Arduino
Programming with
NET and Sketch

. Agus Kurniawan




Arduino
Programming with
.NET and Sketch

Agus Kurniawan

Apress-



Arduino Programming with .NET and Sketch

Agus Kurniawan
Depok
Indonesia

ISBN-13 (pbk): 978-1-4842-2658-2 ISBN-13 (electronic): 978-1-4842-2659-9
DOI10.1007/978-1-4842-2659-9

Library of Congress Control Number: 2017936052
Copyright © 2017 by Agus Kurniawan

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole
or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical
way, and transmission or information storage and retrieval, electronic adaptation, computer
software, or by similar or dissimilar methodology now known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark
symbol with every occurrence of a trademarked name, logo, or image we use the names, logos,
and images only in an editorial fashion and to the benefit of the trademark owner, with no
intention of infringement of the trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even
if they are not identified as such, is not to be taken as an expression of opinion as to whether or
not they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the

date of publication, neither the authors nor the editors nor the publisher can accept any legal
responsibility for any errors or omissions that may be made. The publisher makes no warranty,
express or implied, with respect to the material contained herein.

Managing Director: Welmoed Spahr
Editorial Director: Todd Green
Acquisitions Editor: Natalie Pao
Development Editor: Jim Markham
Technical Reviewer: Fabio Claudio Ferracchiati
Coordinating Editor: Jessica Vakili
Copy Editor: Larissa Shmailo
Compositor: SPi Global

Indexer: SPi Global

Artist: SPi Global

Cover image designed by Freepik

Distributed to the book trade worldwide by Springer Science+Business Media New York,

233 Spring Street, 6th Floor, New York, NY 10013. Phone 1-800-SPRINGER, fax (201) 348-4505,
e-mail orders-ny@springer-sbm.com, or visit www.springeronline.com. Apress Media, LLC is
a California LLC and the sole member (owner) is Springer Science + Business Media Finance
Inc (SSBM Finance Inc). SSBM Finance Inc is a Delaware corporation.

For information on translations, please e-mail rights@apress.com, or visit http://www.apress.
com/rights-permissions.

Apress titles may be purchased in bulk for academic, corporate, or promotional use. eBook versions
and licenses are also available for most titles. For more information, reference our Print and eBook
Bulk Sales web page athttp://www.apress.com/us/services/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is
available to readers on GitHub via the book's product page, located at www.apress.com/
9781484226582. For more detailed information, please visit http://www.apress.com/
source-code.

Printed on acid-free paper


mailto:orders-ny@springer-sbm.com
www.springeronline.com
mailto:rights@apress.com
http://www.apress.com/rights-permission
http://www.apress.com/rights-permission
www.apress.com/bulk-sales
http://www.apress.com/ISBN13TK?
http://www.apress.com/ISBN13TK?
http://www.apress.com/source-code
http://www.apress.com/source-code

Contents at a Glance

About the Author ..........cccnvsmmmis s ———— ix
About the Technical ReVIEWEr ........cvcesssessmsssmsssmsassssssssasssssssssssnsnnsas xi
Acknowledgements .......ccucemmmmssnnnmmmsssssnnmsssssssnessssssssesssssnsssssssnnnnss Xiii
Introduction.........cccccesnimmnsmnss s ——————— Xv
Chapter 1: Introduction to Arduino Boards and Development........ 1
Chapter 2: Interfacing .NET and Arduino ........cccccunsseennmnssssnnnnsssnnns 21
Chapter 3: Sensing and Actuating..........cccivnnsnemnmmssssennmnssssnnnsnssnns 45
Chapter 4: Windows Remote Arduing.......ccccusseeerrmssssnnssssssssnsssssnns 69
Chapter 5: Building Your Own loT Using Arduino and .NET ........ 109
111 165

iii



Contents

About the AUthOr ......ccccciieemminissssmmnssssr s ix
About the Technical REVIEWEr .......cuussssmssmssssssssssssssnsnsssssssssssssssnnssssss Xi
Acknowledgements .......ccucemmmmssnnnmmmsssssnnmsssssssnessssssssesssssnsssssssnnnnss Xiii
Introduction ........ccccviemmmnmisssmnmmnsssnnmnsss s XV
Chapter 1: Introduction to Arduino Boards and Development........ 1
Exploring Arduing BOards..........ccoceeeercernersensessesses s ses e e ses s s snnnnns 1
Arduino Boards for BEGINNETS............ccceceererererereneesiresseesesessse s sesesssssesessssenes 2
Arduino Boards for Advanced USEIS ..........cccuerrerrernnennncse e ssssessssessssenses 3
Arduino for Internet of TRINGS......ccooieerrrerr s 4
Arduino-Compatible..........ccoceerureererrecrer e 7
Setting up Your Development Environment...........cccocovvvvvvvrcennensensennens 9
Build your First Project: BlinKing.........c.cccccversersnsensensessessesses e 11
Sketch Programming.........ccccceeeernnsensensesses s ses s ssssesssssssssssesssssenns 15
Arduino Programming Using Visual Studio..........cccccevvrrrrrrvrsenrensennn, 15
SUMMANY ...t s a s r e s nn e 19
Chapter 2: Interfacing .NET and Arduino ........cccccussseennnnssssnnnsssssnns 21
Arduino 1/0 CommuniCation ........cccccveerirennierr e 21
Serial Communication - UART ... sesss e sessssnns 22

How the Program WOIKS...........coceieniennsesnnese s se s e s sessssssssssssesssneens 25

SPI COMMUNICALION .....cveeecirccccrir e a s 26

How the Program WOIKS...........coceieniennsesnnese s se s e s sessssssssssssesssneens 29



vi

CONTENTS

TWI/I2C COMMUNICALION ... 29
How the Program WOIKS..........cccenninnesiness s sessssessssessssesssssssenes 33
Control Arduino Board from .NET .........cccoorvrvrrrirrrrerrer e 34
How the Program WOIKS..........ccoueernmrnnmnessssesessesessesessessesesesessesessessssesssssssssssenes 38
Introducing Firmata Protocol..........ccccocvvrvrrrvrvncrrerrerer e 39
11 0] 1T U S 44
Chapter 3: Sensing and Actuating.........ccceunsssemmnnnsssnnnnsssssssesssnnns 45
Overview of Sensing and Actuating in Arduino .........ccceeeercereeriercenene 45
Exploring Sensor and Actuator DeViCes .........c.ccevvereserienensessesesesensennas 46
SENSOF DBVICES ...vvveueurrrrrsseerrrsssesessssssssesssessssesesesss s sesssss e s s ssssssssssssssssssnssssssssnssenes 46
How the Program WOIKS..........ccoucernrnnmnessnsesessesessesssss s sesessesessessssessssessssessenes 52
ACTUALON DEVICES. ....eveueecerrsseeeresssessessssesessssssssessssssssesssssssssssssssssssssssssssssssssnsanns 53
Creating an Arduino Sensing App Using .NET.........cccccrvrrrrrrernerienienne 58
How the Program WOKKS. ..o se s ssessessessessens 60
How the Program WOKKS. ..o se s ssessessessessens 63
Creating an Arduino Actuating App Using .NET ........cccorererircrcrcenene 65
1T 1110 SR 68
Chapter 4: Windows Remote Arduing........ccuseemmmssssnsnnsssssnsnsssssnnns 69
Setting up Arduino for Windows Remote Arduino ...........cccverververcenenne 70
Building Your First Program for Windows Remote Arduino ................... 71
WIKING ot 71
Arduing Program........cucccrciininsisses e se s e s s s s s ss s e s s s s s sss s s s s 72
NET Application Program...........cccuvrvrnninnnninsinsinsessssssssessessessessessesssssessssssssessenns 73
Adding Windows Remote Arduino Library .........cccccvvnvninvnvnsncnsnsncensensensescenns 75
Writing .NET Program .........cccvvrvnvnnninsnsensesse s s s e sessessesssssssse s 77
TESHING ..ttt ————————— 82



CONTENTS

Control Arduino An@IOG 1/0 .......ceeeveeveerererr e 85
LT o 86
Creating @ UWP PrOJECE........ccovveveererererererereseraeseraeseraesessesesessesessssessssessssassessssenes 87
Arduing Program.........cccceevererereesereesereresesssessesessssessesassessssesssssssssssssssssessssesssssaes 87
Writing the UWP Program..........cccoeererrceressereesereeseresesesessersesessssessessssessssessssenaes 87
L3 11 o 91

Remote Arduino Through I12C BUS..........ccoceerierrcriennscne e 92
Wiring for 12C AppliCation ..........ccccvrnencnrncserrs s sssss e seens 93
Creating @ UWP ProjECt.......cccoiicrrnncrcrrnsse st sss s sesessnns 94
Writing UWP Program..........ccconecnensessesese s ssse e ssssesssssssssssssssssesssssnnes 95
TESHNG e ———————————— 99

Windows Remote Arduino Over Bluetooth.............cccovvinncicnnccnne 100
Wiring for WRA With BIUETOOT .......covoveeeeeec e 101
Pairing Arduino Bluetooth and COMPULEN ..o 102
Creating @ UWP PrOjECT.......cccooieercrireecsis e s 104
Writing an Arduing Program ...........cooeececensnesesesnssesesssssesessssssssessssssssessssssssnns 105
Writing @ UWP Program .........ooeeceenereenenesenssesesssssssesessssssesessssssssesssssssssssssssssnns 105
TESHING ..t n s 107

1111 1P S 107

Chapter 5: Building Your Own loT Using Arduino and .NET ........ 109

Introduction to Internet of Things and Arduino..........cccceeevevrverrerrennn. 109

Connecting Arduino to Internet Network.........cc.cccoceervresrccvnscrenennens 110
Connecting to @ Wired NEtWOrK.......c.cccevcrerneicnnnse s esessssssess 110
Connecting to @ WiFi NEtWOIK ........ccoviererinncsenernse e sesss e sessssssess 114

Accessing Arduino over a Network from .NET Application.................. 121
WIKING e s s e s s a e a e e ne e anae 122
Building @ SKetCh Program............cccoveevnnnescserseescsesss s sessssssens 124

vii



CONTENTS

Building @ UWP Application...........ccovveerienncinssinesiresinesss e sessessssenas 129
TESHNG v ————————————— 133
Windows Remote Arduino (WRA) over WiFi..........ccccoceeveireneniernnsennenns 134
Configure Arduino for WRA oVer WiFi..........ccccovvrnenennnsessssnnsesesesssssesesessssesenenns 134
Building @ UWP ApPlICALION.........ccceeeeerrneerenensesesesesssesssessssesesesssesesessssssesssssass 135
= 140

RF Communication for Arduino...........cocuremmmnnmisensnensnssssssesenenens 141
Configuring XBee IEEE 802.15.4........ccccverervererrererserseserseseseresersssesssssssesessenessenes 143
Building an Arduino SKetCh Program...........ccceeeveververenseresseressessssesesesesesserssenees 145
Building @ UWP Program..........ccccucrvrnenninninninninsis s sessessessesssssessesssssessssssssessesnas 146
TESHING et ——————————— 151
Building a LoRa Network for Arduino ..........ccccceeveerercessessessenses s 152
Location-based Application for Arduing ..........cccceerervrrrcersrsersenennen, 156
Arduino and Cloud SErVer ... 161
Arduing CloUd ........cvueviirmrnesins i 161
SUMMANY ... e 163
INA@X..eiiieriennie s —————— 165

viii



About the Author

Agus Kurniawan is a lecturer, IT consultant, and an author. He has 16 years of experience
in various software and hardware development projects, delivering materials in training
and workshops, and technical writing. He has been awarded the Microsoft Most Valuable
Professional (MVP) award 14 years in a row.

He is currently doing some research and also getting involved in teaching activities
related to networking and security systems at the Faculty of Computer Science,
Universitas Indonesia and Samsung R&D Institute, Indonesia. Currently, he is pursuing a
PhD in computer science at the Freie Universitédt Berlin, Germany. He can be reached on
his blog at http://blog.aguskurniawan.net and on Twitter at @agusk2010.

ix


http://blog.aguskurniawan.net/

About the Technical
Reviewer

Fabio Claudio Ferracchiati is a senior consultant and a senior analyst/developer using
Microsoft technologies. He works for React Consulting (www.reactconsulting.it). Heis
a Microsoft Certified Solution Developer for .NET, a Microsoft Certified Application
Developer for .NET, a Microsoft Certified Professional, and a prolific author and technical
reviewer. Over the past ten years, he’s written articles for Italian and international
magazines and coauthored more than ten books on a variety of computer topics.

xi



http://www.reactconsulting.it/

Acknowledgments

We would like to thank Apress for all their help in making this book possible. Specifically,
we would like to thank Natalie Pao and Jessica Vakili, our coordinating editors, for helping
us stay focused and overcoming many obstacles. Without them, this book would not have
been possible.

Special thanks to James Markham, our development editor, and Fabio Claudio
Ferracchiati, our technical reviewer, for all his suggestions during the editorial review
process to help make this a great book.

We would also like to thank the Arduino and .NET communities anywhere in the
world for contributing and making learning Arduino programming easy.

Last, but not least, a thank you to my wife, Ela, and my children, Thariq and Zahra,
for their great support in completing this book.

xiii



Introduction

Arduino is a board development platform with which we can develop an embedded
application with several sensor and actuator devices. Arduino is an open source-based
hardware. There are many Arduino models that you can use to develop. This book is
designed for developers (especially for .NET developers) that want to build Arduino
programs for general and specific purposes.

For the Readers

This book assumes you may have previous programming experience. The book is also
written for someone who may have developed programs using .NET and wants to develop
an embedded program with Arduino boards.

How This Book Is Organized

This book is designed with a step-by-step approach. You will learn how to build Arduino
programs using sketch and .NET, and explore Arduino capabilities such as digital and
analog I/0 processing, serial communication, SPI, and I2C bus.

You will find out how .NET collaborates with sketch programs on Arduino to control
sensor and actuator devices remotely. The Internet of Things (IoT) topic is introduced,
including its implementation. Finally, a cloud server is used to connect to the Arduino
board.

Required Software, Materials, and Equipment

In general, a computer with Windows OS. Windows 10 installed is recommended. You
should install Arduino software and Visual Studio on your computer.

You need several Arduino models to implement our demo. Furthermore, you should
provide several sensor and actuator devices and several network modules such as WiFi,
Bluetooh, GPS, and LoRa.
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CHAPTER 1

Introduction to Arduino
Boards and Development -

Arduino is one of the most famous development boards. You can attach sensor and
actuator devices easily into the board. This chapter will explore how to work with Arduino
development and prepare for a development machine. To work on this chapter, you
should have one of the Arduino board models for implementation.

This chapter covers the following topics:

e  Exploring Arduino boards.
e  Setting up development.

e  Building your first project.
e  Sketch programming.

¢ Arduino programming using Visual Studio.

Exploring Arduino Boards

Arduino is a board development platform with which we can develop an embedded
application with several sensor and actuator devices. Arduino is an open source-based
hardware. It means we can develop our own Arduino board, but you should not use
the Arduino name because it’s a trademark. Currently Arduino boards are produced by
Arduino LLC (www.arduino.cc) and Arduino SRL (www.arduino.org). Some Arduino
models which are produced by Arduino LLC and Arduino SRL are different.

In general, an Arduino board has several digital and analog I/0 pins, which are used
to sense and actuate with external devices. In addition, Arduino provides UART, SPI,
and 12C protocols. Each Arduino model has unique features and forms. Make sure you
don’t choose the wrong board model. One of the Arduino board samples can be seen in
Figure 1-1.

© Agus Kurniawan 2017 1
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Figure 1-1. Arduino UNO R3 board

The advantage of an Arduino board is it’s easy to use. You don’t need to solder
electronics components. An Arduino board is ready to use. You just attach sensor and
actuator devices into the board via jumper cables.

In this section, we explore various Arduino boards from Arduino LLC and Arduino
SRL. Each Arduino model has unique features. To optimize Arduino board usage, you
should know and understand what kind of Arduino model it is. I will introduce various
Arduino models based on complexity level and usage range.

Let’s start to explore Arduino boards.

Arduino Boards for Beginners

An Arduino UNO board is a development board which I recommend to anyone who
wants to learn Arduino programming. There are many Arduino shields which are
attached to the board. Furthermore, most tutorials and books use Arduino UNO as an
experimental board. Arduino UNO has completed I/0 protocols, such as digital and
analog I/0, SPI, UART, and 12C/TWI, so you can utilize these I/O pins to work with sensor
and actuator devices. Arduino UNO is easier to find and buy.

You can review the Arduino UNO board on this website: https://www.arduino.cc/
en/Main/ArduinoBoardUno. You can also review Arduino UNO from Arduino SRL on this
site: http://www.arduino.org/products/boards/arduino-uno.
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Figure 1-2. Arduino UNO board from Arduino LLC

Arduino Boards for Advanced Users

In some cases you want to optimize your board’s I/O or want to debug your programs.
The Arduino MEGA 2560 board provides more I/0 pins (about 54 I/O pins) and advanced
MCU to accelerate your program. This board runs on the top of MCU Atmega 2560

with an internal flash memory of 256 KB. The Arduino MEGA 2560 board also has two
UARTs. You can review this board on this site: https://www.arduino.cc/en/Main/
ArduinoBoardMega2560. For Arduino MEGA 2560 from Arduino SRL, you can review it

on http://www.arduino.org/products/boards/arduino-mega-2560. You can see the
Arduino MEGA 2560 board in Figure 1-3.

] (e
Grizmm: - 939232¢%

Figure 1-3. Arduino MEGA 2560
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Most Arduino boards don’t have a built-in debug chip, so if you want to debug our
program, you should add an additional debug tool. Fortunately, we can use the Arduino
ZERO board (https://www.arduino.cc/en/Main/ArduinoBoardZero) from Arduino LLC
and the Arduino M0 PRO board (http://www.arduino.org/products/boards/arduino-
m0-pro) from Arduino SRL, which are supported for debugging without additional tools.
These boards have Atmel’s Embedded Debugger (EDBG) to be used for debugging.

I suggest you to use these Arduino models if you have concerns about debugging without
additional tools. A form of Arduino Zero board is shown in Figure 1-4.

Figure 1-4. Arduino ZERO

Arduino for Internet of Things

Today the Internet is a common term used to describe how to access data from a remote
site. We can access the data from any device and anywhere. In the context of Arduino,
it’s very useful if our boards can be connected to the Internet. Imagine your boards sense
the physical object and then send it to our smartphone. This happens if our boards are
connected to Internet.

There are many options for Arduino shields for network modules to make our
Arduino boards connect to the Internet. This means you should buy additional modules
to make your boards connect to the Internet. Fortunately, various Arduino board models
have a built-in network module in the board. We explore some Arduino board models
with Internet connectivity capability.

Arduino UNO WiFi is an Arduino UNO board with an additional chip (ESP8266).
This chip can be used to connect existing WiFi networks and also can work as an access
point (AP) node. Arduno UNO WiFi is manufactured by Arduino SRL. You can see the
Arduino UNO WiFi form in Figure 1-5. To obtain more information about Arduino
UNO WiFi, you can review it on this site: http://www.arduino.org/products/boards/
arduino-uno-wifi.
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Figure 1-5. Arduino UNO WiFi

Arduino/Genuino MKR1000 is a development board with a ready-for-IoT
scenario which is manufactured by Arduino LLC. The board runs with ATSAMW25
SoC, which consists of SAMD21 Cortex-M0+, WINC1500 WiFi module, and ECC508
CryptoAuthentication. It's designed for IoT connectivity, including accessing the cloud
server. Further information about Arduino/Genuino MKR1000 can be read on
https://www.arduino.cc/en/Main/ArduinoMKR1000. This board size, which is shown
in Figure 1-6, is small.

Figure 1-6. Arduino/Genuino MKR1000
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Most Arduino boards work with an RTOS environment. Arduino YUN combines
MCU and WiFi MCU, which runs OpenWrt Linux (called Linino OS). This board likes a
mini-computer with Linux OS. You can control Arduino MCU ATmega32u4 from Linux.
We also can access Linux API from the Arduino program. The Arduino YUN board
has built-in WiFi and Ethernet modules to solve your IoT cases. Figure 1-7 is a form of
Arduino YUN. You can review and buy this board on this site: http://www.arduino.org/
products/boards/arduino-yun.

Figure 1-7. Arduino YUN

If you're looking for an Arduino with BLE connectivity capability, you can consider
using the Arduino/Genuino 101 board, which is shown in Figure 1-8. This board uses
Intel Curie as MCU, which has a built-in BLE module. You can control this board
through Bluetooth on your smartphone, such as Android and iPhone smartphones.
For further information about Arduino/Genuino 101, I recommend reading this website:
https://www.arduino.cc/en/Main/ArduinoBoard101.
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