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Preface

When directly comparing Arduino and Android, one can see that they are two
incredibly different platforms with different targets. Arduino is mostly focused on
connecting physical everyday objects to embedded microcontrollers. On the other
hand, Android intends to provide the necessary operating system and framework
to operate countless smartphones around the world.

This reality also reflects the contrasting realities of the authors, who come from very
different backgrounds and cultures; Stefan hails from the Island of Malta, and he
brings with him a medical background and passion for the intersection of technology
and medicine, whereas Marco originates from France and has an electrical
engineering background.

The power of combining the efforts of Arduino and Android platforms bring about
incredibly implemented practical projects that enhance daily life. Keeping this
motivation in mind is what brought two authors from contrasting backgrounds
together to work on this book. We believe in the intersection of technology and real
life and visualize a future where technology will keep on forming an integral part of
our day-to-day life.

What this book covers

Chapter 1, Setting Up Your Workspace, covers the necessary steps that you will have
to take in order to build all the projects of the book. You will learn how to set up the
Android development environment. We will also build our first Arduino project.

Chapter 2, Controlling an Arduino Board via Bluetooth, teaches us how to link Arduino
and Android for the first time. We will build an Arduino system with a Bluetooth
Low Energy module, and control a simple LED from an Android application.
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Chapter 3, Bluetooth Weather Station, teaches us how to build our first useful
application using Arduino and Android. We will build a weather measurement
station, and visualize the measurements via an Android application, which we
will build from scratch.

Chapter 4, Wi-Fi Smart Power Plug, teaches us how to build a DIY version of a popular
device: a wireless power switch. We will use an Android application to communicate
with the switch via Wi-Fi, control it, and measure the energy consumption of the
connected device.

Chapter 5, Wi-Fi Remote Security Camera, introduces a powerful Arduino board,
the Arduino Yun, to build a DIY wireless security camera. We will also build an
Android application to monitor this camera remotely from an Android phone.

Chapter 6, Android Phone Sensor, explains how to turn things around, and use the
sensors from our phone to control the Arduino board. Applying this, we will
use the gyroscope of the phone to control the angle of a servomotor.

Chapter 7, Voice-activated Arduino, teaches us how to use the powerful Android
speech API to control an Arduino board via Bluetooth.

Chapter 8, Control an Arduino Board via NFC, shows how to use the NFC chip present
in many Android phones to activate a relay connected to an Arduino board.

Chapter 9, Bluetooth Low Energy Mobile Robot, uses everything we learned so far in the
book to build a mobile robot based on the Arduino. The robot will be controlled via
Wi-Fi from an Android application.

Chapter 10, Pulse Rate Sensor, is dedicated to a medical application that measures
the heart rate. We will connect a heart rate sensor to Arduino and monitor the
measurements via Bluetooth Low Energy.

What you need for this book

You will need two kind of software for this book: the software you will need for
Arduino, and the software you will need for Android. For Arduino, here is what
you will need in all chapters:

* Arduino IDE (Version 1.5.7 is recommended)

You will also need several Arduino libraries depending on the chapter, but the links
to these libraries are given in the relevant chapters.

[2]
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On the Android side, you will need the following:

* Android Studio
* Android 4.3 or higher on your Android phone

Who this book is for

Arduino Android Blueprints is aimed for anyone who is knowledgeable in either the
Arduino or Android ecosystems and who would like to get started with building
exciting applications using both platforms.

For example, this book is for you if you are already using the Arduino platform
and you want to build mobile applications to control your projects remotely.

Conventions

In this book, you will find a number of styles of text that distinguish between
different kinds of information. Here are some examples of these styles, and an
explanation of their meaning.

Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLSs, user input, and Twitter handles are shown as follows:
"Your Arduino folder is where all the sketches are stored, and you can define this
folder in the preferences of the Arduino IDE."

A block of code is set as follows:

android:textSize="200dp"
android:gravity="center"

Any command-line input or output is written as follows:
/distance

New terms and important words are shown in bold. Words that you see on
the screen, in menus or dialog boxes for example, appear in the text like this:
"Depending on your device, this option might vary slightly, but as from

Android 4.2 and higher, the Developer options screen is hidden by default."

[31]
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% Warnings or important notes appear in a box like this.

a1

~Q Tips and tricks appear like this.

Reader feedback

Feedback from our readers is always welcome. Let us know what you think about
this book —what you liked or may have disliked. Reader feedback is important for
us to develop titles that you really get the most out of.

To send us general feedback, simply send an e-mail to feedbackepacktpub. com,
and mention the book title via the subject of your message.

If there is a topic that you have expertise in and you are interested in either writing
or contributing to a book, see our author guide on www.packtpub.com/authors.

Customer support

Now that you are the proud owner of a Packt book, we have a number of things to
help you to get the most from your purchase.

Downloading the example code

You can download the example code files for all Packt books you have purchased
from your account at http: //www.packtpub.com. If you purchased this book
elsewhere, you can visit http: //www.packtpub.com/support and register to have
the files e-mailed directly to you.

Downloading the color images of this book

We also provide you a PDF file that has color images of the screenshots/diagrams

used in this book. The color images will help you better understand the changes in
the output. You can download this file from: http: //www.packtpub.com/sites/

default/files/downloads/03890S_ColorImages.pdf.
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Errata

Although we have taken every care to ensure the accuracy of our content, mistakes
do happen. If you find a mistake in one of our books —maybe a mistake in the text or
the code —we would be grateful if you could report this to us. By doing so, you can
save other readers from frustration and help us improve subsequent versions of this
book. If you find any errata, please report them by visiting http://www.packtpub.
com/submit-errata, selecting your book, clicking on the Errata Submission Form
link, and entering the details of your errata. Once your errata are verified, your
submission will be accepted and the errata will be uploaded to our website or added
to any list of existing errata under the Errata section of that title.

To view the previously submitted errata, go to https://www.packtpub.com/books/
content/support and enter the name of the book in the search field. The required
information will appear under the Errata section.

Piracy

Piracy of copyright material on the Internet is an ongoing problem across all media.
At Packt, we take the protection of our copyright and licenses very seriously. If you
come across any illegal copies of our works, in any form, on the Internet, please
provide us with the location address or website name immediately so that we can
pursue a remedy.

Please contact us at copyrighte@packtpub.com with a link to the suspected
pirated material.

We appreciate your help in protecting our authors, and our ability to bring
you valuable content.

Questions

If you have a problem with any aspect of this book, you can contact us at
questions@packtpub.com, and we will do our best to address the problem.

[51]
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Setting Up Your Workspace

The first chapter of this book will teach you the basics of the Arduino and Android
development so that you can be sure you have the basics required for the more
advanced tutorials you will find in the rest of this book.

On the Arduino side, we will build a very simple project with a relay module
(which is basically a switch that can be controlled with Arduino) and a temperature
and humidity sensor. We will also see the basics of the Arduino IDE and the basic
commands of the aREST library, which is a framework to easily control Arduino
boards. We will use this library in several chapters of this book to make it really easy
to control the Arduino board from an Android device. In this first chapter, we will
simply try out the commands of the aREST library by having the Arduino board
connected to your computer via a USB.

From the Android development point of view, we will work together to set up a
development environment and ensure that your computer and the Android device
are ready for development purposes. We will start off with a simple Android app
that displays the legendary text, Hello World.

Android Studio is an Intelli]-based Integrated Development Environment (IDE)
fully supported by the Android development team, which will provide you with
the necessary tools and resources to make sure that you develop a functional and
aesthetic Android app.

Android Studio is in beta but the software is updated on a frequent and regular
basis by a dedicated team at Google, which makes it the natural choice to develop
our Android projects.



Setting Up Your Workspace

Hardware and software requirements

The first thing you will need is an Arduino Uno board. We will use this board
throughout this book to connect sensors, actuators, and wireless modules and make
them interact with Android. Then, we will need a relay module. A relay is basically
an electrical switch that we can command from Arduino, which can allow us to
control devices such as lamps. This project uses a 5V relay module from Polulu,
which properly integrates a relay on a board, along with all the required components
to control the relay from Arduino. The following is the image of the relay module
that was used in this chapter:

You will also need a DHT11 (or DHT22) sensor, along with a 4.7K resistor, for
temperature and humidity measurements. A resistor is basically a device to limit
the current flowing into an electrical device. Here, it is necessary to ensure the
correct functioning of the DHT sensor.

Finally, you will need a small breadboard and jumper wires to make the different
hardware connections.

[8]



Chapter 1

The following is the list of all hardware parts you will need for this project,
along with links to find these parts on the Web:
* The Arduino Uno board (http://www.adafruit.com/product/50)
* The 5V relay module (http://www.pololu.com/product/2480)

* The DHT11 sensor and 4.7K Ohm resistor (https://www.adafruit.com/
product/386)

* The breadboard (https://www.adafruit.com/product/64)
* Jumper wires (https://www.adafruit.com/product/758)

On the software side, you will need the Arduino IDE that we will also use in the
rest of this book. You can get it at http://arduino.cc/en/Main/Software.

The installation process of the IDE is very simple; you simply have to open the
file and follow the onscreen instructions.

You will need the library for the DHT11 sensor, which can be found at
https://github.com/adafruit/DHT-sensor-1library.

You will also need the aREST library found at https://github.com/
marcoschwartz/aREST.

To install a given library, simply extract the folder in your Arduino/libraries
folder (or create this folder if it doesn't exist yet). Your Arduino folder is where
all the sketches are stored, and you can define this folder in the preferences of
the Arduino IDE.

Preparing for Android development requires that we get ready to design and
develop the app, and the following checklist will guide you with having the
basics ready for any project:

* Java Developer Kit Version 6 (or higher)

* Android Studio

* Android Software Development Kit

* Android Device with Bluetooth SMART technology

We will also work together to make sure that you have everything properly set up.

[o]
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Setting Up Your Workspace

Installing Java Developer Kit

Android Studio will not work without Java Developer Kit (JDK); therefore,
it's necessary to know what Java version you have installed (in this particular
case, the Java Runtime Environment will not be enough).

Checking the JDK version

It is mandatory that you check the version of your JDK for compatibility purposes.

Mac
Open Terminal and type the following command:

java -version

This is what will be shown on the screen:

®®e@® “> stefanbuttigieg — bash — 80x24

Last login: Tue Jul 29 23:56:51 on ttyseoe a
MacBook-Pro:~ stefanbuttigieg$ java -version

java version "1.6.8_65"

Java(TM) SE Runtime Environment (build 1.6.0_65-b14-466.1-11M4716)

Java HotSpot(TM) 64-Bit Server VM (build 20.65-b84-466.1, mixed mode)
MacBook-Pro:~ stefanbuttigiegs f]

Windows

Open Command Prompt and type the following command:

java -version

[10]
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This is what will be shown on the screen:

B Command Prompt

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\temp>
sers\temp>java -uversion
java version "1.8.0_05"
Java(THM) SE Runtime Environment (build 1.8.8_85-b13)

Java HotSpot(TM) 64-Bit Server UM (build 25.5-b02, mixed mode)

C:\Users\temp>

Installing Java

If you do not have Java installed, or if your version is below 6.0, install the Java JDK
by clicking on the following customized and shortened link and choosing the version
that applies for you:

http://j.mp/javadevkit-download

The following window will open:

B 1 [Elievase - Downiaaos | o

- (0 | www.oracle.com/technatwork/java/javasa/downlcads/indes him B3 s i Gy o O=Z@ vy =

Sign InRegister Heip Country ~ Communities ~ |ama... ~ |wanilo..

Products Solutions Downloads Store Suppert Training Partners About OTN

Oracle Technoiogy Network = Java » Java 5E » Downloads

Java SDKs and Tools

Downloads
Java SE Downloads # Java EE and Glasslish
& lva ME
& Jgeg Car

Java Platform (JDHK) Bu20 JDK Bu20 & NetBears 8.0.1

[ Java Platform, Standard Edition

Java SE 8u20
Triss release of the Java Platiorm conti
Bn wil

nt advances made in
od are the

t improve wpon e skgnif
: o  op

JOK 8 Tuc
o e Tulorals
| powmiLokD ¢ | 8 fas ik
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The main recommendation for these projects is that you install a version of
JDK 6.0 or higher.

Select the JDK for your operating system. On an Intel-based Mac, you can follow
this useful table to see whether your Mac is 32-bit or 64-bit:

Processor Name 32- or 64-bit processor
Intel Core Solo 32 bit
Intel Core Duo 32 bit
Intel Core 2 Duo 64 bit
Intel Quad-Core Xeon 64 bit
Dual-Core Intel Xeon 64 bit
Quad-Core Intel Xeon 64 bit
Core i3 64 bit
Core i5 64 bit
Core i7 64 bit

You can check for Processor Name by clicking on the Apple logo in the top-left
corner of your screen followed by About my Mac.

In the case of Windows, to see whether your computer is running a 32-bit or 64-bit
version of Windows, you need to do the following:

1. Click on the Start button.

2. Right-click on My Computer, and then click on Properties.
If x64 edition is listed under system, your processor is capable
of running 64-bit-enabled applications.

Installing Android Studio

Let's see how we install Android Studio on Mac and Windows:

1. Go to the Android Developers site at http://developer.android. com.
The following screen will appear:

[12]
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Distribute

Develop

Design

Developers

Building Apps for Material Design
Wearables

Leam how to build notifications, send
and sync data, and e voice actions

our apas

Leam how to apply materis! design to

L Developer Preview

The L Developer Preview lets you design
and develop against the next major release
of Android. Take the time to test and build
your app before the platform officially
launches.

Learn More

Android Studio
Leam about the new features in the
beta release of our new |DF

2. Click on Android Studio; you will be directed to the landing page
where your operating system version will be detected automatically,

as shown in the following screenshot:

i Developers Design Distribute
Training AP| Guides Reference Google Services
Download

Android Studio

BETA

Android Studio

Android Studio is a new Android development
environment based on Intellid IDEA. It provides new
features and improvements over Eclipse ADT and will
be the official Android IDE once it's ready. On top of
the capabilities you expect from IntelliJ, Android
Studio offers:

Creating a Project
Tips and Tricks

Using the Layout

Building Your Project » Flexible Gradle-based build system

with Grole « Build variants and multiple APK generation.

Debugging with -

§ Expanded template support for Google Services
Android Studio

and various device types.

= Rich layout editor with support for theme editing.

Workflow

= Lint tools to catch performance, usability, version
Support Library compatibility, and other problems

» ProGuard and app-signing capabilities.
Tools Help : -

+ Builtin support for Ge form
Revisions making it easy to integrate Google Cloud

Messaging and App Engine

NDK

Caution: Android Studio is cumently in beta. Some
features are not yet implemented and you may

Samples

Download Android Studio Beta voso

with the Android SDK for Mac

This download includes:
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Setting Up Your Workspace

3. Accept the Terms and Conditions of the software use agreement:

) + Develop » Tools » Android Studio Q|
wmma - Android Studio
BETA

Android Studio o

Migrating from ) ) ) . -
Ec'ﬁ:,s; 9 Before installing the Android SDK, you must agree to the fellowing terms and conditions.

Creating a Project

Tips and Tricks it
Terms and Conditions
Using the Layout
Editor This is the Andraid Software Devel Kit License A
Building Your Project R
with Gradle 1. Introduction
Deb i ith o . . P = - .
mdﬁ?ﬂlg?u‘;:n 1.1 The Android Software Development Kit (referred to in this License Agreement as the "SDK™ and specifically
including the Android system files, packaged APls, and Google APIs add-ong) is licensed to you subject to the
Workflow - terms of this License A This License A forms a legally binding contract between you and Google
in relation to your use of the SDK.
Support Library ] ) . ] ]
1.2 "Android” means the Android software stack for devices, as made available under the Android Open Source
Tools Help . Project, which is located at the following URL: hitp://source.android.com/, as updated from time 1o time,
Revisions w 1.2 "Google” means Google Inc., a Delaware corporation with principal place of business at 1600 Amphitheatre
Parkway, Mountain View, CA 94043, United States.
NDK
ADK < 2. Accepting this License Agreement

| have read and agree with the above terms and conditions

Mac

Double-click on the downloaded file, follow the prompts, and then drag the Android
Studio icon into your Applications folder:

290 ® . Android Studio 135.1245622
< = 00 ol %~ =~ Q
el A
Android Studio.app Apﬁﬁons
Android Studio.a| PP

. Android Studio 135.1245622

b 4 2 items -
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Windows

Open the downloaded file, and then go through the following Android Studio Setup
Wizard window to complete the installation process:

(&) Android Studio Setup = X

Welcome to the Android Studio
Setup Wizard

This wizard will guide you through the installation of
Android Studio.

I is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Mext to continue.

|
Nextr > | [ Cancel

Setting up the Android Software
Development Kit

The process of setting up the Android Software Development Kit (SDK) has
improved vastly with the introduction of Android Studio, as the latest SDKs come
preinstalled with the Android Studio install package. In order to develop the projects
detailed in the following chapters, it would be very helpful to understand how you
can install (or even uninstall) SDKs within Android Studio.

There are a number of ways to access the SDK Manager. The most straightforward
way is through the following Android Studio main toolbar:

T H D % 0O M E i (fapp~ | & 0L P @ ¢ L 5 #
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Another option would be via the Launch menu where you will be faced with the
following options:

ee Android Studio

Welcome to Android Studio

Recent Projects Quick Start
HelloArduino —
HellaArduing [F5 New Project...
ArduinoPulseRate
chapter10/ArduinoPulseRate I__T, Import Project...
Turl
~CDrive [Tutl E Open Project
Tutl
U§ Check out from Version Control
MobileRobot
MobileRobot “é Configure L

BLE-Weather-Station
B -Station

Docs and How-Tos

=

Arduino Pulse Rate

J G Dvives f AndlroidA pps jArduinaPule Rate
Tutl
~/GOrive /AndroldApps Tutl

Sunshine-5.01-building-list-item

Sunshine-5,00-building-list -/t em

Android Studio 0.8.9 Build 1351404660, Check for updates now.

In order to access the SDK Manager, you will need to click on Configure, where the
following screen will appear, and then click on SDK Manager:

[ X ] Android Studio

Welcome to Android Studio

Recent Projects & Configure

HelloArduino

HellaArduing E SDK Manager
ArduinoPulseRate

chaprer10/ArduinoPulseRate ‘8 Preferences
Tutl

- [GOvive Tutl r"@,\" Plugins
¥

TELAAI A RYPTS Eﬂ Import Settings
MobileRobot

MobileRobot E/'a Export Settings
BLE-Weather-Station

E ather-Station F‘ %

-ru Project Defaults

Arduino Pulse Rate

~/GDrive jAndroidApps /ArduinoPulseRate
Tutl

= GDrive jAndraidApps ) Tut 1

5.01-b

Sunshine-5.01-building-lit-item

Android Studio 0.8.9 Bulld 135, 1404660, Check for updates now.
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The previous screenshot shows us what the SDK Manager looks like. If you need
to install any packages, you need to check the mark of that particular package,
click on Install packages, and then finally accept the licenses, as shown in the
following screenshot:

L XX ]

Packages

& Android SDK Manager Packages Tools
SDK Path: /A

' Name:

Tools
¢ Android SDK Tools
¢ Android SDK Platform-tocis
¢ Android SDK Build-tools
Android SDK Bulld-tools
¢ Androwd SDK Build-tools
Android SDK Build-tools
/ Android SDK Build-tools
7" Android SDK Build-tools
/" Android SDK Build-tools
* Android SDK Build-tools
¢ Android SDK Build-tools
 Android SOK Buid-foals

¥ [ Android L (AP] 20, L preview)

 Documentation for Android L' Proview SDK
' SDK Platform Android L Proview
L Samplos for SOK API L Proview
B Android TV ARM EABI v7a System Image
18 Android TV intaf 86 Afomn Systom image
Ui ARM EABI v7a System Image
¥l Intel %86 Atom Systorn Image

L2 Android 4.4W (AP 20)

' SDK Platform

2L Sampies for SDK

1l Android Woar ARM EABI vTa Systom Image

i Androld Wear Intel x86 Atom System image
Sources for Android SOK

[ Android 4.4.2 (AP 18)
L2 Android 4.3 (AP 18]

i SOK Platform
L Gamnilas fnr S

AP

SB888 s¥3¥ENE

18
a

Fov,  Stasus

23.0.2 [ Installed
20 [ instalied
19.1 & Installed

18.0.3 % Installed

19.0.2 (% Installod

18.0.1 [ installed
19 % installed

18.1.1 [ installed
181 % instalied

18.0.1 [ Installed
7 Mot instalod

2 Installed
Not installed

% Installod
Not installed
Mot instalied
Not installed
Not insfalled

e e

1 (% Installed
1 [ instalied
1 = Installod
1 [ installed
1 [ installod

2 [@ Installed
1 #. netalbac

Show: [ UpdatesMNew [ Instalied Obsalete Select Mow or Updales
Sort by: (£ AP level FRepaository Dessloct All
Dorw boading packages.

AL N

Andioid SDK Manager

T o)) mm 100% @SN 21:50 Stefan Buttigieg O =

Inszall 2 packages..

Setting up your physical Android device for
development

The following are the three main steps that need to be executed in order to enable
your Android device for development:

1.
2.

(devices with Android 4.4.2).

Enable Developer options on your specific Android device.
Enable USB debugging.
Entrust the computer with an installed IDE via secure USB debugging
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Enabling Developer options

Depending on your device, this option might vary slightly, but from Android 4.2
and higher, the Developer options screen is hidden by default.

To make it available, go to Settings | About phone and tap on Build number seven
times. You will find Developer options enabled by returning to the previous screen.

Enabling USB debugging

USB debugging enables the IDE to communicate with the device via the USB port.
This can be activated after enabling Developer options and is done by checking
the USB debugging option by navigating to Settings | Developer options |
Debugging | USB debugging.

Entrusting the computer with the installed
IDE using secure USB debugging
(devices with Android 4.4.2)

You have to accept the RSA key on your phone or tablet before anything can flow
between the device via Android Debug Bridge (ADB). This is done by connecting
the device to the computer via a USB, which triggers a notification entitled Enable
USB Debugging.

Check Always allow from this Computer followed by clicking on OK.

Hardware configuration

For the first project of this book, there are only a few hardware connections
to make. We simply need to connect the relay module and the DHT11 sensor to
the Arduino board.

[18]
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The following image summarizes the hardware connections for this chapter (with the
DHT sensor on the left of the breadboard, and the relay module on the right):

The first thing you need to do is to connect the power from the Arduino board to the
power rails on the side of the breadboard. Connect the Arduino 5V pin to the red
power rail on the breadboard, and the Arduino GND pin to the blue power rail on
the breadboard.

For the DHT11 sensor, you first need to have a look at the pins configuration
of the sensor by visiting http://www.rlocman.ru/i/Image/2012/09/06/DHT11_
Pins.jpg.

You need to first connect the power supply; the VCC pin goes to the red power rail
on the breadboard, and the GND pin goes to the blue power rail. You also need to
connect the DATA pin to pin number 7 of the Arduino board. Finally, place the
4.7K Ohm resistor between the VCC and the DATA pin of the sensor.

For the relay module, you have three pins to connect: VCC, GND, and SIG.
Connect the VCC pin to the red power rail on the breadboard, GND to the
blue power rail, and finally, connect the SIG pin to Arduino pin 8.

[19]
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The following is an image of the completely assembled project:

Learning to use the aREST library

Now that our hardware is assembled, we are going to see the basics of the Arduino
environment, and how to use the aREST library that we are going to use in several
chapters of this book to control Arduino from an Android phone.

The aREST library will allow us to simply control the Arduino board externally using
the same commands, whether it is using an USB cable, Bluetooth, or Wi-Fi. Without
this library, we will have to rewrite the same code several times for all the chapters
of the book. To find a complete documentation on the aREST library, you can visit
https://github.com/marcoschwartz/aREST.

The main window of the Arduino IDE is where you enter the code to program the
Arduino board.

[20]
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Arduino code files are usually called sketches. The following screenshot is of the
Arduino IDE with the code of this chapter already loaded:

aREST_demo

Libraries
#include <aREST.h>
#include "DHT.h"

/ DHT sensor
#define DHTPIN 7
#define DHTTYPE DHT11

reate aREST instance
aREST rest = aREST();

HT instance
DHT dht(DHTPIN, DHTTYPE);

A demo of the aREST library

AREST_demo | Arduino 1,0.5

Arduing Uno on fdev/iry.usbmodam1al2121

You will basically use two buttons that you can find on the left-hand side of

the toolbar. The first one, with the check sign, can be use to compile the code.
The second one will be used to upload the code to the Arduino board. Note that
if the code has not been compiled yet, the upload button will also compile the

code before uploading.

The second important window of the Arduino IDE is called the serial monitor.
This is where you can monitor what your Arduino project is doing, using the
Serial.print () statements in the code to generate debug output. You can
access it by clicking on the top-right icon of the Arduino IDE main window.
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The following screenshot shows what the serial monitor looks like:

806 Jdev/tty.usbmodemlal2121

Send |

&
v

™ Autoscroll Carriage return _31 1115200 baud 3|

We are now going to build our first Arduino sketch in this book. What we want to
achieve is simply to control the relay and read data from the DHT11 sensor. To do so,
you are going to use the aREST library by sending commands from your computer.
In the next chapter of this book, we are going to use the same commands but via a
Bluetooth or Wi-Fi connection. The goal of this section is really to make you familiar
with the commands of the aREST library.

The following code is the complete Arduino sketch for this part:

// Libraries
#include <aREST.h>
#include "DHT.h"

// DHT sensor
#define DHTPIN 7
#define DHTTYPE DHT11

// Create aREST instance
aREST rest = aREST() ;

// DHT instance
DHT dht (DHTPIN, DHTTYPE) ;

// Variables to be exposed to the API
int temperature;

int humidity;
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void setup (void)

// Start Serial (with 115200 as the baud rate)

Serial.begin(115200) ;

// Expose variables to REST API

rest.variable ("temperature", &temperature) ;
rest.variable ("humidity", &humidity) ;

// Give name and ID to device
rest.set id("001");

rest.set name("arduino project");

// Start temperature sensor
dht .begin () ;

void loop ()

}

Let's explore the details of this Arduino sketch using the following steps:
1.

// Measure from DHT
float h = dht.readHumidity () ;
float t = dht.readTemperature () ;

temperature = (int)t;
humidity = (int)h;

// Handle REST calls
rest.handle (Serial) ;

The Arduino sketch starts by importing the required libraries for the project:

#include <aREST.h>
#include "DHT.h"

After that, we need to define on which pin the DHT11 sensor is connected to,

and which is the type of the sensor:

#define DHTPIN 7
#define DHTTYPE DHT11

We also need to create an instance of the aREST library:

aREST rest = aREST() ;

[23]
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4. We also need to create an instance of the DHT11 sensor so that we can
measure data from it:

DHT dht (DHTPIN, DHTTYPE) ;

5. Finally, we need to create two variables that will contain our measurements:

int temperature;
int humidity;

6. Inthe setup () function of the sketch, we need to start the serial port:
Serial.begin(115200) ;

7. Next, we need to expose our two measurement variables so that we can
access them via the serial port using the aREST library. Note that we have
to pass the reference to these variables, not their values, as shown in the
following code:

rest.variable ("temperature", &temperature) ;
rest.variable ("humidity", &humidity) ;

8. We also set an ID and name to our project. This will not play any role here,
but is simply to identify our board in case we have many of them:
rest.set_id("001");
rest.set name("arduino project");

9. Finally, we start the DHT11 sensor:
dht .begin() ;

10. Now, in the loop () function of the sketch, we make the measurements
from the DHT11 sensor, and convert these measurements to integers
(which is called "casting" in C):
float h = dht.readHumidity () ;
float t = dht.readTemperature() ;

temperature = (int)t;
humidity = (int)h;

11. Note that here we are converting these numbers into integers because it
is the only variable type supported by the aREST library. However, as the
resolution of the DHT11 sensor is limited, we are not losing any information
here. Finally, we handle any requests coming from the outside using the
following code:

rest.handle (Serial) ;
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Note that all the code for this chapter can be found in the GitHub

repository of the book at the following link:
Ko

https://github.com/marcoschwartz/arduino-android-
blueprints

It's now time to upload the sketch to your Arduino board. If you have any error
when compiling, make sure that you installed all the required Arduino libraries
for this chapter.

When this is done, simply open the serial monitor (making sure the serial speed
is set to 115200). Note that you could do the same with your own serial terminal
software, for example, CoolTerm found at http://freeware.the-meiers.org/.

Now, we are going to test that the aREST library is working correctly. Let's proceed
with the following steps:

1.

First, we are going to query the board for its ID and name. To do so,
type the following;:

/id
You should be greeted by the following answer:

{"id": "001", "name": "arduino project"™, "connected": true}

We are now going to see how to control the relay, as this is something we
are going to do several times in this book. First, we need to define that the
relay pin, which is pin number 8 of the Arduino board, is an output. To do
so, we can simply type:

/mode/8/0

You should receive the following answer on the serial monitor:
{"message": "Pin D8 set to output", "id": "001", "name": "arduino
project", "connected": true}

Now, to activate the relay, we need to set the pin 8 to a HIGH state.
This is done the following command:

/digital/s/1

You should instantly receive a confirmation message, and hear the relay
click. To switch the relay off again, simply type the following code:

/digital/8/0

[25]
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7. Now, we are going to read data from the board using the aREST library.
For example, to read the temperature variable, you can simply type the
following code:

/temperature

8. You will receive the following confirmation message with the value
of the temperature:

{“temperature“: 28, "id": "00l1l", "name": "arduino project",
"connected": true}

9. You can do the same for humidity:
/humidity

10. You will receive a similar message back:

{“humidity": 35, "id": "001", "name": "arduino project",
"connected": true}

If this is working, congratulations! You now know the basics of the aREST

library that we will use throughout the book. Note that for now we are using these
commands via serial communications, but later in the book, we will first use the
same commands via Bluetooth, and then via Wi-Fi to command the Arduino board
from an Android device.

Now that we have seen how the aREST library is working, we are going to create
our first Android project. Note that in this introductory chapter, we won't connect
both together; this will be done in the next chapter of the book.

Creating your first Android project

In order to get started in the world of Android application projects, it would be
very useful to set up a very basic project that goes through the two main processes
in Android application development: coding the application and then testing it on
an Android physical device.

Downloading the example code
\ You can download the example code files for all Packt books you
~ have purchased from your account at http: //www.packtpub. com.
Q If you purchased this book elsewhere, you can visit http: //www.
packtpub.com/support and register to have the files e-mailed
directly to you.
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Setting up your first Hello Arduino project

Click on New Project when Android Studio launches as shown in the
following screenshot:

[ X Android Studio

Welcome to Android Studio

Recent Projects Quick Start
Sunshine e
~/GDrive /AndroldApps /Sunshine D!" New Project...
BluetoothLeGatt =
-{Downloads/BluetoothleGatt P 1 Import Project.
7, Impo ject...
"._‘B Open Project
VCS
3 Check out from Version Control
,g\g Configure

[-l:? Docs and How-Tos

Androsd Studio 0.8.2 Build 135.1267975. Check for updates now.

An important step within Android application development is configuring your
project. This project will be using Android 4.3 as the minimum target SDK, since
we intend to use the Bluetooth Low Energy API, which was introduced in this
particular version of Android. In this case, we will name the project Hello Arduino
and write down your company domain, as the convention for application package
names is the reverse of your chosen domain.
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Refer to the following screenshot:

[ ] [ ] Croate New Project

New Project

< Android Studio

Configure your new project

Application name:  Hello Arduing
Company Domain:  arduincandroid.com

Package name: com.arduinoandrold.helloarduing Edit

Project location: JUsers /stefanbutti CDrive/HelloArdui

Cancel Previous | [ISNexta Finish

For the purposes of this particular project, we will go ahead and choose the most
basic project, Blank Activity, as shown in the following screenshot. The other
choices provide added functionality that we do not need at this stage.

® @ Create New Project

Add an activity to Mobile

e
! l
! I
Add No Activity | |
I
| I
1
Comae =
Blank Activity with Fragment Fullscreen Activity
=
1 isine v
i o
Google Play Services Activity Login Activity Master/Detail Flow Navigation Drawer Activity Settings Activity

| Cancel | Previous | Finish
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In the following screenshot, we choose Blank Activity, and we need to give a name
to our main Java file. Let's keep it as MyActivity:

e @

Blank Activity

Choose options for your new file

Create New Project

Creates a new blank activity with an action bar.

Activity Name:  MyActivity
Layout Name:  activity_my
Title MyActivity

The name of the activity class 1o create

Cancel Previous Finish

Once you follow through all the previous steps, you will be welcomed to this
workspace, which gives a good overview of the project tree, main code editor,
and the device that shows a preview of the User Interface (UI), as shown in the
following screenshot:

¢ [ - i #ap-/p &L @8 L& W
HelloArdwino [ app  ~ s man  Cres 5 layout | 5 actvity_myxml
&' Projeat = G- 1| [ acohity_myxmi Preview =y .
¥ 5 HelloArduine (~/Chrrve Arduncindron Gl | ] ; T - g = = iud
& > Oidea ""‘fﬁ:ﬁfﬁ"\i:ﬁl’t‘:;ﬁfi?ﬂ.,":ﬁﬁriiéfﬂmoﬂﬂf"“’ con/apk/res/a | [. Wineuss- [Tj- (DapeTheme Tmprcvey- D- §
R, android; Layout_uidth="satch parent™ il - ;
nndlnld:'laynut_ Miw\(' ‘match_parent | "
= * Dbud ardrodd: paddingLeft="64dp"
5 Bbs android: paddingRight
Iovow el
A * Elandolqiis) tools:contexte: Rybetivity> E
- - main s
. > Dljaa Taxtiiow 2
v Cires androdd: taxt="Hello ulzlrln- ]
T mirte v e e o, A
» [drawable-mdpl | >
» Edrawable-xhdol | eimelativeLayouts E
» [ drawable-xxhdpi g
v EJlayout
o activity_my.xmi &
L mend
* Elvalues =
» [lvalues-w20dp
& AndroidManifest. xml
gitignore
Il app.iml
2 buid gradie
proguard-rules.pro
v Cbuld
g ¥ Climermediates
! madel_data.ban
£ v e
. v Ciwrapper
gradie-wragper_jar
- 1 gradle-wragper properties
5 aiigaare
3 = busld. gradie
3 i pradle properties
. pradiew
2 Design ~ Text
2TODO [ Terminal & -Messages 4§ & Android Everilog [ Gradie Consale
LS Gracke buikd Beished in & sec {moments aga) EL L 3| T B @
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In this particular project, there will be no need to modify the existing code and
therefore we will proceed with building our app and launching it on our physical
Android device.

Installing your app on your physical device

Previously, we have connected and enabled our physical Android device via
a USB. Within Android Studio, we need to set up the configuration to run our
Android application.

This is done by choosing Editing Configurations from the main toolbar as shown
in the following screenshot:

i ) = ) & i app-| b L P @ B & 7
HelloArduino app src main java €o [2 Edit Configurations... loarduino © ¢ MyActivity
B Project = @ = | & 1| ©@m W app ly.xml X

In the Editing Configurations window, we will click on the + sign and choose
Android Application where we set up the configuration with the following
settings and confirm them by pressing OK:

® @ Run/Debug Configurations
+ = [0 5 Name: App Share
¥ 0 Android Application
% App Emulator  Logcat
» 5 Defaults
Module: app
Package

(=) Deploy default APK
Deploy custom artifact:

Do not deploy anything

Activity
Do not launch Activity
(= Launch default Activity

Launch:

Target Device
i) Show chooser dialog
Use same device for future launches
USB device
Emulator

= Before launch: Gradle-aware Make
W Gradle-aware Make

3 Cancel Apply [ oK
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After setting up everything, we are ready to run the app. Choose the App
configuration, which we previously set up, and press the Play button (green triangle)
as shown in the following screenshot:

¥ (@ app~) > ¥ O

There is the possibility of creating an Android Virtual Device (AVD) to install the
application. However, at this point in time, there are no virtual emulators that support
Bluetooth, which we will need for a number of projects in this book. So, we will focus
on setting up your Android physical device running Android 4.3 or higher.

In the next step, choose your physical device and press OK, as shown in the
following screenshot:

® e Choose Device

(®) Choose a running device

Device Serial Number State

O sony C6903 Android 4.4.4 (API 19)  [BH9065Q00D Online| Yes

Launch emulator

Android virtual device: [none]
Use same device for future launches

Cancel | | OK
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You should expect the following to show up on your Android device if you have set
up everything in the correct manner:

!ﬁ! Hello Arduino

Hello world!
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Summary

Let's summarize what we did in this chapter of the book. We built a very simple
Arduino project comprising an Arduino board, a relay module, and a temperature
and humidity sensor. We saw how to connect these components together so that
we can control the relay as an output and read data from the sensor. We also saw
the basics of the aREST library, which we will use in the whole book to control the
Arduino board from an Android device.

On the Android side, we have prepared our IDE and Android device for development,
which will prepare us for the upcoming projects that we have prepared for you in this
book and help us have a seamless experience. We also had the opportunity to compile
our first app and get it up and running on our Android device.

At this stage, you can already repeat the steps we took in this chapter to really get
familiar with the Arduino IDE, the commands of the aREST library, and the Android
development environment. We will use these tools extensively in the rest of this
book; so, it is crucial that are you familiar with them.
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Controlling an Arduino
Board via Bluetooth

This second chapter of the book will be about putting things together and writing
our first app to control an Arduino board via Bluetooth Low Energy (BLE). We
chose to use BLE for all the Bluetooth projects of this book as it is the latest standard
for Bluetooth communication at the time of publication. Compared to previous
Bluetooth modules, BLE modules have low energy consumption as the standard
works in bursts rather than maintaining a persistent connection. In addition, BLE
offers low latency and has a comparable range to the older Bluetooth standards.

We will connect a BLE module to Arduino as well as an LED that we will control via
an Android app. Then, we will write an Arduino sketch that uses the aREST library
so that we can receive commands via Bluetooth coming from a smartphone or tablet.

The Android app will also be able to control the board remotely and we will have
the opportunity to enhance the user experience by learning how to include buttons
to switch the LED on and off.

The following will be the main takeaways from this chapter:

* Connecting a BLE module to an Arduino board

*  Writing an Arduino sketch to enable Bluetooth communications on the
Arduino board

*  Writing an Android application to send commands to the Arduino board
via Bluetooth
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Hardware and software requirements

The first thing you will need for this project is an Arduino Uno board.

Then, you will need a BLE module. We chose the Adafruit nRF8001 chip because it
comes with a nice Arduino library, and it already has existing examples of Android
apps to control the module.

The following is a close-up picture of the module we used for this project:

You will also need one LED of the color of your choice, and a 330 Ohm resistor.
Finally, to make the different electrical connections, you will also need a breadboard
and some jumper wires.

The following is the list of all hardware parts you will need for this project, along
with links to find these parts on the Web:

* The Arduino Uno board (http://www.adafruit.com/product/50)

* LEDs (https://www.sparkfun.com/products/9590)

* The 330 Ohm resistor (https://www.sparkfun.com/products/8377)

* The Adafruit nRF8001 breakout board (https://www.adafruit.com/
products/1697)

* The breadboard (https://www.adafruit.com/product/64)

* Jumper wires (https://www.adafruit.com/product/758)
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On the software side, you will need the following:

The Arduino IDE (http://arduino.cc/en/Main/Software)
The Arduino aREST library (https://github.com/marcoschwartz/aREST/)

The nRF8001 Arduino library for the BLE chip (https://github.com/
adafruit/Adafruit nRF8001)

To install a given library, simply extract the folder in your Arduino /libraries
folder (or create this folder if it doesn't exist yet). To find your Arduino folder or
define a new one, you can go to the Preferences option of the Arduino IDE.

Configuring the hardware

We will now build the hardware part of the project. To help you out, the following is
a schematic of the project:

Now, we will perform the following steps:

1.

2.

The first step is to place the Bluetooth module and the LED on
the breadboard.

Then, connect the power supply from the Arduino board to the breadboard:
5V of the Arduino board goes to the red power rail, and GND goes to the
blue power rail.

We will now connect the BLE module. First, connect the power supply
of the module: GND goes to the blue power rail, and VIN goes to the
red power rail.
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4. After this, you need to connect the different wires responsible for the Serial
Peripheral Interface (SPI) communications: SCK to Arduino pin 13, MISO
to Arduino pin 12, and MOSI to Arduino pin 11.

5. Then, connect the REQ pin to Arduino pin 10. Finally, connect the RDY pin
to Arduino pin 2, and the RST pin to Arduino pin 9.

6. For the LED, simply place the resistor on the breadboard so it is in series
with the LED, connected to the anode of the LED, which is the longest pin
of the LED.

Then, connect the other side of the resistor to Arduino pin 7.

Finally, connect the other pin of the LED (the cathode) to the blue power rail,
that is to the ground.

This is an image of the completely assembled project:

Writing the Arduino sketch

We will now write the Arduino sketch so that the Arduino board can talk with
the BLE module and receive commands from Android via Bluetooth. Here is the
complete sketch for this part:

#define LIGHTWEIGHT 1

#include <SPI.h>
#include "Adafruit BLE_ UART.h"
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#include <aREST.h>

// Pins
#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, //

on Uno thats #2 or #3
#define ADAFRUITBLE RST 9

// Create aREST instance
aREST rest = aREST() ;

// BLE instance

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,

ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

void setup (void)

{

// Start Serial
Serial.begin(9600) ;

Serial.println(F ("Adafruit Bluefruit Low Energy nRF8001 Print echo

demo") ) ;

// Start BLE
BTLEserial .begin () ;

// Give name and ID to device
rest.set id("001");
rest.set name ("my arduino");

acl evt opcode t laststatus = ACI_EVT DISCONNECTED;

void loop ()

// Tell the nRF8001 to do whatever it should be working on.

BTLEserial.pollACI() ;

// Ask what is our current status
acl evt opcode t status = BTLEserial.getState();
// If the status changed....
if (status != laststatus)
// print it out!
if (status == ACI_EVT DEVICE_ STARTED) {
Serial.println(F("* Advertising started")) ;
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}

if (status == ACI_EVT CONNECTED) {
Serial.println(F("* Connected!")) ;

}

if (status == ACI_EVT DISCONNECTED) {

Serial.println(F("* Disconnected or advertising timed out")) ;
// OK set the last status change to this one
laststatus = status;

}

// Handle REST calls
if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;
}
}

Now, let's see the details of this sketch. It starts by importing the required libraries
for the nRF8001 BLE module and the aREST library:

#include <SPI.h>
#include "Adafruit_ BLE UART.h"
#include <aREST.h>

We will also specify an option for the aREST library, called LIGHTWEIGHT. This
means that the Arduino board will only return a limited amount of data back to the
Android phone. It will return the value of a variable when we read from the board,
and no data at all when we send a command to the board. This is required when
using BLE communications. This is done with the following piece of code:

#define LIGHTWEIGHT 1

Then, we will define which pin the BLE module is connected to:

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, on
Uno thats #2 or #3

#define ADAFRUITBLE RST 9

Note that we don't define the pins for the SPI pins of the BLE module, as they are
already defined in the module's library.

After this, we can create an instance of the aREST API that will be used to handle the
requests coming via Bluetooth:

aREST rest = aREST() ;
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We also need to create an instance for the BLE module, with the pins we
defined earlier:

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

Now, in the setup () function of the sketch, we will start the serial communications,
and print a welcome message:

Serial.begin(9600) ;

Serial.println(F ("Adafruit Bluefruit Low Energy nRF8001 Print echo
demo")) ;

Note that the welcome message is printed using the F () function around
the message, which puts the string variable directly into the Arduino program
memory. This is done to save some dynamic memory (RAM) for this sketch.

We will also initialize the BLE module:

BTLEserial.begin() ;

Finally, we will give an ID and a name to our board:

rest.set_id("001");
rest.set name ("my arduino") ;

In the 1oop () function of the sketch, we will check the status of the BLE module:

BTLEserial .pollACI() ;

After this, we will get this status and store it in a variable:

aci evt opcode t status = BTLEserial.getState();

If there is some device connected to our BLE module, we will then handle the
incoming request using the aREST library:

if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

}

Note that all the code for this chapter can be found inside the GitHub
@’@‘\ repository of the book at https://github.com/marcoschwartz/
' arduino-android-blueprints

It's now time to upload the sketch to your Arduino board. When this is done, you
can move on to the development of the Android app to control the Arduino board
via the BLE sketch.
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How to create a simple Android app

to connect to the BLE module
Connecting the Adafruit BLE module will give us the opportunity to:

* Learn how to work with existing open source projects

* Analyze Java and understand how the Main activity connects to the
layout files

* Modify the code to light up an LED via Bluetooth and get it to work

For this project, we will be using an open source project that works perfectly with
our Adafruit Bluetooth module and is optimized for the Android Studio IDE.
Throughout this chapter, we will also have the opportunity to explain what the
different parts of the code are for.

To make the project work successfully, you need to make sure that you have
installed the necessary SDKs outlined in Chapter 1, Setting Up Your Workspace.
The SDK is available via SDK Manager, which is accessible by going to Tools >
Android > SDK Manager.

The first step is to go to Tony Dicola's GitHub public repository, at
https://github.com/tdicola/BTLETest, as shown in the following screenshot:

o . This repository = Explore Gist Blog Help azes(anhnlligisg +- % P

tdicola / BTLETest @Watch~ 4 dUnstar 10 %Fork 1

Simple test for sending and receiving data to a Bluetooth Low Energy UART service from an Android 4.3 or 4.4
device. <> Code

5 3 0 1 Issues 0

il

| P branch: master -  BTLETest/ +

iy
Update files from running on linux

By taicota o t ear3eroTe7 [
joa

[ Clone in Desktop

<> Download ZIP
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At this point, you can either opt to Clone in Desktop using the GitHub desktop
application or download the ZIP file and extract the file to your desktop, as shown
in the following screenshot:

HTTPS clone URAI

You can clone with HTTPS, SSH,
or Subversion. @

(4] Clone in Desktop

<> Download ZIP

Double-click on the extracted file (Windows and Mac).

Open Android Studio, then click on Import Project and Choose Extracted Folder,
as shown here:

[ X ] Android Studio

Welcome to Android Studio

Recent Projects Quick Start
L New Project...
r" ! Import Project...
ﬂ;'j Open Project
~ Check out from Version Control

,J‘«’ Configure

[5f Docs and How-Tos

Android Studio 0.8.2 Build 135.1267975. Check for updates now.
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To aid you in the selection process, you will be able to see a small Android logo next
to the folder you need to choose, as shown in the following screenshot:

| NN | Select Eclipse or Gradle Project to Import

Select your Eclipse project folder, build.gradle or settings.gradle
@ C3 D Hide path

Isers fstefanbuttigieg/GDrive/AndroidApps /BTLETest-master | |
- —upy
Desktop
Documents
Downloads
Dropbox
GDrive
» AMEE 2014
v AndroidApps
> @ arduinoWifi
» @ HelloArduino
> & Sunshine
Apps
Arduino
Arduino Android Blueprints
Coursework
Erik Holst Fund

4 vV vYVvYYy

yYYyYyYy vy

Drag and drop a file into the space above to quickly locate it in the tree.

7 Cancel | [ OK |

After successfully importing the project, you might need to modify the Gradle
settings file so that it compiles correctly and is successfully built. The Gradle settings
file acts as a preferences manager for our Android project and allows us to manage
what libraries we would like to include for our project.

You can modify the Gradle settings file by accessing the project tree and clicking on
app > src followed by build.gradle, as shown in the following screenshot :

[44]




Chapter 2

v BTLETest-master (~/GDrive /AndroidApps/BTL|
> .idea
v Liapp
> build
¥ Src
v main
v Jjava
v com.tonydicola.bletest.app
c MainActivity
v Lires
drawable-hdpi
drawable-mdpi
drawable-xhdpi
drawable-xxhdpi
layout
© activity_main.xml
> menu
> values
»> values-wB20dp
< AndroidManifest.xml
.gitignore
Il app.iml
i BTLETestapk
% build.gradle

4d4vYyvvyvyywy

Our recommendation is to alter buildToolsVersionto 19.1.0. Do not be confused
by app showing up in the tabs. The correct settings can be seen as follows:

) MainActivityjava ® | (£ app x | & activity_mainxml %
apply plugin: 'android’
“android {

. compileSdkVersion 19
buildToolsVersion “19.1} 8"

defaultConfig {
minsdkVersion 18
targetSdkVersion 19
versionCode 1
versionName “1.0"

i }

] buildTypes {

5] release {

runFroguard false

proguardFiles getDefaultProguardFile('proguard-android.txt'}, ‘'proguard-rules.txt’

“idependencies {
compile fileTree(dir: "libs', include: ['=.jar'])
&}
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Once you modify the settings in the Gradle Settings option, you will be asked

to sync your project settings, and you will be able to do that by clicking on Sync
Now. Once the Gradle settings file is set up, you can go ahead and test the app on
your physical Android device that supports BLE (the device should be running
Android 4.3 or higher). Run the app by going to the toolbar, clicking on Run, and
selecting Run app, followed by choosing the right physical device, as shown in the
following screenshot:

[~ | & |3

i€ BLETest

. Send

Scanning for devices...

Found device: DD:08:72:3A:DF.E4
Found UART service!

Connected!

Service discovery completed!

You can send out the following messages to the Bluetooth module by tapping on the
Text Field and then tapping on Send:

e /mode/7/0/

e /digital/7/1/

e /digital/7/0 /
When you see that the preceding messages respond with the right responses via the

LED, which will switch on and switch off if you follow the previous order, we will
then proceed to modifying the layout file.
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Modifying the Android layout file

Modification of the Android layout file will simplify the user experience and allow
us to switch the LED on and off with the tap of a button. In the Android layout file,
we will add buttons for the following:

* Activating the pin to accept inputs
* Switch on LED
* Switch off LED
Go to the project tree, as shown in the following screenshot and follow this

path: app > src > res > layout > activity main.xml. Double-click on the
activity main.xml file.

& Android Studio File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help W 56% [k 4 14:20 Stefan Buttigieg O, =
209 activity_mainxmi - [app] - BTLETest - [-/GDrive/AndroidApps/BTLETast] - Android Studio (Bota) 0.8.2
= O] X0 el ¢ Miltwo-1b &0 8 FEB & ?
BTLETest app sfe main | [ res liyout | < activity_main.sml
i 7 Progest - O o4 e 1| Dapeox | [oacthviry_mainxml x Preview 8- |
£ = l.onb“.d e [RetativeLayout xmns: android="http: //schenas.android. con/aph/res/a @ [1. B pexusd- [1- @AppTheme ™ MainActivity= E
=5 = | xalns: toolss~http: //schemas . android. com/tools H
o v Ciwc android: Layout_width="match_parent” S E
v main mndroid: Layout_height="match_parent™ i | 2
= » Dliava android: paddingLefts-Gidp” E
5 =i android: paddingRight="64dp”
] ¥ Lares android: paddingTop="16dp™ =
& * Edrawable-hdpl android:paddingBatton="16dp" ;
o] » [Eldrawable-mdpi tosl ool Roydic H)
v + [ drawable-xhdpi | <Button 2
¥ Eldrawable-xxhdpl | android:id="g+id/send" 1) BLETest =
v [ hayout android: Layout_width="wrap_content" =
ey android: Layoat_height="wrap_content"
m . android: Layout_alignParentRight="true"
L e android: Layoat_alignParentTop="t rue"
* Elvalues 1 android: texts"Send"
b Evalues-w820dp | android:enClick="sendClick"/> T
= yreRes i
[ AndraidMaifestxm | < 5‘
‘gighanE | android: id="@g+id/input” E
3l app.imi android: Layout_width="wrap_content"
BTLETestapk android: Layoat_height="wrap_content™ L]
D huikd oradle android: Layout_toLeft0f="gid/send"
@ | android: Layoat_alignParentTop="t rue"
Progeind-niigs.o | android; Layout_alignParentlefts"true"/>
* [Clgradie |
gitignare | <SerallView
] 31 BLETesvim! android: Layoat_width="match_parent"
£ - e android:Layoat_height="wrap_content™
H DI BTLETestim] android: Layout_belows"@id/send"
e 2 buid gradie android: Layout_alignParentBotton="true">
o ma:::mﬂerlles TaxtVime
g android: id="g+id/messages”
8 gradiew. bat | android: Layout_widths"match_parent”
2 LICENSE | android:Layout_height="wrap_content” />
2 ocal :
L) . propertes
2 =/scrollView
3 README.md
- o3 ’
& settings.gradie Design  Text
B Terminal Messages o G- Android P TODO i Eventlog |5 Gradie Conscie
L] RullPointerException: null {a minute ago) LY RS UTr-8 ) b B O
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The Android layout files are managed either via the design view or via the text view,
where the dimensions and properties are set using the XML format. In this particular
case, we will stick to modifying the layout using the design view, as shown in the
following screenshot:

& Android Studio File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help W 56% [+ 14:20 Stefan Buttigieg O, =
209 activity_main.xmi - [app] - BTLETest - |-/GDrive/AndroidApps/BTLETas1] - Android Studio (Bota) 0.8.2
o) X% 0 Vildwo- b &0 6 §LBEW
BTLETest app {113 main ) 5 res layout < activity_main.xml
g ! 7 Propst - @ | @1 | Dapp x| [ acthary_mainxml 1=
app
E > [ build Palette oI = L Mewus 4= BAppTheme  MainActhvity - Companset Tree T Eie|E
o ¥ Cisrc Layouts v [ Device Screen g
v main FrameLayout 7 ¥ | [ Relativelayout g
- » Cljava Uneartayout (Horizonts send (Buton) E
;’, v Cares Lineartayout (Vertical) input (EdaText)
_; [ drawable-hdpi TabbeLayout * | 1 ScrolView ;
i L4 drawable-mdpi TableRow e
7 b Edrawable-xhdpi GridLayout ®
[ drawable-xxhdpl Relativelayout
v [llyout Widgets o BLETens "r:
* acthry_main.omi A Plain Textview §
menu & Large Text ]
» Elvalues Ao Medium Text i
» [lvalues-w820dp 5 Small Taxt Z
¥ AndroidMarifest.xmi Button Propertes r S T
gitignare Small Button
N Au0. Il @ Fackiich layoutheight match_parent
BTLETest.apk | CheckBox
2 buid.gradie s Swinch style
proguard -rules it Toggle Buton agcessibiltyliveRegan
» Clgradie & imageBustan algha
. gitignare & imageview backgraund
£ Il BLETestiml = ProgressBar (Large) clickable
g 9 :TLETHI.IrnI == ProgressBar (Normal) MDA
i + build.gradie = ProgressBar (Small focusable
i gradie.properties = FrogressBar (Horlzoma
gradiew « SeekBar focusableinTouchMode
8 gradiew bat & RatingBar » gravity n
5 LICENSE Spinner id
g s local progerties @ WebView [ ——
a B REAAME it e ok importantForAccessibil
& £ settings geadle Design  Text
& Terminal U:Messages  § frAndroid 2 TODO f1 Eventlog [« Gradie Consoie
1 ulPointerExcetion: null imaments aga) [ [ealoain el

Within the design view, there is a palette with defined user-interface elements that
the developer can use to drag-and-drop into the design view and create customized
layouts. To follow proper design-develop-distribute methodology, we will start off
by creating a paper prototype of how we would like the app to look and work out, as
shown in the following screenshot. At this point of time, our paper prototypes will
be neither sophisticated nor adherent to design principles, but we would like to help
you get used to the process to enable you to design high-quality apps.
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Having this paper prototype as our guide, we can then start modifying the design.
We will start off by resizing the Scroll View area, which shows the response that the
Android physical device receives when connecting with the BLE module. This will
allow us to visualize how we would like to design the layout.

Adding buttons to the interface is as easy as dragging and dropping buttons from the
Palette option to the user interface. The Palette option is available on the left-hand
side of the design view. In this case, we will add the following three buttons:
¢ Set output
*  Switch on
* Switch off
If you double-click on the button that you've included in the interface, you will be
able to change the text and ID. Standard Java naming conventions recommend the
use of the camel-case naming convention; thus, you should identify them as follows:
¢ The Set Output button
°  Text: set Output
° ID: setOutputBtn
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¢ The Switch On button
°  Text: Switch On LED

° ID: switchOnBtn

* The Set Output button
°  Text: Switch Off LED
°  ID: switchOffBtn

With the layout setup, we can proceed to connecting the layout to our main
activity code.

Connecting the modified layout to the
corresponding activity

From the project tree, follow the path: app > src > main > java > com.tonydicola.
bletest.app > MainActivity, as shown in the following screenshot:

v BTLETest (~/GDrive /AndroidApps/BTLETes
> .idea
v Liapp
> build
v sre
v main
v Jjava
v com.tonydicola.bletest.app
¥ [Cires
drawable-hdpi
drawable-mdpi
drawable-xhdpi
drawable-xxhdpi
layout
& activity_main.xml
> menu
> values
> values-w820dp
© AndroidManifest.xml

4 vv¥vyvyvwvy
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Double-click on MainActivity.java. The screen for MainActivity.java will look
as follows. In the following paragraphs, we will have an opportunity to go through
the code and understand what role it plays within the app. There are a number of
comments within the code (statements starting with //////) that will further explain
the role of those lines of code.

# Android Studio  File Edit View Navigate Code Analyze Refactor Build Run Tools VOS5 Window Help B 100% [+ 14:53  Stefan Buttigieg O, =
LR X ~ MainActivity java - [app] - BTLETest - [-/GDriva/AndroidApps/BTLETest] - Android Studio (Beta) 0.8.2
=] XDk A & lim Pl a6 §LBEW ?
BTLETest app are main | ] java cam tonrdicola bletest aop o MainActhity
7 Propect (B T app x| 0 actiy_mainarml % | (£ MainActivity java = m
2’ ¥ [3BTLETest (~/Ghrive/Andro package com. tonydicola. bletest.app; 3
& » Clidea - 3
. wimport ... 3
5 > Dbusd 4 public closs PainActivity extends Activity { E
1 ¥ Owerc
g i S ¢ U N
& v Disa publlic static LUID L.w?_! WID = WID, fm-srr;ng! 6E400001-B5A3-F393-E0AI-ESTEZADCEATE™) ; 5
] ’ public static UUID TX_UUID = WUID, fromString| “6E480002-B5AI-FI93-E0AG-ESOEDADCCASE™) ; o
¥ [ com.tanydicola. bictest.app public static UUID AX_UUID = WID. J'rousrrmgl“ﬁcusanz-asu -F303- Eu!—Esa:uD{(mﬁ i 3
MainActhvity
¥ Cares public static UUID ruzm WID = WIB, fromstringl A090-1000- 5048 ") o
» [ drawable-hdpi I wl e o
¥ [ldrawable-mdpi private TextView messages; 3
» [drawable-xhdpi private EditText input; E
b [ drawable-xxhdpi 3
¥ S ) priuste Blietootradapter adspter:
== activity_main.xm! private BluetoothGatt gatt;
» meny private BluetoothGattCharacteristic tx;
MG private BluetoothGattCharacteristic ra
b [Elvalues-wS20dp Main BTLE devi lbsck whe P .
= AndroidManifest. xmi private BluetoothGattCallback collback = mew BluetoothGattCalibackl) {
gitignare / whenever the mevic ot tat e
Napp.ml . public void onConnectionStateChange(BlustoothGatt gatt, imt status, int newState) {
o BTLETestapk super.onConnect donStateChange(gatt, status, newStatel;
£ 2 budd.gradie it (newState == BluetoothGatt.STATE_CONNECTED) {
z proguard-rules.txt -ri(eLinel Connected!™]
@) » Digade if (1gatt.discoverServices()) {
. -gitignare writeLine("Failed to start discovering services!");
i BLETest.iml ¥
- 91 BTLETestimi L
5 S b d'! else if (newState == BluetoothGatt.STATE_DISCONNECTED) {
3 Lol writel ine(“Disconnected!”);
= <5 gradle. properties 3
a gradiew el {
5 reardlany hat writeLine("Cannection state changed. New state: = + newState);
B Terminal {-Messages o fiAndroid R TODO Ty Eventlog (¥ Gradie Conscie
] NuliPointesException: null (33 minutes ago) 254 (LF: UTF-83: & & 0
—_

If we quickly analyze the code, we can see the following structure:

* The package name.
* Animport statement.

* Declaration of private and public variables (which can be used throughout
the whole activity).

* BluetoothGattCallback: This is the method that deals with the callback
and where much of the logic takes place.

* onServicesDiscovered: This is the method that deals with Bluetooth
service discovery.

* onCharacteristicChanged: This is the method that takes care of any change
in characteristics.
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* onCreate: This is the method that deals with the main layout and how it
functions. The onCreate method is called when the activity is first shown,
and plays a very important role in the Android app life cycle. Most of the
code in this section will relate to the Android layout.

* onResume and onStop: These are the methods that form a part of the Android
app life cycle and determine how the app will react at different points.

* sendClick: This is the method that deals with what processes will be run
when the Send button is clicked.

* parselIDs: This is the method that will return the Bluetooth module's ID in
string format.

* Boilerplate: This is the code that is available within the primary template
when creating this project, but it is not necessarily relevant for it.

Understanding the code will help us to make the right modifications; we will start by
declaring the Ul elements as private variables by adding the following code:

private Button setoutput;
private Button switchon;
private Button switchoff;

We then proceed to the onCreate method, where we will add the code that will
recognize the actual buttons within the layout and where we will also add the
onClickListener method to each button, which allows the Android app to listen
to any of the users' interactions with the button and act accordingly.

First, we will start off by grabbing references to the Ul elements by adding the
following code:

setoutput = (Button) findViewById(R.id.setToOutputBtn) ;
switchon = (Button) findViewById(R.id.switchOnBtn) ;
switchoff = (Button) findvViewById(R.id.switchOffBtn) ;

Just after these references to the Ul elements, we will add some more code, which
will allow us to send the right messages to the BLE module and to switch on and
switch off the light:

setoutput.setOnClickListener (new View.OnClickListener () {
public void onClick (View v) {
String setOutputMessage = "/mode/7/o0 /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8"))) ;
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if (gatt.writeCharacteristic(tx))
writeLine ("Sent: " + setOutputMessage) ;

}

else {

writeLine ("Couldn't write TX characteristic!");

3N

switchon.setOnClickListener (new View.OnClickListener () ({
public void onClick (View v) {
String switchOnMessage = "/digital/7/1 /";

tx.setValue (switchOnMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx))
writeLine ("Sent: " + switchOnMessage) ;

}

else {

writeLine ("Couldn't write TX characteristic!");

3N

switchoff.setOnClickListener (new View.OnClickListener () {
public void onClick (View v)
String switchOffMessage = "/digital/7/0 /";

tx.setValue (switchOffMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx))
writeLine ("Sent: " + switchOffMessage) ;

}

else {

writeLine ("Couldn't write TX characteristic!");
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With the preceding methods implemented, we should now be able to build the app
and test it on our physical device. The final result should look as follows:

I®1 BLETest

Send

Scanning for devices...

Found device: DD:08:72;:3A:DF.E4
Found UART service!

Connected!

Service discovery completed!

Set to Output

Switch on LED  Switch Off LED

You should now successfully be able to switch on and switch off the light from the
Android app.

How to go further

There are several things you can do to go further with what you learned in this
chapter. You can use what you learned to control more than just a simple LED. For
example, you can connect the relay module we used in the first chapter and control
it via Bluetooth. This already allows you to control much bigger devices, such as
lamps, all via your Android phone. Of course, such projects require that you take
safety precautions, which will be detailed in the chapter where we will build such
an application.

You can also work on improving the Android application by improving the
user interface and learning how to further modify the Android layout files with
better-looking buttons, customized app icons, and general improvements to the
user experience. As we go on in this book, we will have further opportunities
to build on this code and enable more functions and capabilities.
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Summary

Let's summarize what we learned in this chapter. We connected a BLE module

to Arduino as well as a simple red LED that we controlled remotely. After this,

we wrote a sketch that enabled the Arduino board to receive commands via the
Bluetooth module.

On the Android side, we took the opportunity to take an existing project, analyze it,
modify it, and run the final application on our physical Android device.

In the next chapter, we will build a wireless weather station using what we just
learnt in this chapter. We will connect several sensors to an Arduino board, and
read data coming from these sensors using an Android app communicating with
the Arduino board via Bluetooth.
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In this chapter, we will build the first complete application of this book using
Arduino and Android. We will build a small weather station using Arduino,
which will be accessed by an Android app via Bluetooth.

On the Arduino side, we will build a simple weather station using a temperature
and humidity sensor along with an ambient light-level sensor. We will connect a
Bluetooth Low Energy (BLE) module to the project so that the Android phone
can access the measurements wirelessly.

We will develop a simple Android app with an interface that allows us to:

* Access all the measurements performed by the weather station with
the tap of a button

* Display each measurement within an enlarged text view

Hardware and software requirements

The first thing you will need for this project is an Arduino Uno board.

Then, you need a BLE module. We chose the Adafruit nRF8001 chip because it comes
with a nice Arduino library, and it already has existing examples of Android apps to
control the module. This is the same module that we used in the previous chapter.

For the sensors, I chose a DHT11 sensor to measure the temperature and the ambient
humidity. DHT11 is a digital temperature and humidity sensor that is really easy to
integrate with Arduino. There are several solutions available for Arduino, but this
sensor was chosen because it is one of the easiest to interface with Arduino. To make
the sensor work with Arduino, we will also need a 4.7K Ohm resistor.
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We will also use a photocell in series with a 10K Ohm resistor to measure

the ambient light level. The photocell is basically a resistor that will change its
resistance depending on the incoming light on the cell. It will be connected to
the Arduino analog input to measure the ambient light level.

Finally, you will need a breadboard and some jumper wires to make the
different connections.

The following is a list of all hardware parts you will need for this project,
along with links to find these parts on the Web:
* The Arduino Uno board (http://www.adafruit.com/product/50)

* The DHT11 sensor and 4.7K Ohm resistor (https://www.adafruit.com/
products/386)

* The photocell (https://www.sparkfun.com/products/9088)
* The 10K Ohm resistor (https://www.sparkfun.com/products/8374)

* Adafruit nRF8001 breakout board (https://www.adafruit.com/
products/1697)

* The breadboard (https://www.adafruit.com/product/64)
* Jumper wires (https://www.adafruit.com/product/758)

On the software side, you will need the Arduino IDE as usual, and the Arduino
aREST library, which is found at https://github.com/marcoschwartz/aREST/.

The photocell make measurements from the DHT11 sensor, you will need the DHT
library found at https://github.com/adafruit/DHT-sensor-library.

For the BLE chip, you will also need the nRF8001 Arduino library found at
https://github.com/adafruit/Adafruit nRF8001.

To install a given library, simply extract the folder in your Arduino /libraries
folder (or create this folder if it doesn't exist yet).
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Hardware configuration

We will now build the hardware for this project. To help you out, here is a
schematic of the project:

L -
f—I_-l- i
71 g

RXER Arcd no

Now, we will perform the following steps:

1.

The first step is to place the Bluetooth module, the DHT11 sensor, and the
photocell on the breadboard.

Then, connect the power supply from the Arduino board to the breadboard:
5V of the Arduino board goes to the red power rail, and GND goes to the
blue power rail.

We will now connect the BLE module. First, connect the power supply
of the module: GND goes to the blue power rail, and VIN goes to the
red power rail.

After that, you need to connect the different wires responsible for the SPI
interface: SCK to Arduino pin 13, MISO to Arduino pin 12, and MOSI
to Arduino pin 11.
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5.

10.

Then, connect the REQ pin to Arduino pin 10. Finally, connect the RDY
pin to Arduino pin 2, and the RST pin to Arduino pin 9.

For the DHT sensor, this is the function of each pin on the sensor:

anp——— /s

You need to first connect the power supply: the VCC pin goes to the red
power rail on the breadboard, and the GND pin goes to the blue power rail.

You also need to connect the DATA pin to pin number 7 of the
Arduino board.

Finally, place the 4.7K Ohm resistor between the VCC and the DATA
pin of the sensor.

For the photocell, connect the 10K Ohm resistor in series with the photocell.
This means that one pin of the photocell should be in contact (on the same
row on the breadboard) with one pin of the resistor.

Then, connect the other pin of the resistor to the blue power rail, and the
other pin of the photocell to the red power rail of the breadboard.
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11. Finally, connect the common pin between the photocell and resistor to the
analog pin A0 of the Arduino board.

This is an image of the completely assembled project:

Testing the sensors

We will now write a simple Arduino sketch to test all the sensors of the project.
This will ensure that all the connections were made correctly before writing our
Android app using Bluetooth. This is the complete sketch for testing the sensors:

#include "DHT.h"

// DHT sensor
#define DHTPIN 7
#define DHTTYPE DHT11

// DHT instance
DHT dht (DHTPIN, DHTTYPE) ;

void setup ()

{

// Initialize the Serial port
Serial.begin(9600) ;
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// Init DHT
dht .begin () ;

void loop ()

{
// Measure from DHT
float temperature = dht.readTemperature() ;
float humidity = dht.readHumidity () ;

// Measure light level
float sensor reading = analogRead (A0) ;
float light = sensor reading/1024*100;

// Display temperature
Serial.print ("Temperature: ");
Serial.print ( (int) temperature) ;
Serial.println(" C");

// Display humidity
Serial.print ("Humidity: ") ;
Serial.print (humidity) ;
Serial.println("s");

// Display light level
Serial.print ("Light: ");
Serial.print (light) ;
Serial.println("s");
Serial.println("") ;

// Wait 500 ms
delay (500) ;

}
Let's now look at this sketch in more detail. It starts by including the DHT11 library:

#include "DHT.h"

We also declare that the sensor is attached to pin number 7, and that the DHT sensor
we are using is a DHT11 sensor by declaring constants:

#define DHTPIN 7

#define DHTTYPE DHT11
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After that, we can declare an instance of the DHT sensor:

DHT dht (DHTPIN, DHTTYPE) ;

In the setup () function of the sketch, we will start the serial communications:

Serial.begin(9600) ;

We will also initialize the DHT sensor:

dht .begin() ;

In the loop () function of the sketch, we will perform the temperature and humidity
measurements from the sensor:

float temperature = dht.readTemperature() ;
float humidity = dht.readHumidity () ;

We will also read out from the photocell, and convert this reading to a percentage of
illumination. To do so, we must know that the analog input of the Arduino returns a
value going from 0 to 1,023 (10 bits). Therefore, we need to divide the reading from
the input by 1,023. Then, to get a result in percent, we will multiply this value by 100:

float sensor reading = analogRead (A0) ;
float light = sensor reading/1024*100;

When the measurements are done, we print out the value of each of them on the
serial port so that we can visualize the data. This is for example the code that prints
out the temperature:

Serial.print ("Temperature: ");
Serial.print ( (int) temperature) ;
Serial.println(" C");

We will also repeat each 1oop () function every 500 ms:

delay (500) ;

Note that all the code for this chapter can be found inside the GitHub
repository of the book at https://github.com/marcoschwartz/

arduino-android-blueprints.
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It's now time to test this simple Arduino sketch to check if our sensors are working.
Upload the sketch to the Arduino board, and open the serial monitor (making sure
the serial speed is set to 9,600). You should get a similar result inside the serial
monitor, depending on your surroundings:

Temperature: 26 C
Humidity: 35%
Light: 75.42%

Writing the Arduino sketch

Now that we know that our sensors are working correctly, we can write the final
sketch that allows the Arduino board to be accessed by the Android application
we will write later on. The following is the complete sketch for this part:

// Control Arduino board from BLE

// Enable lightweight
#define LIGHTWEIGHT 1

// Libraries

#include <SPI.h>

#include "Adafruit BLE UART.h"
#include <aREST.h>

#include "DHT.h"

// Pins

#define ADAFRUITBLE REQ 10
#define ADAFRUITBLE RDY 2
#define ADAFRUITBLE RST 9

// DHT sensor
#define DHTPIN 7
#define DHTTYPE DHT11

// DHT instance
DHT dht (DHTPIN, DHTTYPE) ;

// Create aREST instance
aREST rest = aREST() ;

// BLE instance
Adafruit BLE UART BTLEserial = Adafruit BLE_UART (ADAFRUITBLE_ REQ,
ADAFRUITBLE RDY, ADAFRUITBLE_RST);
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// Variables to be exposed to the API
int temperature;

int humidity;

int light;

void setup (void)

{
// Start Serial
Serial.begin(9600) ;

// Start BLE
BTLEserial .begin() ;

// Give name and ID to device
rest.set id("001");
rest.set name ("weather station");

// Expose variables to API

rest.variable ("temperature", &temperature) ;
rest.variable ("humidity", &humidity) ;
rest.variable ("light", &light) ;

// Init DHT
dht .begin () ;

// Welcome message
Serial.println("Weather station started");

void loop () {

// Measure from DHT

float t = dht.readTemperature () ;
float h = dht.readHumidity () ;
temperature = (int)t;

humidity = (int)h;

// Measure light level
float sensor reading = analogRead (A0) ;
light = (int) (sensor reading/1024%*100) ;

// Tell the nRF8001 to do whatever it should be working on.
BTLEserial .pollACI() ;
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// Ask what is our current status
acl evt opcode t status = BTLEserial.getState();

// Handle REST calls
if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

}
}

Now, let's look at this sketch in more detail. Some of the parts are similar to
the sketch we saw earlier to test the sensor; we will not detail these parts again.
It starts by declaring that we want to use the lightweight mode of the aREST library:

#define LIGHTWEIGHT 1

Then, we will define that we want to use the library for the Bluetooth chip,
the aREST library, and the library for the DHT sensor:

#include <SPI.h>

#include "Adafruit BLE UART.h"
#include <aREST.h>

#include "DHT.h"

After this, we will define the pins on which we connected the BLE module:

#define ADAFRUITBLE REQ 10
#define ADAFRUITBLE RDY 2
#define ADAFRUITBLE RST 9

We need to create an instance of the aREST library:
aREST rest = aREST() ;
We also need to create an instance of the BLE module:

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

Just before the setup () function of the sketch, we will declare the following three
variables that contain the measurements coming from the sensor:

int temperature;
int humidity;
int light;

Then, in the setup () function of the sketch, we will initialize the BLE module:

BTLEserial.begin() ;
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After that, we will set an ID and a name for our project:

rest.set_id("001");
rest.set name ("weather station");

We also have to expose the different measurement variables to the aREST API so that
they can be accessed by the Android app:

rest.variable ("temperature", &temperature) ;
rest.variable ("humidity", &humidity) ;
rest.variable ("light", &light) ;

In the 1oop () function of the sketch, we will poll the status of the BLE module:
BTLEserial.pollACI();

We will also get the state of the module and store it in a variable:
aci evt opcode t status = BTLEserial.getState();

If this status indicates that the Bluetooth module is connected to another device,
we will process the incoming request with the aREST library:

if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

Note that all the code for this chapter can be found inside the GitHub
repository of the book at https://github.com/marcoschwartz/

arduino-android-blueprints.

It's now time to upload the sketch to your Arduino board. When this is done, you
can move on to the development of the Android app to control the Arduino board
via the BLE sketch.

Wireframing our Android application and
modifying the layout files

We will start off our BLE weather station project by creating a new project in
Android Studio with a blank activity.

We will target our project for a minimum SDK of 18 and a maximum SDK of 19.
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We will first start off by drawing a paper prototype of how our application will
work and the basic user flow, as shown in the following image. This will

help us understand how the application will work as well as facilitating our
development process.

Upon analyzing the preceding image, we can see that this design will require two
TextView objects. The upper TextView object will show all the Bluetooth callbacks,
state changes, and characteristics written to the BLE module, while the lower
TextView object will show the output from the temperature, light, and humidity
sensor depending on which button was tapped.

The Textview objects will give them the following IDs:

® connectionStatusView

® dataOutputTextView

In the lower part of the layout, we will have three buttons reflecting the three
parameters that we will be requesting, that is, temperature, light, and humidity.
We will name the buttons as follows:

* The temperature button will be named as follows:

o

Text: Temperature

° ID: temperatureButton
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* The humidity button will be named as follows:
°  Text: Humidity

° ID: humidityButton
* The light button will be named as follows:

°  Text: Light
° ID:1ightButton

Implementing Android layouts in the
main activity

Before we embark on this project, we will enable the Auto-Import function,
which will enable us to compile our project even more effectively and gives
us one thing less to worry about.

You can enable Auto-Import by going to the Preferences option and selecting all the
available options. The Auto-Import preferences are available on Mac and Windows
as follows:

* Ona Mac, navigate to Android Studio > Preferences > Editor > Auto-Import

* On Windows, navigate to File > Settings > Editor > Auto-Import
With all the necessary settings in place, we will first start off by creating a new
project, where we will choose the following within the New Project setup:

* Name: Bluetooth Weather Station

*  Minimum SDK: 18

* Project: Blank Activity

* Activity Name: MainActivity

* Domain: arduinocandroid.com
We will build on our previous project in Chapter 2, Controlling an Arduino
Board via Bluetooth, that is, the Arduino BLE Android project will start off by
importing the arduinoBLE project from the Github repository and clone it to

our desktop or download it as a ZIP file as explained in Chapter 2, Controlling
an Arduino Board via Bluetooth.

[69]



Bluetooth Weather Station

Once imported, we will open MainaActivity.java, select all the code below the
import statement and copy it. When all the code has been copied, we will open our
current project (Android Bluetooth Weather Station), go into MainActivity.java,
delete all the code below the import statement, and paste the code.

In case you get stuck at this stage of the project, our code will be available in the
repository in two stages, the version with all the necessary code that needs to be
modified and the completed project. These are all available in the GitHub repository
at https://github.com/marcoschwartz/arduino-android-blueprints

Once the code is in our project, we will proceed by changing references to the
Ul elements to reflect our latest additions to the Android layout file in the
onCreate () method:

dataOutput = (TextView) findViewById(R.id.dataOutputTextView) ;
connectionOutput = (TextView) findViewById(R.id.connectionStatusView) ;

adapter = BluetoothAdapter.getDefaultAdapter() ;

temperature = (Button) findViewById(R.id.temperatureButton) ;
light = (Button) findvViewById(R.id.lightButton) ;

humidity = (Button) findvViewById(R.id.humidityButton) ;

In this project, we will modify onCclickListeners to connect to the buttons that we
have included in the Android layout file:

temperature.setOnClickListener (new View.OnClickListener () {
public void onClick (View v) {
String setTempMessage = "/temperature /";

tx.setValue (setTempMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic (tx)) {
writeLine ("Sent: " + setTempMessage) ;
} else {

writeLine ("Couldn't write TX characteristic!");

13N

light.setOnClickListener (new View.OnClickListener () {
public void onClick (View v) {
String setLightMessage = "/light /";
tx.setValue (setLightMessage.getBytes (Charset.
forName ("UTF-8"))) ;
if (gatt.writeCharacteristic (tx)) {
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writeLine ("Sent: " + setLightMessage) ;
else {
writeLine ("Couldn't write TX characteristic!");

3N

humidity.setOnClickListener (new View.OnClickListener() {
public void onClick (View v)
String setHumidityMessage = "/humidity /";
tx.setValue (setHumidityMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx)) {

writeLine ("Sent: " + setHumidityMessage) ;
}
else {

writeLine ("Couldn't write TX characteristic!");

3N

We will also modify the code that deals with writing remoteCharacteristics,
namely, the writeLine () method, and in addition, we will add another method
known as writeSensorData (), which will deal with the remote data arriving
from our different sensors:

private void writeLine (final CharSequence text) {

runOnUiThread (new Runnable () {
@Override
public void run() {

connectionOutput.setText ("") ;

7

connectionOutput.append (text) ;
connectionOutput.append ("\n")

3N

//Implement the method below to output temperature/humidity/light
readings to dataOutputView

private void writeSensorData (final CharSequence text)

runOnUiThread (new Runnable () {
@Override
public void run()
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Log.e (LOG TAG, text.toString()) ;
output=text.toString() .trim() ;
if (output.length() > 0 && output.length() <=3) {

dataOutput.setText (output) ;
}
else {

return;

3N
}

Before we are able to move ahead with compiling the project, we need to work on the
onCharacteristicChanged method so that the data that is received from the sensor
data will be set to the dataoutput text view:

public void onCharacteristicChanged (BluetoothGatt gatt,
BluetoothGattCharacteristic characteristic) {

super.onCharacteristicChanged(gatt, characteristic);
writeSensorData (characteristic.getStringValue(0)) ;

}

At this point in time, the project will be unable to function as the necessary
permissions have not been implemented yet. User permissions are necessary as it
allows the application to access different capabilities of the device. In this case, we
will need to add the following two permissions within the AndroidManifest.xml
file, which you will find by navigating to app > src > main > AndroidManifest .xml:

<uses-permission android:name="android.permission.BLUETOOTH"/>

<uses-permission android:name="android.permission.BLUETOOTH
ADMIN"/>

When we perform all these changes, we should expect the rudimentary user
interface to look as follows, with the sensor data showing up after tapping on
the different parameters:
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a9

Temp. Light Humidity

Enhancing the user interface

The current user interface requires further enhancements to make it user friendly.
One can easily notice that the sensor data output needs to be enlarged and centered
and the buttons can definitely be more attractive. Also, we want to make sure that
our Weather Station app stands out from the user's current list of apps, so our app
would definitely benefit from a change in the icon.

We will work on the following main tasks:

* Creating and adding our very own Android app icon
* Centering and enlarging the data output text

* Modifying the buttons and adding some color to our text

Creating and adding our very own app icon

One of our very first steps to enhance the user experience is to have our very
own icon.

First, we will start off by downloading the image asset. This is available publicly at
http://bit.ly/chapter3-iclauncher.
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You should navigate using the project tree, followed by a right-click on app,
as shown in the following screenshot:

v 2 BLE-Weather-Station (~/CDrive /Android Appl
> [.idea

> [ build
1 libs
v [lsre
» [landroidTest
¥ [Cmain
> [java
» [ires
' AndroidManifest.xml
= .gitignore
Il app.iml
(2 build.gradle
| proguard-rules.pro
» [ build
» [Cgradle
|5 .gitignore
21 BLE-Weather-Station.iml
® build.gradle
[J gradle.properties
=] gradlew
B gradlew.bat
[Jitlocal.properties
# settings.gradle
» 1l External Libraries

After you right-click on app, create a new image asset by going to New >
Image Asset, as shown in the following screenshot:

v E app | | package="com.arduilnoandroif
> £ buil DTN ©: Module
[1libs =l File
v [Tisrc 2( Cut #X Directory
» o) L CopY xC
v [ Copy Path {3C .
Copy Reference X{#8C ' AIDL >
, [ Paste 8BV 1 Activity B
. _ 7' Folder S
Find Usages F7
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You will then be shown an Asset Studio pop-up window, which will allow you
to choose your very own image file. For optimization purposes, we recommend
going for a . png file with a resolution of 144 pixels by 144 pixels. Android Studio
automatically does all the resizing and resource creation to adapt your graphic to
different screens, as shown in the following screenshot:

[ JoK | Asset Studio
Asset Type: Launcher lcons : Preview
Foreground: * Image Clipart Text i
Image file: ojects /NewAndroidModule/root/res /drawable-xhdpi/ic_launcher.png q
MDPI

Trim surrounding blank space

Additional padding:
Foreground scaling: () Crop Center
Shape: (*) None Square Circle

Background color:

Resource name: ic_launcher
XXHDPI
Description
A drawable resource named ic_launcher already exists and will be overwritten.
7 Cancel Previous E—Next—{
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Once you choose the ic_launcher image file, which we have provided you with,
you will be shown a screen with the icon in different sizes. Click on Next, where
you will see the following screen:

e ® Asset Studio
Target Module: Module: ‘app' B
Res Directory: src/main/res

Output Directories: v [Tires

v [idrawable-hdpi

@ ic_launcher.png

v []drawable-mdpi

% ic_launcher.png

v [idrawable-xhdpi

ic_launcher.png

v [T drawable-xxhdpi

.

Some existing files will be overwritten by this operation. Files which replace existing files are marked red in the preview
above.

? Cancel Previous - Finish

The preceding screen warns you that previous files will be overwritten and shows
you the image launcher file in a number of different resolutions once again. Click on
Finish, then compile the app, launch it on your physical device, and you should see
something as pleasant as the following in your app tray and in the app's action bar:

Bluetooth
WEE
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Here's what the app's action bar will look like:

":‘f':" Bluetooth Weather Station

Service discovery completed!

Centering and enlarging the data output text

In order to edit the layout for the main text output where the sensor data will be
shown, we will need to open the project tree and navigate towards the layout file,
which is available at app > src > main > res > layout > activity main screen.xml.

Once in this view, we recommend that you modify the text using the text view. This
will allow you finer control and will also get you used to the different conventions
used when editing Android layout files programmatically.

When opening the activity main_screen.xml file, we will be seeing the different
XML codes for the buttons and text views. At this point, look out for the code that
takes care of the Sensor Data Output TextView and add the following code:

android:textSize="200dp"
android:gravity="center"

The whole block of code responsible for the Sensor Data Output TextView will
now look as follows:

<TextView
android:layout width="match parent"
android:layout height="wrap content"
android:textAppearance="?android:attr/textAppearanceLarge"
android:id="@+id/dataOutputTextView"
android:layout gravity="center vertical"
android:textSize="200dp"
android:gravity="center"
android:text="99" />

In this block of code, we have temporarily used the placeholder text 99 so that
we can approximate how it will look with the Android layout designer. With this
modification, the sensor data output is now big enough to be seen by the user,
thus enhancing the user experience.
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Modifying the buttons and adding some color
to our text

Finally, we will modify our buttons and add some color to the text by performing the
following steps:

1. We will follow these two steps to create new buttons:

1. Create a drawable folder with a new XML drawable file known as
buttonshape.xml.

2. We will then connect the drawable resource file to the main Android
layout file.

2. Create the drawable folder by right-clicking on the res folder, which is
available by navigating to App > src > main > res.

3. After creating the drawable folder within the res folder, we need to once
again right-click on the new drawable folder and click on New and choose
Drawable resource file, as shown in the following screenshot:

@ > ted android:layout_width="113dp"
é Igenera e. android:layout_height="99dp"
3 g intermediates | android:text="Light"
A libs -
] I — New > wahle resource file Mg
» ile
> i ¥ \
and. roidTest gut sei Directory
v
main L Copy o Image Asset
> java Copy Path - 38C
v [ires Copy Reference Ay 1 " AIDL >
drawable Paste #’V Activity >
L4 drawable- Enlder »

4. Name the file but tonshape and type down shape as the Root element
followed by clicking on OK, as shown in the following screenshot:

® @ New Drawable Resource File
File name: buttonshape
Root element: 'shape

Cancel [ OK |
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5. Within the buttonshape. xml file, we will add the following code:

<?xml version="1.0" encoding="utf-8"?>

<shape xmlns:android="http://schemas.android.com/apk/res/android">

android:shape="rectangle" >

<corners
android:radius="10dp"
/>

<solid
android:color="#FFFFFEF"
/>

<padding
android:left="0dp"
android:top="0dp"
android:right="0dp"
android:bottom="0dp"
/>

<size
android:width="85dp"
android:height="99dp"
/>

<stroke
android:width="2dp"
android:color="#4A90E2"
/>

</shape>

6. Then, we go towards the activity main_screen.xml file and refer to this
drawable by including the following line of code within the button modules:

android:background="@drawable/buttonshape"

7. We will also add some flavor by adding the following line of code to the
button and TextView modules within the activity main screen.xml file:

android:textColor="#4A90E2"

In the preceding code, #4A90E2 refers to the hex code of the main color used in the
app icon so that we maintain some consistency with the main user interface.
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The final layout will look as follows on a Nexus 5 smartphone:

It's important to note that different Android devices have different dimensions. So,
for your specific Android device, you might need to do further optimizations within
the Android layout files to improve the interface.

How to go further

A large number of improvements could be done towards improving the user
interface process within the Android app. Currently, service discovery is refreshed
only by physically rotating the device, as the onResume () method is called upon
rotation of the device. This could easily be improved by adding a refresh icon in the
action bar and connecting this icon to the code, so that this method is called when the
icon is tapped.
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In addition, further user interface customizations can make it possible

to personalize the app to your own liking; with regards to this app, you can get
an idea of the possibilities by looking at the following links from the Android
developers site:

* Button widget documentation at http://developer.android.com/
reference/android/widget/Button.html

e TextView documentation at http://developer.android.com/reference/
android/widget/TextView.html

You can even expand the app further with real-time monitoring, statistics, and trends.

Summary

In this chapter, we built a simple weather station using Arduino and Android. We
attached several sensors to our Arduino board, along with a Bluetooth Low Energy
module. We also built the corresponding Android app so that we can access all the
data measured by the Arduino board just by tapping on a button of the phone.

In the next chapter, we will use a different technology to interact with an Arduino
board via Android: Wi-Fi. We will build a smart power switch, to control an electrical
device remotely, and also to measure the device power consumption via Wi-Fi.
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Wi-Fi Smart Power Plug

In this chapter, we will build an open source version of a very commonly connected
object—a Wi-Fi power plug. Indeed, these kind of plugs can be bought from many
stores, and usually come with their own iOS or Android app.

In this chapter, we will build such a power plug from scratch, based on Arduino.
We will connect a relay module, a current sensor, and a Wi-Fi module to an Arduino
board to make our own Wi-Fi power plug. The power plug will be able to switch
any device on and off, and will continuously measure the power consumption

of the device.

We will build an Android app to switch on and off the power plug remotely via
Wi-Fi. We will also be able to get the power output on request and display it on
a screen.

The following topics will be the major takeaways from this chapter:

* Connecting a relay module, a current sensor, and a Wi-Fi module to Arduino
* Controlling the project by sending commands via Wi-Fi

* Building an Android application to control the project from a mobile phone
or tablet

Hardware and software requirements

First, let's see the required hardware components for this chapter.

We need an Arduino Uno board. To control the lamp remotely (the lamp was used as
an example in the chapter, but of course any 110V or 230V device can be used here),
you will also need a relay module. We used a 5V relay module from Polulu, but you
can use any 5V relay module that you want.
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To measure the instant power consumption of the device connected to the plug, you
will also need a current sensor. For this part, we will choose a breakout board based
on the ACS712 chip. The following is a picture of the board I used:

You will also need a board that includes the CC3000 Wi-Fi chip, which we will use to
receive commands via the Android device. For this project, we will choose a CC3000
breakout board from Adafruit. Of course, you can also use a shield from the same
brand for this project; the code will be exactly the same.

To make the different connections, you will also need a breadboard and some
jumper wires.

The following is a list of the components that were used in this project:

The Arduino Uno board (https://www.adafruit.com/products/50)
The 5V relay module (http://www.pololu.com/product/2480)
The current sensor (http://imall.iteadstudio.com/im120710011.html)

The Adafruit CC3000 Wi-Fi breakout board (https://www.adafruit.com/
product/1469)

The breadboard (https://www.adafruit.com/products/64)

Jumper wires (https://www.adafruit.com/products/1957)
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To connect a lamp or any other device to the project, you will need a pair of power
cables: one male power plug and one female power plug. You will also need some

screw terminals to make the required connections. The following is an image of the
cables I used for this project:

Warning;

* It can be dangerous to use high-voltage devices with such project. So,
% make sure to carefully follow all the instructions in the next section. Of
course, you can make the entire project without connecting the project
to the mains electricity; the principles are exactly the same.

On the software side, you will need the latest version of the Arduino IDE. You will
need the library for the CC3000 chip found at https://github.com/adafruit/
Adafruit_CC3000_Library.

You will also need the aREST library found at https://github.com/
marcoschwartz/aREST.

To install an Arduino library, simply put the 1ibrary folder into your /libraries
folder inside your main Arduino folder.

Configuring the hardware

It's now time to assemble the hardware part of the project. Let's start by connecting
the Adafruit CC3000 breakout board. First, connect the Arduino Uno +5V pin to the
red rail on the breadboard, and the ground pin to the blue rail.
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Then, connect the IRQ pin of the CC3000 board to pin number 3 of the Arduino
board, VBAT to pin 5, and CS to pin 10. After that, you will need to connect the
SPI pins to the Arduino board: MOSI, MISO, and CLK go to pins 11, 12, and 13,
respectively. Finally, take care of the power supply: VIN goes to the Arduino 5V
(red power rail) and GND to GND (blue power rail).

The following is a schematic of the project, without the relay module connected:
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We will now connect the relay module. First, connect the power supply: the VCC
pin of the relay goes to the red power rail, and the GND pin goes to the blue power
rail. Then, connect the signal pin of the relay (usually denoted as SIG) to Arduino
pin number 8 followed by the current sensor. Like the relay, connect the power first:
the VCC pin of the relay goes to the red power rail, and the GND pin goes to the
blue power rail. Then, connect the signal pin of the sensor (usually denoted as SIG or
OUT) to Arduino analog pin AO.
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We will now take care of connecting the project to the device you want to control,
and to the mains electricity.

Be very careful at this step as it involves high voltages (110V or 230V),
. which can be lethal. Also, make sure that you always connect the
% project to the mains electricity when you check everything else. When
L all other connections are done, make sure that you are not touching
any bare cables. It is also recommended that you put the complete
project in a plastic enclosure.

The following schematic describes how the different cables are connected to the relay
and to the current sensor:

Male Power Plug

COM _I

Relay NC

NO

Female Power Plug

+

Current Lamp
Sensor i

Note that as we are using AC voltages, the polarity of the cables doesn't matter here.
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The following is an image illustrating the different connections between the cables,
the relay, and the current sensor:

Finally, the following is an image of the complete project, with the male cable
connected to the mains electricity, and a lamp connected to the female plug;:
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Testing the relay

We will now test the project, by testing the relay and switching it on and off. This
will ensure that the relay is correctly connected to your Arduino board, and that

the power cable connections are correctly done (otherwise, no electricity will flow
through the connected device). Again, check every single connection before plugging
the project into the mains electricity.

The following is the complete Arduino sketch for this part:

// Relay pin
const int relay pin = 8;

void setup() {
pinMode (relay pin, OUTPUT) ;

}
void loop() {

// Activate relay
digitalWrite(relay pin, HIGH) ;

// Wait for 5 seconds
delay (5000) ;

// Deactivate relay
digitalWrite(relay pin, LOW);

// Wait for 5 seconds
delay (5000) ;

}

We will now consider the details of this sketch. It starts by declaring which pin the
relay is connected to:

const int relay pin = 8;
Then, in the setup () function of the sketch, we will declare this pin as an output:
pinMode (relay pin, OUTPUT) ;

Finally, in the 1oop () function of the sketch, we will switch the pin from the on state
to the off state every 5 seconds:

// Activate relay
digitalWrite(relay pin, HIGH) ;

// Wait for 5 seconds
delay (5000) ;
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Note that you can find the complete code for this part in the GitHub repository of the
book at https://github.com/marcoschwartz/arduino-android-blueprints.

Make sure that everything is connected correctly, that you have a device (like a lamp)
connected to our project and that the project is plugged into the mains electricity.
Again, check that every connection is correctly made before plugging the project into
the mains electricity. You can now upload the sketch to your Arduino board. You
should hear the relay switching on and off, and see the lamp switching on and off

as well.

Writing the Arduino sketch

Now that we are sure that the connections of the relay, the current sensor, and the
power cables are correct, we will write an Arduino sketch to accept connections
coming via Wi-Fi from the Android device.

The following is the complete sketch for this part:

// Import required libraries
#include <Adafruit CC3000.h>
#include <SPI.h>

#include <aREST.h>

// Relay state
const int relay pin = 8;

// Define measurement variables
float amplitude current;
float effective value;

float effective voltage = 230.; // Set voltage to 230V (Europe) or
110V (US)

float zero_sensor;

// These are the pins for the CC3000 chip if you are using a breakout
board

#define ADAFRUIT CC3000 IRQ 3
#define ADAFRUIT CC3000 VBAT 5
#define ADAFRUIT CC3000 CS 10

// Create CC3000 instance

Adafruit_CC3000 cc3000 = Adafruit CC3000 (ADAFRUIT CC3000_CS, ADAFRUIT
CC3000_IRQ, ADAFRUIT CC3000_VBAT,

SPI_CLOCK DIV2) ;
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// Create aREST instance
aREST rest = aREST() ;

// Your WiFi SSID and password

#define WLAN_SSID "yourWiFiNetworkName"
#define WLAN_PASS "yourPassword"
#define WLAN SECURITY WLAN SEC_WPA2

// The port to listen for incoming TCP connections
#define LISTEN PORT 80

// Server instance
Adafruit CC3000_ Server restServer (LISTEN PORT) ;

// Variables to be exposed to the API
int power;

void setup (void)

{

// Start Serial
Serial.begin(115200) ;

// Init variables and expose them to REST API
rest.variable ("power", &power) ;

// Set relay pin to output
pinMode (relay pin, OUTPUT) ;

// Calibrate sensor with null current
zero_sensor = getSensorValue (A0) ;

// Give name and ID to device
rest.set id("001");
rest.set name("smart lamp");

// Set up CC3000 and get connected to the wireless network.
if (!cc3000.begin())

{

while (1) ;

if (!cc3000.connectToAP(WLAN_SSID, WLAN PASS, WLAN_SECURITY)) {
while (1) ;
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while (!cc3000.checkDHCP())

{

delay (100) ;

// Display connection details
displayConnectionDetails () ;

// Start server
restServer.begin() ;
Serial.println(F("Listening for connections..."));

void loop ()

// Perform power measurement
float sensor value = getSensorValue (A0) ;

// Convert to current
amplitude current = (float) (sensor value-zero
sensor) /1024*5/185%1000000;
effective value = amplitude current/1.414;
power = (int) (abs(effective value*effective voltage/1000)) ;

// Handle REST calls
Adafruit CC3000 ClientRef client = restServer.available();
rest.handle (client) ;

// Function to display connection details
bool displayConnectionDetails (void)

{

uint32 t ipAddress, netmask, gateway, dhcpserv, dnsserv;

if (1cc3000.getIPAddress (&ipAddress, &netmask, &gateway, &dhcpserv,
&dnsserv) )

{

Serial.println (F("Unable to retrieve the IP Address!\r\n"));

return false;

}

else

{
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Serial.print (F("\nIP Addr: ")); cc3000.printIPdotsRev (ipAddress) ;
Serial.print (F("\nNetmask: ")); cc3000.printIPdotsRev (netmask) ;
Serial.print (F("\nGateway: ")); cc3000.printIPdotsRev(gateway) ;
Serial.print (F("\nDHCPsrv: ")); cc3000.printIPdotsRev (dhcpserv) ;
Serial.print (F("\nDNSserv: ")); cc3000.printIPdotsRev (dnsserv) ;
Serial.println() ;

return true;

// Get the reading from the current sensor
float getSensorValue (uint8 t pin)

{

uintlé t sensorValue;

float avgSensor = 0;
uint8 t nb measurements = 100;
for (uint8 t i = 0; i1 < nb measurements; i++) {

sensorValue = analogRead (pin) ;

avgSensor = avgSensor + float (sensorValue) ;
avgSensor = avgSensor/float (nb_measurements) ;
return avgSensor;

}

Now, let's look in more detail at the Arduino sketch. It starts by importing the
required libraries for this project:

#include <Adafruit CC3000.h>
#include <SPI.h>

#include <CC3000_ MDNS.h>
#include <aREST.h>

We also have to define which pin the relay module is connected to:

const int relay pin = 8;

Then, we have to declare some variables that will help us to measure and calculate
the power consumption of the device:

float amplitude current;

float effective value;

float effective voltage = 230.; // Set voltage to 230V (Europe) or
110V (USs)

float zero_ sensor;
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At this point, you should also change the value of the effective voltage so that it
matches the voltage of your country.

Then, we have to define the pins on which the CC3000 Wi-Fi chip is connected to:

#define ADAFRUIT CC3000_ IRQ 3
#define ADAFRUIT CC3000 VBAT 5
#define ADAFRUIT CC3000_CS 10

We can now create an instance of the CC3000 Wi-Fi chip:

Adafruit_CC3000 cc3000 = Adafruit CC3000 (ADAFRUIT CC3000_CS, ADAFRUIT
CC3000_IRQ, ADAFRUIT CC3000_VBAT,
SPI_CLOCK DIV2) ;

We will also need to create an instance of the aREST library:
aREST rest = aREST() ;
You will now have to modify the code to put your Wi-Fi network credentials:

#define WLAN SSID "yourWiFiNetworkName"
#define WLAN PASS "yourPassword"
#define WLAN SECURITY WLAN SEC WPA2

We will also define the port we want to listen to with the Wi-Fi chip:
#define LISTEN_PORT 80

After that, we will declare a server listening on that port:
Adafruit_CC3000_Server restServer (LISTEN_PORT) ;

Finally, we declare a variable that will contain the power consumption of the device,
which will be accessible from the outside via HTTP requests (within the same local
Wi-Fi network):

int power;

In the setup () function of the sketch, we will start the Serial connection:
Serial.begin(115200) ;

We will also expose the power consumption variable to the aREST API:
rest.variable ("power", &power) ;

We will also declare the relay pin as an output:

pinMode (relay pin, OUTPUT) ;

[94]



Chapter 4

Then, we need to first take a measurement from the current sensor to get the value
that the current sensor returns when no current is flowing through the connected
device. This is done by a function that we won't detail here:

zero_sensor = getSensorValue (A0) ;

We will also assign an ID and name to our project:

rest.set_id("001");
rest.set name ("smart lamp") ;

After this, we will call a function to display the details of the Wi-Fi connection,
such as the CC3000 chip IP address:

displayConnectionDetails () ;

To end the setup () function, we will start our Wi-Fi server:

restServer.begin() ;
Serial.println(F("Listening for connections..."));

Now, in the 1oop () function of the sketch, we will read data from the sensor,
which is connected on the analog pin AO:

float sensor value = getSensorValue (A0) ;

Once we get this value, we can calculate the current from it as well as the device
power consumption:

amplitude current = (float) (sensor value-zero
sensor) /1024*5/185*1000000;

effective value = amplitude current/1.414;
power = (int) (abs(effective value*effective voltage/1000)) ;

Basically, the manufacturer of the current sensor gives the first formula. Then, we
get the effective current by dividing the amplitude current by the square root of 2,
which is approximately 1.414. Finally, we get the effective power by multiplying the
effective current with the effective voltage (and dividing it by 1,000 to have a result
in Watts). Once the measurements are done, we process the incoming requests using
the aREST library:

Adafruit CC3000_ClientRef client = restServer.available();
rest.handle(client) ;

Note that you can find the complete code for this part inside the GitHub repository of
the book at https://github.com/marcoschwartz/arduino-android-blueprints.
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Don't forget to change the sketch to include your own Wi-Fi network name and
Wi-Fi network password. You can now upload the code to your Arduino board,
and open the Serial monitor. The following result is what you should see after

a while (of course, the IP address of your board and the other parameters will
probably be different):

IP Addr: 192.168.1.130
Netmask: 255.255.255.0
Gateway: 192.168.1.1
DHCPsrv: 0.0.0.0

DNSserv: 192.168.1.1
Listening for connections...

Write down the IP address that appeared in your Serial monitor — you will need

it now, and while writing the Android application later. Now, we will test the Wi-Fi
connection by sending some command to the project. You can go to your favorite
web browser and type the following;:

192.168.1.130/digital/8/1

Of course, you need to change the IP address with your own board's IP address as it
was displayed in the Serial monitor. You should see that the relay instantly switches
on, and you should be greeted by the following message:

{"message": "Pin D8 set to 1", "id": "001", "name": "smart lamp",
"connected": true}

You can now switch it off again with:
192.168.1.130/digital/8/0

We are now going to try to read the power consumption of the device. You can do
so by typing;:

192.168.1.130/power
You should be greeted by the following answer:

{"power": 0, "id": "001", "name": "smart lamp", "connected": true}

If you can see this, then it means that the sensor was correctly calibrated (as the
power is 0) and that the power variable was correctly exposed to the aREST API.
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Wireframing our Android application

The rigorous approach of wireframing our application before starting to write
any code will help us provide a better user experience. The following is the paper
prototype that we would like to follow when it comes to implementing our final code:

We will go ahead and create a new project entitled Arduino wifi in Android Studio
with a minimum SDK of 15 and maximum SDK of 19 (which at the time of writing
is the most stable version of the Android SDK). This will enable us to cater to more
than 80% of Android devices in the market. A project with a blank activity should be

enough to start off this project.

Once you've got the project set up, we will go ahead and direct the Android layout
files, which can be found by navigating to app > src > res > layout > activity_

main screen.xml.
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We will apply a relative layout first, and within this layout, drag-and-drop
four buttons together with a TextView, which will look roughly as follows
(at this point, there is no need to focus on the aesthetic quality of the layout):

¥
1181 arduinowifi

Hello Test

Open the Gate
Switch On  Switch Off

Check Power

o O =

We will also identify each user interface item as follows:

* The Open the Gate button: openGateButton
* The Switch On button: switchOnButton

* The Switch Off button: switchOffButton

* The Check Power button: checkPowerButton

* The Power Output text view: powerOutput

Implementing our layouts into the code

We will first start off by declaring a sString TAG object, which refers to
MainActivity and which will be used for logging purposes:

public static final String TAG = MainScreen.class.getSimpleName () ;

Then, we will follow this by declaring all our view variables and assigning them to
the 1ayout elements within the onCreate method, which means that the onCreate
method will look as follows:

@Override
protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
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setContentView (R.layout.activity main screen) ;

//Declare our View Variables and assign them to the layout
elements

Button checkPowerButton = (Button) findViewById(R.
id.checkPowerButton) ;

Button openTheGateButton = (Button) findviewById(R.
id.openGateButton) ;

Button switchOnButton = (Button) findViewById(R.
id.switchOnButton) ;

Button switchOffButton = (Button) findViewById(R.

id.switchOffButton) ;

checkPowerButton.setOnClickListener (new View.OnClickListener ()

@Override
public void onClick (View v) {
if (isNetworkAvailable())

checkPowerTask getPowerTask = new
checkPowerTask () ;

getPowerTask.execute () ;

3N

openTheGateButton.setOnClickListener (new View.
OnClickListener() {

@Override
public void onClick (View v)
if (isNetworkAvailable())

SwitchOpenTask switchOpenTask = new
SwitchOpenTask () ;

switchOpenTask.execute() ;

3N

switchOnButton.setOnClickListener (new View.OnClickListener () ({
@Override
public void onClick (View v)
if (isNetworkAvailable())
SwitchOnTask switchOnTask = new SwitchOnTask() ;
switchOnTask.execute () ;
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1)

switchOffButton.setOnClickListener (new View.OnClickListener ()

@Override
public void onClick (View v)
if (isNetworkAvailable()) {
SwitchOffTask switchOffTask = new SwitchOffTask() ;
switchOffTask.execute () ;

As you can see in the preceding code, we refer to a number of ASync tasks, which we
will refer to together with a JSON parser that we will be using to parse the data from
the Arduino and adapt it to the power output text view.

ASync tasks will help us run the application tasks separately from the main user
interface thread and hence significantly improve the responsiveness of the user
interface and thus enhance the user experience.

With the following code, you will need to replace the yourip part with your own IP
address, which you have found in the Arduino IDE Serial monitor. You will be able
to declare the IP address within the Main Activity declaration as follows:

public static final String URL = "yourip";

We will then declare the following AsyncTasks object to enable the different actions
we would like to achieve:

private class SwitchOpenTask extends AsyncTask<Object,Void,Strings> {

@Override

protected String doInBackground(Object... arg0) {
int responseCode = -1;
try {

URL restApiUrl = new URL ("http:// " + URL +
"mode/8/0") ;

HttpURLConnection connection = (HttpURLConnection)
restApiUrl.openConnection () ;

connection.connect () ;
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responseCode = connection.getResponseCode () ;
Log.i (TAG, "Code" + responseCode) ;
}
catch (MalformedURLException e) {
Log.e (TAG, "Malformed Exception Caught:", e);
}
catch (IOException e) {
Log.e (TAG, "IO Exception Caught:", e);
e.printStackTrace() ;
}
catch (Exception e) {
Log.e (TAG, "Generic Exception Caught:", e);

}

return "Code: " + responseCode;

}

private class SwitchOnTask extends AsyncTask<Object,Void, String>

@Override

protected String doInBackground (Object... arg0) {
int responseCode = -1;
try {

URL restApiUrl = new URL ("http://" + URL + "/
digital/s/1");

HttpURLConnection connection = (HttpURLConnection)
restApiUrl.openConnection () ;

connection.connect () ;

responseCode = connection.getResponseCode () ;
Log.i (TAG, "Code" + responseCode) ;
}
catch (MalformedURLException e) {
Log.e (TAG, "Malformed Exception Caught:", e);
}
catch (IOException e) {
Log.e (TAG, "IO Exception Caught:", e);
e.printStackTrace() ;
}
catch (Exception e) {
Log.e (TAG, "Generic Exception Caught:", e);
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return "Code: " + responseCode;

}

private class SwitchOffTask extends AsyncTask<Object,Void, Strings>

@Override

protected String doInBackground (Object... arg0) {
int responseCode = -1;
try {

URL restApiUrl = new URL ("http://" + URL + "/
digital/s/o");

HttpURLConnection connection = (HttpURLConnection)
restApiUrl.openConnection () ;

connection.connect () ;

responseCode = connection.getResponseCode () ;
Log.i (TAG, "Code" + responseCode) ;
}
catch (MalformedURLException e) {
Log.e (TAG, "Malformed Exception Caught:", e);
}
catch (IOException e) {
Log.e (TAG, "IO Exception Caught:", e);
e.printStackTrace() ;
}
catch (Exception e) {
Log.e (TAG, "Generic Exception Caught:", e);

}

return "Code: " + responseCode;

}

private class checkPowerTask extends AsyncTask<Object,Void, Strings>

@Override
protected String doInBackground (Object... arg0) {
int responseCode = -1;

String result = null;
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try {
URL restApiUrl = new URL ("http://" + URL + "/power");

HttpURLConnection connection = (HttpURLConnection)
restApiUrl.openConnection () ;

connection.connect () ;

responseCode = connection.getResponseCode () ;

InputStream is = null;
//http post request
try(
String postQuery = "http://" + URL + "/power";
HttpClient httpclient = new DefaultHttpClient () ;
HttpPost httppost = new HttpPost (postQuery) ;
HttpResponse response = httpclient.
execute (httppost) ;
HttpEntity entity = response.getEntity () ;
is = entity.getContent () ;
}catch (Exception e) {
Log.e("log tag", "Error in http connection "+e.
toString()) ;

}

//convert response to string
try(
BufferedReader reader = new BufferedReader (new Inp
utStreamReader (is, "UTF-8"), 8) ;
StringBuilder sb = new StringBuilder() ;
String line = null;

while ((line = reader.readLine()) != null) {
sb.append(line + "\n");

}

is.close() ;

result=sb.toString() ;
Log.v (TAG, result) ;

} catch(Exception e) {
Log.e("log tag", "Error converting result "+e.
toString()) ;

}

//parse json data
try {
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JSONObject userObject = new JSONObject (result) ;
final String powerOutputText = userObject.
getString ("power") ;

activity.runOnUiThread (new Runnable()
@Override
public void run()
TextView powerOutput = (TextView)

findviewById (R.id.powerOutput) ;
powerOutput . setText (powerOutputText +

IIWII);

3N

} catch(JSONException e) {
Log.e (TAG, "JSON Exception Caught:", e);

}

catch (MalformedURLException e) {
Log.e (TAG, "Malformed Exception Caught:", e);
}
catch (IOException e) ({
Log.e (TAG, "IO Exception Caught:", e);
e.printStackTrace() ;
}
catch (Exception e) {
Log.e (TAG, "Generic Exception Caught:", e);

}

return "Code: " + responseCode;

}

We will add another helper method at the bottom to make sure that Wi-Fi network
connectivity is available:

private boolean isNetworkAvailable() {

ConnectivityManager manager = (ConnectivityManager)
getSystemService (Context .CONNECTIVITY SERVICE) ;

NetworkInfo networkInfo = manager.getActiveNetworkInfo() ;

boolean isAvailable = false;
if (networkInfo != null && networkInfo.isConnected()) ({
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isAvailable = true;

}

return isAvailable;

}

Before going ahead, we will need to add the following permissions to our Android
Manifest file, which is available at app > src > main > AndroidManifest .xml.

The following permissions will allow us to access the Wi-Fi network capabilities of
the Android device:

<uses-permission android:name="android.permission.INTERNET"/>
<uses-permission android:name="android.permission.ACCESS NETWORK

STATE" />
<uses-permission android:name="android.permission.ACCESS WIFI
STATE" />

After this, you can go ahead and compile the app. It's also important to note that
Wi-Fi has a latency of about 300 ms and, depending on your Wi-Fi network, the
value might take a significant amount of time to update the user interface.

If you are struggling with following along, you can also refer to the final project
by checking out the GitHub repository at https://github.com/marcoschwartz/
arduino-android-blueprints.

Polishing the user interface and experience

Once we have managed to finalize our code and assure ourselves that the user
interface is being updated with the power value and that we can switch on and
off the lamp, we can proceed to improve our user interface.

We will improve the user interface with the following main actions:

* Adding a new app icon
* Enlarging the power output text
* Aligning and styling the buttons

* Changing the application name in the action bar
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Adding a new app icon

First, we will start off by downloading the image asset. It's available within the GitHub
repository and as a public download at http://bit.ly/iclauncherchapter4.

You should navigate using the project tree, followed by a right-click on the app
folder, as shown in the following screenshot:

v arduinoWifi (~/CDrive [ArduinoAndroidGit/arduir
> .idea
¥ Liapp
> build
libs
v src
v main
v java
v arduinoandroidblueprints.arduin
c MainScreen

v drawable

< button.xml
drawable-hdpi
drawable-mdpi
drawable-xhdpi
drawable-xxhdpi
layout

4 vy v¥Yvy

When you right-click on app, create a new image asset by navigating to New >
Image Asset, as shown in the following screenshot:

v Chapp I pacKage="com. arauInoanaroy
> Crouil Y =5 Module N
libs =l File :n
v [isrc \( Cut 38X Directory me

» oM GoR, me

v M Copy Path 1 8C !
ol Copy Reference N4oeC § AIDL B ht
, [ Paste E Y w Activity > bo
) _ ' Folder > e/

Find Usages XF7 U & rraarmant >

[106]


http://bit.ly/iclauncherchapter4

Chapter 4

You will then be shown an Asset Studio pop-up window, which will allow you

to choose your very own image file, as shown in the following screenshot. For
optimization purposes, we recommend that you go for a .png file with a resolution
of 144 pixels by 144 pixels. Android Studio automatically does all the resizing and
resource creation to adapt your graphic to different screens:

LESN ) Asset Studio
Asset Type: Launcher Icons v Preview
Foreground: * Image Clipart Text | Qi
Image file: ojects/NewAndroidModule/root/res /drawable-xhdpi/fic_launcher.png | -
MDPI
Trim surrounding blank space
Additional padding: . IQ”
Foreground scaling: () Crop Center
Shape: () None Square Circle HDPI
Background color:
Resource name: ic_launcher ' - u
XHDPI
XXHDPI
Description
A drawable resource named ic_launcher already exists and will be overwritten.
? Cancel Previous [—M
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Once you choose the ic_launcher image file that we have provided you with, you
will be shown a screen with the icon in different sizes. Click on Next, where you will
see the following screen:

[ ] [ ] Asset Studio
Target Module: Module: ‘app’ s
Res Directory: src/main/res s

Output Directories: v [ res
v drawable-hdpi

ic_launcher.png

v drawable-mdpi

ic_launcher.png

o)

v drawable-xhdpi

ic_launcher.png

v drawable-xxhdpi

|

Some existing files will be overwritten by this operation. Files which replace existing files are marked red in the preview
above.

? Cancel Previous Finish

This screen warns you that the previous files will be overwritten and shows you the
image launcher file in a number of different resolutions once again. Click on Finish,
compile the app, launch it on your physical device, and you should see something
pleasant in your app tray and in the app's action bar, which is shown as follows:

T

WiF1 Lamp
Switch
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Centering and enlarging the data output text

In order to edit the layout for the main text output where the sensor data will be
shown, we will need to open the project tree and navigate towards the layout file,
which is available at app > src > main > res > layout > activity main screen.xml.

Once in this view, we recommend that you modify the text using the text view. This
will allow you finer control and get you used to the different conventions used when
editing Android layout files programmatically.

When opening the activity main_screen.xml file, we will see the different XML
codes for the buttons and Text Views. At this point, look out for the code that takes
care of the power Data Output TextView and add the following code:

android:textSize="100sp"
android:textAlignment="center"

The whole block of code responsible for the Sensor Data Output TextView will
now look as follows:

<TextView
android:layout width="wrap_ content"
android:layout height="wrap_ content"
android:text="100W"
android:textSize="100sp"
android:id="e@+id/powerOutput"
android:textAlignment="center"
android:layout_alignParentTop="true"
android:layout centerHorizontal="true"
android:layout _marginTop="78dp"
/>

In this block of code, we temporarily used the placeholder text 100w so that we
can approximate how it will look with the Android layout designer. With this
modification, the sensor data is now big enough to show to the user and will
be part of the enhancement within the user experience.

Aligning and styling the buttons

For our final steps, we will modify our buttons and add some color to the text.

There will be two steps when creating the new buttons:

1. Create a drawable folder with a new XML drawable file known
as button.xml.

2. We will then connect the drawable resource file to the main Android
layout file.
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Create the drawable folder by right-clicking on the res folder, which is available at
app > src > main > res.

After creating the drawable folder within the res folder, we need to once
again right-click on the new drawable folder and navigate to New > Drawable
Resource File.

Name the file button and type down shape as the root element followed by clicking
on OK.

Within the button.xml file, we will add the following code:

<?xml version="1.0" encoding="utf-8"?>
<shape xmlns:android="http://schemas.android.com/apk/res/android">
android:shape="rectangle" >
<corners
android:radius="30dp"/>
<solid
android:color="#FFFFFF" />
<padding
android:left="0dp"
android:top="0dp"
android:right="0dp"
android:bottom="0dp"/>
<size
android:width="120dp"
android:height="60dp"/>
<stroke
android:width="2dp"
android:color="#4A90E2" />
</shape>

Then, we go towards the activity main_screen.xml file and refer to this drawable
by including the following line of code within the button modules:

android:background="@drawable/button"

We will add some flavor by adding the following line of code to the Button and
TextView modules within the activity main screen.xml file:

android:textColor="#4A90E2"

The #4A90E2 term refers to the hex code of the main color used in the app icon so
that we maintain some consistency with the main user interface.
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Changing the application name within the
action bar

We all would like to customize the name of the app to one of our own liking and that
will be the easiest thing within our project! We will just go over to the strings.xml
file where we have all our constant text values within the project. This is available at
app > src > res > values > string.xml.

Then, you can change the text of arduinowifi to any name of your liking. In this
case, we will stick to WiFi Lamp Switch:

<string name="app name">WiFi Lamp Switch</strings>

Our final project should now look as follows (device used in this case is a Nexus 4):

‘ = WiFi Lamp Switch

100W

| Open the Gate |
)

Y
| Switch On SwitchOff |

| Check Power |

It's important to note that screen layouts might vary depending on different devices.
In this case, you might have to adapt your Android layout file to your specific
physical device.
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How to go further

The options are endless when it comes to further modifying the Android app, and
there are a number of implementations that can improve the app, such as real-time
monitoring, where the power data output will refresh automatically. In addition, this
data can provide a use case for data that is being generated to be stored in the cloud,
which can be analyzed, allowing for the creation of graphical interpretations of this
data. Such graphical interpretations can be correlated to the time of day and can help
the user understand when the greatest power consumption occurs.

From a coding point of view, we can refactor our code, which implies that we simplify
and reuse our code effectively. In fact, refactoring could definitely be achieved with
the JSON parser, which could be refactored into its own class and which we opted on
leaving out in the current setup so as to facilitate the learning process.

With regards to user experience, a new EditText field could be introduced together
with a Submit button so as to allow the user to manually change the IP address,
which will be called when discovering the IP address from the Arduino Serial
monitor. Within this code, we use the concatenation and URL builder to form the
right command.

Summary

We created a DIY version of a smart power switch, based on Arduino, and controlled
by an Android application via Wi-Fi. We connected all the required components to
the Arduino board, wrote an Arduino sketch to accept commands via Wi-Fi, and
finally, created an Android application to control the switch remotely.

In the next chapter, we will use another Arduino board, called the Arduino Yun,
where we will be able to plug an USB camera. As this board will have Wi-Fi as well,
we will use the project to create a remote Wi-Fi security camera.
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In this chapter, we will build a Wi-Fi remote security camera. The camera itself will
be based on the Arduino Ytin and a standard USB webcam. The Arduino Yun is a
powerful Arduino board that has an onboard Linux machine and Wi-Fi connectivity.
The Arduino Yun will take the video coming from the camera and stream it on the
local Wi-Fi network.

Then, we will be able to access the video stream from our physical Android device.
This will give us the mobile flexibility to access our video stream from anywhere in
our home.

From this chapter, you will learn how to:

* Use the Arduino Ytuin and connect a USB camera to it
* Configure the Yuin to stream the video over your local Wi-Fi network

* Build an Android application to get the stream from the USB camera

Hardware and software requirements

The Wi-Fi remote security camera project is based around the Arduino Yun board.
The Arduino Yun is a powerful Arduino board with integrated Wi-Fi and an
onboard Linux machine based on a very small Linux distribution called OpenWrt.
It also has a USB port so that you can connect hard drives, cameras, or other USB
devices. We will use all these features in this project.
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The following is an image of the board that was used in this project:

ARDUINO.CC i 2

~

egg b i
: S 1 i

You will also need a USB camera to stream live video with the Yun. You can
basically get any camera that is compatible with USB Video Class (UVC).
For this project, I used a Logitech C270 HD camera.

If you plan to use the camera for other applications, such as recording still pictures
on the Yun, you will also need a microSD card to save the data. Finally, you will
need a micro USB cable to power the Yun. The following is a list of all hardware
components that are required for this chapter:

* Arduino Yun (https://www.adafruit.com/products/1498)

* A UVC compatible USB camera (http://en.wikipedia.org/wiki/List
of USB_video_class_devices)

e A micro USB cable

* A 4GB microSD card, which is optional (https://www.adafruit.com/
products/102)
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You will need to configure your Arduino Yun by following the official guide so that
it can connect to your Wi-Fi network:

http://arduino.cc/en/Guide/ArduinoYin

Note that you might have problems configuring your Arduino Yun if you are behind
a proxy. If this is the case, try disabling the proxy to see if it solves the problem.

If your Yun is not recent, you might need to update OpenWrt (the Yun's operating
system) to the latest version. The procedure is described in the guide and can be
found at http://arduino.cc/en/Tutorial/YinSysupgrade.

After the Wi-Fi configuration is done, we will install the required packages to
handle the camera and stream video on your local Wi-Fi network. Go to a terminal
(use a terminal software, such as PuTTY or OpenSSH, if you are using Windows),
and type the following command:

ssh root@yourYinName.local

Of course, you need to change the command with the name of your Arduino Yun
that you defined when configuring it. If you forgot the name of your board, you will
need to reset the Yuin and configure it again.

You will then be prompted to enter your password that you defined during the
Yun's configuration step. You will then be greeted by a screen similar to the one
shown in the following screenshot:

[BusyBox v1.19.4 (2013-08-87 16:16:02 CEST) built-in shell (ash)
Enter 'help' for a list of built-in commands.

FATEAN - FATEAN - FAVEAN FATEAY
AT FAYERY A | TAYERY AE | AR
AT AHANEAY THHE! ASANEAY rTHH B! THATAAY
AV PARAVEA N A I R . FAR AV A VA N R P & VAR S AN
fof_t EAVAVARY AV AN T BVAVEEA NS S VAV AV VAN I BV AV N AV AR AR A VAN
AHANEAY FAYAY ) AV H VAV AVAVAV R NN/ NN N S
ATATERY Nen/_ S |s/:f F Nii/__J |2f2f 7 ASANRVAY A
LAY LAY ) LA AN |::/ / AV VAN
LRV VA AT AV AV \id oS
NS NS A AV

root@yArduinoYun:~# |
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You can are now logged into the Arduino Yun. You can type the following command
to update the list of available packages:

opkg update
Then type this command to install the required packages for live video streaming;:

opkg install kmod-video-uvc mjpg-streamer

Hardware configuration

The hardware configuration for this project is really simple. First, insert the
formatted microSD card into the Arduino Yun SD card reader, as shown in the
following screenshot:

[116]



Chapter 5

After this, you just have to connect the USB camera to the host USB port of the Yun,
as shown in the following screenshot:

To finish the hardware configuration of the project, simply connect the board to
power via the micro USB port (actually, you don't even need to connect it to your
computer, the Arduino Yun can work completely independently!).

Setting up video streaming

We will now set up the Arduino Yun so that it continuously streams video.
Once more log in to your Arduino Yun using the following command:

ssh root@yourYinName

Again, replace the command with the name of your Arduino Yun. Then type the
following command:

mjpg streamer -i "input uvc.so -d /dev/videoO -r 640x480 -f 25" -o
"output http.so -p 8080 -w /www/webcam" &
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This basically means that it will start the streaming at a resolution of 640 x 480,

at 25 frames per second, and on the 8080 port.

You should see a series of commands being printed inside the terminal, meaning
that the Yun is now streaming live video on your Wi-Fi network. Now, go to your

favorite web browser and type yourYanName . local:8080.

This will open the main streaming interface, where you can select the desired
streaming type. To access the stream itself for a test, go to http://arduinoyun.

local:8080/stream.html.

Note that this link is only valid within your own local Wi-Fi network. You will
be greeted with the live stream coming from your Arduino Yun, as shown in the

following screenshot:

MIPG-Streamer

Demo Pages
a ressource friendly streaming
application

Home
Static
Stream
Java
Javasaipt
VideoLAN
Control

Version info:
V0.1 (Okt 22, 2007)

Stream

Display the stream

Hints
This example shows a stream. It works with a few browsers like Firefox for example. To
see a simple example click here. You may have to reload this page by pressing F5 one
or more times.

Source snippet

«<img src="/?action=strean’ />

© The MIPG-streamer team | Design by Andreas Viklund
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Implementing a fullscreen stream player
on Android

In this project, we will implement a very simple Android app that will show the
MJPEG stream from our Arduino Yun. We will assume that you will have switched
on the Auto-Import function within your Android Studio preferences. If not, kindly
activate it by going to the Auto-Import preferences and selecting all the available
options. The Auto-Import preferences are available on Mac and Windows as follows:

* Mac: Android Studio > Preferences > Editor > Auto-Import

*  Windows: File > Settings > Editor > Auto-Import
With all the necessary settings in place, we will first start off by creating a new
project where we will choose the following within the New Project setup:

¢ Name: Android Yun Security

*  Minimum SDK: 15

* Project: Blank Activity

* Activity Name: StreamActivity
In this project, we will be working with three Java classes and we will need to

create two classes, namely MjpegInputStream and MjpegView. The Java classes
are as follows:

* StreamActivity (the main activity that is created upon the start of a new
project)

® MjpegInputStream

® MjpegView

To create a new class, you will need to go to app > src > main > java > com.
domainofyourchoice.androidYunsecurity.
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Right-click on the package name and go on New > Java Class, as shown in the

following screenshot:

E Create new java class

@ Create Gist...

11 LF & UTF-8 &

@  Android Studio  File Edit View MNavigate Code Analyze Refactor Build Run Tools WCS Window Help &) "W 80% ([} 20:12 Stefan Q=
[ XX ] w SreamActivity java - [app] - Android Yun Secutity - [~/GD \ppe - Android Studio (Beta) 0.8.8
ooE O XMoo & B fwe-'> 0 @ $EE 4
© AndroidYanSecurity - app - jsre  imain O jwva [com [ arduincandroid [ asdrokdyunsecarity
[0 Praject F @ 10| & SreamActhityjava % | o activity streamxml & =
¥ [ AndroidYunSecurity (- /C0r 'And roid ay) £ ;
= 3
w v Ciapp B0verride 3
> Cbusd public boolean onCreateOptionsMenu(Mern menu) { -}
5 Cllibs. a5 fo the & -3
i ¥ Clsee y File “tream, menul; i
a » ClandroidTest # Cut BX & package o
s - Cow ®C - =
v ¥ Cimain . # Image Asset £
. v D Cepy Path oHC T
z - Toem §
¥ 1 com.arduincandrod.androkdyunsecy _ COPY Reference TouC | #ADL po eIt e . I
© b StreamActhiny ¥ Paste wy # Activity > o
- ¥ Folder » g
¥ Lares Find Usages XF? | @ F o - ;
» Exdrawable-hdpl Find in Path... T Gl £
b [Ddrawable-mdpl Replace in Path... MR : g:.u:gle > 3
» [ drawable-xhdpi Analyze " ar
[ drawable-xxhdpi ¥ Service ® Aliten);
» [ layout Refactar » % Ul Component »
b I menu # wear &
» Ejvakees Add to Favorites * W Widget L3
b Elvalues-wB20dp Show Image Thumbnails THET  § XML >
& AndroidManifest xml Reformat Code... THL
.ghignone Optimize Imports... X0
g [Messapes | Gradie Syne Delete... -4 b
B T ) Gradie wsks [:app-generateDebugSources] =
S 3 ‘app:preguild Make Module ‘app
a® T ‘app;preDebugBuld Create Run Configuration »
* i :app:checkDebugManifest P Run >
z hE :app:prepareCebugle pendencies # Debug *
p 4 B ‘app:compileDebughidi
! BT ‘app compileDebugRende rseript Local History »
2 ‘app.generateDebugBuildConfig U3 Synchronize “androidyunsecurity’
21:° ‘app generateDebughssess UP-TO-DATE
2 ‘app:mergeDebughssets Reveal in Finder
’ Compare Directory with... ®D -
R Termnal b Androd | [GiMessiges | = T000 E Evemlog 7 GradieComsole

i

First things first; this application won't be able to work if we don't declare the
Internet user permission. So, we head off to AndroidManifest.xml and we add
the following line of code below the package name:

<uses-permission android:name="android.permission.INTERNET"/>
<uses-permission android:name="android.permission.ACCESS WIFI STATE"

The Android manifest will look as follows when completed:

<?xml version="1.0" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.arduinoandroid.androidYlnsecurity" >

<uses-permission android:name="android.permission.ACCESS WIFI_
STATE" />
<uses-permission android:name="android.permission.INTERNET"/>
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<application

android:allowBackup="true"
android:icon="@drawable/ic_launcher"
android:label="@string/app_name"
android:theme="@style/AppTheme" >
<activity

android:name=".StreamActivity"

android:label="@string/app_name" >

<intent-filters>

<action android:name="android.intent.action.MAIN" />

<category android:name="android.intent.category.
LAUNCHER" />

</intent-filter>
</activity>
</application>

</manifest>

Then we head off to StreamActivity.java where we will start off our main
streaming activity. In this project, we will use ASync tasks to do our network activity.

We will first declare string TAG (which we will be using for logging) and
MjpegView (which refers to an instance of class that we have already created):

public class StreamActivity extends Activity {
private static final String TAG = "MjpegActivity";

private MjpegView mv;

In the onCcreate method, we will declare our URL and also declare a number
of parameters to set the video stream to fullscreen. It's important to replace
youripaddress with the IP address that you can easily find out from the
Arduino Yun web panel:

public void onCreate (Bundle savedInstanceState)
super.onCreate (savedInstanceState) ;

//sample public ca
String URL = "http://youripaddress:8080/?action=stream";

requestWindowFeature (Window.FEATURE NO TITLE) ;
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getWindow () .setFlags (WindowManager.LayoutParams.FLAG
FULLSCREEN,

WindowManager.LayoutParams.FLAG FULLSCREEN) ;

mv = new MjpegView(this) ;
setContentView (mv) ;

new DoRead () .execute (URL) ;

}

We will also need to declare the onpause () method that will be implemented when
the Android application is closed, where this method will pause the live stream so as
to not use the battery resources of the Android device:

public void onPause () {
super.onPause () ;
mv.stopPlayback () ;

}

After this, we will implement DoRead AsyncTask, which will perform HttpRequest
and communicate with the Arduino Yun server:

public class DoRead extends AsyncTask<String, Void,
MjpegInputStreams> {
protected MjpegInputStream doInBackground (String... url) ({

HttpResponse res = null;
DefaultHttpClient httpclient = new DefaultHttpClient () ;
Log.d(TAG, "1. Sending http request");
try {
res = httpclient.execute (new HttpGet (URI.
create(url[0])));

Log.d(TAG, "2. Request finished, status = " + res.
getStatusLine () .getStatusCode()) ;
if (res.getStatuslLine () .getStatusCode ()==401) {

//You must turn off camera User Access Control
before this will work

return null;

}

return new MjpegInputStream(res.getEntity ().

getContent ()) ;
} catch (ClientProtocolException e) {
e.printStackTrace() ;
Log.d (TAG, "Request failed-ClientProtocolException",
e);
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//Error connecting to camera
} catch (IOException e) {
e.printStackTrace() ;
Log.d(TAG, "Request failed-IOException", e);
//Error connecting to camera

return null;

}

Within the StreamActivity.Java class, we will implement onPostExecute (),
which as part of the AsyncTask API will make sure that the video stream player
shows up in the Main UI thread:

protected void onPostExecute (MjpegInputStream result)
mv.setSource (result) ;
mv.setDisplayMode (MjpegView.SIZE BEST FIT) ;
mv.showFps (true) ;

}

We will then open MjpegInputStream.java, where we will declare all the
necessary code needed to parse the data that is streamed from the Arduino Yun
to the Android device:

public class MjpegInputStream extends DatalnputStream {
private static final String TAG = "MjpeglInputStream";

private final byte[] SOI_MARKER { (byte) OxFF, (byte) 0xD8 };
private final byte[] EOF MARKER { (byte) OxFF, (byte) 0xD9 };
private final String CONTENT LENGTH = "Content-Length";

private final static int HEADER MAX LENGTH = 100;

private final static int FRAME MAX LENGTH = 40000 + HEADER MAX
LENGTH;

private int mContentLength = -1;

public MjpegInputStream(InputStream in)
super (new BufferedInputStream(in, FRAME MAX LENGTH)) ;

private int getEndOfSegeunce (DataInputStream in, byte[] sequence)
throws IOException {
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int segIndex = 0;

byte c¢;
for (int i=0; i < FRAME MAX LENGTH; i++) {
c = (byte) in.readUnsignedByte() ;
if (c == sequence[segIndex])
seqgIlndex++;
if (segIndex == sequence.length)
return i + 1;
}
} else {

seqgqIndex = 0;

return -1;

private int getStartOfSequence (DatalnputStream in, bytel]
sequence) throws IOException {

int end = getEndOfSegeunce (in, sequence) ;

return (end < 0) ? (-1) : (end - sequence.length);

private int parseContentLength (byte[] headerBytes) throws
IOException, NumberFormatException {

ByteArrayInputStream headerIn = new ByteArrayInputStream(head
erBytes) ;

Properties props = new Properties();
props.load (headerIn) ;
return Integer.parselnt (props.getProperty (CONTENT LENGTH)) ;

public Bitmap readMjpegFrame () throws IOException

mark (FRAME_MAX LENGTH) ;

int headerLen = getStartOfSequence (this, SOI_ MARKER) ;

reset () ;

byte[] header = new byte[headerLen] ;

readFully (header) ;

try {
mContentLength = parseContentLength (header) ;

} catch (NumberFormatException nfe) {
nfe.getStackTrace () ;
Log.d(TAG, "catch NumberFormatException hit", nfe);
mContentLength = getEndOfSegeunce (this, EOF MARKER) ;
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reset () ;

byte[] frameData = new byte[mContentLength] ;
skipBytes (headerLen) ;

readFully (frameData) ;

return BitmapFactory.decodeStream(new ByteArrayInputStream(fr
ameData)) ;

}
}

Last but not least, we will head off to MjpegView.java, where we will be declaring
a number of important methods to consolidate all of our application processes.
The MjpegView.java class is available at http://git.io/ Mu Gw.

Replace all the code within your version of the MjpegView. java class with the
one from the online repository and ensure that the package name and other class
references match the ones within your project.

Once you make sure that all your import statements are included within each
class with the Auto- Import function, you could go ahead and build the app and
test it on your physical device that is connected to the same Wi-Fi Network as your
Arduino Yun.

The final project should look something as follows:
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How to go further

An interesting implementation and further improvement on the basic Android app
would be to include the ability to take a snapshot when motion is detected in front of
the camera. This can be achieved through the OpenCV library for Android, which is
available at http://opencv.org/platforms/android.html.

Furthermore, the user interface could be improved to include the ability to take a
picture of that particular scene. This project could also be combined with the mobile
robot project, which we shall talk about later on, to have a live-streaming mobile
robot that can be controlled from the same Android application. The use cases for
modifying such a setup are endless, starting from remote baby monitors to medical
monitoring devices.

Summary

Let's summarize what we did in this chapter. We learned how to connect a USB
camera to the Arduino Yun, and configure the Arduino board so that it streams
video to our local Wi-Fi network. Then we created a new Android application to
watch the video stream of the camera on our Android phone or tablet. Therefore,
we created a simple Wi-Fi security camera based on Arduino and Android.

In the next chapter, we will do something different. We will use the gyroscope
of the Android phone to control a servomotor connected to an Arduino board.
We will be able to control the angle of rotation of the servomotor just by titling
the Android phone.
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In this book so far, we have used an Android device to control Arduino projects and
get readings from sensors connected to the Arduino board. In this chapter, we will
do something different: we will use the phone's sensors to control an Arduino board.

We will connect a servomotor to an Arduino board so that it can be controlled from
the Android phone. A servomotor is basically a motor whose angular position can
be precisely controlled by a microcontroller. We will use BLE once more to receive
commands from the Android device.

On the Android side, we will basically measure data coming from the phone's
gyroscope sensor continuously and convert this data into meaningful commands
for the servo. The goal is that the servo motor continuously follows the movement
of the Android device.

In this chapter, you will learn how to:

* Connect a servo motor to the Arduino platform
*  Write a sketch to receive commands via BLE

*  Write an Android application to control the servomotor using the
Android phone gyroscope

Hardware and software requirements
The first thing you will need for this project is an Arduino Uno board.
Then you will need a BLE module. We chose the Adafruit nRF8001 chip because it

comes with a nice Arduino library, and it has already existing examples of Android
apps to control the module.
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For the servomotor, we chose a simple 5V servo motor module. You can use one
from any brand you want, as long as it can be controlled with 5V voltage levels.
The following is an image of the servo that was used for this project:

Finally, you will need a breadboard and some jumper wires to make the
different connections.

This is the list of the required components for the project:

* Arduino Uno (https://www.adafruit.com/product/50)

* The Adafruit nRF8001 BLE breakout board (https://www.adafruit.com/
product/1697)

* A5V servo motor (https://www.adafruit.com/product/1143)
* The breadboard (https://www.adafruit.com/products/64)
* Jumper wires (https://www.adafruit.com/products/1957)

On the software side, you will need the usual Arduino IDE. It is recommended that
you use the Arduino IDE Version 1.5.7 for this chapter.

You will need the following libraries:

* The library for the nRF8001 board found at https://github.com/
adafruit/Adafruit nRF8001
* The aREST library found at https://github.com/marcoschwartz/aREST

To install a given library, simply extract the 1ibrary folder into your Arduino/
libraries folder.
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Configuring the hardware

Let's now make the necessary hardware connections for the project. To help you out,
this is the schematic of the project:

The first step is to place the Bluetooth module on the breadboard. Then, connect the
power supply from the Arduino board to the breadboard: 5V of the Arduino board
goes to the red power rail, and GND goes to the blue power rail.

We will connect the BLE module. First, connect the power supply of the module:
GND goes to the blue power rail, and VIN goes to the red power rail. After this,
you will need to connect the different wires responsible for the SPI interface: SCK
to Arduino pin 13, MISO to Arduino pin 12, and MOSI to Arduino pin 11. Then
connect the REQ pin to Arduino pin 10. Finally, connect the RDY pin to Arduino
pin 2, and the RST pin to Arduino pin 9. If you need additional help to connect this
module, you can visit the manufacturer's guide at https://learn.adafruit.com/
getting-started-with-the-nrf8001-bluefruit-le-breakout.

For the servo motor, connect the red cable of the servo to the red power rail and the
black cable of the servo to the blue power rail. Finally, connect the remaining cable to
pin number 7 of the Arduino board.
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The following is a picture of the assembled project:

Testing the servo

We will now write a very simple sketch to test the servomotor and also see how the
Arduino Servo library is working. The following is the complete sketch for this part:

#include <Servo.h>

// Create servo object
Servo myservo;

// Servo position
int pos = 0;

void setup ()

{

// Attaches the servo on pin 7 to the servo object
myservo.attach(7) ;
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void loop ()

{

// Goes from 0 degrees to 180 degrees
for(pos = 0; pos < 180; pos += 1)

{

myservo.write (pos) ;
delay (15) ;

}

// Goes from 180 degrees to 0 degrees
for(pos = 180; pos >= 1; pos -= 1)

{

myservo.write (pos) ;
delay (15) ;

}
}

Let's now see the details of the sketch. This starts by including the Servo library
as follows:

#include <Servo.h>

Then we create an instance of the Servo library:

Servo myservo;

We will also declare a variable called pos that will contain the angular position of the
servo motor:

int pos = 0;

After this, in the setup () function of the sketch, we will attach the servo to pin 7 of
the Arduino board:

myservo.attach(7) ;

After this, we will sweep the pos variable from 0 to 180, meaning we cover all the
possible angular positions of the servo motor:

for(pos = 0; pos < 180; pos += 1)
{

myservo.write (pos) ;

delay (15) ;

}
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Still in this test code, we will make the servo motor go in the other direction with a
similar loop.

Note that all the code for this chapter can be found in the GitHub
% repository of the book at https://github.com/marcoschwartz/
e arduino-android-blueprints.

It's now time to test this Arduino sketch. Simply upload the code to the Arduino
board. You should see that the servo motor is going all the way in one direction,
and then going back to its starting position. After this, this loop should repeat itself.
If this is working, you can move on to the next section.

Writing the Arduino sketch

We will now write the sketch to control the servo motor via BLE. This is the complete
sketch for this part:

#include <SPI.h>

#include "Adafruit_ BLE UART.h"
#include <aREST.h>

#include <Servo.h>

// Lightweight mode
#define LIGHTWEIGHT 1

// Pins

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be pin 2 or 3
#define ADAFRUITBLE RST 9

// Create servo object
Servo myservo;

// Create aREST instance
aREST rest = aREST() ;

// Servo position
int pos = 0;

// BLE instance
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Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

void setup()

{

// Start Serial
Serial.begin(115200) ;

// Attaches the servo on pin 7 to the servo object
myservo.attach(7) ;

// Start BLE
BTLEserial .begin() ;

// Give name and ID to device
rest.set id("001");
rest.set name("servo control") ;

// Expose function to API
rest.function("servo", servoControl) ;

void loop ()

{

// Tell the nRF8001 to do whatever it should be working on.
BTLEserial .pollACI() ;

// Ask what is our current status
acl evt opcode t status = BTLEserial.getState();

// Handle REST calls
if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

// Control servo from REST API
int servoControl (String command) {

// Get position from command
int pos = command.tolInt () ;
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Serial.println (pos) ;
myservo.write (pos) ;

return 1;

}

Let's now see the details of this sketch. It starts by including the required libraries for
the project:

#include <SPI.h>

#include "Adafruit_ BLE UART.h"
#include <aREST.h>

#include <Servo.h>

We will also declare that we want to use the lightweight mode of the aREST library:

#define LIGHTWEIGHT 1

After this, we will define which pin the Bluetooth module is connected to:

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, on
Uno thats #2 or #3

#define ADAFRUITBLE_RST 9

We will also create an instance of the Servo library:
Servo myservo;

We will also need to create an instance of the aREST library:
aREST rest = aREST();

We will also need to create an instance of the nRF8001 library:

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

In the setup () function of the sketch, we will attach the servo motor to pin number 7
of the Arduino board:

myservo.attach(7) ;
We will also initialize the BLE board:

BTLEserial .begin () ;
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After this, we will give a name and an ID to the board:

rest.set_id("001");
rest.set name("servo_control") ;

We will also expose the servoControl function to the aREST API so that we
can access it via Bluetooth. We will see the details of the servocControl function
in a moment:

rest.function("servo", servoControl) ;

In the 1oop () function of the sketch, we will poll the Bluetooth chip to see if a device
is connected to it:

BTLEserial .pollACI() ;

We will store the state of the chip into a status variable:

aci evt opcode t status = BTLEserial.getState();

Then, if the status shows that some device is connect to the Bluetooth chip, we will
handle any incoming requests:

if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

}

Let's now see the details of the servoControl function that we will use to control the
servo motor remotely. It simply takes a string as an input, containing the position
that we want to apply on the servo motor:

int servoControl (String command) {
// Get position from command
int pos = command.tolInt () ;
Serial.println (pos) ;

myservo.write (pos) ;

return 1;

Note that all the code for this chapter can be found inside the GitHub
% repository of the book at https://github.com/marcoschwartz/
e arduino-android-blueprints.

You can now upload the code to the Arduino board and move to the next section.
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Setting up the Android app project

In this project, we will design a very simple Android app that will show the
Bluetooth callback in a single-line text view and the sensor output in another text
view. This time around, we will also implement a Refresh button, which will restart
the Bluetooth callback if there is a need for a refresh.

The part of the project that will be more sophisticated is accessing the hardware
sensors available for us in order to send commands to the Servo and rotate the
shaft according to the x-axis orientation of our Android device, determined by
the gyroscope hardware, which is included in the device.

It is important to note that sensor readings and data could vary between different
Android devices due to different hardware setups. Then again, you could use this
project as a baseline to further your ventures.

We will assume that you have switched on the Auto- Import function within your
Preferences option. If not, kindly activate it by going to the Auto-Import preferences
and selecting all the available options. The Auto-Import preferences are available on
Mac and Windows as follows:

* Ona Mac, Navigate to Android Studio | Preferences | Editor | Auto-Import.

* On Windows, Navigate to File | Settings | Editor | Auto-Import.
With all the necessary settings in place, we will first start off by creating a new
project where we will choose the following within the New Project setup:

* Name: Android Gyroscope Servo Control

* Minimum SDK: 18

* Project: Blank Activity

* Activity Name: MainScreen

In order to make this project work, we will need to first go over to the Android
Manifest file, which is available at app > src > main > AndroidManifest .xml.
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Laying out the Android user interface and
permissions

Once we open the file, we will need to add permissions for access to Bluetooth and
access to the gyroscope sensor hardware. The final Android Manifest .xml file will
look as follows:

<?xml version="1.0" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.arduinoandroid.androidarduinosensserv" >

<uses-permission android:name="android.hardware.sensor.
gyroscope"/>

<uses-permission android:name="android.permission.BLUETOOTH"/>

<uses-permission android:name="android.permission.BLUETOOTH
ADMIN" /> h

<application

android:allowBackup="true"
android:icon="@drawable/ic_launcher"
android:label="@string/app_name"
android:theme="@style/AppTheme" >
<activity

android:name=".MainScreen"

android:label="@string/app_name" >

<intent-filters>

<action android:name="android.intent.action.MAIN" />

<category android:name="android.intent.category.
LAUNCHER" />
</intent-filters
</activitys>
</application>

</manifest>

In this particular project, we will not put an emphasis on getting the user interface to
be highly polished but instead, we will focus more on getting the orientation sensors
to function appropriately with the servo motor.
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In our project, we will

navigate to the main layout file, which can be accessed by

navigating to app > src > res > layout > activity main screen.xml.

The following code will implement a linear layout that has two Textview

modules and a button.

with the following:

Go ahead and replace the current code in your project

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/

android"

android:layout width="£fill parent"

android:layout height="fill parent"

android:orientation="vertical"

android:weightSum="1">

<TextView
android:
android:
android:
android:
android:
android:
android:

<Button
android:

id="@+id/btView"

layout width="wrap content"

layout height="wrap content"

layout gravity="center horizontal"

layout _marginTop="80dp"

text="bluetooth text"
textAppearance="?android:attr/textAppearanceSmall" />

id="@+id/refreshButton"

style="?android:attr/buttonStyleSmall"

android:
android:
android:
android:
android:

<TextView
android:
android:
android:
android:
android:
android:
</LinearLayout>

layout width="wrap content"

layout height="wrap content"
layout gravity="center horizontal"
layout _marginTop="60dp"
text="Refresh" />

id="e+id/tv"

layout width="wrap content"

layout height="wrap content"

layout gravity="bottom|center horizontal"
layout marginTop="250dp"

text="Gyro output" />
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Setting up the app's internals

We will then move on to the MainScreen.java file, which is available at app > src >
main > java > package name > MainScreen.java.

We will then replace the current code with the following code that we will
walk through step-by-step and with Auto-import enabled; Android Studio
will automatically import all the statements that we need for our project.

We start off by declaring the class that extends Activity and, in addition, we will
need to add the capability for the Java class to implement SensorEventListener,
which encompasses the main methods that are needed for detection of sensor
activity:

public class MainScreen extends Activity implements
SensorEventListener {

The following are all the variables that need to be declared in order to work with the
BLE module, log tag for logging purposes, user interface elements, handler methods,
and Bluetooth characteristics:

// UUIDs for UAT service and associated characteristics.

public static UUID UART UUID = UUID.fromString("6E400001-B5A3-
F393-EO0A9-E50E24DCCA9E") ;

public static UUID TX UUID = UUID.fromString("6E400002-B5A3-F393-
EOA9-ES50E24DCCA9E") ;

public static UUID RX UUID = UUID.fromString("6E400003-B5A3-F393-
EOA9-ES50E24DCCA9E") ;
// UUID for the BTLE client characteristic which is necessary for
notifications.

public static UUID CLIENT UUID = UUID.fromString("00002902-0000-
1000-8000-00805f9b34fb") ;

//Getting the name for Log Tags
private final String LOG _TAG = MainScreen.class.getSimpleName () ;

/**

* Indicates which angle we are currently pointing the phone (and

hence servo) in:

* -2: 0-45 degrees

* -1: 45-90 degrees

* 0: 90 degrees

* 1: 90-135 degrees

* 2: 135-180 degrees

* <p/>

[139]



Android Phone Sensor

* Default is the neutral position, i.e. 0.
*/

int currentPosition = 0;

long lastSensorChangedEventTimestamp = 0;

//Declaring UI Elements
private TextView gyroTextView;
private TextView bluetoothTv;

//Declaring SensorManager variables
private SensorManager sensorManager;

//Sensor Delay Methods
int PERIOD = 1000000000; // read sensor data each second
Handler handler;

boolean canTransmitSensorData = false;
boolean isHandlerLive = false;
private boolean areServicesAccessible = false;

The custom UART service for the Adafruit Bluetooth module uses the

following UUIDs, which are the values you need to know to make our

Android application talk to the appropriate characteristic. There is one

characteristic for TX and another for RX, similar to the way that UART
%%‘ uses two lines to send and receive data as follows:

UART service UUID: 6E400001-B5A3-F393-E0A9-E50E24DCCA9E

TX characteristic UUID: 6E400002-B5A3-F393-E0A9-E50E24DCCA9E

RX characteristic UUID: 6E400003-B5A3-F393-E0A9-E50E24DCCA9E

The Bluetooth logic that plays an important role in our project to deal with all the
callbacks is available in its entirety in our GitHub repository. The main Java activity
with all the Bluetooth logic is available at http://git.io/XSHnow.

In the following section of code, we will be declaring what will happen when the
activity will be created and setting all the necessary functions to make the application
logic connect to the layout files.
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In the onCreate () method, we will also be initializing the SensorManager class,
which will be needed to get access to the system's service.

@Override

public void onCreate (Bundle savedInstanceState)
super.onCreate (savedInstanceState) ;
setContentView (R.layout.activity main_screen) ;

handler = new Handler () ;

// Setup the refresh button
final Button refreshButton = (Button) findViewById(R.
id.refreshButton) ;
refreshButton.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view)
restartScan() ;

3N

//get the TextView from the layout file
gyroTextView = (TextView) findViewById(R.id.tv);
bluetoothTv = (TextView) findViewById(R.id.btView) ;

//get a hook to the sensor service
sensorManager = (SensorManager) getSystemService (SENSOR
SERVICE) ;

}

In the onstart () method, we will use the SensorManager class to register the type
of sensor that we will be using. In this case, we will be using the orientation sensors
and setting SENSOR_DELAY NORMAL, which we will need to modify later on so as to
ensure that there is enough delay between each call. In the onstart () method, we
will also be initializing the Bluetooth adapter to start listening for devices:

@Override
protected void onStart() {
super.onResume () ;

/*register the sensor listener to listen to the gyroscope
sensor, use the

callbacks defined in this class, and gather the sensor
information as quick
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as possible*/
sensorManager.registerListener (this,
sensorManager.getDefaultSensor (Sensor.TYPE
ORIENTATION) ,
SensorManager .SENSOR_DELAY NORMAL

) ;
//handler.post (processSensors) ;

// Scan for all BTLE devices.
// The first one with the UART service will be chosen--see the
code in the scanCallback.

bluetoothAdaper = BluetoothAdapter.getDefaultAdapter() ;

startScan() ;

}

It's always important to unregister the sensor listener and disconnect the BLE
connection when the app is closed so as to prevent the battery drain and device
memory resources:

//When this Activity isn't visible anymore
@Override
protected void onStop () {
//unregister the sensor listener
sensorManager.unregisterListener (this) ;
//disconnect and close Bluetooth Connection for better
reliability
if (gatt != null) {
gatt.disconnect () ;
gatt.close() ;
gatt = null;
tx = null;
rx = null;

super.onStop () ;
areServicesAccessible = false;
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The following code will deal with all the sensor methods that need to be
implemented in order to ensure there is enough delay between each sensor reading
and to send the necessary commands to the Bluetooth-enabled Arduino for the servo
motor to rotate the shaft according to the x-axis of the device:

//SENSOR METHODS

private

final Runnable processSensors = new Runnable() ({

@Override

public void run()

i

// Do work with the sensor values.
canTransmitSensorData = !canTransmitSensorData;
// The Runnable is posted to run again here:
handler.postDelayed(this, PERIOD) ;

@Override
public void onAccuracyChanged (Sensor arg0, int argl) {
//Do nothing.

@Override
public void onSensorChanged (SensorEvent event)

if

> PERIOD))

((event.accuracy != SensorManager.SENSOR_STATUS_UNRELIABLE)

&& (event.timestamp - lastSensorChangedEventTimestamp

System.out.println(event.timestamp -

lastSensorChangedEventTimestamp) ;

lastSensorChangedEventTimestamp = event.timestamp;

// Truncate to an integer, since precision loss is really

not a serious

cheaper) to

// matter here, and it will make it much easier (and
compare.
// We will also log the integer values of [2]

int xTilt = (int) event.values]|[2];
int yTilt = (int) event.values[1];
int zTilt = (int) event.values[0];
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gyroTextView.setText ("Orientation X (Roll) :" + xTilt +
ll\nll +
"Orientation Y (Pitch) :" + yTilt + "\n" +
"Orientation Z (Yaw) :" + zTilt);

//Log.1i(LOG_TAG, "The XTilt is:" + String.valueOf (xTilt));

if (areServicesAccessible)
turnServoFinegrained (xTilt) ;

private void turnServoFinegrained(int xTilt) {

// Default to vertical position
int rotationAngle = 90;

// Turn left
if (xTilt > 0) {
rotationAngle = 90

xTilt;

// Turn right
else {
rotationAngle = 90 + Math.abs (xTilt) ;

String setServoMessage = "/servo?params=" + rotationAngle + "
/"

tx.setValue (setServoMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx))
writeSensorData ("Sent: " + setServoMessage) ;
} else {

writeSensorData ("Couldn't write TX characteristic!");
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The following code will ensure that the commands that are sent to the BLE module
are shown in the Bluetooth text output on our user interface layout:

private void writeSensorData (final CharSequence text)
runOnUiThread (new Runnable ()

@Override

public void run()
Log.e (LOG _TAG, text.toString());
//bluetoothTv = (TextView) findViewById(R.id.btView) ;
output = text.toString() ;
bluetoothTv.setText (output) ;

Once you've written all the code, which you can easily follow along on our GitHub
repository, available at https://github.com/marcoschwartz/arduino-android-
blueprints/tree/master/chapters, make sure that you have a physical device
that is running Android 4.3 or higher and Bluetooth switched on. Once you build the
project, you should see something similar to the following screenshot:

I=I Android Arduino SensServ

Sent: /fservo?params=90 /

Refresh

Orientation X (Roll) :0
Orientation ¥ (Pitch) :-1
Orientation Z (Yaw) :196

,

pa 4O I
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How to go further

Orientation readings from the Android app can be further visualized in the app with
real-time graphs, and this project could be further advanced and integrated into a
remote object control app where the Android smartphone's user can control an
object that is connected to the servo motor from a specific distance.

Simple yet useful application of such an action would be to open a gate or control
a mobile robot via a gyroscope. Android smartphones also have a number of
other sensors available for us, such as the accelerometer and magnetometer,
which could effectively be used to control different components connected to

the Arduino microcontroller.

Summary

Throughout this chapter, we learned how to take advantage of one of the most
important sensors on the Android phone, the gyroscope sensor, to be able to control
the Arduino-controlled servo motor. We achieve this communication and action via
the BLE capabilities of the Arduino equipped with the Adafruit BLE module and the
possibilities of the Android operating system running 4.3 or higher.

This chapter also provides the foundation steps to the following chapter, which will
access one of the Android device's most important hardwares.
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In this chapter, we will use another feature of Android devices to control an Arduino
system: voice recognition. We will control a relay that is connected to an Arduino
board by sending vocal commands from the phone.

This relay can be connected to many things. For example, it can be connected to an
electric door lock so that you could open and close a door by just speaking into your
phone. You can also connect the relay to a lamp, to switch the lamp on and off by
giving a vocal command to your phone.

In this chapter, you will learn how to:

* Connect a relay and a Bluetooth module to an Arduino board so that it can
be controlled from the Android application
* Build an application using the Android speech API

* Control the relay on the Arduino board by voice

Hardware and software requirements

The first thing you will need for this project is an Arduino Uno board.

Then you will need a BLE module. We chose the Adafruit nRF8001 chip because it
comes with a nice Arduino library and it has already existing examples of Android
apps to control the module.
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You will also need a relay module. For this project, we used a 5V relay module from
Polulu, which is the same as the one we used in the previous chapters. This is an
image of the relay we used for this chapter:

Finally, to make the different electrical connections, you will also need a breadboard
and some jumper wires.

This is the list of all hardware parts you will need for this project, along with links to
find these parts on the Web:

* The Arduino Uno board (http://www.adafruit.com/product/50)

* The 5V relay module (http://www.pololu.com/product/2480)

* The Adafruit nRF8001 breakout board (https://www.adafruit.com/
products/1697)

* The breadboard (https://www.adafruit.com/product/64)

* Jumper wires (https://www.adafruit.com/product/758)

Note that these are all the components we already used in the previous chapters.
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On the software side, you will need the following:

* The Arduino IDE (http://arduino.cc/en/Main/Software)

* The Arduino aREST library (https://github.com/marcoschwartz/aREST/)

e The nRF8001 Arduino library for the BLE chip (https://github.com/
adafruit/Adafruit nRF8001)

To install a given library, simply extract the folder in your Arduino/libraries
folder (or create this folder if it doesn't exist yet).

Configuring the hardware

We will now build the hardware part of the project. To help you out, the following
is the schematic of the project, without the relay being connected yet:

Note that these instructions are the same as in the previous chapter. Therefore,
you can just use the same configuration if you still have it built on your desk.

The first step is to place the Bluetooth module on the breadboard. Then, connect the
power supply from the Arduino board to the breadboard: 5V of the Arduino board
goes to the red power rail and GND goes to the blue power rail.
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We will now connect the BLE module. First, connect the power supply of the
module: GND goes to the blue power rail, and VIN goes to the red power rail.
After this, you need to connect the different wires responsible for the SPI interface:
SCK to Arduino pin 13, MISO to Arduino pin 12, and MOSI to Arduino pin 11.
Then connect the REQ pin to Arduino pin 10. Finally, connect the RDY pin to
Arduino pin 2, and the RST pin to Arduino pin 9.

For the relay module, connect the VCC pin to the red power rail on the breadboard
and the GND pin on the blue power rail. Finally, connect the SIG pin of the relay to
pin number 7 of the Arduino board.

The following is an image of an overview of the assembled project (for the precise
connections between the elements, refer to the preceding instructions):
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The close-up image of the relay and BLE module can be seen as follows:

Writing the Arduino sketch

We will now write the sketch to control the relay from an Android device. Note that
this is the same sketch as in the previous chapter, so you can skip it if you already
did this part for the last chapter. The following is the complete sketch for this part:

// Control Arduino board from BLE

// Libraries

#include <SPI.h>

#include "Adafruit BLE UART.h"
#include <aREST.h>
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// Pins

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // Should be pin 2 or 3
#define ADAFRUITBLE RST 9

// Relay pin
const int relay pin = 7;

// Create aREST instance
aREST rest = aREST() ;

// BLE instance
Adafruit_BLE_UART BTLEserial = Adafruit_BLE_UART(ADAFRUITBLE_REQ,
ADAFRUITBLE_ RDY, ADAFRUITBLE_RST);

void setup (void)

{

// Start Serial
Serial.begin(115200) ;

// Start BLE
BTLEserial .begin () ;

// Give name and ID to device
rest.set id("001");
rest.set name("relay control");

// Init relay pin
pinMode (relay pin, OUTPUT) ;

}

void loop () {

// Tell the nRF8001 to do whatever it should be working on.
BTLEserial .pollACI() ;

// Ask what is our current status
acl evt opcode t status = BTLEserial.getState();

// Handle REST calls
if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;
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Now, let's see the details of the sketch. It starts by importing the required libraries for
the nRF8001 module and the aREST library:

#include <SPI.h>
#include "Adafruit_BLE_UART.h"
#include <aREST.h>

Then we will define which pin the BLE module is connected to:

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, on
Uno thats #2 or #3

#define ADAFRUITBLE_RST 9
We also need to declare which pin the relay is connected to:
const int relay pin = 7;

After this, we can create an instance of the aREST API that will be used to handle the
requests coming via Bluetooth:

aREST rest = aREST() ;

We will also create an instance of the nRF8001 chip library:

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

Now, in the setup () function of the sketch, we will initialize serial communications
and print a welcome message as follows:

BTLEserial .begin() ;
We will also give a name to the device:

rest.set_id("001");
rest.set_name("relay_control");

Finally, we will set the relay pin so it becomes an output:
pinMode (relay pin, OUTPUT) ;
Now, in the 1oop () function of the sketch, we will check the status of the BLE chip:

BTLEserial .pollACI() ;
aci_evt opcode t status = BTLEserial.getState();
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Then, if any device is connected to the chip, we will process any incoming request
with the aREST library:

if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

}

Note that all the code for this chapter can be found in the GitHub repository of the
book at https://github.com/marcoschwartz/arduino-android-blueprints.

It's now time to upload the sketch to your Arduino board. When this is done, you
can move on to the development of the Android app to control the Arduino board
via the BLE sketch.

Setting up the Android app

In this project, we will be implementing an Android app that leverages the use

of the Speech Recognition API and we are going output that text in an EditText
field. In the background, we will also include the BLE services in order to connect
to the BLE module and be able to send messages to it. Once we have the BLE and
Speech Recognition API set up, we will be able to connect them both by setting up
conditions where if the speech is recognized as switch on, it will switch on the
relay, whereas if switch off is recognized, the relay will be switched off.

We will assume that you will switch on the Auto- Import function within your
preferences. If not, kindly activate it by going to the Auto-Import preferences and
selecting all the available options. The Auto-Import preferences are available on Mac
and Windows as follows:

* OnaMac, navigate to Android Studio > Preferences > Editor >
Auto-Import

*  On Windows, navigate to File > Settings > Editor > Auto-Import
With all the necessary settings in place, we will first start off by creating a new
project where we will choose the following within the New Project setup:

* Name: Talk to Arduino

*  Minimum SDK: 18

* Project: Blank Activity

* Activity Name: MainScreen

* Domain: arduinocandroid.com

In order to make this project work, we will need to first go over to the Android
Manifest file, which is available at app > src > main > AndroidManifest .xml.
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Laying out the Android user interface and
permissions

Once we open the file, we need to add permissions for access to Bluetooth
functionality; this will allow us to transmit the voice messages to the Arduino.
The following two lines of XML need to be added to the Android Manifest file:

<uses-permission android:name="android.permission.BLUETOOTH"/>
<uses-permission android:name="android.permission.BLUETOOTH
ADMIN"/>

The next step that we will take is to set up the very basic Android layout file so that
we are able to implement the app's functions and to allow the user to activate the
voice recognition intent.

In our project, we will navigate to the main layout file, which can be accessed from
app > src > res > layout > activity speech.xml.

By replacing the current code with the following, we will add a relative layout with
two buttons, an EditText field and a Textview field, which will allow us to see the
outcome of our voice input:

<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/
android"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout _height="match parent"
android:paddingLeft="@dimen/activity horizontal_ margin"
android:paddingRight="@dimen/activity horizontal margin"
android:paddingTop="@dimen/activity vertical margin"
android:paddingBottom="@dimen/activity vertical_ margin"
tools:context=".SpeechActivity">

<Button
android:layout width="wrap_ content"
android:layout height="wrap_ content"
android:text="Talk to Arduino"
android:id="@+id/talktoArduino"
android:layout centerVertical="true"
android:layout_ centerHorizontal="true" />

<EditText
android:layout width="wrap_ content"
android:layout height="wrap_ content"
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android:id="@+id/recordedTalk"

android:text="What is recorded will be written here"
android:layout alignParentBottom="true"
android:layout centerHorizontal="true"
android:layout marginBottom="139dp" />

<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:textAppearance="7?android:attr/textAppearanceSmall"
android:text="Bluetooth Output"
android:id="@+id/btView"
android:layout marginTop="76dp"
android:layout alignParentTop="true"
android:layout centerHorizontal="true" />

<Button

android:layout width="wrap content"
android:layout height="wrap content"
android:text="Refresh"
android:id="@+id/refreshBtn"
android:layout above="@+id/talktoArduino"
android:layout alignStart="@+id/talktoArduino"
android:layout alignEnd="@+id/talktoArduino" />

</RelativeLayout>

Coding the app's internals

We will then move on to the MainScreen. java file, which is available
at app > src > main > java > package name > MainScreen.java.

We will then replace the current code with the following code, which we will
walk through step-by-step and with Auto-import enabled; Android Studio will
automatically import all the statements that we will need for our project.

Feel free to follow along the project through the GitHub repository
> where all the source is available for the users of our book in its
entirety. The repository is available at ht tps: //github.com/
’ marcoschwartz/arduino-android-blueprints/tree/
master/chapter7/TalktoArduino.
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We will start off by declaring the class that extends Activity:

public class SpeechActivity extends Activity {

The following are all the variables that are needed to be declared in order to work
with the BLE module, log tag for logging purposes, user interface elements, and
Bluetooth characteristics for voice recognition requests:

private static final int VOICE RECOGNITION REQUEST = 1;

//Getting the name for Log Tags
private final String LOG _TAG = SpeechActivity.class.
getSimpleName () ;

//Declare U.I Elements
private Button startTalk;
private Button refresh;
private EditText speechInput;
private TextView btv;

// UUIDs for UAT service and associated characteristics.

public static UUID UART UUID = UUID.fromString("6E400001-B5A3-
F393-EOA9-E50E24DCCA9E") ;

public static UUID TX UUID = UUID.fromString("6E400002-B5A3-F393-
EOA9-E50E24DCCA9E") ;

public static UUID RX UUID = UUID.fromString("6E400003-B5A3-F393-
EOA9-E50E24DCCA9E") ;

// UUID for the BTLE client characteristic which is necessary for
notifications.

public static UUID CLIENT UUID = UUID.fromString("00002902-0000-
1000-8000-00805f9b34fb") ;

// BTLE stateta

private BluetoothAdapter adapter;
private BluetoothGatt gatt;

private BluetoothGattCharacteristic tx;
private BluetoothGattCharacteristic rx;

private boolean areServicesAccessible = false;
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In the oncreate () method, we will initialize the user interface layout that we
implemented earlier and connect the user interface elements to the different
methods within our code:

@Override

protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.layout.activity speech);
startTalk = (Button) findvViewById(R.id.talktoArduino) ;
refresh = (Button) findViewById(R.id.refreshBtn) ;
speechInput = (EditText) findViewById(R.id.recordedTalk) ;
btv = (TextView) findViewById(R.id.btView) ;

startTalk.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view) {
recordSpeech () ;

13K

refresh.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view) {
restartScan() ;

The recordspeech () method allows us to launch the Google speech recognition
intent where we can modify the message that we will show the user. In this case,
we decided to replace the default text with the prompt, "You can now send a
command to the Arduino":

public void recordSpeech () {

Intent intent = new Intent (RecognizerIntent.ACTION RECOGNIZE
SPEECH) ;

intent.putExtra (RecognizerIntent.EXTRA LANGUAGE MODEL,
RecognizerIntent . LANGUAGE MODEL FREE FORM) ;
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intent.putExtra (RecognizerIntent.EXTRA PROMPT, "You can now
send a command to the Arduino") ;

startActivityForResult (intent, VOICE RECOGNITION REQUEST) ;

}

The onActivityResult () method allows the application to process what has

been recognized and implement methods based on what has been received. In the
following method, we will take the speech that has been recognized, output it in the
EditText field that we set up earlier and, depending on the output, we will send the
commands via BLE to switch on or switch off the relay:

@Override

protected void onActivityResult (int requestCode, int resultCode,
Intent data) {

if (requestCode == VOICE RECOGNITION REQUEST && resultCode ==
RESULT_OK) {

ArrayList<String> matches = data.getStringArrayListExtra (R
ecognizerIntent.EXTRA RESULTS) ;

String userInput = matches.get (0) ;

TextView textSaid = (TextView) findviewById(R.
id.recordedTalk) ;

textSaid.setText (matches.get (0)) ;
//add an if else loop or case statement

if (userInput.equalsIgnoreCase("switch on")) {
String setOutputMessage = "/digital/7/1 /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8")) ) ;
if (gatt.writeCharacteristic(tx)) {
writeSensorData ("Sent: " + setOutputMessage) ;
} else {
writeSensorData ("Couldn't write TX
characteristic!") ;

}
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} else if (userInput.equalslIgnoreCase ("switch off")) ({
String setOutputMessage = "/digital/7/0 /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx))
writeSensorData ("Sent: " + setOutputMessage) ;
} else {

writeSensorData ("Couldn't write TX
characteristic!") ;

}

}

super.onActivityResult (requestCode, resultCode, data);

}

The following code deals with making sure the Bluetooth callback output is being
sent to its associated TextView:

private void writeSensorData(final CharSequence text)
Log.e (LOG TAG, text.toString());
btv.setText (text.toString()) ;

}

Here, we will deal with all the BluetoothGattCallback class that needs to be
implemented to connect to the BLE module:

// BTLE device scanning bluetoothGattCallback.

// Main BTLE device bluetoothGattCallback where much of the logic
occurs.

private BluetoothGattCallback bluetoothGattCallback = new
BluetoothGattCallback ()

// Called whenever the device connection state changes, i.e.
from disconnected to connected.

@Override

public void onConnectionStateChange (BluetoothGatt gatt, int
status, int newState) {

super.onConnectionStateChange (gatt, status, newState) ;
if (newState == BluetoothGatt.STATE CONNECTED) {
writeSensorData ("Connected!") ;
// Discover services.
if (!gatt.discoverServices())
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writeSensorData ("Failed to start discovering

services!") ;
} else if (newState == BluetoothGatt.STATE DISCONNECTED) {
writeSensorData ("Disconnected!") ;
} else {

writeSensorData ("Connection state changed. New state:
" 4+ newState) ;

}

// Called when services have been discovered on the remote
device.

// It seems to be necessary to wait for this discovery to
occur before
// manipulating any services or characteristics.
public void onServicesDiscovered (BluetoothGatt gatt, int
status) {
super .onServicesDiscovered(gatt, status);

if (status == BluetoothGatt.GATT SUCCESS) ({
writeSensorData ("Service discovery completed!") ;
} else {
writeSensorData ("Service discovery failed with status:
" 4+ status) ;
}
// Save reference to each characteristic.
tx = gatt.getService (UART UUID) .getCharacteristic(TX
UUID) ;
rx = gatt.getService (UART UUID) .getCharacteristic(RX
UUID) ;

// Setup notifications on RX characteristic changes (i.e.
data received) .
// First call setCharacteristicNotification to enable
notification.
if (!gatt.setCharacteristicNotification(rx, true)) {
writeSensorData ("Couldn't set notifications for RX
characteristic!") ;

}

// Next update the RX characteristic's client descriptor
to enable notifications.
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if (rx.getDescriptor (CLIENT UUID) != null) ({

BluetoothGattDescriptor desc =
rx.getDescriptor (CLIENT UUID) ;

desc.setValue (BluetoothGattDescriptor.ENABLE
NOTIFICATION VALUE) ;

if (!gatt.writeDescriptor (desc)) ({

writeSensorData ("Couldn't write RX client
descriptor value!");

}
} else {
writeSensorData ("Couldn't get RX client descriptor!");

}

areServicesAccessible = true;

}i

In the following onstart () and onStop () methods, we are making sure that we
start scanning of BLE devices and that Bluetooth scanning stops when we close the
application so as to prevent the battery drain and ensure optimization of device
memory resources for tasks running in the foreground:

protected void onStart() {
Log.d (LOG TAG, "onStart has been called");
super.onStart () ;
// / Scan for all BTLE devices.

// The first one with the UART service will be chosen--see the
code in the scanCallback.

adapter = BluetoothAdapter.getDefaultAdapter () ;
startScan() ;

//When this Activity isn't visible anymore
protected void onStop()
Log.d (LOG TAG, "onStop has been called") ;
//disconnect and close Bluetooth Connection for better
reliability
if (gatt != null) {
gatt.disconnect () ;
gatt.close () ;
gatt = null;
tx = null;
rx = null;
}

super.onStop () ;
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The following methods deal with the starting, stopping, and restarting of the
Bluetooth scan callback:

private void startScan() {

if (!adapter.isEnabled())
adapter.enable () ;

}

if (!adapter.isDiscovering()) {
adapter.startDiscovery () ;

}

writeSensorData ("Scanning for devices...");

adapter.startLeScan (scanCallback) ;

private void stopScan() {
if (adapter.isDiscovering())
adapter.cancelDiscovery () ;
}
writeSensorData ("Stopping scan") ;
adapter.stopLeScan (scanCallback) ;

private void restartScan() {
stopScan () ;
startScan () ;

}

The scancallback () method is concerned mostly with the main logic to get the
Bluetooth device addresses and maintain the necessary connections between the

Android device and BLE module:
/ * %

* Main callback following an LE device scan
*/
private BluetoothAdapter.LeScanCallback scanCallback = new
BluetoothAdapter.LeScanCallback () {
// Called when a device is found.
@Override
public void onLeScan (BluetoothDevice bluetoothDevice, int i,

byte[] bytes) {
Log.d (LOG_TAG, bluetoothDevice.getAddress());

writeSensorData ("Found device: " + bluetoothDevice.

getAddress () ) ;
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// Check if the device has the UART service.
if (BluetoothUtils.parseUUIDs (bytes) .contains (UART UUID))

// Found a device, stop the scan.

adapter.stopLeScan (scanCallback) ;

writeSensorData ("Found UART service!");

// Connect to the device.

// Control flow will now go to the
bluetoothGattCallback functions when BTLE events occur.

gatt = bluetoothDevice.connectGatt (getApplicationConte
xt (), false, bluetoothGattCallback) ;

}

}i
}

In contrast to the previous chapters of the book, you will recognize that we have

transferred the UUID parsing to a utility class in order to refactor the code and
make our code more readable. In order to create a utility class, we first need to
right-click on our package name and create a new package and call it Bluetooth.

After this, we will right-click on the new package, select New > Java Class,
and name the new class as BluetoothUtils.

After those two steps, we will replace the code within the class with the
following code:

public class BluetoothUtils {

// Filtering by custom UUID is broken in Android 4.3 and 4.4, see:

// http://stackoverflow.com/questions/18019161/startlescan-with-
128-bit-uuids-doesnt-work-on-native-android-ble-implementation?noredir
ect=1#comment27879874_18019161

// This is a workaround function from the SO thread to manually
parse advertisement data.

public static List<UUID> parseUUIDs (final byte[] advertisedData) {

List<UUID> uuids = new ArrayList<UUID> () ;

int offset = 0;
while (offset < (advertisedData.length - 2)) {
int len = advertisedData [offset++];
if (len == 0)
break;
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int type = advertisedData[offset++];
switch (type) {
case 0x02: // Partial list of 16-bit UUIDs
case 0x03: // Complete list of 16-bit UUIDs
while (len > 1) {

int uuidlé = advertisedData[offset++];
uuidlé += (advertisedData[offset++] << 8);
len -= 2;

uuids.add (UUID. fromString (String.format ("$08x-
0000-1000-8000-00805f9b34fb", uuidle6))) ;

}
break;
case 0x06:// Partial list of 128-bit UUIDs
case 0x07:// Complete list of 128-bit UUIDs
// Loop through the advertised 128-bit UUID's.
while (len >= 16) {
try {

// Wrap the advertised bits and order
them.

ByteBuffer buffer = ByteBuffer.
wrap (advertisedData, offset++, 16).order (ByteOrder.LITTLE ENDIAN) ;
long mostSignificantBit = buffer.
getLong () ;

long leastSignificantBit = buffer.
getLong () ;
uuids.add (new UUID(leastSignificantBit,
mostSignificantBit)) ;
} catch (IndexOutOfBoundsException e) {
// Defensive programming.
//Log.e (LOG_TAG, e.toString());
continue;
} finally {
// Move the offset to read the next uuid.
offset += 15;
len -= 16;

}

break;

default:
offset += (len - 1);
break;

}

return uuids;
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Once you have included this code, you can go ahead and build and run this app
on your Android physical device, which is running Android 4.3 or higher and
connected to the Internet, due to the fact that most of the speech recognition
services work via the Internet.

When you load the app, you should start off with something as follows:

rSI Talk to Arduino

Scanning for devices

Refresh

Talk to Arduino

What is recorded will be written here

How to go further

This base project offers endless possibilities and you can possibly include other
commands that can be recognized and connect other components and sensors in
order to enhance the capabilities of your voice-activated app. We hope that with
this baseline project, we can inspire you to enhance your projects further on.
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Summary

Let's summarize what we did in this chapter. As usual, we connected a BLE module
to our Arduino board so that it can receive commands via the Android phone. We
also connected a simple relay module to the board, to control it via an Android
application. Then we designed an application using the Android speech engine to
control the relay depending on what the user says to the Android phone.

In the next chapter, we will use another feature of the Android phone to control
Arduino projects: NFC. We will use NFC to control the state of a relay just by
putting our phone in front of an Arduino NFC shield.
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In this chapter, we will see the capabilities of integrating the Arduino Near Field
Communications (NFC) shield from Seeed Studio with an NFC-enabled Android
application that uses the Android Beam technology to send a message from the
Android app to the NFC shield antenna. NFC allows instant communication between
two devices that are close to each other, which makes it the perfect technology to open
door locks or for payment services.

We will make a home automation application in this chapter. The NFC shield
will be connected to the Arduino Uno board, along with the relay. Therefore,
we will be able to switch the relay on or off depending on the message sent by
the Android application.

This baseline project will help you develop interesting projects that use NFC and
will potentially expand the capabilities of such a project.

The following will be the major takeaways from this chapter:

* Connecting an NFC shield to an Arduino board
* Building an Android app to communicate with the NFC Arduino shield
* Opening and closing a relay from an Android device via NFC

Hardware and software requirements

The first thing you will need for this project is an Arduino Uno board.

Then, you need an NFC shield. There are many NFC shields available on the market,
but for this project, we chose an NFC shield V2.0 from SeeedStudio. We made this
choice as the shield has good documentation and because some example code was
already available.
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You will also need a relay module. For this project, we used a 5V relay module
from Polulu.

Finally, to make the different electrical connections, you will need some jumper wires.

The following is the list of all hardware parts you will need for this project, along
with links to find these parts on the Web:

* The Arduino Uno board (http://www.adafruit.com/product/50)
* The 5V relay module (http://www.pololu.com/product/2480)

* The Arduino NFC shield (http://www.seeedstudio.com/depot/nfc-
shield-v20-p-1370.html)

* The breadboard (https://www.adafruit.com/product/64)

* Jumper wires (https://www.adafruit.com/product/758)

On the software side, you will of course need the Arduino IDE. You will also need
the following libraries to make the NFC chip work:

1. First, download the PN532 library (https://github.com/Seeed-Studio/
pN532) and put all the folders into your Arduino's 1ibraries folder.

2. Then, download the NDEF library (https://github.com/don/NDEF), and
put it in your Arduino's 1ibraries folder and rename the folder to NDEF.

Configuring the hardware

Now, let's assemble the project. The first step is to simply put the NFC shield on top
of the Arduino Uno board, and to connect the NFC reader to the shield. Note that
the NFC can come without the header being soldered; in this case, you will need to
solder the headers on the shield yourself. To assemble the NFC reader to the shield,
simply connect the reader via the antenna connector on the shield.

Now, let's connect the relay. Simply connect the relay module VCC pin to the 5V
pin of the Arduino board, and the GND pin to the GND pin of the board. Finally,
connect the SIG pin of the relay to pin number 8 of the Arduino board.
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The following is what you should end up with:

Testing the NFC shield

Before writing the application to control the relay via NFC, we will first make sure
that the shield is functional and that all the libraries were correctly installed. To do
so, we will write a simple Arduino sketch. The following is the complete code for

this part:

#include
#include
#include
#include

<SPI.h>

<PN532 SPI.h>
<PN532.h>
<NfcAdapter.h>

// NFC instances
PN532 SPI pn532spi (SPI, 10);
NfcAdapter nfc = NfcAdapter (pn532spi) ;

void setup (void)

// Start Serial
Serial.begin(9600) ;

// Start NFC chip
Serial.println ("NFC shield started");
nfc.begin() ;
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void loop (void) {

// Start scan
Serial.println("\nScan a NFC tag\n") ;
if (nfc.tagPresent())

{

NfcTag tag = nfc.read();
tag.print () ;

}

delay (5000) ;

}

Let's now look at the details of this sketch. It starts by including the
required libraries:

#include <SPI.h>
#include <PN532 SPI.h>
#include <PN532.h>
#include <NfcAdapter.h>

Then, we can create an instance of the NFC adapter with these two lines of code:

PN532 SPI pn532spi(SPI, 10);
NfcAdapter nfc = NfcAdapter (pn532spi) ;

Now, in the setup () function of the sketch, we will initialize the serial
communications:

Serial.begin(9600) ;

We will also start the NFC chip, and print a message on the serial monitor:

nfc.begin() ;
Serial.println ("NFC shield started");

Now, in the 1oop () function of the sketch, we will check if an NFC tag is present,
and we will read it if this is the case:

if (nfc.tagPresent())

{

NfcTag tag = nfc.read();
tag.print () ;
}

delay (5000) ;

}
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Note that all the code for this chapter can be found in the GitHub
@’@‘\ repository of the book at https://github.com/marcoschwartz/
’ arduino-android-blueprints

You can now upload the sketch to the Arduino board and open the serial monitor.
You should see that the NFC chip is being initialized, and then it starts checking for
available tags. If you have a simple NFC tag, you can test it now.

As an example, you can also use a simple tag from SeeedStudio (http://www.
seeedstudio.com/depot/MifareOne-RFID-Tag-1356MHz-p-923. html).

These kinds of tags are actually simpler than the actual RFID technology, but they
will work just fine to test our project.

Writing the Arduino sketch

We will now write the code that will receive commands from the Android NFC

app. The goal of this code will be to switch the relay on or off when the NFC shield
receives a given code from the Android device. As the code for this part is quite long,
we will split the code into several parts that will be detailed individually.

The code starts by including the required libraries:

#include "SPI.h"
#include "PN532 SPI.h"
#include "snep.h"
#include "NdefMessage.h"

We will also define on which pin the relay is connected:

#define RELAY PIN 8

After this, we will define the code that should be received from the Android app to
switch the relay on or off:

#define RELAY ON "oWnHV6uXre"
We will also need to create an instance of the NFC chip:

PN532 SPI pn532spi (SPI, 10);
SNEP nfc (pn532spi) ;

To store data coming from the Android phone via NFC, we will create a char buffer:

uint8_t ndefBuf [128];
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In the setup () function of the sketch, we will start the serial communications:

Serial.begin(9600) ;
Serial.println ("NFC Peer to Peer Light Switch");

We will also declare the relay pin as an output:

pinMode (RELAY PIN, OUTPUT) ;

Now, in the 1oop () function, we will constantly check for data coming from the
phone via NFC:

Serial.println("Waiting for message from Peer");
int msgSize = nfc.read(ndefBuf, sizeof (ndefBuf)) ;

Now, if the message has a size different from zero, we store it, process it, and then
check if it contains the correct key that we defined before. If this is the case, we will
switch the state of the relay. The following piece of code does exactly the same:

if (msgSize > 0)

// Read message
NdefMessage message = NdefMessage (ndefBuf, msgSize) ;

// Make sure there is at least one NDEF Record
if (message.getRecordCount () > 0) {

NdefRecord record = message.getRecord(0) ;
Serial.println("Got first record") ;

// Check the TNF and Record Type

if (record.getTnf () == TNF_MIME MEDIA && record.getType() ==
"application/com.arduinoandroid.arduinonfc") {

Serial.println("Type is OK") ;

// Get the bytes from the payload

int payloadLength = record.getPayloadLength() ;
byte payload [payloadLength] ;

record.getPayload (payload) ;

// Convert the payload to a String

String payloadAsString = "";

for (int ¢ = 0; c < payloadLength; c++) {
payloadAsString += (char)payloadlc];

}
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// Print out the data on the Serial monitor
Serial.print ("Payload is ") ;Serial.println(payloadAsString) ;

// Modify the state of the light, based on the tag contents

if (payloadAsString == RELAY ON) {
digitalWrite (RELAY PIN, HIGH) ;
} else {

digitalWrite (RELAY PIN, LOW);
}
} else {
Serial.print ("Expecting TNF 'Mime Media' (0x02) with type
'application/com.arduinoandroid.arduinonfc' but found TNF ") ;
Serial.print (record.getTnf (), HEX) ;
Serial.print (" type ");
Serial.println(record.getType()) ;
}
}
}
}

Note that all the code for this chapter can be found in the GitHub repository of the
book at https://github.com/marcoschwartz/arduino-android-blueprints.

You can now upload the code to the Arduino board, and move on to the
development of the Android application.

Setting up the Android app

In this project, we will be implementing an Android app that leverages the use of the
NFC API and hardware allowing us to send a MIME-type message to switch on and
switch off the relay.

We will assume that you will have switched on the Auto-Import function within
your preferences. If not, activate it by going to the Auto-Import preferences and
selecting all available options. The Auto-Import preferences are available on Mac
and Windows as follows:

* OnaMac, navigate to Android Studio > Preferences | Editor| Auto-Import

* On Windows, navigate to File | Settings > Editor > Auto-Import
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With all the necessary settings in place, we will first start off by creating a new
project, where we will choose the following within the New Project setup:

* Name: Arduino NFC

*  Minimum SDK: 18

* Project: Blank Activity

* Activity Name: MainScreen

e Domain: arduinoandroid. com

In order to make this project work, we will need to first go over to the Android
Manifest file, which is available at app > src > main > AndroidManifest .xml.

Laying out the Android user interface and
permissions

Once we open the file, we need to add permissions for the Android application to
be able to access the NFC hardware. We will need to add the following two lines of
code to our AndroidManifest.xml file in order to access both the user permissions
and the actual NFC hardware:

<uses-permission android:name="android.permission.NFC" />
<uses-feature android:name="android.hardware.nfc"
android:required="true" />

The next step is to set up the basic Android layout file. This will allow us to implement
a user interface consisting of two buttons (switch on and off) and a text view.

The text within the TextView will be the message that we will be sending to our NFC
shield. The first step will be to navigate to the Android layout file, which is available
at app > src > res > layout > activity nfc.xml.

Once we are within this layout file, we will switch to the text view of the Android
layout file, and we will replace the current code with the following lines of code:

<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/
android"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout height="match parent"
android:paddingLeft="@dimen/activity horizontal_ margin"
android:paddingRight="@dimen/activity horizontal margin"
android:paddingTop="@dimen/activity vertical margin"
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android:paddingBottom="@dimen/activity vertical margin"
tools:context=".NFCActivity">

<TextView
android:text="NFC Status"
android:layout width="wrap content"
android:layout height="wrap content"
android:id="@+id/nfcTextStatus"
android:layout marginTop="83dp"
android:layout alignParentTop="true"
android:layout centerHorizontal="true" />

<Button
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Switch On"
android:id="@+id/switchOnBtn"
android:layout marginTop="59dp"
android:layout below="e@+id/nfcTextStatus"
android:layout toLeftOf="@+id/nfcTextStatus"
android:layout toStartOf="@+id/nfcTextStatus" />

<Button
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Switch Off"
android:id="@+id/switchOffBtn"
android:layout alignTop="@+id/switchOnBtn"
android:layout toRightOf="@+id/nfcTextStatus"
android:layout toEndOf="@+id/nfcTextStatus" />

<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:textAppearance="7?android:attr/textAppearanceMedium"
android:text="NFC Message to be sent"
android:id="@+id/messageToBeam"
android:layout below="@+id/switchOnBtn"
android:layout centerHorizontal="true"
android:layout marginTop="93dp" />

</RelativeLayout>
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At this point, we should have something that looks as follows:

i|§!1 Arduino NFC

NFC Status

Switch On Switch Off

NFC Message to be sent

Coding the app's internals

We will then move on to the MainScreen. java file, which is available at app > src >
main > java > package name > NFCActivity.java.

We will implement the project step by step within our code. Don't worry

about importing the right statements for our project, as Android Studio will
automatically import all the statements that we will need for our project if you
have the Auto-Import function switched on. If not, please follow the instructions
present in the Android section of this chapter.

Feel free to follow along the project through the GitHub Repository where all the
source code is available for the readers of our book in its entirety. The repository
for this chapter is available at https://github. com/marcoschwartz/arduino-

android-blueprints/tree/master/chapter8/ArduinoNFC.
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We will first start off by declaring the user interface's variables and the necessary

variables to get the NFC up and running;:

//Declaring the User Interface Variables for mStatusText as a

TextView
private TextView mStatusText;
private TextView messageToBeam;
private Button switchOn;
private Button switchOff;

//Initializing the NFC Adapater for sending messages
NfcAdapter mNfcAdapter;
private static final int BEAM_BEAMED = 0x1001;

public static final String MIMETYPE = "application/com.
arduinoandroid.arduinonfc";

//Keys for Opening and Closing the Relay
String open key = "oWnHVéuXre";
String close key = "C19HNugNU4";

//Getting the name for Log Tags

private final String TAG = NFCActivity.class.getSimpleName () ;

Within the onCcreate method, we will implement a number of anonymous classes

that we will go through step by step.

In the first part, we will connect the user interface elements to the main
Android code:

mStatusText = (TextView) findViewById(R.id.nfcTextStatus) ;
messageToBeam = (TextView) findViewById(R.id.messageToBeam) ;

switchOn = (Button) findViewById(R.id.switchOnBtn) ;
switchOff = (Button) findvViewById(R.id.switchOffBtn) ;

Then, in the following code, we need to set onclickListeners to our button to be
able to change the TextView part to the right text to beam the message to our NFC
shield. The term beam is used in this code section since Android Beam is the feature
of the Android mobile operating system that allows data to be transferred via NFC.

// Adding OnClick Listeners to the Buttons
switchOn.setOnClickListener (new View.OnClickListener ()
@Override
public void onClick (View view)
messageToBeam. setText (open_key) ;

{
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switchOff.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view) {
messageToBeam. setText (close key) ;

3N

In order to enhance the user experience, we need to send a message to the users that
they are unable to use this Android application as they don't have NFC enabled on

their device:

// Check for available NFC Adapter
mNfcAdapter = NfcAdapter.getDefaultAdapter (this) ;
if (mNfcAdapter == null) {
mStatusText.setText ("NFC is not available on this
device.") ;

}

In the onCreate () method, we will also implement our basic NFC callback functions
to be able to send and receive a message via NFC:

// Register to create and NDEF message when another device is in range
mNfcAdapter.setNdefPushMessageCallback (new NfcAdapter.
CreateNdefMessageCallback () {
@Override
public NdefMessage createNdefMessage (NfcEvent event)
//the variable message is from the EditText field
String message = messageToBeam.getText () .toString() ;
String text = (message);
byte[] mime = MIMETYPE.getBytes (Charset.forName ("US-
ASCII")) ;
NdefRecord mimeMessage = new NdefRecord (
NdefRecord.TNF_MIME MEDIA, mime, new byte[0],
text
.getBytes()) ;
NdefMessage msg = new NdefMessage (
new NdefRecord[]
mimeMessage,
NdefRecord
.createApplicationRecord ("com.
arduinoandroid.arduinonfc")});
return msg;

}

}, this) ;
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// And handle the send status
mNfcAdapter.setOnNdefPushCompleteCallback (
new NfcAdapter.OnNdefPushCompleteCallback()

@Override
public void onNdefPushComplete (NfcEvent event) {
mHandler.obtainMessage (BEAM BEAMED) .
sendToTarget () ;

}

}, this);

We need to also implement a method known as Handler, which will notify the user
via the NFC status text view as to whether the message has been beamed or not:

@SuppressLint ("HandlerLeak")
private final Handler mHandler = new Handler() {
@Override
public void handleMessage (Message message)
switch (message.what) {
case BEAM BEAMED:
mStatusText .setText ("Your message has been

beamed") ;
break;

}i

For the sake of completeness, we will also include the necessary methods to be
able to read NDEF messages sent via NFC and to improve app performance by
not including a number of different instances within the application:

@Override

public void onResume ()
super.onResume () ;
// Did we receive an NDEF message?

Intent intent = getIntent();
if (NfcAdapter.ACTION_NDEF_DISCOVERED.equals (intent.
getAction())) {

try {
Parcelable[] rawMsgs = intent

.getParcelableArrayExtra (NfcAdapter.EXTRA
NDEF MESSAGES) ;

// we created the message, so we know the format
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NdefMessage msg = (NdefMessage) rawMsgs[0];
NdefRecord[] records = msg.getRecords() ;
byte[] firstPayload = records[0] .getPayload() ;
String message = new String(firstPayload) ;
mStatusText .setText (message) ;

} catch (Exception e) {
Log.e (TAG, "Error retrieving beam message.", e);

}
}

@Override
public void onNewIntent (Intent intent) {
setIntent (intent) ;

}

Once you have included all the methods, you should be able to build the app and
run it on your Android physical device with NFC capabilities, running Android 4.3
or higher, and with Android Beam activated within the settings.

You can switch on the relay by tapping the Switch On button and, holding the
phone against the NFC shield for at least 5 to 10 seconds, and the user interface will
get smaller in size. At this point, you need to tap again on the user interface to send
your message.

How to go further

This project focused mainly on using NFC to transmit a message and have it read by
the Arduino NFC shield.

The ideal user experience would be the user merely tapping the phone against
the NFC shield and switching on the light. This could be achieved via Host-Card
Emulation or with further modification of this baseline project.

Summary

In this chapter, we learned the basic essentials of setting an NFC-enabled Android
app. This app communicates with Arduino using the NFC shield and the NFC
capabilities of Android 4.3 and higher.

In this, we highlighted the opportunities available for user-engaging projects using
NFC. In the next chapter, we will take this to the next level and use Bluetooth to give
the user the opportunity to control and engage with a robot.
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In this chapter, we are going to use most of the concepts we have learned throughout
the book to control a mobile robot via an Android app. The robot will have two
motors that we can control, and also an ultrasonic sensor in the front so that it can
detect obstacles. The robot will also have a BLE chip so that it can receive commands

from the Android app.

The application will have the following basic commands that you will need to

control the robot:

Go forward
Go backward
Turn left
Turn right

Display the connection status to the robot

The following will be the major takeaways from this chapter:

Building a mobile robot based on the Arduino platform
Connecting a BLE module to the Arduino robot

Building an Android application to control the robot remotely
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Hardware and software requirements

Let's first see what we need for this project.

The base of this project is of course the robot itself. For this project, we used a
DFRobot miniQ two-wheeled robot chassis. It comes with a round robot chassis,
two DC motors, two wheels, and some screws and bolts so that you can mount
multiple Arduino boards on it. You can basically use any equivalent robot chassis
that has two wheels coupled with DC motors and on which you can mount
Arduino-compatible boards.

To control the robot, we are actually going to use three different Arduino boards.
The "brain" of the robot will be a simple Arduino Uno board. On top of that, we will
use a DFRobot motor shield to control the two DC motors of the robot. And on top of
these two boards, we will put a prototyping shield so that we can connect different
modules to the robot.

To control the robot remotely, we will again use BLE. To give BLE connectivity to the
robot, we used an Adafruit nRF8001 breakout board.

To give the robot the ability to detect what is in front of it, we added an URM37
ultrasonic sensor to the project. As we will see, this sensor is really easy to interface
with Arduino.

Finally, you will also need some jumper wires to make the different connections
between the robot, the sensor, and the Bluetooth module.

The following is a list of all of the hardware you will need for this project, along with
links to these parts on the web:

* An Arduino Uno board (http://www.dfrobot .com/index.
php?route=product/producté&search=uno&description=true&produ

ct_id=838)
* An Arduino motor shield (http://www.dfrobot.com/index.
php?route=product /producté&path=35 39&product id=5 9)

* An Arduino prototyping shield (http://www.dfrobot .com/index.
php?route=product /producté&product id=5 5)

* AnnRF8001 breakout board (https://www.adafruit.com/products/1697)

* An ultrasonic range sensor (http://www.dfrobot.com/index.
php?route=product/producté&search=ultrasonic&description=true&pa
ge=1l&product _id=53)
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An ultrasonic sensor mounting kit (http://www.dfrobot .com/index.
php?route=product/product&product id=32 2)

A DFRobot miniQ chassis (http://www.dfrobot .com/index.
php?route=product /product&search=minig&description=true&produ
ct_id=367)

A 7.4V battery (http://www.dfrobot.com/index.php?route=product/
product&product id=489)

Jumper wires (https://www.adafruit.com/products/1957)

On the software side, you will of course need the Arduino IDE. You will also need
the following;:

A library for the nRF8001 chip (https://github.com/adafruit/Adafruit_
nRF8001)

The aREST library to send commands to the robot (https://github.com/
marcoschwartz/aREST)

Configuring the hardware

We are first going to assemble the robot itself, and then see how to connect the
Bluetooth module and the ultrasonic sensor. To give you an idea of what you should
end up with, the following is a front-view image of the robot when fully assembled:
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The following image shows the back of the robot when fully assembled:

The first step is to assemble the robot chassis. To do so, you can watch the DFRobot
assembly guide at https://www.youtube.com/watch?v=tKakeyL_8Fg.

Then, you need to attach the different Arduino boards and shields to the robot.

Use the spacers found in the robot chassis kit to mount the Arduino Uno board first.
Then put the Arduino motor shield on top of that. At this point, use the screw header
terminals to connect the two DC motors to the motor shield. This is how it should
look at this point:



https://www.youtube.com/watch?v=tKakeyL_8Fg
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Finally, mount the prototyping shield on top of the motor shield.

We are now going to connect the BLE module and the ultrasonic sensor to the
Arduino prototyping shield. The following is a schematic diagram showing the
connections between the Arduino Uno board (done via the prototyping shield in
our case) and the components:

)
k---—-—-——-—-/ - 0N .

kxmm Arduino”

Now perform the following steps:

1. First, we are now going to connect the BLE module.
2. Place the module on the prototyping shield.

3. Connect the power supply of the module as follows: GND goes to the
prototyping shield's GND pin, and VIN goes to the prototyping shield's +5V.

4. After that, you need to connect the different wires responsible for the SPI
interface: SCK to Arduino pin 13, MISO to Arduino pin 12, and MOSI to
Arduino pin 11.

5. Then connect the REQ pin to Arduino pin 10.

Finally, connect the RDY pin to Arduino pin 2 and the RST pin to
Arduino pin 9.
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7. For the URM37 module, connect the VCC pin of the module to Arduino +5V,
GND to GND, and the PWM pin to the Arduino A3 pin.

To review the pin order on the URM37 module, you can

check the official DFRobot documentation at http: //www.
S dfrobot .com/wiki/index.php?title=URM37 V3.2
Ultrasonic_Sensor_ (SKU:SEN0001).

The following is a close-up image of the prototyping shield with the BLE
module connected:

8. Finally, connect the 7.4 V battery to the Arduino Uno board power jack.
The battery is simply placed below the Arduino Uno board.

Testing the robot

We are now going to write a sketch to test the different functionalities of the robot,
first without using Bluetooth. As the sketch is quite long, we will look at the code
piece by piece. Before you proceed, make sure that the battery is always plugged
into the robot. Now perform the following steps:

1. The sketch starts by including the aREST library that we will use to control
the robot via serial commands:

#include <aREST.h>
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10.

11.

Now we declare which pins the motors are connected to:

int speed motorl = 6;
int speed motor2 = 5;
int direction motorl = 7;
int direction motor2 = 4;

We also declare which pin the ultrasonic sensor is connected to:

int distance_sensor = A3;

Then, we create an instance of the aREST library:
aREST rest = aREST() ;

To store the distance data measured by the ultrasonic sensor, we declare
a distance variable:

int distance;

In the setup () function of the sketch, we first initialize serial communications
that we will use to communicate with the robot for this test:

Serial.begin(115200) ;

We also expose the distance variable to the REST API, so we can access
it easily:

rest.variable ("distance", &distance) ;

To control the robot, we are going to declare a whole set of functions that will
perform the basic operations: going forward, going backward, turning on
itself (left or right), and stopping. We will see the details of these functions

in a moment; for now, we just need to expose them to the API:
rest.function ("forward", forward) ;

rest.function ("backward", backward) ;

rest.function("left",left) ;

rest.function ("right",right) ;

rest.function ("stop", stop) ;

We also give the robot an ID and a name:

rest.set_id("001");

rest.set name ("mobile robot") ;

In the 1oop () function of the sketch, we first measure the distance from
the sensor:

distance = measure_distance (distance_sensor) ;

We then handle the requests using the aREST library:

rest.handle (Serial) ;
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12.

13.

14.

15.

16.

Now, we will look at the functions for controlling the motors. They are all
based on a function to control a single motor, where we need to set the motor
pins, the speed, and the direction of the motor:

void send motor command(int speed pin, int direction pin, int pwn,
boolean dir)

{

analogWrite (speed pin, pwm); // Set PWM control, 0 for stop, and
255 for maximum speed

digitalWrite(direction pin, dir); // Dir set the rotation
direction of the motor (true or false means forward or reverse)

}

Based on this function, we can now define the different functions to move the
robot, such as forward:

int forward(String command) {

send motor command (speed motorl,direction motorl,100,1);
send motor command (speed motor2,direction motor2,100,1);
return 1;

}

We also define a backward function, simply inverting the direction of
both motors:

int backward (String command) {
send motor command (speed motorl,direction motorl,100,0) ;
send motor command (speed motor2,direction motor2,100,0) ;
return 1;

}

To make the robot turn left, we simply make the motors rotate in
opposite directions:

int left (String command) {
send motor command (speed motorl,direction motorl, 75,0) ;
send motor command (speed motor2,direction motor2,75,1) ;
return 1;

}

We also have a function to stop the robot:

int stop(String command) {
send _motor command (speed motorl,direction motorl,0,1);
send _motor command (speed motor2,direction motor2,0,1);

return 1;
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There is also a function to make the robot turn right, which is not detailed here. Note
that all of the code used in this chapter can be found in the GitHub repository of the
book at https://github.com/marcoschwartz/arduino-android-blueprints.

We are now going to test the robot. Before you do anything, ensure that the battery is
always plugged into the robot. This will ensure that the motors are not trying to get
power from your computer USB port, which could damage it.

Also place some small support at the bottom of the robot so that the wheels don't touch
the ground. This will ensure that you can test all the commands of the robot without
the robot moving too far from your computer, as it is still attached via the USB cable.

Now you can upload the sketch to your Arduino Uno board. Open the serial monitor
and type the following:

/forward

This should make both the wheels of the robot turn in the same direction. You can
also try the other commands to move the robot to make sure they all work properly.
Then, test the ultrasonic distance sensor by typing the following;:

/distance

You should get back the distance (in centimeters) in front of the sensor:

{“distance": 24, "id": "001l", "name": "mobile robot", "connected": true}

Try changing the distance by putting your hand in front of the sensor and typing the
command again.

Writing the Arduino sketch

Now that we have made sure that the robot is working properly, we can write the
final sketch that will receive the commands via Bluetooth. As the sketch shares many
similarities with the test sketch, we are only going to see what is added compared

to the test sketch. We first need to include more libraries:

#include <SPI.h>
#include "Adafruit BLE UART.h"
#include <aREST.h>

We also define which pins the BLE module is connected to:

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, on
Uno thats #2 or #3

#define ADAFRUITBLE RST 9
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We have to create an instance of the BLE module:

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;

In the setup () function of the sketch, we initialize the BLE chip:
BTLEserial.begin() ;

In the 1oop () function, we check the status of the BLE chip and store it in
a variable:

BTLEserial .pollACI() ;
aci_evt opcode t status = BTLEserial.getState();

If we detect that a device is connected to the chip, we handle the incoming request
with the aREST library, which will allow us to use the same commands as before
to control the robot:

if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;

}

You can now upload the code to your Arduino board, again by making sure that
the battery is connected to the Arduino Uno board via the power jack. You can now
move on to the development of the Android application to control the robot.

Setting up the Android app

The Android application that we will be creating will give us the opportunity to
control the robot via BLE from the physical Android device. This application will
have five basic controls, that is, Forward, Backward, Left, Right, and Stop. In
addition, it will also show the BLE connection status and there will be a Refresh
button that will allow us to refresh the Bluetooth callback.

We will assume that you will have switched on the Auto-Import function within
your preferences. If not, activate it by going to the Auto-Import preferences and
selecting all the available options. The Auto-Import preferences are available

on Mac and Windows as follows:

* OnaMac, navigate to Android Studio > Preferences > Editor >
Auto-Import

* On Windows, navigate to File > Settings > Editor > Auto-Import
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With all the necessary settings in place, we will start off by creating a new project
where we will choose the following within the New Project setup walkthrough:

¢ Name: Mobile Robot

*  Minimum SDK: 18

* Project: Blank Activity

* Activity Name: RobotControlActivity

e Domain: arduinoandroid. com

Laying out the Android user interface and
setting permissions

In order to make this project work, we will need to first go over to the Android
Manifest file, which is available at app > src > main > AndroidManifest .xml.

Since this Android application uses BLE to connect the Android physical device to
the robot, we will need to add the following permissions to the Android Manifest
file. These permissions will allow the application to connect to the paired Bluetooth
devices that have been discovered:

<uses-permission android:name="android.permission.BLUETOOTH"/>
<uses-permission android:name="android.permission.BLUETOOTH ADMIN"/>

The next step that we will take is to set up the very basic Android layout file so
that we can implement the app's functions and allow the user to activate the voice
recognition intent.

In our project, we will navigate to the main layout file which can be accessed from
app > src > res > layout > activity robot control.xml.

There are a number of layout formats with the Android user interface design, and in
this particular case, we will be using a horizontal linear layout with a vertical linear
layout as a child. Keeping these concepts in mind, we will replace the current code
with the following lines of code:

<LinearLayout
android:orientation="vertical"
android:layout width="fill parent"
android:layout height="fill parent"
xmlns:android="http://schemas.android.com/apk/res/android" >

<Button
android:layout width="wrap content"
android:layout height="wrap content"
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android:text="Connect"
android:id="@+id/connectBtn"
android:layout gravity="center horizontal"

/>

<Button
style="?android:attr/buttonStyleSmall"
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Forward"
android:id="@+id/fwdBtn"
android:layout gravity="center horizontal"

/>

<LinearLayout
android:orientation="horizontal™"
android:layout width="fill parent"
android:layout height="57dp">

<Button
style="?android:attr/buttonStyleSmall"
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Left"
android:id="@+id/leftBtn"
android:layout weight="1"

/>

<Button
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Stop"
android:id="@+id/stopBtn"
android:layout gravity="center horizontal"
android:layout weight="1"

/>

<Button
style="?android:attr/buttonStyleSmall"
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Right"
android:id="@+id/rightBtn"
android:layout weight="1"

/>
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</LinearLayout>

<Button
android
android

android

/>

<TextView

android:

android

android
android

/>

</LinearLayout>

:layout width="wrap content"
:layout height="wrap content"
android:
android:

text="Backward"
id="@+id/backwardBtn"

:layout gravity="center horizontal"

layout width="wrap content"

:layout height="wrap content"
android:
:id="@+id/connectionStsView"

:layout gravity="center horizontal"

text="Connection Status View"

At this point, you should end up with something that looks like the following
screenshot. This is based on the LG Nexus 5:

TEI Mobile Robot

Connect
Forward

Stop

Backward

Connection Status View
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Coding the app's internals

At this point, we want to start connecting our freshly designed Android user
interface to the main Android code, and we will start doing this by opening the
RobotControlActivity.java file, which is available at app > src > main > java >
package name > RobotControlActivity.java.

We will start off by declaring the user interface element variables together with the
main variable, which we could use for logging, as follows:

//User Interface Elements
Button fwdBtn;
Button leftBtn;
Button rightBtn;
Button backBtn;
Button stopBtn;
Button connectBtn;
TextView connectionSts;

//Logging Variables
private final String LOG TAG = RobotControlActivity.class.
getSimpleName () ;

We will declare all the necessary variables for the BluetoothCallback variable,
where we will primarily declare the UUIDs associated with our specific BLE module,
followed by the Bluetooth adapter variables and characteristics:

// UUIDs for UAT service and associated characteristics.

public static UUID UART_UUID = UUID. fromString ("6E400001-B5A3-
F393-EQA9-E50E24DCCA9E") ;

public static UUID TX UUID = UUID.fromString("6E400002-B5A3-F393-
EOA9-ES50E24DCCA9E") ;

public static UUID RX UUID = UUID.fromString("6E400003-B5A3-F393-
EOA9-ES50E24DCCA9E") ;

// UUID for the BTLE client characteristic which is necessary for
notifications.

public static UUID CLIENT UUID = UUID.fromString("00002902-0000-
1000-8000-00805£9b34fb") ;

// BTLE states

private BluetoothAdapter adapter;
private BluetoothGatt gatt;

private BluetoothGattCharacteristic tx;
private BluetoothGattCharacteristic rx;
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We will then proceed to the onCreate () method and connect the different user
interface elements to the code:

fwdBtn = (Button) findViewById(R.id.fwdBtn) ;

leftBtn = (Button) findViewById(R.id.leftBtn);
rightBtn = (Button) findvViewById(R.id.rightBtn) ;
backBtn = (Button) findViewById(R.id.backwardBtn) ;
stopBtn = (Button) findvViewById(R.id.stopBtn) ;
connectBtn = (Button) findViewById(R.id.connectBtn) ;
connectionSts = (TextView) findViewById(R.

id.connectionStsView) ;

In this project, we would like to send specific BLE messages to our robot when the
user taps on the buttons, and in this part, we will be adding onClickListeners to
our buttons which we have connected earlier to send the messages that we need
to interface with the robot:

fwdBtn.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view)
String setOutputMessage = "/forward /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8")) ) ;

if (gatt.writeCharacteristic (tx)) {
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {
writeConnectionData ("Couldn't write TX
characteristic!");
}
}
P
leftBtn.setOnClickListener (new View.OnClickListener () {
@Override

public void onClick (View view) {
String setOutputMessage = "/left /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8"))) ;
if (gatt.writeCharacteristic(tx))
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {
writeConnectionData ("Couldn't write TX
characteristic!");

}
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}
13N

rightBtn.setOnClickListener (new View.OnClickListener() ({
@Override
public void onClick (View view) {
String setOutputMessage = "/right /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8")) ) ;

if (gatt.writeCharacteristic(tx))
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {

writeConnectionData ("Couldn't write TX
characteristic!");

}
3N

backBtn.setOnClickListener (new View.OnClickListener ()
@Override
public void onClick (View view) {
String setOutputMessage = "/backward /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8")) ) ;

if (gatt.writeCharacteristic(tx))
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {

writeConnectionData ("Couldn't write TX
characteristic!");

}
3N

stopBtn.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view) {
String setOutputMessage = "/stop /";
tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8")) ) ;

if (gatt.writeCharacteristic(tx))
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {

writeConnectionData ("Couldn't write TX
characteristic!");

}
3N
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connectBtn.setOnClickListener (new View.OnClickListener () ({
@Override
public void onClick (View view) {

restartScan () ;

3N

In the next section, we need to declare a new method, which we will name
writeConnectionData. Its main role is writing the status of the Bluetooth
callback to the connection status text view:

private void writeConnectionData (final CharSequence text) {
Log.e (LOG_TAG, text.toString());
connectionSts.setText (text.toString()) ;

}

The following code is all the necessary Bluetooth callback which needs to take place
in order to establish a connection between the Android physical device and BLE
module on the robot:

private BluetoothGattCallback bluetoothGattCallback = new
BluetoothGattCallback()

// Called whenever the device connection state changes, i.e.
from disconnected to connected.

@Override

public void onConnectionStateChange (BluetoothGatt gatt, int
status, int newState) {

super.onConnectionStateChange (gatt, status, newState) ;
if (newState == BluetoothGatt.STATE CONNECTED) {
writeConnectionData ("Connected!") ;
// Discover services.

if (!gatt.discoverServices())
writeConnectionData ("Failed to start discovering
services!") ;
}
} else if (newState == BluetoothGatt.STATE DISCONNECTED) {
writeConnectionData ("Disconnected!") ;
} else {
writeConnectionData ("Connection state changed. New
state: " + newState) ;

}
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// Called when services have been discovered on the remote
device.

// It seems to be necessary to wait for this discovery to
occur before

// manipulating any services or characteristics.

public void onServicesDiscovered (BluetoothGatt gatt, int
status) {

super.onServicesDiscovered(gatt, status);

if (status == BluetoothGatt.GATT SUCCESS) {
writeConnectionData ("Service discovery completed!");
} else {
writeConnectionData ("Service discovery failed with
status: " + status);

}

// Save reference to each characteristic.

tx = gatt.getService (UART UUID) .getCharacteristic(TX
UuIDb) ;

rx = gatt.getService (UART UUID) .getCharacteristic(RX
UuID) ;

// Setup notifications on RX characteristic changes (i.e.
data received) .
// First call setCharacteristicNotification to enable
notification.
if (!gatt.setCharacteristicNotification(rx, true)) {
writeConnectionData ("Couldn't set notifications for RX
characteristic!");

}

// Next update the RX characteristic's client descriptor
to enable notifications.
if (rx.getDescriptor (CLIENT UUID) != null) {
BluetoothGattDescriptor desc =
rx.getDescriptor (CLIENT UUID) ;
desc.setValue (BluetoothGattDescriptor.ENABLE
NOTIFICATION VALUE) ;
if (!gatt.writeDescriptor (desc)) ({
writeConnectionData ("Couldn't write RX client
descriptor value!");
}
} else {
writeConnectionData ("Couldn't get RX client
descriptor!");

}

areServicesAccessible = true;
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The Android application's life cycle gives us the ability to add methods that can be
activated at different parts of this cycle. The following onstart () and onStop ()
methods, which are invoked on starting and exiting the application respectively,
allow us to conserve the device's energy and memory resources:

protected void onStart() {
Log.d (LOG _TAG, "onStart has been called");
super.onStart () ;
// / Scan for all BTLE devices.

// The first one with the UART service will be chosen--see the
code in the scanCallback.

adapter = BluetoothAdapter.getDefaultAdapter () ;
startScan() ;

//When this Activity isn't visible anymore
protected void onStop()
Log.d (LOG _TAG, "onStop has been called") ;
//disconnect and close Bluetooth Connection for better
reliability
if (gatt != null) {
gatt.disconnect () ;
gatt.close () ;
gatt = null;
tx = null;
rx = null;
}

super.onStop () ;

}

In order to allow the starting, stopping, and restarting of Bluetooth scans,
we need to declare methods to do these particular actions, which is the purpose
of the following code:

private void startScan() {
if (ladapter.isEnabled())
adapter.enable () ;

if (!adapter.isDiscovering()) {
adapter.startDiscovery () ;

writeConnectionData ("Scanning for devices...");

adapter.startLeScan (scanCallback) ;
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private void stopScan()
if (adapter.isDiscovering()) ({
adapter.cancelDiscovery () ;
}
writeConnectionData ("Stopping scan") ;
adapter.stopLeScan (scanCallback) ;

private void restartScan() {
stopScan() ;
startScan() ;

}

The most important part of the Bluetooth callback is to connect to the right BLE
device, and the following code helps the user to achieve that:

private BluetoothAdapter.LeScanCallback scanCallback = new
BluetoothAdapter.LeScanCallback()
// Called when a device is found.
@Override
public void onLeScan (BluetoothDevice bluetoothDevice, int i,
byte[]l bytes) {
Log.d (LOG_TAG, bluetoothDevice.getAddress());

writeConnectionData ("Found device: " + bluetoothDevice.
getAddress ()) ;

// Check if the device has the UART service.
if (BluetoothUtils.parseUUIDs (bytes) .contains (UART UUID))

// Found a device, stop the scan.

adapter.stopLeScan (scanCallback) ;

writeConnectionData ("Found UART service!");

// Connect to the device.

// Control flow will now go to the
bluetoothGattCallback functions when BTLE events occur.

gatt = bluetoothDevice.connectGatt (getApplicationConte

xt (), false, bluetoothGattCallback) ;

}
}i

UUID parsing, unlike in the previous chapters, has been moved to autility class
in order to refactor the code and make it more readable. In order to create a utility
class, we first need to right-click on our package name and create a new package
called Bluetooth.
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After that, we will right-click on the new package, select New > Java Class,
and name the new class as BluetoothUtils.

After the preceding two steps, we will replace the code within the class with the
following code:

public class BluetoothUtils ({

// Filtering by custom UUID is broken in Android 4.3 and 4.4, see:

// http://stackoverflow.com/questions/18019161/startlescan-with-
128-bit-uuids-doesnt-work-on-native-android-ble-implementation?noredir
ect=1#comment27879874 18019161

// This is a workaround function from the SO thread to manually
parse advertisement data.

public static List<UUID> parseUUIDs (final byte[] advertisedData) {
List<UUID> uuids = new ArrayList<UUID> () ;

int offset = 0;
while (offset < (advertisedData.length - 2)) {
int len = advertisedDatal[offset++];
if (len == 0)
break;

int type = advertisedData[offset++];
switch (type) {
case 0x02: // Partial list of 16-bit UUIDs
case 0x03: // Complete list of 16-bit UUIDs
while (len > 1) {

int uuidlé = advertisedData[offset++];
uuidlé += (advertisedData[offset++] << 8);
len -= 2;

uuids.add (UUID. fromString (String.format ("%$08x-
0000-1000-8000-00805£9b34fb", uuidle))) ;

}
break;
case 0x06:// Partial list of 128-bit UUIDs
case 0x07:// Complete list of 128-bit UUIDs
// Loop through the advertised 128-bit UUID's.
while (len >= 16) {
try {

// Wrap the advertised bits and order
them.

ByteBuffer buffer = ByteBuffer.
wrap (advertisedData, offset++, 16) .order (ByteOrder.LITTLE ENDIAN) ;
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long mostSignificantBit = buffer.

getLong () ;
long leastSignificantBit = buffer.

getLong () ;
uuids.add (new UUID(leastSignificantBit,

mostSignificantBit)) ;
} catch (IndexOutOfBoundsException e) {
// Defensive programming.
//Log.e (LOG_TAG, e.toString());
continue;
} finally {
// Move the offset to read the next uuid.
offset += 15;
len -= 16;

}

break;

default:
offset += (len - 1);
break;

}

return uuids;

}

At this point, you could go ahead, build, and run the project on an Android
physical device running Android 4.3 with Bluetooth switched on.

Enhancing the user interface further

Once we have managed to finalize our code and assure ourselves that the user
interface includes all the basic functionalities required to control the robot,
we can proceed to improving our user interface.

We will improve the user interface with two main actions:

* Adding a new app icon

* Styling the user interface buttons
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Adding a new app icon

First, we will download the image asset. It's available within the GitHub repository
and also as a public download at http://bit.ly/mobilercboticon.

You should navigate to the project tree, followed by a right-click on app.

When you right-click on app, create a new image asset by going to
New > Image Asset.

You will then be shown an Asset Studio pop-up window, which will allow you to
choose your very own image file. For optimization purposes, we recommend that
you go for a . png file with a resolution of 144 pixels by 144 pixels. Android Studio
automatically does all the resizing and resource creation to adapt your graphic

to different screens.

Once you choose the ic_launcher image file that we have provided you with,
you will be shown a screen with the icon in different sizes. Click on Next where
you will see the screen with the launcher icons in different sizes.

This screen warns you that previous files will be overwritten and shows you the
image launcher file in a number of different resolutions once again. Click on Finish.
Then compile the app, launch it on your physical device, and you should see
something pleasant in your app tray and in the app's action bar.

Styling the user interface buttons

The final steps that we will be taking about are to modify our buttons and add some
color to the text.

There are two steps required while creating the new buttons:

1. Create a Drawable folder with a new XML drawable file known
as button.xml.

2. Then connect the drawable resource file to the main Android layout file.

Create the Drawable folder by right-clicking on the res folder, which is available
at App > src > main > res.

After creating the Drawable folder within the res folder, we need to once
again right-click on the new drawable folder and navigate to New > Drawable
Resource File.
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Name the file buttonshape and type shape as the root element, followed by clicking
on OK.

Within the button.xml file, replace the current code with the following;:

<shape xmlns:android="http://schemas.android.com/apk/res/android">
<corners
android:radius="30dp"/>
<solid
android:color="#FFFFFF" />
<padding
android:left="10dp"
android:top="10dp"
android:right="10dp"
android:bottom="10dp"/>
<stroke
android:width="2dp"
android:color="#4A90E2" />
</shape>

At this point, the buttons have not been modified yet, so we will go to the robot
control activity layout file, which is available at app > main > res > layout >
activity robot control.xml.

Within this file, we will also be connecting the changes within the buttonshape . xml
file to the main layout file, and we will be adding margin to the buttons so that there
is enough spacing between the buttons for a presentable layout.

We will add the following code to all the button elements to give them the
buttonshape styling:

android:background="@drawable/buttonshape"

After that, we will add the margins by adding the following code to the Connect,
Backward, and Forward buttons:

android:layout margin="10dp"

For the left and right buttons, we will add the following code since they're within
a different kind of layout:

android:layout marginLeft="10dp"
android:layout marginRight="10dp"
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At this point, you should have a layout that looks like the following screenshot on
Nexus 4, which is more attractive and presentable to the user:

# Mobile Robot
[ Connect
: Forward

sop |

Backward ]

Connection S16tus View

How to go further

The Android application can be further enhanced with more refined controls that
could quantify the exact angle by which you would like the robot to turn left or right.
We can also extract data from the ultrasonic sensor and display it within the Android
application to get data about the proximity to obstacles.

In addition, the Android application will definitely benefit from the addition of a
Connection dialog that shows the user all the available BLE devices, and the user
can choose the BLE Chip connected to the robot. This will enhance user experience
and, at the same time, provide a more stable connection with the robot, especially
if you're working in an environment surrounded by other BLE transmitters.

Last but not least, the reader can also go ahead and do further modifications
to the user interface and layout to make the app even more attractive and
presentable. Our main recommendation is to follow the design guidelines
available at http://developer.android. com.
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Summary

In this chapter, we managed to create our very own mobile robot together with a
companion Android application that we can use to control our robot.

We achieved this step by step by setting up an Arduino-enabled robot and coding
the companion Android application. It uses the BLE software and hardware of an
Android physical device running on Android 4.3 or higher.

In the final chapter, we will consider a more direct form of user interaction,
by measuring our pulse rate using Android, Arduino, and a specific sensor.
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Pulse Rate Sensor

In this chapter, we will start exploring the possibilities of using Arduino and
Android in a health context. The most natural way to start off such an adventure is
to create a project that involves an open source pulse rate sensor. This sensor will be
connected to a BLE-equipped Arduino. The data will be displayed in an interesting
way within the Android app to make the experience as seamless as possible.

The following will be the major takeaways from this chapter:

* Using a pulse rate sensor with Arduino to measure your heart rate
* Connecting a BLE module to Arduino to transmit pulse rate data

* Visualizing this data in an Android application

Hardware and software requirements

Let's first see what we need for this project. As usual, we will use an Arduino
Uno board.

You will also need a heart rate sensor, which is the most important component of this
chapter. We used a sensor that is compatible with Arduino, simply called the pulse
sensor (http://pulsesensor.com/).
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The following is an image of the sensor we used:

For wireless communications, we used the nRF8001 BLE breakout board that we
used in previous chapters.

Finally, you will need a breadboard and some jumper wires to make the connections
between the different parts.

This is the list of all of the hardware you will need for this project, along with links to
find these parts on the web:

Arduino Uno board (https://www.adafruit.com/products/50)
nRF8001 breakout board (https://www.adafruit.com/products/1697)

Heart rate sensor (http://pulsesensor.myshopify.com/products/pulse-
sensor-amped)

Breadboard (https://www.adafruit.com/products/64)

Jumper wires (https://www.adafruit.com/products/1957)

On the software side, you will of course need the Arduino IDE. You will also need
the following:

The library for the nRF8001 chip, available at https://github. com/
adafruit/Adafruit nRF8001

The aREST library to send commands to the robot, available at
https://github.com/marcoschwartz/aREST
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Configuring our hardware
We are now going to build the project by performing the following steps:

1. First, connect the BLE breakout board to the Arduino Uno board.
2. Place the module on the breadboard.

3. Connect the power supply of the module: GND goes to prototyping shield
GND and VIN goes to the prototyping shield +5V.

4. Connect the different wires responsible for the SPI interface: SCK to
Arduino pin 13, MISO to Arduino pin 12, and MOSI to Arduino pin 11.

Then connect the REQ pin to Arduino pin 10.

Finally, connect the RDY pin to Arduino pin 2 and the RST pin to
Arduino pin 9.

The following is a schematic diagram to help you out for this part:

X (UNO

7. Now, connecting the pulse rate sensor is actually very simple. You simply
need to connect the red wire to the Arduino +5V pin, the black cable to the
Arduino GND pin, and the remaining pin to the Arduino A0 pin.
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This is an image of the fully assembled project:

If you want more details about the pulse rate sensor, you can visit the official
documentation at http://pulsesensor.myshopify.com/pages/code-and-guide.

Testing the sensor

We are now going to write some basic code to make sure that the pulse sensor is
correctly wired and that it is not damaged. Thanks to the work done by the creator
of the sensor, it is actually very easy to extract the heart pulse rate from the sensor
readings. The following sketch starts by defining a lot of variables that are required
for the calculation of the Beats Per Minute (BPM):

// Sensor and pins variables
int pulsePin = 0;
int blinkPin = 13;

// Pulse rate variable
volatile int BPM;
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// Raw signal
volatile int Signal;

// Interval between beats
volatile int IBI = 600; // Default Inter Beats Interval

// Becomes true when the pulse is high
volatile boolean Pulse = false;

// Becomes true when Arduino finds a pulse (QS stands for Quantified
Self here)
volatile boolean QS = false;

In the setup () function of the sketch, we simply start the serial communications
and initialize the readings from the pulse sensor:

// Start Serial
Serial.begin(115200) ;

// Sets up to read Pulse Sensor signal every 2mS

interruptSetup () ;

Then, in the 1oop () function of the sketch, we constantly check to see if we found a
heart beat, and we print it on the serial monitor if this is the case:

// If heart beat is found
if (QS == true) {

// Print heart rate
Serial.print ("Heart rate: ");
Serial.println (BPM) ;

// Reset the Quantified Self flag for next time
QS = false;

// Wait 20 ms
delay (20) ;

» Note that all of the code used in this chapter can be found in
the GitHub repository of the book at https://github.com/

marcoschwartz/arduino-android-blueprints
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It is now time to test the code. Before uploading the code to your board, it's
recommended that you watch a video found at http://pulsesensor.myshopify.
com/blogs/news/7406100-getting-started-video in order to understand how
to put the sensor correctly on your finger.

You can now upload the code to your Arduino board and open the serial monitor.
Then place the sensor on your finger. After a while (there can be strange readings at
first), you should see your heart rate being displayed on the serial monitor. You will
know that it is correct when the value is between 60 and 100 BPM (if you are in a
resting state).

Writing the Arduino sketch

Now that we are sure that the sensor is working correctly, we can write the final
Arduino sketch for this chapter. This sketch will perform the BPM measurements
as before, and will also expose the BPM variable via the aREST API so that the
measurements can be accessed via Bluetooth. As the sketch is really similar to the
test sketch, we will only detail the changes here.

The sketch starts by importing the required libraries:

#include <SPI.h>
#include "Adafruit BLE UART.h"
#include <aREST.h>

We also define the pins on which the BLE module is connected:

#define ADAFRUITBLE REQ 10

#define ADAFRUITBLE RDY 2 // This should be an interrupt pin, on
Uno thats #2 or #3

#define ADAFRUITBLE RST 9

Then we create an instance of the aREST library and the BLE module:
aREST rest = aREST() ;
// BLE instance

Adafruit BLE UART BTLEserial = Adafruit BLE UART (ADAFRUITBLE REQ,
ADAFRUITBLE RDY, ADAFRUITBLE RST) ;
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We also need to define a variable that will contain the BPM measurements and that
will be exposed to the API:

int bpm = 0;
In the setup () function, we need to initialize the BLE module:

BTLEserial .begin() ;

We also give the project a name and ID:

rest.set_id("1");
rest.set_name ("pulse_sensor") ;

Still in the setup () function, we expose the BPM variable to the aREST API:

rest.variable ("bpm", &bpm) ;

In the 1oop () function of the sketch, we assign the measured BPM to the variable
that is exposed to the API:

bpm = BPM;

Then, as usual, we process the incoming requests on the BLE module with the
aREST API:

// Tell the nRF8001 to do whatever it should be working on.
BTLEserial .pollACI() ;

// Ask what is our current status
aci evt opcode t status = BTLEserial.getState();

// Handle REST calls
if (status == ACI_EVT CONNECTED) {
rest.handle (BTLEserial) ;
}
}

Note that all the code for this chapter can be found in the GitHub repository of the
bookat https://github.com/marcoschwartz/arduino-android-blueprints.
You can now upload the code to your Arduino board and move on to the
development of the Android application.
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Setting up the Android app

The Android application that we will be creating will give us the ability to

display the data that is measured by the pulse rate sensor within the Android app.
In addition, it will show the BLE connection status, and there will be the Refresh
button to allow us to refresh the Bluetooth callback.

We will assume that you will have switched on the Auto- Import function within
your preferences. If not, kindly activate it by going to the Auto-Import preferences
and selecting all available options. The Auto-Import preferences are available on
Mac and Windows as follows:

* OnaMac, navigate to Android Studio > Preferences > Editor >
Auto-Import

* On Windows, navigate to File > Settings > Editor > Auto-Import
With all the necessary settings in place, we will start off by creating a new project
where we will choose the following within the New Project setup walkthrough:

* Name: Pulse Rate Sensor

*  Minimum SDK: 18

* Project: Blank Activity

* Activity Name: PulseActivity

e Domain: arduinoandroid. com

Laying out the Android user interface and
setting permissions

In order to make this project work, we will need to first go to the Android Manifest
file which is available at app > src > main > AndroidManifest .xml.

Since this Android application uses BLE to connect the Android physical device to
the pulse rate sensor, we will need to add the following permissions to the Android
Manifest file:

<uses-permission android:name="android.permission.BLUETOOTH"/>
<uses-permission android:name="android.permission.BLUETOOTH
ADMIN"/>

The next step that we will be taking is setting up the very basic Android layout file
so that we are able to implement the app functions.
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In our project, we will navigate to the main layout file which can be accessed from
app > src > res > layout > activity pulse.xml.

There are a number of layout formats with Android user interface design, and in this
particular case, we will be implementing two linear layouts: one will be designed

to act as a placeholder for the graph view, and the other will support the different
buttons and text views.

Replace the current code available in the layout file with the following code:

<?xml version="1.0" encoding="utf-8"?>

<LinearLayout
xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android:layout width="£fill parent"
android:layout height="fill parent"s>

<LinearLayout
android:id="@+id/rest"
android:layout width="£fill parent"
android:layout height="250dip"
android:orientation="vertical"
android:weightSum="1">

<TextView

android:layout width="match parent"
android:layout height="wrap content"
android:textAppearance="?android:attr/textAppearanceLarge"
android:id="@+id/pulseValueView"
android:layout gravity="center horizontal"
android:textSize="150dp"
android:gravity="center"
android:text="120"/>

</LinearLayout>

<Button
android:layout width="wrap content"
android:layout height="wrap content"
android:text="Refresh Connection"
android:id="@+id/refreshBtn"

android:layout gravity="center horizontal" />

[217]



Pulse Rate Sensor

<Button
android
android

android:
:id="@+id/heartRateBtn"
android:

android

<TextView
android
android

android:
android:

android
android
</LinearLayout>

:layout width="wrap content"
:layout height="wrap content"

text="Get Pulse Rate"

layout gravity="center horizontal" />

:layout width="wrap content"
:layout height="wrap content"

textAppearance="?android:attr/textAppearanceLarge"
text="Connection Status"

:id="@+id/connectionStsView"
:layout gravity="center horizontal" />

The end result will look as follows within the IDE:

i1 Arduino Pulse Rate

Refresh Connection

Get Pulse Rate

Connection Status
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The text 120 is meant to be a placeholder text to ensure that there is enough
place within the user interface to accommodate the pulse rate readings. In the
final implementation, you have the option of removing the placeholder text and
leaving it blank.

Coding the app's internals

We need to start off by declaring all the necessary variables that are needed to work
with the Bluetooth logic, user interface, and for logging purposes:

//Logging Variables
private final String LOG _TAG = PulseActivity.class.
getSimpleName () ;

//User Interface Variables
Button getPulseRate;

Button refreshButton;
TextView pulseRateView;
TextView connectionStsgView;

//Data Output
private String output;

// UUIDs for UAT service and associated characteristics.

public static UUID UART _UUID = UUID.fromString ("6E400001-B5A3-
F393-EOA9-E50E24DCCA9E") ;

public static UUID TX UUID = UUID. fromString ("6E400002-B5A3-F393-
EOA9-E50E24DCCASE") ;

public static UUID RX UUID = UUID. fromString ("6E400003-B5A3-F393-
EOA9-E50E24DCCASE") ;

// UUID for the BTLE client characteristic which is necessary for
notifications.

public static UUID CLIENT UUID = UUID.fromString("00002902-0000-
1000-8000-00805£f9b34fb") ;

// BTLE stateta

private BluetoothAdapter adapter;
private BluetoothGatt gatt;

private BluetoothGattCharacteristic tx;
private BluetoothGattCharacteristic rx;

private boolean areServicesAccessible = false;
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Following this, we will need to connect the user interface elements within the
onCreate () method to the user interface, and set an onClickListener class to the
Get Pulse Rate and Refresh buttons, which will allow us to request the pulse rate
sensor data and refresh Bluetooth connections:

//Connect U.I Elements

getPulseRate = (Button) findvViewById(R.id.heartRateBtn) ;

pulseRateView = (TextView) findviewById(R.id.pulseValueView) ;

connectionStsView = (TextView) findViewById(R.
id.connectionStsView) ;

refreshButton = (Button) findViewById(R.id.refreshBtn) ;

getPulseRate.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View view)
String setOutputMessage = "/bpm /";

tx.setValue (setOutputMessage.getBytes (Charset.
forName ("UTF-8"))) ;

if (gatt.writeCharacteristic(tx))
writeConnectionData ("Sent: " + setOutputMessage) ;
} else {
writeConnectionData ("Couldn't write TX
characteristic!");
}
}
1)
refreshButton.setOnClickListener (new View.OnClickListener () {
@Override

public void onClick (View view)
restartScan() ;

3N
}

Since we are using Bluetooth in our projects, we need to implement the methods that
allow us to take the character data sequences, convert them into string, and finally
connect them to the user interface to display the data:

private void writeConnectionData (final CharSequence text) {
Log.e (LOG_TAG, text.toString());
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connectionStsView.setText (text.toString()) ;

private void writeSensorData(final CharSequence text) {

runOnUiThread (new Runnable () {
@Override
public void run()

Log.e (LOG TAG, text.toString()) ;
output=text.toString() .trim() ;

if (output.length() > 0 && output.length() <=3) {
pulseRateView.setText (output) ;

}

else {

return;

3N
}

The following methods will allow us to do the necessary Bluetooth callback and send
or receive data from the Arduino pulse rate sensor via the BLE module:

// BTLE device scanning bluetoothGattCallback.

// Main BTLE device bluetoothGattCallback where much of the logic
occurs.

private BluetoothGattCallback bluetoothGattCallback = new
BluetoothGattCallback ()

// Called whenever the device connection state changes, i.e.
from disconnected to connected.

@Override

public void onConnectionStateChange (BluetoothGatt gatt, int
status, int newState) {

super.onConnectionStateChange (gatt, status, newState) ;
if (newState == BluetoothGatt.STATE CONNECTED) {
writeConnectionData ("Connected!") ;
// Discover services.
if (!gatt.discoverServices())

writeConnectionData ("Failed to start discovering
services!") ;
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} else if (newState == BluetoothGatt.STATE DISCONNECTED) {
writeConnectionData ("Disconnected!") ;
} else {
writeConnectionData ("Connection state changed. New
state: " + newState) ;

}

// Called when services have been discovered on the remote
device.

// It seems to be necessary to wait for this discovery to
occur before
// manipulating any services or characteristics.
public void onServicesDiscovered (BluetoothGatt gatt, int
status) {
super.onServicesDiscovered(gatt, status);

if (status == BluetoothGatt.GATT SUCCESS) ({
writeConnectionData ("Service discovery completed!");
} else {
writeConnectionData ("Service discovery failed with
status: " + status);

}

// Save reference to each characteristic.

tx = gatt.getService (UART UUID) .getCharacteristic(TX
UUID) ;

rx = gatt.getService (UART UUID) .getCharacteristic(RX
UUID) ;

// Setup notifications on RX characteristic changes (i.e.
data received) .
// First call setCharacteristicNotification to enable
notification.
if (!gatt.setCharacteristicNotification(rx, true)) {
writeConnectionData ("Couldn't set notifications for RX
characteristic!") ;

}

// Next update the RX characteristic's client descriptor
to enable notifications.
if (rx.getDescriptor (CLIENT UUID) != null) ({
BluetoothGattDescriptor desc =
rx.getDescriptor (CLIENT UUID) ;
desc.setValue (BluetoothGattDescriptor.ENABLE
NOTIFICATION VALUE) ;

[222]



Chapter 10

if (!gatt.writeDescriptor (desc)) ({
writeConnectionData ("Couldn't write RX client
descriptor value!");
}
} else {
writeConnectionData ("Couldn't get RX client
descriptor!") ;

}

areServicesAccessible = true;
}
// Called when a remote characteristic changes (like the RX
characteristic).
@Override
public void onCharacteristicChanged (BluetoothGatt gatt,
BluetoothGattCharacteristic characteristic) {
super.onCharacteristicChanged (gatt, characteristic);
writeSensorData (characteristic.getStringValue(0)) ;

}i

private BluetoothAdapter.LeScanCallback scanCallback = new
BluetoothAdapter.LeScanCallback ()
// Called when a device is found.
@Override
public void onLeScan (BluetoothDevice bluetoothDevice, int i,
byte[]l bytes) {
Log.d (LOG _TAG, bluetoothDevice.getAddress());

writeConnectionData ("Found device: " + bluetoothDevice.
getAddress () ) ;

// Check if the device has the UART service.
if (BluetoothUtils.parseUUIDs (bytes) .contains (UART UUID))

// Found a device, stop the scan.

adapter.stopLeScan (scanCallback) ;

writeConnectionData ("Found UART service!");

// Connect to the device.

// Control flow will now go to the
bluetoothGattCallback functions when BTLE events occur.

gatt = bluetoothDevice.connectGatt (getApplicationConte
xt (), false, bluetoothGattCallback) ;

}
}i
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The Android application life cycle allows us to implement methods at its different
stages, so in the following code, we will be implementing two methods which allow
us to start Bluetooth scanning when the application is activated, and stop Bluetooth
scanning and other related activities when the user exits the application:

protected void onStart() {
Log.d (LOG _TAG, "onStart has been called");
super.onStart () ;
// / Scan for all BTLE devices.
// The first one with the UART service will be chosen--see the
code in the scanCallback.

adapter

BluetoothAdapter.getDefaultAdapter () ;

startScan() ;

//When this Activity isn't visible anymore

protected void onStop()
Log.d (LOG _TAG, "onStop has been called") ;
//disconnect and close Bluetooth Connection for better

reliability
if (gatt
gatt
gatt
gatt
tx =

rx =

}

1= null) {

.disconnect () ;
.close() ;

= null;
null;
null;

super.onStop () ;

}

We will also be including a number of methods that facilitate the BLE scan callback
and enable us to refactor the code and keep our code clean:

//BLUETOOTH METHODS
private void startScan() {
if (!adapter.isEnabled())
adapter.enable () ;

}

if (!adapter.isDiscovering())

adapter.startDiscovery () ;

}

writeConnectionData ("Scanning for devices...");

adapter.startLeScan (scanCallback) ;
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private void stopScan()
if (adapter.isDiscovering()) ({
adapter.cancelDiscovery () ;
}
writeConnectionData ("Stopping scan") ;
adapter.stopLeScan (scanCallback) ;

private void restartScan() {
stopScan() ;
startScan() ;

}

UUID parsing, unlike the previous chapters, has been moved to a utility class in
order to refactor the code and make it more readable. In order to create autility
class, we first need to right-click on our package name and create a new package
called Bluetooth.

Then we will right-click on the new package, select New > Java Class, and name
the new class as BluetoothUtils.

After these two steps, we will replace the code within the class with the
following code:

public class BluetoothUtils

// Filtering by custom UUID is broken in Android 4.3 and 4.4, see:

// http://stackoverflow.com/questions/18019161/startlescan-with-
128-bit-uuids-doesnt-work-on-native-android-ble-implementation?noredir
ect=1#comment27879874_18019161

// This is a workaround function from the SO thread to manually
parse advertisement data.

public static List<UUID> parseUUIDs (final byte[] advertisedData) {

List<UUID> uuids = new ArrayList<UUID> () ;

int offset = 0;
while (offset < (advertisedData.length - 2)) {
int len = advertisedData [offset++];

if (len == 0)
break;
int type = advertisedData[offset++];

switch (type) {
case 0x02: // Partial list of 16-bit UUIDs
case 0x03: // Complete list of 16-bit UUIDs
while (len > 1) {
int uuidlé = advertisedData[offset++];
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uuidlé += (advertisedData[offset++] << 8);
len -= 2;
uuids.add (UUID. fromString (String.format ("%$08x-
0000-1000-8000-00805f9b34fb", uuidle))) ;
}
break;
case 0x06:// Partial list of 128-bit UUIDs
case 0x07:// Complete list of 128-bit UUIDs
// Loop through the advertised 128-bit UUID's.
while (len >= 16) {
try {
// Wrap the advertised bits and order
them.
ByteBuffer buffer = ByteBuffer.
wrap (advertisedData, offset++, 16) .order (ByteOrder.LITTLE ENDIAN) ;
long mostSignificantBit = buffer.
getLong () ;
long leastSignificantBit = buffer.
getLong () ;
uuids.add (new UUID(leastSignificantBit,
mostSignificantBit)) ;
} catch (IndexOutOfBoundsException e) {
// Defensive programming.
//Log.e (LOG_TAG, e.toString());
continue;
} finally {
// Move the offset to read the next uuid.
offset += 15;
len -= 16;
}
}

break;

default:
offset += (len - 1);
break;

}
}

return uuids;

}

At this point, you could go ahead, build, and run the project on an Android physical
device running on Android 4.3 with Bluetooth switched on. In order to get your
pulse rate in this project, you will need to follow the instructions as mentioned
previously and tap on the Get Pulse Rate button.
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How to go further

We believe that this project can be taken further by possibly including other
health-related sensors that are available from a number of online outlets and
displaying the related data within a graph.

The Android graph view library supports multiple inputs using multiple
series. Further information about this can be obtained at the official website

for documentation at http://android-graphview.org/.

A screenshot of how this application could possibly look with Android graph
view would be similar to the following:

3 =

T B 2 &

%’ Arduino Pulse Rate

high ) __ Pulse Rate Sensor

I

low | | | 1 |
3 15 28 40 52 B5 77 89 10214

Refresh Connection

Get Heart Rate
Last Pulse Rate Value
Large Text
Scanning for devices...

Further improvements could also be done to the user interface and user experience
where the data can be updated in real time via handler or timer implementations.
Finally, one of the most advanced integrations that could be included in this kind
of application is integration with the Google Fit SDK, which is Google's proprietary
health data platform. Another option could be storage of health data using cloud
storage APIs and local databases.
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Summary

In this chapter, we integrated what we had learned from the previous chapters and
created a baseline project to measure our own pulse rate.

We achieved this by creating an Android app which shows the data produced by
the pulse rate sensor connected to the Arduino Uno. Communication between both
devices is via BLE.

The baseline projects that we have introduced throughout this book are present to
motivate you to be creative and solve your daily challenges. We have realized that
the possibilities of combining Arduino and Android are endless, and we hope that
you will stretch the limitations of what is possible.
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About Packt Publishing

Packt, pronounced 'packed', published its first book, Mastering phpMyAdmin for Effective
MySQL Management, in April 2004, and subsequently continued to specialize in publishing
highly focused books on specific technologies and solutions.

Our books and publications share the experiences of your fellow IT professionals in adapting
and customizing today's systems, applications, and frameworks. Our solution-based books
give you the knowledge and power to customize the software and technologies you're using
to get the job done. Packt books are more specific and less general than the IT books you have
seen in the past. Our unique business model allows us to bring you more focused information,
giving you more of what you need to know, and less of what you don't.

Packt is a modern yet unique publishing company that focuses on producing quality,
cutting-edge books for communities of developers, administrators, and newbies alike.
For more information, please visit our website at www . packtpub. com.

About Packt Open Source

In 2010, Packt launched two new brands, Packt Open Source and Packt Enterprise, in order
to continue its focus on specialization. This book is part of the Packt Open Source brand,
home to books published on software built around open source licenses, and offering
information to anybody from advanced developers to budding web designers. The Open
Source brand also runs Packt's Open Source Royalty Scheme, by which Packt gives a royalty
to each open source project about whose software a book is sold.

Writing for Packt

We welcome all inquiries from people who are interested in authoring. Book proposals should
be sent to authorepacktpub. com. If your book idea is still at an early stage and you would
like to discuss it first before writing a formal book proposal, then please contact us; one of our
commissioning editors will get in touch with you.

We're not just looking for published authors; if you have strong technical skills but no writing
experience, our experienced editors can help you develop a writing career, or simply get some
additional reward for your expertise.
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Raspberry Pi Home
Automation with Arduino

Raspberry Pi Home Automation

with Arduino
ISBN: 978-1-84969-586-2 Paperback: 176 pages

Automate your home with a set of exciting projects
for the Raspberry Pi!

1. Learn how to dynamically adjust your
living environment with detailed
step-by-step examples.

2. Discover how you can utilize the combined
power of the Raspberry Pi and Arduino for
your own projects.

3. Revolutionize the way you interact with your
home on a daily basis.
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»

C Programming for Arduino

C Programming for Arduino
ISBN: 978-1-84951-758-4 Paperback: 512 pages
Learn how to program and use Ardunio boards

with a series of engaging examples, illustrating
each core concept

1. Use Arduino boards in your own electronic
hardware and software projects.

2. Sense the world by using several sensory
components with your Arduino boards.

3. Create tangible and reactive interfaces with
your computer.

Please check www.PacktPub.com for information on our titles
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Arduino Robotic Projects
ISBN: 978-1-78398-982-9 Paperback: 240 pages

Build awesome and complex robots with the power
of Arduino

1. Develop a series of exciting robots that can sail,
go under water, and fly.

2. Simple, easy-to-understand instructions to
program Arduino.

Arduino Robotic Projects

3.  Effectively control the movements of all types
of motors using Arduino.

Arduino Networking
ISBN: 978-1-78398-686-6 Paperback: 118 pages

Connect your projects to the Web using the Arduino
Ethernet library

1. Learn to use the Arduino Ethernet shield
and Ethernet library.

2. Control the Arduino projects from your
computer using the Arduino Ethernet.

3.  This is a step-by-step guide to creating
Internet of Things projects using the
Arduino Ethernet shield.

Please check www.PacktPub.com for information on our titles
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