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Foreword

The moment a For Dummies book comes out, it’s definitely a milestone in the
history of a product.

Programming embedded computers used to be a very difficult task, reserved
only to experienced engineers willing to master the obscure assembly lan-
guage. In recent years, however, many platforms have tried to make this task
simpler and more accessible to everyday people. Arduino is one of the latest
attempts at making technology less scary and more creative.

With John, this book’s author, we watched this creative tool being adopted
by designers and artists in London, making its way into many memorable
projects. Now Arduino has escaped the lab of Arts & Design and spread like
a virus, becoming the tool of choice for all kinds of people who have great
ideas they want to realize.

I'm really glad that John decided to write this book, because he’s an early
user of the Arduino platform from back in the days when it was still quite
experimental. Having taught Arduino classes for many years, he has the
ability to introduce the subject to all audiences.

Any newcomer to Arduino will, with the right tools and teaching — such as
those found in this book — show true genius in no time.

Massimo Banzi



X(/iii Arduino For Dummies




Introduction

A rduino is a tool, a community, and a way of thinking that is affecting
how we use and understand technology. It has rekindled a love and
understanding for electronics for many people, including myself, who felt
that electronics was something that they had left behind at school.

Arduino is tiny circuit board that has huge potential. It can be used to blink
a Morse-code signal using a single LED or to control every light in a building,
depending on how far you take it. Its capabilities are limited only by your
imagination.

Arduino is also providing a new, practical approach to technical education,
lowering the entry level for those wanting to use electronics to complete small
projects and, | hope, encouraging you to read further to take on big ones.

A huge and ever-growing community of Arduin-ists has emerged — users and
developers who learn from each other and contribute to the open source
philosophy by sharing the details of their projects. Arduin-ists and their sup-
porters with their open source attitude are responsible for the huge popular-
ity of Arduino.

Arduino is more than just a “bit of kit”; it’s a tool. A piece of technology that
makes understanding and using today’s technology easier.

So if the prospect of understanding the limitless possibilities of technology
doesn’t sound interesting to you, please put this book down and back away.

Otherwise, read on!

About This Book

This is a technical book, but it’s not for technical people only. Arduino is
designed to be usable by anyone, whether they’re technical, creative, crafty,
or just curious. All you need is an open mind or a problem to fix and you’ll
soon find ways that using Arduino can benefit you.

Arduino has rekindled my love of electronics and opened many avenues for
my career. | wrote this book to share that experience. When I first went to

an Arduino workshop, I had no experience in programming and could only
vaguely remember which end of a soldering iron to hold (don’t worry, I cover
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soldering, too). Now the mainstay of my work involves building interactive
installations, prototyping products, and generally finding new ways to play
with technology using Arduino.

[ think it is an excellent platform that lowers the entry level into electron-
ics and coding, allowing people who may not have had the attention span
or interest at school to dive straight into the areas that interest them and
explore them from there.

Foolish Assumptions

This book assumes nothing about your technical knowledge. Arduino is an
easy-to-use platform for learning about electronics and programming. It is for
people from all walks of life, whether you're a designer, an artist, or a hobbyist.

It can also be a great platform for people who are already technical. Maybe
you've done a bit of coding but want to bring your projects into the physical
world in some way, or maybe you’ve worked with electronics and want to see
what Arduino can bring to the table.

But whoever you are, you'll find that Arduino has great potential. It’s really
up to you to decide what to make of it.

This book starts on the most basic level to get you started with using and
understanding Arduino. At times throughout the book, [ may refer to a
number of very technical things that will, like anything, take time to under-
stand. I guide you through all the basics and then on to more advanced
activities.

Much of what is in this book is based on my learning and teaching experi-
ences. [ learned all about Arduino from scratch, but have always found that
the best way to learn is in practice, by making your own projects. The key is
to learn the basics that I cover in this book and then build on that knowledge
by thinking about how you can apply it to solve problems, create things, or
just entertain yourself.

How This Book Is Organized

Arduino For Dummies is organized in a way that allows you to jump around
the book as you like. If you’ve dabbled in Arduino before, you might want to
skip to the later chapters, or if you've forgotten some of the basics, consider
starting at the beginning.



Introduction

Part I: Getting to Know Arduino

In Part |, [ introduce you to Arduino, outlining a variety of other practices and
circumstances that created a need for Arduino and that have influenced its
development. Then [ look at Arduino in more detail, both as a physical board
and software environment, and [ walk you through uploading your first sketch.

Part II: Getting Physical with Arduino

In this part, you find out how to do some basic prototyping using bread-
boards and other components to give your Arduino more reach into the
physical world. Using just a few simple components, you can explore a vari-
ety of applications for Arduino and form a base on which you can build your
own projects. The chapters in this part cover a variety of inputs and outputs,
including light, motion, and sound that you can build on and combine to form
your own projects.

Part I11: Building on the Basics

After you have covered the basics, you’ll be itching to do more. In Part III,
tell you about some real-world projects and how they work. You find out how
to solder your own circuit board to get your project out into the world for
others to see. You also learn how to choose the correct sensor for the job
and how to use code to fine-tune or change the behavior of your circuits.

Part IU: Unlocking Your
Arduino’s Potential

This part pushes the possibilities of your Arduino project further. You
learn about using shields to add specific functionality to your Arduino,
using hardware and techniques to allow you project to grow, and hacking
existing hardware. You also find out how to communicate with Processing,
Arduino’s sister project, to combine open source hardware with software.

Part U: Sussing Out Software

If you work through the book to this part, you should have a good under-
standing of how you can use electronics and hardware in your own projects.
In this part, you learn how to combine this knowledge of the physical world
with the digital world of software. I introduce you to a few open source

3
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programming environments and then more specifically to Processing, which
is a digital sketchbook that you can use for a huge variety of applications to
enhance your Arduino project.

Part Ul: The Part of Tens

The Part of Tens is a For Dummies standard that breaks down useful infor-
mation into groups of ten bite-sized chunks. This part covers where to learn
more about Arduino, where to shop for Arduino-specific parts, and where to
shop for electronics in general.

Icons Used in This Book
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Arduino For Dummies uses icons to highlight important points for you. Keep
an eye out for these:

This icon highlights a bit of helpful information. That info may be a technique to
help you complete a project more easily or the answer to common problems.

Arduinos aren’t dangerous on their own; indeed, they’re made to be extremely
safe and easy to use. But if they are used in a circuit without proper planning
as well as care and attention, they can damage your circuit, your computer,
and yourself. When you see a Warning icon, please take special note.

There are often points that must be considered before proceeding with a task.
[ use Remember icons to remind you of such points.

Some information is more technical than others and is not for the faint
hearted. The joy of Arduino is that you don’t need to fully understand the
technical details immediately. You can skip anything that’s marked with this
icon if it’s more complicated than you want to deal with at the moment; you
can always return to it when you're ready.

Where to Go from Here

If you're uncertain about where to start, I suggest the beginning. By the end
of Chapter 2, you’ll have acquired a simple understanding of Arduino and will
know where you can get a kit to continue learning.

If you've used Arduino before, you may want to jump straight to Chapter 4 to
cover the basics again, or head straight to the area that interests you.
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Getting to Know
Arduino

The Sth Wave By Rich Tennant
ORI TENNANT

“So T guess you forgot to tell me to strip out the
components before drilling for blowholes.”



In this part . . .

S) what is an Arduino, anyway? In the chapters ahead,
you find out all about this little blue circuit board, how
it came into being, and what it can be used for. After a brief
introduction, I talk you through all the things you need to get
started with Arduino and where to get them. Next, you learn
how to wield the awesome power of an LED, blinking it on
command with a few simple lines of code.




Chapter 1

What Is Arduino and Where
Did It Come From?

In This Chapter
Discovering Arduino
Learning where Arduino came from and why it’s so important
Introducing the basic principles

A rduino is made up of both hardware and software.

The Arduino board is a printed circuit board (PCB) that is specifically
designed to use a microcontroller chip as well as other input and outputs. It
also has many other electronic components that are needed for the micro-
controller to function or to extend its capabilities.

Microcontrollers are small computers contained within a single, integrated
circuit or computer chip, and they are an excellent way to program and con-
trol electronics. Many devices, referred to as microcontroller boards, have a
microcontroller chip and other useful connectors and components that allow
a user to attach inputs and outputs. Some examples of devices with micro-
controller boards are the Wiring board, the PIC, and the Basic Stamp.

You write code in the Arduino software to tell the microcontroller what to
do. For example, by writing a line of code, you can tell an LED to blink on and
off. If you connect a pushbutton and add another line of code, you can tell
the LED to turn on only when the button is pressed. Next, you may want to
tell the LED to blink only when the pushbutton is held down. In this way, you
can quickly build a behavior for a system that would be difficult to achieve
without a microcontroller.

Similarly to a conventional computer, an Arduino can perform a multitude of
functions, but it’s not much use on its own. It requires other inputs or out-
puts to make it useful. These inputs and outputs allow a computer to sense
objects in the world and to affect the world.
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Before you move forward, it might help you to understand a bit of the history
of Arduino.

Where Did Arduino Come From?

|
Figure 1-1:
The prin-
ciple of
interaction
design, illus-
trated by Bill
Verplank.
|

Arduino started its life in Italy, at Interaction Design Institute Ivrea (IDII), a
graduate school for interaction design. This is a specific school of design edu-
cation that focuses on how people interact with digital products, systems,
and environments and how they in turn influence us.

The term interaction design was coined by Bill Verplank and Bill Moggridge

in the mid-1980s. The sketch in Figure 1-1 by Verplank illustrates the basic
premise of interaction design. This diagram is an excellent illustration of how
the process of interaction works: If you do something, you feel a change, and
from that you can know something about the world.

Although it is a general principle, interaction design more commonly refers
to how we interact with conventional computers by using peripherals, such
as mice, keyboards, and touchscreens, to navigate a digital environment that
is graphically displayed on a screen.

INTERACTION DESIGN

——

Courtesy of Bill Verplank
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|
Figure 1-2:
An early
Wiring
board.
|

There is another avenue, referred to as physical computing, which is about
extending the range of these computer programs, software, or systems.
Through electronics, computers can sense more about the world and have a
physical impact on the world themselves.

Both of these areas — interaction design and physical computing — require
prototypes to fully understand and explore the interactions, which presented
a hurdle for nontechnical design students.

In 2001, a project called Processing that was started by Casey Reas and
Benjamin Fry aimed to get nonprogrammers into programming by making it
quick and easy to produce onscreen visualizations and graphics. The project
gave the user a digital sketchbook on which to try ideas and experiment with
a very small investment of time. This project in turn inspired a similar project
for experimenting in the physical world.

Building on the same principles as Processing, in 2003 Hernando Barragan
started developing a microcontroller board called Wiring. This board was the
predecessor to Arduino.

In common with the Processing project, the Wiring project also aimed to
involve artists, designers, and other nontechnical people, but Wiring was
designed to get people into electronics rather than programming. The Wiring
board (shown in Figure 1-2) was less expensive than some other microcon-
trollers, such as the PIC and the Basic Stamp, but it was still a sizable invest-
ment for students to make.
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In 2005, the Arduino project began in response to the need for affordable and
easy-to-use devices for Interaction Design students to use in their projects.

It is said that Massimo Banzi and David Cuartielles named the project after
Arduin of Ivrea, an Italian king, but I've heard from reliable sources that it
also happens to be the name of the local pub near the university, which may
have been of more significance to the project.

The Arduino project drew from many of the experiences of both Wiring and
Processing. For example, an obvious influence from Processing is the graphic
user interface (GUI) that is used in the Arduino software. This GUI was initially
“borrowed” from Processing, and even though it still looks similar, it has
since been refined to be more specific to Arduino. I cover the Arduino inter-
face in more depth in Chapter 4.

Arduino also kept the naming convention from Processing, naming its pro-
grams sketches. In the same way that Processing gives people a digital sketch-
book to create and test programs quickly, Arduino gives people a way to
sketch out their hardware ideas as well. Throughout this book, I show many
sketches that allow your Arduino to perform a huge variety of tasks. By using
and editing the example sketches in this book, you can quickly build up your
understanding of how they work and will be writing your own in no time.
Each sketch is followed with a line-by-line explanation of how it works to
ensure that no stone is left unturned.

The Arduino board, shown in Figure 1-3, was made to be more robust and for-
giving than Wiring or other earlier microcontrollers. It was not uncommon for
students and professions, especially those from a design or arts background,
to break their microcontroller within minutes of using it, simply by getting the
wires the wrong way around. This fragility was a huge problem, not only finan-
cially but also for the success of the boards outside technical circles.

It is also possible to change the microcontroller chip on an Arduino, so if it is
damaged, you can just replace the chip rather than the whole board.

Another important difference between Arduino and other microcontroller
boards is the cost. In 2006, another popular microcontroller, the Basic Stamp,
cost nearly four times as much (http://blog.makezine.com/2006/
09/25/arduino-the-basic-stamp-k/) as an Arduino, and even today, a
Wiring board still costs nearly double the price of an Arduino.

In one of my first Arduino workshops, [ was told that the price was intended
to be affordable for students. The price of a nice meal and a glass of wine

at that time was about 30 euros, so if you had a project deadline, you could
choose to skip a nice meal that week and make your project instead.

The range of Arduino boards on the market is a lot bigger than it was back in
2006. In Chapter 2, you learn about just a few of the most useful Arduino and
Arduino-compatible boards and how they differ to provide you with a variety


http://blog.makezine.com/2006/09/25/arduino-the-basic-stamp-k/
http://blog.makezine.com/2006/09/25/arduino-the-basic-stamp-k/

