. Let's create a Characteristic that
handles temperature, so we set its uuid to TemperatureMearurement. We need to also let
it be configurable for notifications.

QLowEnergyCharacteristicData

QLowEnergyCharacteristicData represents a Generic Attribute Profile (GATT)
characteristic, which defines a single data point in the Bluetooth transfer. You use it to set
up service data:

QLowEnergyCharacteristicData chData;
chData.setUuid (QBluetoothUuid: :TemperatureMeasurement) ;
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chData.setValue (QByteArray (2,0));

chData.setProperties (QLowEnergyCharacteristic::Notify);

const QLowEnergyDescriptorData

descriptorData (QBluetoothUuid: :ClientCharacteristicConfiguration,
QByteArray (2, 0));

chData.addDescriptor (descriptorData);

QLowEnergyServiceData

Here, we set up the Temperature service data as a Primary service, and
add Characteristic to service:

QLowEnergyServiceData serviceData;

serviceData.setUuid (QBluetoothUuid: : Temperature) ;
serviceData.setType (QLowEnergyServiceData: :ServiceTypePrimary);
serviceData.addCharacteristic (chData);

Now, let's supply the temperature data. We construct QLowEnergyCharacteristic with
the TemperatureMeasurement type, and supply to it some data. The first bit specifies that
we are supplying the temperature unit in Celsius:

QLowEnergyCharacteristic characteristic =
service->characteristic (QLowEnergyCharacteristic: :TemperatureMeasurement) ;
quint8 temperature = 35;

OByteArray currentTempValue;

value.append (char (0));

value.append(char (temperature));

service->writeCharacteristic (characteristic, currentTempValue);

We are all set up now, and all we need is to start Advertising to listen for connections:

controller->startAdvertising (QLowEnergyAdvertisingParameters (), leAdd,
leAdd) ;

Discovery and Pair-ity — search and connect
for BLE devices

The first thing you need to do is search for devices, which is called discovery. It entails
putting the Bluetooth device into search, or discovery mode. You then receive a list of
devices address with which you can connect or pair to be able to access and share data.
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Let's look at how that is done in Qt using QBluetoothDeviceDiscoveryAgent.

QBluetoothDeviceDiscoveryAgent

The QBluetoothDeviceDiscoveryAgent class is responsible for the device discovery
search. It will emit the deviceDiscovered signal when any Bluetooth is found:

OBluetoothDeviceDiscoveryAgent *discoveryAgent = new
QOBluetoothDeviceDiscoveryAgent (this); connect (discoveryAgent,
SIGNAL (deviceDiscovered (QBluetoothDeviceInfo)),

this, SLOT (newDevice (QBluetoothDeviceInfo)));
discoveryAgent->start (QBluetoothDeviceDiscoveryAgent: :LowEnergyMethod)) ;

The source code can be found on the Git repository under
the Chapter06-1a directory, in the cp6 branch.

The call to start () will initiate the discovery process. The
OBluetoothDeviceDiscoveryAgent: : LowEnergyMethod argument will set a filter to
only discover LowEnergy devices. Once you find the device you want, you can call stop ()
to stop the device search.

You can wait for errors by connecting to the error
(OBluetoothDeviceDiscoveryAgent::Error error)signal.

The error signal in the QBluetoothDeviceDiscoveryAgent class is overloaded, so
special care needs to happen in order to connect to the signal. Qt provides QOverload and
can be implemented like this:

connect (discoveryAgent,
QOverload<QBluetoothDeviceDiscoveryAgent: :Error>::0f (&§0BluetoothDeviceDisco
veryAgent::error), this, &SomeClass::deviceDiscoveryError);
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If you would rather get a list of devices all at one time, connect to the Finished signal and
use the discoveryDevices () call, which returns QList <QBluetoothDeviceInfo>:

Moto Z2 Play 38:80:DF:0C:DE:91

56-5D-59-7A-70-10 56:5D:59:7A:70:10
5C-9A-41-CA-B6-0A 5C:9A:41:CA:B6:0A
Bedroom Apple TV 60:03:08:C5:A0:6F
66-B4-4F-A5-71-40 66:B4:4F:A5:71:40
7D-D4-D5-50-04-78 7D:D4:D5:50:04:78
Lorn's MacBook Pro 98.01:A7:9B:B5:B2
b2qt-raspberrypi3 B8:27:EB:5C:13:B3

Local address: FC:01:7C:72:9C:44

You might want to check for the remote devices pairing status, so call pairingStatus
of QLocalBluetoothDevice.

You can pair with a device by then calling the requestPairing function
of QBluetoothLocalDevice, with OQBluetoothAddress of the remote Bluetooth device:

SomeClass: :newDevice (const QBluetoothDeviceInfo &info)

{
QBluetoothLocalDevice: :Pairing pairingStatus =
localDevice->pairingStatus (info.address());
if (pairingStatus == QBluetoothLocalDevice::Unpaired) {
OMessageBox msgBox;
msgBox.setText ("Bluetooth Pairing.");
msgBox.setInformativeText ("Do you want to pair with device: " +

item->data (Qt::UserRole) .toString());
msgBox.setStandardButtons (QMessageBox: :0k | QOMessageBox::Cancel);
msgBox.setDefaultButton (QMessageBox: :Cancel) ;

int ret = msgBox.exec();
if (ret == QMessageBox::0k) {
gDebug () << Q_FUNC_INFO << "Pairing...";

localDevice->requestPairing (address,
QBluetoothLocalDevice: :Paired);

}
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Our example app asks to pair the device before we execute the requestPairing
procedure:

MainWindow

Moto Z2 Play 38:80:DF:0C:DE:91

56-5D-59-7A-70-10 56:5D:59:7A:70:10
5C-9A-41-CA-B6-0A 5C:9A:41:CA:B6:0A
Bedroom Apple TV 60:03:08:C5:A0:6F
66-B4-4F-A5-71-40 66:B4:4F:A5:71:40
7D-D4-D5-50-04-78 7D:D4:D5:50:04:78
Lorn's MacBook Pro 98:01:A7:9B:B5:B2
b2qt-raspberrypi3 B8:27:EB:5C:13:B3

‘ ché-1a x |

Bluetooth Pairing.

Do you want to pair with
device: 98:01:A7:98:B5:B2

Pok X cancel

Local address: FC:01:7C:72:9C:44

You can then call requestPairing on QBluetoothLocalDevice with the
OBluetoothAddress of the device you wish to pair with. Let's take a look at
QBluetoothLocalDevice

QBluetoothLocalDevice

OBluetoothLocalDevice represents the Bluetooth on your device. You use this class to
initiate pairing to another device, but also to handle pairing requests from remote Bluetooth
devices. It has a few signals to help with that:

¢ pairingDisplayConfirmation: This is a signal the remote device requests to
show user a PIN and ask whether it is the same on both devices. You must call
pairingConfirmation with true or false on QBluetoothLocalDevice.

® pairingDisplayPinCode: This is a request to enter a PIB.
® pairingFinished: Pairing is completed successfully.
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We then connect to these signals, if the user allows it when they click on the OK button:
if (ret == QMessageBox::0k) {

connect (localDevice,
&QBluetoothLocalDevice: :pairingDisplayPinCode, this,
&MainWindow: :displayPin) ;

connect (localDevice,
&0QBluetoothLocalDevice: :pairingDisplayConfirmation, this,
&MainWindow: :displayConfirmation) ;

connect (localDevice, &QBluetoothLocalDevice::pairingFinished,
this, &MainWindow::pairingFinished);

connect (localDevice, &QBluetoothLocalDevice::error, this,
&MainWindow: :pairingError);

localDevice->requestPairing (address,
QOBluetoothLocalDevice: :Paired);

}

When the remote device only needs a PIN confirmation, the
pairingDisplayConfirmation signalis called:

SomeClass::displayConfirmation (const QBluetoothAddress &address, const
QOString &pin)
{
OMessageBox msgBox;
msgBox.setText ("Confirm pin");
msgBox.setInformativeText ("Confirm the pin is the same as on the
device.");
msgBox.setStandardButtons (QMessageBox::0k | QMessageBox::Cancel);
msgBox.setDefaultButton (QMessageBox: :Cancel) ;

int ret = msgBox.exec();
if (ret == QMessageBox::0k) {
localDevice->pairingConfirmed (true);
} else {

localDevice->pairingConfirmed (false);

}

When the remote device needs user to enter a PIN, the pairingDisplayPinCode signal is
called with a PIN to be displayed and entered on the remote device:

SomeClass::displayPin (const QBluetoothAddress &address, const QString &pin)

{
{
OMessageBox msgBox;
msgBox.setText (pin);
msgBox.setInformativeText ("Enter pin on remote device");
msgBox.setStandardButtons (QMessageBox: :0k) ;
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msgBox.exec () ;

}

On the other side, to receive pairing, you need to put QBluetoothLocalDevice into
the Discoverable mode:

localDevice—->setHostMode (QBluetoothLocalDevice: :HostDiscoverable) ;

The device can then be seen by other devices that are in the Bluetooth Discovery mode.

Specifying and getting client data

Once you have connected to a BLE device peripheral, you need to discover its
characteristics to be able to read and write them. You do that by using
QLowEnergyController. Let's take a look at what QL.owEnergyController is.

QLowEnergyController

QLowEnergyController is the central place to access BLE devices both local and remote.

The local QLowEnergyController can be created by using the static
QLowEnergyController: :createPeripheral (Q0Object *parent) function.

Creating a QLowEnergyController object that represents the remote device is done by
calling the static class QLowEnergyController: :createCentral using
the QBluetoothDeviceInfo object that you receive when you discover remote devices.

The QLowEnergyController object has several signals:

® discoveryFinished
® serviceDiscovered
® connected

e disconnected

[147]



Connectivity with Qt Bluetooth LE Chapter 6

Connect to the connected signal and start connecting by calling connectToDevice ():

SomeClass: :newDevice (const QBluetoothDevicelInfo &device)
{

QLowEnergyController *controller = new
QLowEnergyController (device.address ());

connect (controller, &QLowEnergyController::connected, this,
&SomeClass: :controllerConnected) ;

controller->connectToDevice () ;

SomeClass: :controllerConnected()

{
QLowEnergyController *controller = gobject_cast<QLowEnergyController
*>(sender());
if (controller) {
connect (controller, &QLowEnergyController::serviceDiscovered, this,
&SomeClass: :newServiceFound) ;
controller—->discoverServices();

}

Once the device is connected, it's time to discover its services, so we connect to
the serviceDiscovered signal and initiate the service discovery by
calling discoverServices ().

QLowEnergyService

You can also connect to the discoveryFinished () signal, which returns a list of
discovered services by calling services (). With either of these, you will get the
QOBluetoothUuid that belongs to that service, with which you can then create a
QLowEnergyService object:

SomeClass: :newServiceFound (const QBluetoothUuid &gatt)
{

QLowEnergyController *controller = gobject_cast<QLowEnergyController
*> (sender ());

QLowEnergyService *myLEService = controller->createServiceObject (gatt,
this);
}
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We now have a QLowEnergyService object, which gives us details about it. We can only
read its service details when its state becomes ServiceDiscovered, so now call the
discoverDetails () function of the service to start the discovery process:

QLowEnergyService *myLEService = controller->createServiceObject (gatt,
this);
connect (myLEService, &QLowEnergyService::stateChanged, this,
&SomeClass: :serviceStateChanged) ;
myLEService->discoverDetails () ;

Let's have a look at QLowEnergyCharacteristic.

QLowEnergyCharacteristic

Once the service details or characteristics are discovered, we can perform actions
with QLowEnergyCharacteristic, such as enabling notifications:

volid SomeClass::serviceStateChanged (QLowEnergyService: :ServiceState state))

{

if (state != QLowEnergyService::ServiceDiscovered)
return;
QLowEnergyService *myLEService = gobject_cast<QLowEnergyService
*> (sender ());

QList <QLowEnergyCharacteristic> characteristics =
myLEService—->characteristics();

}

IjﬁngQLowEnergyCharacteristiq‘NecmlgetaQLowEnergyDescriptorthatwwtme
to enable or disable notifications.

Sometimes, a characteristic on the remote device needs to be written to as well, such as
enabling a specific sensor. In this case, you need to use the writeCharacteristic
function of the service with characteristic as the first argument and the value to be
written as the second:

QLowEnergyCharacteristic *movementCharacteristic =
myLEService->characteristic (someUuid) ;
myLEService->writeCharacteristic (movementCharacteristic,
QLowEnergyCharacteristic: :Read);
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Writing to QLowEnergyDescriptor is just as easy; let's take a look.

QLowEnergyDescriptor

From the Bluetooth specifications, a descriptor is defined as attributes that describe a
characteristic value. It contains additional information about a characteristic.
QLowEnergyDescriptor encapsulates a GATT descriptor. Descriptors and characteristics
can have notifications when changes happen.

To enable notifications, we might need to write a value to the descriptor. Here are some
possible values:

GATT term Description Value Qt constant
Broadcast Permits broadcast 0x01 QLowEnergyCharacteristic: :Broadcasting
Read Permits reading 0x02 QLowEnergyCharacteristic: :Read
Write without |Permits writing with 0x04 QLowEnergyCharacteristic: :WriteNoResponse
response any response
Write Permits writing with a 0x08 QLowEnergyCharacteristic::Write
response
Notify Permits notifications [0x10 QLowEnergyCharacteristic::Notify
Permits notification
Indicate with client 0x20 QLowEnergyCharacteristic::Indicate
confirmation required
Authenticated N . . . . .
. . Permits signed writes |0x40 QLowEnergyCharacteristic: :WriteSigned
signed writes
Exmndgd nguaiwn§§apd 0x80 QLowEnergyCharacteristic: :ExtendedProperty
properties writable auxiliaries

The difference between notifications and indications is that, with indications, the server
requires the client to confirm that it has received the message, whereas with a notification,
the server doesn't care whether the client receives it.

Qt does not currently have support to use authenticated signed writes
(0x40) with Qt, nor does it have support to use indications (0x20).

We want to be notified when the characteristic values change. To enable this, we need to
write a value of 0x10 or QLowEnergyCharacteristic: :Notify to descriptor:

for

( const QLowEnergyCharacteristic character

QLowEnergyDescriptor descriptor =
character.descriptor (QBluetoothUuid: :ClientCharacteristicConfiguration);
&QLowEnergyService: :characteristicChanged, this,

connect (myLEService,

characteristics) {
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&SomeClass: :characteristicUpdated) ;
myLEService->writeDescriptor (descriptor,

QOByteArrayLiteral ("\x01\x00"));

}

Or we can use the predefined QLowEnergyCharacteristic: :Notify, like so

myLEService->writeDescriptor (descriptor,
QLowEnergyCharacteristic::Notify));

Now, we can finally get values out of our Bluetooth LE device:

void SomeClass::characteristicUpdated (const QLowEnergyCharacteristic é&ch,
const QByteArray &value)
{

gWarning () << ch.name () << "value changed!" << value;

}

Bluetooth QML

There are Bluetooth QML components you can use as a client to scan and connect to
Bluetooth devices as well. They are simple but functional.

The source code can be found on the Git repository under
the Chapter06-2 directory, in the cp6 branch.

1. Add the bluetooth module to your pro file:

QT += bluetooth

2. In your gml file, use the 9t Bluetooth import:
import QtBluetooth 5.12

The most important element is BluetoothDiscoveryModel.
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BluetoothDiscoveryModel

BluetoothDiscoveryModel provides a data model of available Bluetooth devices nearby.
You can use it in various model-based Qt Quick components, such as Gridview,
ListView, and PathView. Setting the discoveryMode property tells the local Bluetooth
device the level of service discovery, which is one of the following;:

e FullServiceDiscovery: Discovers all services of all devices

e MinimalServiceDiscovery: Minimal discovery only includes device and
UUID information
® DeviceDiscovery: Discovers only devices and no services

The discovery process will take various amounts of time according to the number of
services that need to be discovered. To speed up the discovery of a specific device, you can
&ﬁthediscoveryModeFmopeﬁytoBluetoothDiscoveryModel.DeviceDiscovery
which will allow you to discover the target device address. In the following example, I have
commented out the device's target Bluetooth address so it will at least show some devices
when you run it:

BluetoothDiscoveryModel {
id: discoveryModel
discoveryMode: BluetoothDiscoveryModel.DeviceDiscovery
onDeviceDiscovered: {

if (/*device == "01:01:01:01:01:01" && */ discoveryMode ==
BluetoothDiscoveryModel.DeviceDiscovery) {
discoveryModel.running = false

discoveryModel.discoveryMode =
BluetoothDiscoveryModel.FullServiceDiscovery

discoveryModel.remoteAddress = device

discoveryModel.running = true

}

To discover all services of all nearby devices, set discoveryMode to
BluetoothDiscoveryModel.FullServiceDiscovery. If you set

the remoteAddress property with a device address, you can target that one specific
device. You will then have to toggle the running property off and then on to start a new
scan.
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We have a basic data model, but we need somewhere to display it. Qt Quick has a few
options for viewing model data:

e GridView
e ListView

e PathView

PathView is best written with Qt Creator QML designer, as you can
visually adjust its path.

Let's choose a ListView for simplicity although I really wanted to use Pathview:

ListView {
id: mainList
anchors.top: busy.bottom
anchors.fill: parent
model: discoveryModel

}

It's not going to show anything without defining delegate:

delegate: Rectangle {
id: btDelegate
width: parent.width
height: column.height + 10
focus: true
Column {
id: column
anchors.horizontalCenter: parent.horizontalCenter
Text |
id: btText
text: deviceName ? deviceName : name
font.pointSize: 14

}

Scanning for devices can take a while to complete sometimes, so I want to add a busy
indicator. Qt Quick Control 2 has BusyIndicator:

BusyIndicator {
id: busy
width: mainWindow.width *.6
anchors.horizontalCenter: parent.horizontalCenter
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anchors.top: mainWindow.top
height: mainWindow.height / 8
running: discoveryModel.running

}

When you discover remote services, you will get a BlLuetoothService object.

BluetoothService

When you specify BluetoothDiscoveryModel.FullServiceDiscovery for a discovery
scan and when BluetoothDiscoveryModel locates a new service,

the serviceDiscovered signal will be emitted. When we connect to that signal, we will
receive the BluetoothService object in the slot.

We can the get the universal unique identifier (uuid), device and service name, service
description, and other details. You can use this BluetoothService to connect
to BluetoothSocket.

BluetoothSocket

The BluetoothSocket component can be used to send and receive st ring messages.

To implement this component, at it's simplest would be the following;:

BluetoothSocket {
id: btSocket

}

BluetoothSocket does not handle binary data. For that, you will have to
use the C++ QBluetoothSocket class.

In BluetoothDiscoveryModel, handle the serviceDiscovered signal. You will get a
BluetoothService object named service. You can then set Socket to use the service
with the setService method:

onServiceDiscovered {
if (service.serviceName == "Magical Service")
btSocket.setService (service)
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First, you might want to handle the stateChanged signals:

onSocketStateChanged: {
switch (socketState) |
case BluetoothSocket.Unconnected:
case BluetoothSocket.NoServiceSet:
break;
case BluetoothSocket.Connected:
console.log("Connected");

break;

case BluetoothSocket.Connecting:
console.log("Connecting...");
break;

case BluetoothSocket.ServiceLookup:
console.log("Looking up Service");
break;

case BluetoothSocket.Closing:
console.log("Closing connection");
break;

case BluetoothSocket.Listening:
console.log("Listening for incoming connections");
break;

case BluetoothSocket.Bound:
console.log("Bound to local address")
break;

}

}

To connect to the service, write t rue to the connected property:
btSocket.connected = true

Once the socketState property is Connected, you can transmit a message or string data
using the st ringData property:

btSocket.stringData = "Message Ok"

Qt Quick offers a simple way to send string messages over Bluetooth.
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Summary

Bluetooth Low Energy is meant to have lower energy requirements for mobile and
embedded devices. Qt offers both C++ and QML classes and components to use it. You
should now be able to discover and connect to a Bluetooth Low Energy device.

Advertising GATT services so users and clients can receive and send data was also covered.

In the next chapter, we will go over some of the main components for the Internet of
Things (I0T), such as sensors and automation communication protocols.
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Machine automation and IoT use various APIs for communication with each other.

I like to say that you cannot have IoT without sensors. They truly define IoT. Sensors are
everywhere these days. Cars, lights, and mobile phones all have a myriad of sensors.
Laptop computers have led, light, touch, and proximity sensors.

MQTT and WebSockets are communication and messaging protocols. One use of them is to
send sensors to remote locations.

You will learn about using Qt APIs for machine-to-machine automation and
communication to web applications using the QWebSocket and QWebSocketServer
classes.

MQTT is a publish-and-subscribe-based TCP/IP protocol for sending sensor data over a
limited bandwidth network using QMgt tMessage to a QMgttClient and
OMgttSubscription.

We will be covering the following topics:

¢ Sensory control - QtSensor data
e WebSockets - Bi-directional web communication
e QMqtt - Brokers of machine talk

Sensory control — QtSensor data

The Qt Sensors API started with Qt Mobility, which itself grew from Qtopia, which was
later renamed Qt Extended.
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Qt Mobility was a collection of APIs useful for mobile and embedded devices. It was
intended specifically for use in Nokia phones. Some of the Mobility API was integrated into
Qt 4 and later into Qt 5.

Qt Sensors, on the other hand, was put into its own repository when Qt 5 split into
modules. Qt Sensors started out targeting mobile phone platforms, but as computers, such
as laptops and Raspberry Pis, gained sensors, the backends expanded. You can find
backends for iOS, Android, WinRT, generic Linux, Sensorfw, as well as Texas Instrument's
SensorTag. At my GitHub repository, you can find additional sensor backends

for Raspberry Pi Sense HAT, and MATRIX Creator for Raspberry Pi.

Sensor Framework (SensorFW) is a framework and backend for configuring and reading
sensor data in a variety of ways. It is tried, tested, and used on some of the best alternative
mobile devices. It has support for Hybris (which is used in Sailfish OS), Linux IIO sensors,
as well as for reading directly from the Linux filesystem. If you are integrating a new device
and need to read various sensors, I recommend using Sensor Framework, available

from https://git.merproject.org/mer—-core/sensorfw/.

There are dozens of different sensors for monitoring the environment. Qt Sensors handles
the most common sensors found in mobile phones and tablets, and provides tools to help
implement new sensor types that may be developed and become popular.

Not only are sensors for monitoring the environment; they can also be used as an input to
the system. The Qt Sensor API includes an ad-hoc 9SensorGestures, which is an API for
various device gestures, such as shake, free-fall, hover, cover, turnover, and pickup.

Qt Sensors has the C++ and QML APIs. Let's start with the C++ APIL

There are actually three ways to use this APIL The first is the generic way. All the sensor
classes are derived from QSensor. A more generic way to use them is to just use QSensor.

QSensor

0Sensor has two static functions that we can use. QSensor: : sensorTypes () which
returns a QList of sensor types; for example, it could be QLightSensor or
QOrientationSensor. You can then use QSensor: : sensorForType

or defaultSensorForType. Usually there is only one sensor for a type, so, using the latter
will suffice.
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But first, we need to tell qmake that we want to use the sensors module, so in the .pro
file, do the following:

The source code can be found on the Git repository under
the Chapter07-1 directory, in the cp7 branch.

QT += sensors

To include all 9Sensors headers, the include file line is #include <QtSensors>, so let's
add this to our file.

Get a list of all sensor types known to the system by using 0Sensor: :sensorTypes ():

for (const QByteArray &type : QSensor::sensorTypes()) {
const QByteArray &identifier = QSensor::defaultSensorForType (type);

QSensor is created by supplying a 0Sensor: : type argument, and then you call
the setIdentifier function with a String indicating the sensor you want to use.

QOSensor* sensor = new QSensor (type, this);
sensor—->setIdentifier (identifier);

We now have a 9Sensor. You must then call connectToBackend () if you are using
QSensor directly:

if (!sensor—->connectToBackend())
gWarning () << "Could not connect to sensor backend";

You can then connect to the readingChanged () signal and read the values from there. To
get the QSensor, you can use the sender () function in any slot, and then gobject_cast
to cast to a QSensor:

connect (sensor, &QSensor::readingChanged, this,
&SomeClass: :readingChanged) ;

The readingChanged () slot looks like this:

void SomeClass::readingChanged()
{

QSensor *sensor = gobject_cast<QSensor *>(sender());

QSensorReading *reading = sensor->reading/()
QString values;
for (int i1 = 0; 1 < reading->valueCount (); i++) |
values += QString::number (reading->value(i).toReal()) + " ";
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ui->textEdit->insertPlainText (sensor->type () +" " + sensor->identifier()
+ " "+ values + "\n");

}

We cast the QSensor using the sender () function, which returns the object that the slot is
connected to. We then use that to get the 0SensorReading using the reading () function.
From the reading, we can get the values the sensor signaled to us.

We still need to call start () on the sensor, so we will add this somewhere after we
connect to the readingChanged () signal. This will activate the sensor's backend and start
reading data from the device.

if (!sensor—->isActive ())
sensor—>start () ;

There is another way to access a sensor, and that is by using a 9Sensor subclass. Let's have
a look at how we will use 0Sensor as a subclass:

The QSensor subclass

A more popular way to use Qt Sensors is to use the standard 0sensors derived classes,
such as QLightSensor or QAccelerometer. This is useful if you know exactly which
sensors your device has or what you are going to use. It also reduces the need for type-
casting. In this way, it is also easier to use a class's sensor-specific properties:

QLightSensor *lightSensor = new QLightSensor (this);

if (!lightSensor->connectToBackend()) {
gWarning () << "Could not connect to light sensor backend";
return;

}
connect (lightSensor, &QLightSensor::readingChanged,
&SomeClass::lightSensorChanged) ;

Instead of a generic QSensorReading, we get a sensor specific reading, QLightReading in
this case, with a sensor-specific value accessor:

SomeClass::lightSensorChanged (const QLightReading *reading)
{

gWarning () << reading->lux();

}

Another way to access sensor data is to use a QSensorFilter. Let's go there.
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QSensorFilter

There is a third way to access sensor data in C++, which is to use the sensor-specific filter
class. This provides an efficient callback when signals and slots might be too slow, as in the
case of QAccelerometer and other motion sensors which might be running at 200 cycles
per second. It also provides a way to apply one or more filters that affect the values before
they get emitted by the sensor reading signals. You could provide additional smoothing
and noise reduction, or amplify the signal to a greater range.

In our case, our class would inherit from QLightFilter.

class LightFilter : public QLightFilter

{
public:

We then implement the filter override.

If the filter function returns t rue, it will store the QLightReading of the QLightSensor
and the new values will be emitted by, in our case, the QLight Sensor class. Let's apply a
simple moving-average filter to our light sensor data:

bool filter (QLightReading *reading)
{

int lux = 0;
int averagelLux = 0;
if (averagingList.count () <= 4) {
averagingList.append (reading->1lux());
} else {
for (int i1 = 0; 1 < averagingList.count(); i++) |

lux += averagingList.at (i);
}
averageLux = lux / (averagingList.count());
reading->setLux (averagelux) ;
averagingList.append (averagelLux) ;
return true; // store the reading in the sensor
}
return false;
bi
QList<int> averagingList;

}i
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You can then create anew LightFilter object and set QLightSensor to use it. Add this
before the call to start ():

if (type == QByteArray ("QLightSensor")) {
LightFilter *filter = new LightFilter();
sensor—>addFilter (filter);

}

Now let's find out about the 0Sensor data and how to access it.

QSensor data

0Sensor has values that are specific to the respective sensor. You can access them either
generically with 0Sensor, or by sensor value.

QSensorReading

If you are using the more generic 9Sensor class, there is a corresponding
QSensorReading that you can use to retrieve the generic data. For getting any sensor-
specific data you will need to use the corresponding sensors' QSensorReading subclass,
such as QAccelerometerReading. For example, if we are using the 9Sensor to grab
accelerometer data, we could do the following;:

OSensorReading reading;

QList <greal> data;

greal x = reading.at (0);

greal y = reading.at(1l);

if (reading.valueCount () ==
greal z = reading.at(2);

greal timestamp = reading.timestamp;

3)

However, using the QAccelerometer and QAccelerometerReading classes to do the
same thing, would look like this.

QAccelerometer accel;

QAccelerometerReading accelReading = accel.reading();
greal x = accelReading.x();
greal y = accelReading.y();
greal z = accelReading.z();
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Here are some data explanations for common sensors:

Sensor reading Values Unit Description
2 . .
QAccelerometerReading XY,z ms’, meters per Linear accelera.tlon
second squared |along x, y, z axis
QAltimeterReading altitude Meters Meters above
average sea level
Dark, Twilight,
QAmbientLightReading lightLevel Light, Bright, General light level
Sunny
QAmbientTemperatureReading temperature Celsius Degrees Celsius
. . Degrees
C Read th .
QCompassReading azimu Degrees from magnetic north
0GyroscopeReadin < vz Degrees per Angular velocity
Y p g » ¥r second around the axis
3
C oo m rams
o ) absoluteHumidity, gm. & . o
QHumidityReading ; A per cubic Water vapor in air
relativeHumidty
meter
Decimal fraction How much
QIrProximityReading reflectance 0-1 infrared light was
returned
. . backLidClosed
LidReadin ’ Bool Laptop lid
Q g frontLidClosed o0 aptop 1
QLightReading lux Lux Eght measured in
QMagnetometerReading X, Y, Z Magnetxc flux Raw flux
density
TopUp,
TopDown, E device
QOrientationReading orientation LeftUp, RightUp, num cevt
orientation
FaceUp,
FaceDown
ressure, i
OPressureReading P u Pasc:als, Atmospheric
temperature Celsius pressure
QProximityReading close Bool Close or far away
QRotationReading X, VY, 2 Degrees Rotation around axis

in degrees

Some of these have sensor-specific readings, such as QCompass and QMagnetometer—both

contain calibration levels.

Of course, C++ is not the only way to implement Qt's sensors; you can use them in QML as

well. Let's find out how.
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QML sensors

Of course, you can also use Qt Sensors from QML. In a lot of ways, it is easier to implement
them this way, as the Qt Quick API has been optimized and simplified, so it takes less time
to get the sensor up and running. Following our previous use of the light sensors, we will
continue here. First off is the ever-present import statement: instead of calling a start ()
function to get it rolling, there is an active property. Instead of a Lux value, the property
is i1luminance. Not quite sure why there's a difference, but there you go:

import QtSensors 5.12
LightSensor {
id: lightSensor
active: true
onReadingChanged {
console.log("Lux "+ illuminance);

}

It cannot get much simpler than that. 9t Sensors QML has no filter, so if you need to filter
anything, you will have to use C++.

Custom QSensor and the backend engine

I want to briefly touch on how to create a custom sensor and engine backend. If you are on
an embedded device, Qt Sensors may not have support for your sensor if it is a moisture or
an air-quality sensor. You would need to implement your own QSensor and
QSensorBackend engine.

There is a script in the directory, src/sensors/make_sensor.pl, that you can run which
will generate a simple QSensor derived class, but additionally this script will generate Qt
Quick classes that derive from QmlSensor . The make_sensor.pl script needs to be run
from the src/sensors directory. For this exercise, we are going to create a sensor for
monitoring salt concentrations in our saltwater swimming pool, so the name will be
QSaltSensor.

You can then open these files in an editor, such as Qt Creator, and add what you need.
Having a new Qsensor type will also require a new backend that reads from the sensor.
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Custom QSensor

There is a helper script named Qt Sensors/src/sensors/make_sensor.pl, which will
create a basic template for a new QSensor, QSensorReading. It generates a simple
0Sensor derived class, but also classes for Om1Sensor derived classes.

If you do not have it in your source directory, it can be found in the Git repository
at https://code.gt.io/cgit/gt/gtsensors.git/tree/src/sensors/make_sensor.pl.

The make_sensor.pl script needs to be run from the src/sensors directory.

You will have to edit the resulting files and fill in a thing. For this example, I
chose 0saltsSensor as a class name. Execute the script with the class name as the first
argument: make_sensor.pl QSaltSensor.

It creates the following files:

® <sensorname>.h

® <sensorname>.cpp

® <sensorname>_p.h

e imports/sensors/<sensorname>.h

e imports/sensors/<sensorname>.Ccpp

The output of using the make_sensor.pl command will appear like this:

cd src/sensors

Sperl ./make_sensor.pl QSaltSensor

Creating ../imports/sensors/qmlsaltsensor.h

Creating ../imports/sensors/gmlsaltsensor.cpp

Creating gsaltsensor_p.h

Creating gsaltsensor.h

Creating gsaltsensor.cpp

You will need to add gsaltsensor to the src/sensors.pro file to the SENSORS
and the gmlsaltsensor files to src/imports/sensors/sensors.pro

Like the output says, you will need to add gsaltsensor to the src/sensors.pro file to
the SENSORS variable that is used there. Add the qmlsaltsensor filepaths in the
file, src/imports/sensors/sensors.pro.

Start by editing gsaltsensor. cpp, which is the class we will use as our QSensorBackend.
The perl script we used to create the template has added comments where you should edit
to customize. You will also need to add any properties.
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Custom QSensorBackend

There are many reasons why you might want to implement your own sensor backend. One
of these might be if you have a new type of sensor.

You would need to start implementing a backend engine for your new QSensor type.
Begin by deriving from QSensorBackend:

#ifndef LINUXSALT_H
#define LINUXSALT_H

#include <gsensorbackend.h>
#include <gsaltsensor.h>

class LinuxSaltSensor : public QSensorBackend

{

The class 9SensorBackend, has two pure virtual functions you need to
implement: start () and stop ():

public:
static char const * const id;
LinuxSaltSensor (QSensor *sensor);
~LinuxSaltSensor () ;

void start () override;
void stop() override;
private:

QSaltReading m_reading;
bi
#endif // LINUXSALT_H
The source code can be found on the Git repository under
the Chapter07-2 directory, in the cp7 branch.

Implementing the backend functionality is up to you, based on if you have a salt sensor
device you want to use. Of course you will have to compile and deploy your own Qt

Sensors when you do so.

For more information about custom QSensors and the backend, look at
the Grue sensor example in Qt sensors. There is some rather amusing
documentation on how to implement a custom sensor at https://doc.qt.
io/qt-5/gtsensors—-grue—-example.html
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Sometimes there are more than one sensor plugin on a system for any sensor. In this case
we will need to tell the system which sensor to use. Let's look at how to configure
QSensors.

Sensors.conf

If there is more than one backend for a particular sensor, you might need to specify which
is the default.

You can add gsaltsensor to the Sensors. conf configuration file so the system can
determine which sensor type is the default for a certain sensor. Of course, developers are
free to choose whichever registered sensor on the system they want to use. The config file's
format is SensorType = sensor.id, where SensorType is the base sensor class name,
such as QLightSensor, and sensor.idis a String identifier for the specific sensor
backend. The following code uses our saltsensor from the Linux backend and the list
sensor from the sensorfw backend:

[Default]

QSaltSensor = linux.saltsensor

QLightSensor = sensorfw.lightsensor
QSensorGesture

QSensorGesture is an API for device gestures using sensors. As I mentioned in the
introduction, they use ad-hoc gestures, which is to say there is no machine learning
involved. Qt Sensors offers the following already-baked gestures:

® cover

e doubletap
e freefall
® hover

e pickup

e slam

e shake

® turnover
e twist

e whip
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Instructions on how to perform specific gestures in Qt Sensors are detailed at http://doc.
gt.io/gt-5/sensorgesture-plugins—-topics.html.

It is worth noting that 0SensorGesture uses signals specific to the recognizer. The

slam gesture has the slam () signal, which gets emitted when it detects the s1am gesture. It
also has the standard detected ("<gesture>") signal. The shake2 gesture has

the shakeLeft, shakeRight, shakeUp and shakeDown signals, but also the
corresponding detected signals.

The 0SensorGesture class does not have the 9_ OBJECT macro, and
creates its signals at runtime directly on the meta object. As such,
gobject_cast and subclassing 0SensorGesture while using 9_ OBJECT
will not work.

QSensorGestureManager has the recognizerSignals function, which takes a
gestureId so you can discover signals specific to the gesture, if you need to.

The source code can be found on the Git repository under
the Chapter07-3 directory, in the cp7 branch.

To use 0SensorGestures, create a QSensorGesture object, which takes a QStringList
argument of a list of gesture IDs you want to use. You can specify directly which gestures
you want using a QStringList like this:

QSensorGesture *gesture = new QSensorGesture (QStringlList () <<
"QtSensors.slam", this);

connect (gesture, SIGNAL (detected(QString)), this,

SLOT (detectedGesture (QString)));

Alternatively you can also use QSensorGestureManager to get a list of all the
registered gestures, calling gestureIds ().

Because of the atypical implementation of 0SensorGesture (because the
signals get dynamically created at runtime), using the new style connect
syntax, connect (gesture, &QSensorGesture::detected, this,
&SomeClass::detectedGesture) ;, will result in a compiler error, as
the new style syntax has compile-time checks.

Once you have these signals connected correctly, you call startDetection () for
QSensorGesture:

gesture->startDetection () ;
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QSensorGestureManager

You can get a list of all sensor gestures registered on the system by using
QSensorGestureManager

QSensorGestureManager manager;

for (const QString gestureld : manager.gesturelIds()) {
gDebug () << gestureld;

QOStringlList recognizerSignals =
manager.recognizerSignals (gestureld);

for (const QString signalld : recognizerSignals ) {
gDebug () << " Has signal " << signallId;

}

You can use the gestureId from the preceding code to create a new QSensorGesture
object and connect to the detected signal:

QSensorGesture *gesture = new QSensorGesture (QStringList () << gestureld,
this);

connect (gesture, SIGNAL (detected (QString)),
this, SLOT (detectedGesture (QString)));

SensorGesture

Of course, sensor gestures can be used from QML. The APl s slightly different in that there
is only one type, SensorGesture, so it is like using the generic 9Sensor class, except that,
instead of one gesture per object, SensorGesture can represent one or more gestures.

SensorGesture does not have its own import, and is lumped into Qt Sensors, so we need
to use that to indicate we are using the Qt Sensors module:

import QtSensors 5.12

You specify which gestures you want by writing to the gestures property, which takes a
list of strings of the id recognizer:

SensorGesture
id: sensorGesture
gestures : [ "QtSensors.slam", "QtSensors.pickup" ]
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Since there is only one generic SensorGesture, there are no gesture-specific signals. The
gesture signal is onDetected, and a string of which gesture was detected is set in the
gesture property. You will have to use some logic to filter for a certain gesture if you are
using the component for more than one gesture:

onDetected: {
if (gesture == "slam") {
console.log("slam gesture detected!")
t
t

To start the detection, write t rue to the SensorGesture enabled property:
sensor.gesture.enabled

You can grab your device and perform the slam gesture as outlined in the Qt
documentation at http://doc.qt.io/qt-5/sensorgesture-plugins—-topics.html.
Depending on your device, it will detect a slam.

WebSockets - Bi-directional web
communication

Now we are starting to get into the realm of network and the internet. WebSockets are a
protocol that allows two-way data exchange between a web browser or client and a server
without polling. You can stream data or send data at any time. Qt has support for
WebSockets through the use of the giwebSocket API. Like normal

TCP sockets, QWiebSocket s needs a server.

QWebSocketServer

QWebSocketServer can work in two modes: non-secure and SSL. We start by adding
websockets to the .pro file so qmake sets up the proper library and header paths:

QT += websockets
Then include the QWebSocket Server header file:

#include <QtWebSockets/QWebSocketServer>
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The source code can be found on the Git repository under the Chapter07-3 directory, in
the cp7 branch.

To create a QWebSocketServer, it takes a server name as a string, a mode, and a parent
object. The mode can be SecureMode or NonSecureMode.

SecureMode is is like HTTPS, uses SSL, and the protocol is wss. NonSecureMode is like
HTTPS with the ws protocol:

const QWebSocketServer *socketServer = new

QWebSocketServer ("MobileSocketServer",

QWebSocketServer: :NonSecureMode, this) ;

connect (sockerServer, &QWebSocketServer::newConnection, this,

&SomeClass: :newConnection) ;

connect (sockerServer, &QWebSocketServer::closed, this, &SomeClass::closed);

Like 0socket, there is a newConnection signal that gets emitted when a client attempts to
connect to this server. If you are using SecureMode, you will want to connect to the
sslErrors (const QList<QSslError> &errors) signal. Once the signals you want to
use are connected, call 1isten to start the server, with a QHostAddress and a port
number. QHostAddress: : Any will listen to all network interfaces. You can specify one
interface's address. The port number is optional and a port of 0 will be assigned a port
automatically:

socketServer->listen (QHostAddress: :Any, 7532);

Now we have a gWebSocket Server object that listens to incoming connections. We can
handle this much like we did with the QSocketServer using nextPendingConnection in
the corresponding slot we used to connect with the newConnection signal. That will give
us a QiebSocket object that represents the connecting client.

QWebSocket

When a new connection comes in, QWebSocketServer emits the newConnection signal,
which, here, calls the newConnection slot. We grab QwebSocket using the
nextPendingConnection of the server object. With this, we connect to the QWebSocket
signals:

QWebSocket *socket = socketServer->nextPendingConnection();
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The first signal I like to connect is the error signal, as it can help debug. Like the
OBluetooth class, the error function is overloaded, so special syntax is needed to use this
signal.

The gwebSocket error signal is overloaded, so it needs unique handling to
compile. Q0verload is what you need to use.

connect (socket,
QOverload<QAbstractSocket::SocketError>::0f (&QWebSocket::error),
this, &SomeClass::socketError);

There are two types of messages that can be sent and received: text and binary. We have
to deal with those differently, so there are signals for each. They get emitted by the server
when the client sends a text or binary message:

connect (socket, &QWebSocket::textMessageReceived,
this, &SomeClass::textMessageReceived);

connect (socket, &QWebSocket::binaryMessageReceived,
this, &SomeClass::binaryReceived);

One difference between binary and text messages in WebSockets is that the text
messages are terminated with the OxFF character.

The textMessageReceived signal sends a QSt ring, while the binaryMessageReceived
sends a QByteArray:

SomeClass:binaryMessageReceived (const QByteArray &message)

}

SomeClass:textMessageReceived (const QString &message) {

}

They also work on the frame level, but we are simply handling the entire message. If you
have continuous streaming data of some kind, you might choose the textFrameReceived
or binaryFrameReceived signals.

Client

A WebSocket client would simply use QWebSocket and connect to a server that supports
WebSockets. One use case would be a web page (client) that shows sensor data sent though
a QWebSocketServer.
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QtQuick

Of course, the QitebSockets API provides QML components — WebSocket and
WebSocketServer to be exact. As usual, it is quicker than using C++.

WebSocketServer

Add the following import line for your qgm1 file to use WebSockets:

The source code can be found on the Git repository under
the Chapter07-4 directory, in the cp7 branch.

import QtWebSockets 1.0

To start listening with WebSocketServer, set the 1isten property to true. The url
property, which takes a string, can be set to the address that clients will connect to:

WebSocketServer {
id: socketServer
url : "ws://127.0.0.1:33343"
listen: true

}

When a client connects, the onClientConnected signal gets emitted, and its webSocket
property represents the incoming WebSocket client. You also want to be able to do error
checking so WebSocketServer has the onErrorstringChanged signal, with the
errorString property. To do so, in the WebSocket Server component, implement it like
this.

onClientConnected {
}

onErrorStringChanged {
console.log(errorString)

}

Let's see how to handle the WebSocket for both server and client.
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WebSocket

Both the client and server use WebSocket element. In the server, as I outlined in the
WebSocketServer section, the client's webSocket object can be obtained via the

onClientConnect signal.
Check out how this works in the WebSocket Server component, as compared to the client:

WebSocketServer {
id: socketServer
host : "127.0.0.1"
port: 33343
listen: false
onClientConnected {
webSocket .onTextMessageReceived.connect (function (message)

console.log (message)

)i

}

The client requires the url property to be populated so it knows which server it will
connect to:

WebSocket {
id: webSocket
url: "ws://localhost"

onTextMessageReceived {
console.log (message)

}

The incoming message appears in the onTextMessageReceived signal with the message
property.

To send a message to the server or client, WebSocket has the sendMessage function. If this
is the server, the webSocket would be used to send a message of text like this.

webSocket .sendTextMessage ("socket connected ok!")

WebSockets for Qt Quick does not handle binary messages in the true sense of the word. It
does happen to have an onBinaryMessageReceived signal, but the message object that
gets received is a String. I would suggest that if your binary message will get messed up
by being converted to UTF16-encoded QString, you might consider using the C++ APIL
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QMqtt — Brokers of machine talk

MQTT is a publish-and-subscribe messaging transport. There was a similar framework in
the Qt Mobility stack called Publish and Subscribe, which is now part of the officially
unsupported QSystems API framework, which also includes QSystemInfo and
QSystemFramework.

QMgtt is a framework for writing MQTT clients. You will need to install and run an MQTT
broker, such as Mosquitto or HiveMQ, or use an internet-based service. For my
development and testing purposes, I chose HiveMQ. You can download it from https://

www.hivemg.com/.
They also have a public broker at http://www.mgtt-dashboard.com/index.html.

MQTT has a broker, or server that one or more clients connect to. The clients can then
publish and/or subscribe to different topics.

You can use QWebSockets to access a broker, and there is an example in Qt, which uses
the WebSocket IODevice class in the examples/mgtt /websocketsubscription
directory.

QMqttClient

To start developing a QMgttClient, you will have to build it yourself, as it does not get
distributed with Qt itself, unless you get the commercial Qt for Automation.

You download the open source licensed version
from git://code.qt.io/qgt/gtmgtt.git.

Luckily it is a straightforward and easy build. Once you run gmake; make && make
install;, you are ready to use it.

In your pro file, we need to add the mgt t module.
QT += mgtt
The header file is named QtMqgtt /QMgttClient, so let's include that:

#include <QtMgtt/QMgttClient>
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The source code can be found on the Git repository under
the Chapter07-5 directory, in the cp7 branch.

The main class we use to access the broker is named QMgttClient. It can be thought of as
the manager. It has a simple construction. You need to specify the host and port with

the setHostname and setPort functions. We will use the hivemqg public broker and
port 1883:

mgttClient = new QMgttClient (this);
mgttClient->setHostname (broker.hivemqg.com) ;
mgttClient->setPort (1883);

It is a good idea connect to any error signals to help debugging when things go wrong; let's
do that first:

connect (mgttClient, &QMgttClient::errorChanged, this,
&SomeClass: :errorChanged) ;

connect (mgttClient, &QMgttClient::stateChanged, this,
&SomeClass: :stateChanged) ;

connect (mgttClient, &QMgttClient::messageReceived, this,
&SomeClass: :messageReceived) ;

To connect to the mgtt broker, call connectToHost () ;:

mgttClient->connectToHost () ;

Since we connected to the stateChanged signal, we can wait until we are connected to the
broker to subscribe to any topics:

void SomeClass::stateChanged (QMgttClient::ClientState state)
{
switch (state) {
case QMgttClient::Connecting:
gDebug () << "Connecting...";
break;
case QMgttClient::Connected:
gDebug () << "Connected.";
subscribe () ;
break;
case QMgttClient::Disconnected:
gDebug () << "Disconnected."
break;
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The gMgttClient: :subscribe function takes a topic in the form of QMgttTopicFilter.
Here, I assign it the "Qt " string.

It returns a QMgtt Subscription pointer, which we can use to connect to the
stateChanged signal. We will then simply subscribe to the topic we just published.

Our subscribe function looks like this:

void MainWindow: :subscribe ()

{
QMgttTopicFilter topicName ("Qt");
subscription = mgttClient->subscribe (topicName, 0);
connect (subscription, &QMgttSubscription::stateChanged,this,
&SomeClass: :subscriptionStateChanged) ;
publish();
}

We simply call our function that will then publish something to that topic.

QMgttClient: :publish takes a topic name in the form of a QMgtt TopicName, and the
message is just a standard OByteArray.

The publish function looks like this:

void MainWindow: :publish ()

{
QOMgttTopicName topicName ("Qt");
QOByteArray topicMessage ("Everywhere!");
mgttClient->publish (topicName, topicMessage) ;

}

You should then see the message we published in the messageReceived slot:

Connecting...
Connected
Subscribed

Qt Everywhere!
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Putting it all together

I have a Raspberry Pi and a Sense HAT board that I can use to collect sensor data. Luckily, I
previously wrote a Qt Sensors plugin for the Sense HAT. It happens to be in a standalone
Git repository and not in any Qt Sensors version, unlike the TI SensorTag backend plugin.

If you don't want to write your own Sense HAT sensor plugin you can get my standalone
Sense HAT plugin from https://github.com/lpotter/gsensors—sensehatplugin.git.

The version of Qt Sensors on the Raspbian distribution is 5.7 and does not have the
pressure and humidity sensors that the Sense HAT has. They were added in later Qt
Sensors versions.

Cross-compiling on a desktop is so much faster than compiling on the device—days on the
Raspberry Pi (rpi) as opposed to a few minutes on a good development machine. I had
some trouble getting the cross-compiling toolchain to work, so I had to opt for the on-
board native compile, which of course takes a very long time on a Raspberry Pi. The easiest
way is to get Qt's commercial Boot 20t and Automation packages, as they package it up
nicely, and provide binaries and support.

Since this book uses Qt 5.12, we need to get the explicit version of the following Qt module
repositories, by using the following Git commands:

e QtBase: git clone http://code.qgt.io/gt/gtbase.git -b 5.12

o Qt WebSockets: git clone http://code.gt.io/qt/gtwebsockets.git -b
5.12

o QtMQTT: git clone http://code.gt.io/gt/gtmgtt -b 5.12
e QtSensors: git clone http://code.qgt.io/gt/gtsensors -b 5.12

We are going to create an app for Raspberry Pi that grabs the Sense HAT's temperature and
pressure data and distributes them via QMgtt and QWebSockets to a broker running on
HiveMQ.

The source code can be found on the Git repository under
the Chapter07-6 directory, in the cp7 branch.
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Start by implementing a SensorServer class, which is typically a Q0bject derived class.

SensorServer: :SensorServer (QObject *parent)
QObject (parent),
humiditySensor (new QHumiditySensor (this)),
temperatureSensor (new QAmbientTemperatureSensor (this))

initSensors () ;
initWebsocket () ;
}

We then implement the QWebSockeIODevice that we declared as mDevice and connect to its
socketConnected signal.
void SensorServer::initWebsocket ()
{
mDevice.setUrl ("broker.hivemg.com:8000") ;
mDevice.setProtocol ("mgttv3.1");

connect (&mDevice, &WebSocketIODevice::socketConnected, this,
&SensorServer: :websocketConnected) ;

}

Next we call the connect ToBackend () function of the sensors we want to use.
voilid SensorServer::initSensors ()

{
if ('humiditySensor->connectToBackend()) {
gWarning () << "Could not connect to humidity backend";
} else {
humiditySensor->setProperty ("alwaysOn", true);
connect (humiditySensor, SIGNAL (readingChanged() ),
this, SLOT (humidityReadingChanged()));
}
if (!temperatureSensor->connectToBackend()) {
gWarning () << "Could not connect to humidity backend";
} else {
temperatureSensor—->setProperty ("alwaysOn", true);
connect (temperatureSensor, SIGNAL (readingChanged() ),
this, SLOT (temperatureReadingChanged()));
}
}
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The call to initSensors () connects to the sensor's backend and sets up readingChanged
signal connections.

To use QWebSockets for the QMgtt client, we need to create a QI0ODevice that uses
OwWebSockets. Luckily, there is one already written in the oMgtt
examples/mgtt/websocketssubscription directory, named websocketsiodevice, SO
we will import that into the project:

SOURCES += websocketiodevice.cpp
HEADERS += websocketiodevice.h

In our header file, we include websocketdevice.h.

#include "websocketiodevice.h"

In the class declaration, we instantiate the WebSocket IODevice as a class member.

WebSocketIODevice mDevice;
To actually use WebSocketIODevice, we need to set it as the QMgttClient transport.

We first set up our WebSocket IODevice and connect to its socketConnected signal to set
up QMqtt.

The mgtt broker at hivemq uses a different port number, so we set it in the URL:

void SensorServer::initWebsocket ()
{

mDevice.setUrl (QUrl ("broker.hivemg.com:8000"));

connect (&mDevice, &WebSocketIODevice: :socketConnected, this,
&SensorServer: :websocketConnected) ;

mDevice.open (QIODevice: :ReadWrite) ;

}

Now we set up QMgtt and set its transport to use WebSocket IODevice. We are using a
transport with its own connection, so we do not set the URL for the gMgtt object, but rely
on the websocket for connection. We then set up mgttClient as usual:

void SensorServer::websocketConnected ()
{
mgttClient = new QMgttClient (this);
mgttClient->setProtocolVersion (QMgttClient: :MQTT_3_1);
mgttClient->setTransport (&¢émDevice, QMgttClient::IODevice);
connect (mgttClient, &QMgttClient::errorChanged,
this, &SensorServer::errorChanged);
connect (mgttClient, &QMgttClient::stateChanged,
this, &SensorServer::stateChanged);
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connect (mgttClient, &QMgttClient::messageReceived,
this, &SensorServer::messageReceived);

mgttClient->connectToHost () ;
}

We monitor the changing state and act when it becomes Connected. We will start the
humidity and temperature sensor, and then call subscribe so we can monitor when the

mgtt broker is publishing:

vold SensorServer::stateChanged (QMgttClient::ClientState state)
{
switch (state) |
case QMgttClient::Connecting:
gDebug () << "Connecting...";
break;
case QMgttClient::Connected:
gDebug () << "Connected.";
humiditySensor->start ();
temperatureSensor->start () ;
subscribe () ;
break;
case QMgttClient::Disconnected:
gDebug () << "Disconnected.";
break;

}

In our sensor's readingChanged slots, we will publish the data to the mgtt broker:

void SensorServer::humidityReadingChanged ()
{
gDebug () << Q_FUNC_INFO << _ LINE__ ;
QHumidityReading *humidityReading = humiditySensor->reading();
QOByteArray data;
data.setNum (humidityReading->relativeHumidity ());
QMgttTopicName topicName ("Humidity");
QByteArray topicMessage (data);
mgttClient->publish (topicName, topicMessage);

void SensorServer::temperatureReadingChanged ()
{
gDebug () << Q_FUNC_INFO << __ LINE__ ;
QAmbientTemperatureReading *tempReading = temperatureSensor
>reading () ;
QOByteArray data;
data.setNum (tempReading->temperature());
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QOMgttTopicName topicName ("Temperature");

QOByteArray topicMessage (data);

mgttClient->publish (topicName, topicMessage);
}

Finally, let's see any subscribed messages:

void SensorServer::messageReceived (const QByteArray &message, const
QOMgttTopicName &topic)
{

gDebug () << Q_FUNC_INFO << topic << message;

}

Summary

In this chapter, we looked at the different ways of using QSensors to read a device's sensor
data. There are many supported platforms for Qt Sensors: Android, iOS, WinRT,
SensorTag, Sensorfw, Linux generic, and Linux iio-sensor-proxy. Sensorfw also has support
for Linux's IIO sensors.

I described how to implement custom QSensor and QSensorBackend to add support for
sensors not currently supported in Qt Sensors.

We went through the steps involved in using otMgtt to talk to an mgtt broker, and we
looked at how to use QWlebsockets to communicate to a web server web page.

Then I threw them all together to grab sensor data from a Sense HAT, and publish them to
mgtt broker by way of WebSockets.

In the next chapter, we will discuss using GPS data comprising of location and position and
mapping.
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Devices with GPS chips are everywhere. You can even track your cat or chicken! In this
chapter, you will learn how to use Qt for location and positioning services.

Qt Positioning entails geographic coordinates from various sources, including satellites,
Wi-Fi, and log files. Qt Location is all about local places, for example services, such as
restaurants or public parks, and also routing information.

In this chapter, we will cover the following topics:
¢ Positioning with satellites

e Mapping the positions
e Places of interest

Positioning with satellites

A phone usually has a built-in GPS modem but also other sources of positioning
information, so I will use Android for this example. The main Qt classes we will look at are
as follows:

Here are the Qt Positioning APIs:

® OGeoSatelliteInfo
® QGeoLocation
® QGeoPositionInfoSource

® OGeoCoordinate



Where Am I? Location and Positioning Chapter 8

And here are the Qt Location APIs:

® OPlaceSearchResult
® QPlaceContent
® OGeoRoute

First, we need to edit the .pro file and add QT += positioning.

QGeoSatelliteInfoSource

You can show the user satellite information by using QGeoSatelliteInfoSource, which
has a static method to get QGeoSatelliteInfoSource.

The source code can be found on the Git repository under
the Chapter08-1 directory, in the cp8 branch.

We will start by calling QGeoSatelliteInfoSource: :createDefaultSource.

QGeoSatelliteInfoSource *source =
QGeoSatelliteInfoSource: :createDefaultSource (this);

On some systems, such as iOS, satellite information is not exposed to the
public API, so QGeoSatelliteInfoSource will not work on
that platform.

This constructs a QGeoSatelliteInfoSource object for the highest-priority plugin on the
system, which is about the same as doing the following;:

QStringlList geoSources = QGeoSatelliteInfoSource::availableSources();
QGeoSatelliteInfoSource *source =
QGeoSatelliteInfoSource: :createSource (geoSources.at (0),this);

There are two signals of particular interest: satellitesInUseUpdated and
satellitesInViewUpdated. In addition, there is the overloaded error signal, so we
need to use the special Q0verload syntax:

connect (source, QOverload<QGeoSatelliteInfoSource::Error>::
of (&§QGeoSatelliteInfoSource: :error),
this, &SomeClass::error);
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The satellitesInUseUpdated signal is emitted when the number of satellites that the
system is using changes. The satellitesInViewUpdated signal gets emitted when the
number of satellites the system can see changes. We will receive a list

of QGeoSatelliteInfo objects.

QGeoSatellitelnfo

Let's connect the satellitesInViewUpdated signal so we can detect when satellites are
found:

connect (source, SIGNAL (satellitesInViewUpdated (QList<QGeoSatelliteInfo>)),
this, SLOT (satellitesInViewUpdated (QList<QGeoSatelliteInfo>)));

We can receive information for individual satellites this way. Information such as a satellite
identifier, signal strength, elevation, and azimuth is included:

void SomeClass::satellitesInViewUpdated (const QList<QGeoSatelliteInfo>
&infos)
{
if (infos.count () > 0)
gWarning () << "Number of satellites in view:" << infos.count ();

foreach (const QGeoSatelliteInfo &info, infos) |
gWarning () << " "
<< "satelliteIdentifier" << info.satelliteIdentifier ()
<< "signalStrength" << info.signalStrength/()
<< (info.hasAttribute (QGeoSatelliteInfo::Elevation) ?
"Elevation "
+ QString::number (info.attribute (QGeoSatelliteInfo::Elevation)) : "")
<< (info.hasAttribute (QGeoSatelliteInfo::Elevation) ? "Azimuth
"ot
QString: :number (info.attribute (QGeoSatelliteInfo: :Azimuth))
}

u"),.
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There's a lot to see here on a small screen. Every update is a new line, and you can see as it
locates and adds different satellites when they come into view:
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