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Preface

The third edition of Getting Started with Arduino adds two new
chapters: Chapter 8 is an ambitious project, which illustrates a
more complex circuit and program. This chapter also talks
about project design, testing, and construction, and makes use
of schematic diagrams, which were (and still are) described in
Appendix D.

The second chapter, Chapter 6, introduces the Arduino Leo-
nardo. The Leonardo is a different sort of Arduino, because the
USB controller is implemented in software, and not in a separate
chip as had been the case prior to the Leonardo. This allows the
USB behaviour of the board to be modified.

Apart from these new chapters, other updates have taken place:

The Third Edition is written for version 1.0.5 of the IDE. In antici-
pation of the imminent release of version 1.5, differences
between 1.0.5 and 1.5 have been noted.

Numerous suggestions from students and readers have been
incorporated.

In keeping with the spirit of the original text, British spelling is
used throughout.

—Michael

Preface to the Second Edition

A few years ago | was given a very interesting challenge: teach
designers the bare minimum in electronics so that they could
build interactive prototypes of the objects they were designing.

| started following a subconscious instinct to teach electronics
the same way | was taught in school. Later on | realised that it
simply wasn't working as well as | would like, and started to
remember sitting in a class, bored like hell, listening to all that
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theory being thrown at me without any practical application
for it.

In reality, when | was in school | already knew electronics in a
very empirical way: very little theory, but a lot of hands-on expe-
rience.

| started thinking about the process by which | really learned
electronics:

| took apart any electronic device | could put my hands on.

| slowly learned what all those components were.

| began to tinker with them, changing some of the connec-
tions inside of them and seeing what happened to the
device: usually something between an explosion and a puff
of smoke.

« | started building some kits sold by electronics magazines.

« | combined devices | had hacked, and repurposed kits and
other circuits that | found in magazines to make them do
new things.

As a little kid, | was always fascinated by discovering how things
work; therefore, | used to take them apart. This passion grew as
| targeted any unused object in the house and then took it apart
into small bits. Eventually, people brought all sorts of devices for
me to dissect. My biggest projects at the time were a dish-
washer and an early computer that came from an insurance
office, which had a huge printer, electronics cards, magnetic
card readers, and many other parts that proved very interesting
and challenging to completely take apart.

After quite a lot of this dissecting, | knew what electronic com-
ponents were and roughly what they did. On top of that, my
house was full of old electronics magazines that my father must
have bought at the beginning of the 1970s. | spent hours reading
the articles and looking at the circuit diagrams without under-
standing very much.

This process of reading the articles over and over, with the bene-
fit of knowledge acquired while taking apart circuits, created a
slow, virtuous circle.
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A great breakthrough came one Christmas, when my dad gave
me a kit that allowed teenagers to learn about electronics. Every
component was housed in a plastic cube that would magneti-
cally snap together with other cubes, establishing a connection;
the electronic symbol was written on top. Little did | know that
the toy was also a landmark of German design, because Dieter
Rams designed it back in the 1960s.

With this new tool, | could quickly put together circuits and try
them out to see what happened. The prototyping cycle was get-
ting shorter and shorter.

After that, | built radios, amplifiers, circuits that would produce
horrible noises and nice sounds, rain sensors, and tiny robots.

I've spent a long time looking for an English word that would
sum up that way of working without a specific plan, starting with
one idea and ending up with a completely unexpected result.
Finally, tinkering came along. | recognised how this word has
been used in many other fields to describe a way of operating
and to portray people who set out on a path of exploration. For
example, the generation of French directors who gave birth to
the Nouvelle Vague were called the tinkerers. The best definition
of tinkering that |'ve ever found comes from an exhibition held at
the Exploratorium in San Francisco:

Tinkering is what happens when you try some-
thing you don't quite know how to do, guided by
whim, imagination, and curiosity. When you
tinker, there are no instructions—but there are
also no failures, no right or wrong ways of doing
things. It's about figuring out how things work
and reworking them.

Contraptions, machines, wildly mismatched

objects working in harmony—this is the stuff of

tinkering.

Tinkering is, at its most basic, a process that

marries play and inquiry.
From my early experiments | knew how much experience you
would need in order to be able to create a circuit that would do
what you wanted, starting from the basic components.
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Another breakthrough came in the summer of 1982, when |
went to London with my parents and spent many hours visiting
the Science Museum. They had just opened a new wing dedica-
ted to computers, and by following a series of guided experi-
ments, | learned the basics of binary math and programming.

There | realised that in many applications, engineers were no
longer building circuits from basic components, but were
instead implementing a lot of the intelligence in their products
using microprocessors. Software was replacing many hours of
electronic design, and would allow a shorter tinkering cycle.

When | came back, | started to save money, because | wanted to
buy a computer and learn how to program.

My first and most important project after that was using my
brand-new ZX81 computer to control a welding machine. | know
it doesn't sound like a very exciting project, but there was a
need for it and it was a great challenge for me, because | had
just learned how to program. At this point, it became clear that
writing lines of code would take less time than modifying com-
plex circuits.

Twenty-odd years later, I'd like to think that this experience
allows me to teach people who don't even remember taking any
math class and to infuse them with the same enthusiasm and
ability to tinker that | had in my youth and have kept ever since.

—Massimo
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Conventions Used in This Book
The following typographical conventions are used in this book:

[talic
Indicates new terms, URLs, email addresses, filenames, and
file extensions.

Constant width
Used for program listings, as well as within paragraphs to
refer to program elements such as variable or function
names, databases, data types, environment variables, state-
ments, and keywords.

Constant width bold
Shows commands or other text that should be typed literally
by the user.

Constant width italic
Shows text that should be replaced with user-supplied val-
ues or by values determined by context.

/ This icon signifies a tip, suggestion, or general note.
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a This icon indicates a warning or caution.

Using Code Examples

This book is here to help you get your job done. In general, you
may use the code in this book in your programs and documen-
tation. You do not need to contact us for permission unless
you're reproducing a significant portion of the code. For exam-
ple, writing a program that uses several chunks of code from
this book does not require permission. Selling or distributing a
CD-ROM of examples from Make: books does require permis-
sion. Answering a question by citing this book and quoting
example code does not require permission. Incorporating a sig-
nificant amount of example code from this book into your prod-
uct's documentation does require permission.

We appreciate, but do not require, attribution. An attribution
usually includes the title, author, publisher, and ISBN. For exam-
ple: “Getting Started With Arduino, Third Edition, by Massimo
Banzi and Michael Shiloh (Maker Media). Copyright 2015 Mas-
simo Banzi and Michael Shiloh, 978-1-4493-6333-8."

If you feel your use of code examples falls outside fair use or the
permission given here, feel free to contact us at bookpermis-
sions@makermedia.com.

Safari®° Books Online

Safari Books Online is an on-demand digital library that delivers
expert content in both book and video form from the world’s
leading authors in technology and business.

Technology professionals, software developers, web designers,
and business and creative professionals use Safari Books Online
as their primary resource for research, problem solving, learn-
ing, and certification training.

Safari Books Online offers a range of plans and pricing for enter-
prise, government, education, and individuals.
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Members have access to thousands of books, training videos,
and prepublication manuscripts in one fully searchable data-
base from publishers like Maker Media, O'Reilly Media, Prentice
Hall Professional, Addison-Wesley Professional, Microsoft Press,
Sams, Que, Peachpit Press, Focal Press, Cisco Press, John Wiley
& Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt,
Adobe Press, FT Press, Apress, Manning, New Riders, McGraw-
Hill, Jones & Bartlett, Course Technology, and hundreds more.
For more information about Safari Books Online, please visit us
online.

How to Contact Us

Please address comments and questions concerning this book
to the publisher:

Make:

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

Make: unites, inspires, informs, and entertains a growing com-
munity of resourceful people who undertake amazing projects in
their backyards, basements, and garages. Make: celebrates your
right to tweak, hack, and bend any technology to your will. The
Make: audience continues to be a growing culture and commu-
nity that believes in bettering ourselves, our environment, our
educational system—our entire world. This is much more than
an audience, it's a worldwide movement that Make is leading—
we call it the Maker Movement.
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For more information about Make:, visit us online:

Make: magazine: http:/makezine.com/magazine
Maker Faire: http://makerfaire.com
Makezine.com: http://makezine.com

Maker Shed: http:/makershed.com

We have a kit with the components needed to try most of the
examples (through the end of Chapter 7) available from the
Maker Shed.

We also have a web page for this book, where we list errata,
examples, corrections to the code, and any additional informa-
tion. You can access this page at http:/bit.ly/start_arduino_3e.

For more information about Arduino, including discussion
forums and further documentation, see http:/www.arduino.cc.

To comment or ask technical questions about this book, send
email to: bookquestions@oreilly.com.
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Figure 8-28. Connect pin 4 of all the relays to the water valve
power supply’s negative screw terminal

Next, connect the Arduino digital pins to the MOSFET gates, as
shown in Figure 8-29. Remember the holes next to the Arduino
pins are already connected to the Arduino pins so you don't
need to bend the wire and solder it directly to the pin.
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Figure 8-29. Connecting the Arduino pins to the MOSFET gates

Finally, add the two female headers: one for the RTC and one for

the DHTI11

and connect them to the appropriate Arduino pins.
t forget the 10 K ohm resistor that the DHTI11 needs
shown in Figure 8-30. I've also taken this opportunity to connect

the ground bus we created earlier to the Arduino GND pin.

as

1

’

Don
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Figure 8-30. Connecting the RTC and DHT11 headers to the

Arduino pins

Document which pins do what on the female headers, so that

you can plug in the RTC and the DHTI11 properly (an ultrafine

Sharpie is handy for this).

The last step is to solder in the male or pass-through headers
that will fit into the Arduino pins. This should be done last
because the headers get in the way of the work you are doing on
the bottom of the shield. Although you don’t need all the pins,

Automatic Garden-Irrigation System 183



it's wise to put them all in for mechanical strength and possible
future enhancements.

Don't forget that the male pins should point down; that is,
towards the Arduino, as shown in Figure 8-34. Make sure the
pins are straight so that they will fit into the female headers on
your Arduino.

When you are done, it's time to test.

Testing Your Assembled Proto
Shield

First test your shield without the valves or valve power supply.
Plug the shield into your Arduino. Make sure the male header on
the shield goes into the correct Arduino pins. Look between the
two and make sure that no connections from the bottom of the
shield are touching anything on the Arduino. If they are, you'll
need to put some insulating electrical tape to prevent that from
happening.

Connect your Arduino to a USB port on your computer and look
for the Arduino ON LED. If it's off, it means that you have a short
circuit, and that your computer has protected itself by turning
off the USB port. Unplug the USB cable and find the problem
before going further.

Next you can plug in and test the relays. Remember that they
are polarized and that the stripe indicates pins 8 and 9. Upload
the Blink example, each time testing a different relay. Test the
relays one at a time to verify that each is working.

Next we'll test the water valve power supply and indicator LED.
We'll do the valves last.

Connect the water valve power supply to the proper screw ter-
minals. If the water valve system is a DC system, pay careful
attention to the polarity.

Again upload the Blink example and test each relay in turn. This
time, the appropriate LED should come on.
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Now add the valves and check them, again using Blink for each
valve.

Next let's check the RTC and the DHT11. Plug in the RTC to the
header, making sure the RTC pins are in the right place. Use the
RTC example to test.

Before you test the DHTI11 sensor, add the long wires that will
reach outdoors. Use the same colour wires as you did on the
shield for consistency. Use stranded wires for this part because
stranded wire is more flexible (Figure 8-31). For a more profes-
sional look, slip six short pieces of heat shrink tubing over the
wires (two on each wire) before you solder. After you solder the
wires to the headers and sensor, slide the tubing over the solder
joints and shrink the tubing to hold it in place. | like to use clear
tubing so that | can see if a solder joint breaks, and the clear
tubing seems to be more in the spirit of “open’”.

Figure 8-31. Adding long stranded wires and a male header to
the DHTI1 sensor
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it will never move, i.e., when both ends are soldered

3 Solid-core wire should be used only in places where
to the same board.

Stranded wire should always be used between
things that move relative to each other, such as
between boards, or from a board to a connector.

| have seen many projects fail due to broken solid
core wires that were moved too often.

Plug the male header from the DHTI11 sensor into the corre-
sponding female header, again paying careful attention to get-
ting the right pins in the right place. Test using the DHT test
example.

Assembling Your Project into
a Case

Now we need to consider mounting the project in a case. Your
best bet is a case that is not too deep to allow easy access, and
lay everything out with a bit of room around them. Remember
that the Arduino has a shield on top of it, and perhaps the RTC is
standing vertically, adding to its height. The Arduino should be
mounted on little feet called standoffs. A screw holds the Ardu-
ino to the standoff, and another screw from the back of the case
will hold the standoff to the case, as shown in Figure 8-32.
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Figure 8-32. Arduino mounted on standoffs inside case

Always plan for a bigger case than you think you'll need. Don't
forget the power supplies and connectors, and remember that
wires take up space as well. You want to route the wires between
the boards and not over the boards so they don't interfere if you
have to work on or remove anything. For tidy wiring, | like these
self-adhesive mounts for cable ties, as shown in Figure 8-33.

Figure 8-33. Self-adhesive cable-tie mount with wires

For projects with multiple power supplies, as we have here, con-
sider mounting a small outlet strip inside the case. Use a strong
double-sided tape to mount the outlet strip. If both your power
supplies have only two prongs, you can use a two-pronged
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extension with at least two outlets instead of a larger three-
pronged outlet strip.

This means another revision to our shopping list (we're now at
revision 0.6):

Case

Standoffs

Mounting screws and/or nuts

Cable ties

Adhesive cable-tie mounts (avilable from Jameco)

Strong double-sided tape (e.g., Digi-Key part number
M9828-ND)

Outlet strip

| like to keep the power supplies away from the Arduino. You
should mount the Arduino near the bottom so that the wires
from the valves and the DHTI11 sensor can enter from the bot-
tom, but not too close. You'll be happy to have room for your
hands and a screwdriver when attaching wires to the screw ter-
minals, or if you need to work on the Arduino.

The USB cable can come out of any side.

You should always try to route the wires in straight lines and in
tidy bundles. This makes working on the project later so much
easier.
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outside the control box

Figure 8-34. Completed automatic garden-irrigation system

In this figure I've left many components off the Proto Shield to
make it easier to see how things are connected. I've shown one
cable tie, but you should use as many cable ties as you need to
keep the wiring organized and tidy. Always use a cable tie before
a wire leaves the enclosure; this serves as strain reliever in case
the cable gets tugged: it will stress the cable-tie mount, and not
your delicate circuitry.

As before, pay careful attention to the polarity of the water valve
power supply, if it's a DC system.
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Testing the Finished
Automatic Garden
Irrigation System

Always test your projects in modules individually at
first, in whatever way the project allows you to do
this.

Start by testing the Arduino and Proto Shield without the two
power supplies connected. This means that your computer is
providing power to the Arduino. As before, use the Blink exam-
ple to test each digital output. The LEDs won't light without the
water valve power supply, but you should hear the relay clicking.
Use DHTtester to test the DHTI11 sensor, and the ds1307 exam-
ple to test the RTC.

This might seem like you're duplicating the tests you made after
you assembled the Proto Shield, but there is a reason for this:
before going on, you want to make sure that none of the work
you've done has affected what worked before.

Now plug in the Arduino power supply and unplug your laptop to
make sure your Arduino is getting powered without your laptop.
Leave one of the relays clicking (using the Blink example) so
that you can hear that your Arduino is still running the sketch.

Finally, connect the water valve power supply, upload the real
program, and test the valves as you did earlier, by setting three
different times in the near future. Check that each LED comes at
the appropriate time, and that the water valves open and water
flows.

Now relax in your garden and enjoy a well-deserved rest. You've
accomplished a lot!

Congratulations! That was a complicated project! Take some
pictures of your project, brag about it on Facebook, and submit
it to the Arduino blog.
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Things to Try on Your Own

This is a complex project with many different components.
There are endless things you can do differently. Here are a few
suggestions:

Modify the program to allow turning the water on and off at
multiple times in one day.

Add the day of the week, and allow for different schedules
on different days of the week.

Add an LED indicating that no ON and OFF times have been
set. Turn this LED on upon reset, and turn it off the first time
a time is set. This is useful in case your Arduino loses power
and resets, in which case it will forget any ON and OFF set-
tings you made.

Add a small LCD display to report the current time and set-
tings

A more advanced exercise: The RTC module we used has a
tiny memory chip in it as well that will not forget when it
loses power. You can research how to use this, and save the
valve ON and OFF settings into that memory, so that in case
the Arduino resets, you will still have the settings.

Irrigation Project Shopping List

For your convenience, here is the final shopping list, with links:

One Real Time Clock (RTC)

One DHT11 Temperature and Humidity Sensor

One Arduino Proto Shield

Three electric water valves

One transformer or power supply for the water valves
Three relays to control the water valves

Three sockets for relays

Three LEDs as valve activation indicators

Three 1 k resistors for LEDs
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» One power supply for Arduino

« Three MOSFETs to control the relays, 2N7000, 10-pack
 Four resistors, 10 K ohm, 10-pack

+ Six diodes, IN4148 or equivalent, 25-pack

« Three relays (e.g., DS2E-S-DC5V, such as Digi-Key part
number 255-1062-ND)

 Four dual-screw terminals (e.g., Jameco part no. 1299761)
« Female headers, .1" pitch, 5-pack of 20 pin strips
* Male headers, .1" pitch, 10-pack of 36 pin strips

« Case: make your own or use a plastic storage bin (e.g., a
Sterilite or a fancy metal box (available from Automation 4
Less)

+ Standoffs

* Mounting screw, standoff to case

* Mounting screw, Arduino to standoff
« Cable ties

+ Adhesive cable-tie mounts

« Strong double-sided tape (e.g., Digi-Key part number
M9828-ND)

 Outlet strip or extension cord with at least two outlets
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9/Troubleshooting

There will come a moment in your experimentation when noth-
ing will be working and you will have to figure out how to fix it.
Troubleshooting and debugging are ancient arts in which there
are a few simple rules, but most of the results are obtained
through careful work and paying attention to details.

The most important thing to remember is that you have not
failed! Most makers, both amateurs and professionals, spend
most of their time fixing mistakes that they themselves have
made. (True, we get better at finding and fixing problems, but
we also create more complicated problems.)

As you work more with electronics and Arduino, you too will
learn and gain experience, which will ultimately make the pro-
cess less painful. Don't be discouraged by the problems that you
will find—it's all easier than it seems at the beginning. The more
mistakes you make and correct, the better you will get at finding
them.

As every Arduino-based project is made both of hardware and
software, there will be more than one place to look if something
goes wrong. While looking for a bug, you should operate along
three lines: understanding, simplification and segmentation,
and exclusion and certainty.

Understanding

Try to understand as much as possible how the parts that you're
using work and how they're supposed to contribute to the fin-
ished project. This approach will allow you to devise some way
to test each component separately. If you've not already done
so, try drawing a schematic of your project. This helps you
understand your project, and is also useful if you have to ask for
help. Schematics are discussed in Appendix D.
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Simplification and Segmentation

The ancient Romans used to say divide et impera: divide and
rule. Try to break down (mentally) the project into its compo-
nents by using the understanding you have and figure out where
the responsibility of each component begins and ends.

Exclusion and Certainty

While investigating, test each component separately so that you
can be absolutely certain that each one works by itself. You will
gradually build up confidence about which parts of a project are
doing their job and which ones are dubious.

Debugging is the term used to describe this process as applied
to software. The legend says it was used for the first time by
Grace Hopper back in the 1940s, when computers were mostly
electromechanical, and one of them stopped working because
actual insects got caught in the mechanisms.

Many of today’s bugs are not physical anymore: they're virtual
and invisible, at least in part. Therefore, they require a some-
times lengthy and boring process to be identified. You will have
to trick the invisible bug into revealing itself.

Debugging is a little like detective work. You have a situation that
you need to explain. To do this, you do some experiments and
come up with results, and from these results you try to deduce
what has caused your situation. It's elementary, really.

Testing the Arduino Board

Before trying very complicated experiments, it's wise to check
the simple things, especially if they don't take much time. The
first thing to check is that your Arduino board works, and the
very first example, Blink, is always a good place to start,
because you are probably most familiar with it, and because the
LED that is already on your Arduino means that you won't
depend on any external components.

Follow these steps before you connect your project to your
Arduino. If you've already connected jumpers between your
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Arduino and your project, remove them for now, keeping careful
track of where each jumper should go.

Open the basic Blink example in the Arduino IDE and upload it to
the board. The onboard LED should blink in a regular pattern.

What if Blink doesn't work?

Before you start blaming your Arduino, you should make sure
that a few things are in order, as airline pilots do when they go
through a checklist to make sure that the airplane will be flying
properly before takeoff:

« Is your Arduino getting power, either from a computer
though a USB cable or from an external power supply? If
the green light marked PWR turns on, this means that your
Arduino is getting power. If the LED seems very faint, some-
thing is wrong with the power.

If you are using a computer, make sure the computer is on
(yes, it sounds silly, but it has happened). Try a different
USB cable. Inspect the computer's USB port and the Ardu-
ino’s USB plug to see whether there is any damage. Try a
different USB port on your computer, or a different com-
puter entirely. If you have lots of USB cables on your work-
bench, make sure that the one plugged into your Arduino is
the one that is plugged into the computer (yes, we've done
this).

If you are using external power, verify that the external
power supply is plugged in. Make sure your outlet strip or
extension cord is plugged in. If you are using an outlet strip
with a switch, make sure it's turned on.

(If you are using a very old Arduino, verify that the power
selection jumper is in the correct position. Modern Ardui-
nos do this automatically and don't have this jumper.)

« If the Arduino is brand new, the yellow LED marked L might
start blinking even before you upload the Blink example.
This is likely the test program that was loaded at the factory
to test the board and is OK. It's also OK if there is no blink-
ing—it simply means a different test program is running
onit.
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 Verify that the sketch uploaded successfully.

If upload failed, check first that your program has no errors
by clicking Verify.

Make sure you selected the proper board in the Tools menu.
As you start to accumulate different Arduino boards, it's a
good habit to always make sure that the board selected is
indeed the one you have connected.

Check that the port in the Tools menu is selected properly.
If you unplugged your Arduino at some point, it might
appear on a different port.

Sometimes you have to unplug the Arduino and plug it in
again. If you have the Serial Port selection menu open, you
have to close it (just move to another tab) and then go back
to Tools—Serial Port and select the proper port.

Try uploading again. On rare occasions, an upload will fail
for no apparent reason, and will succeed the next time
without changing anything.

Poor-quality USB cables can sometimes prevent the driver
from finding the Arduino Uno. If your Arduino port doesn't
show up in the Port list, try using a known good USB cable.

Once you have the basic Blink example loaded and the LED
blinking, you can be confident that your Arduino has basic func-
tionality, and can proceed to the next step.

Testing Your Breadboarded Circuit

The next step is to check for short circuits between 5V and GND
on your project. Connect your Arduino to your breadboard by
running a jumper from the 5V and GND connections to the posi-
tive and negative rails of the breadboard. (Notice we are follow-
ing the “divide and rule” principle by connecting only these two
jumpers, and not all the jumpers for your project.) If the green
PWR LED turns off, remove the jumpers immediately. This
means there is a big mistake in your circuit and you have a
“short circuit” somewhere. When this happens, your board
draws too much current and the power gets cut off to protect
the computer.
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/ If you're concerned that you may damage your com-
puter, remember that almost all computers limit the
amount of current a USB device can draw. If the
device tries to take too much current, the computer
immediately disables power on the USB port. Also,
the Arduino board is fitted with a polyfuse, a current-
protection device that resets itself when the fault is
removed.

If you're really paranoid, you can always connect the
Arduino board through a self-powered USB hub. In
this case, if it all goes horribly wrong, the USB hub is
the one that will be pushing up daisies, not your
computer.

If you're getting a short circuit, you have to start the “simplifica-
tion and segmentation” process. What you must do is go
through every sensor and actuator in the project and connect
just one at a time until you identify the part or connection that is
causing the short circuit.

The first thing to start from is always the power supply (the con-
nections from 5V and GND). Look around and make sure that
each part of the circuit is powered properly. The most likely
cause is a jumper that is in the wrong place. Other causes might
be an incorrect component such as a resistor with too small a
value, or a switch or transistor that is connecting 5V to GND.
Less likely but also possible is a piece of wire or a screw that
happens to be touching both 5V and GND somewhere.

Working step by step and making one single
modification at a time is the number one rule for
fixing stuff. This rule was hammered into my
young head by my school professor and first
employer, Maurizio Pirola. Every time I'm debug-
ging something and things don't look good (and
believe me, it happens a lot), his face pops in my
head saying, “One modification at a time...one
modification at a time” and that's usually when |
fix everything. This is very important, because
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you will know what fixed the problem. (It's all too
easy to lose track of which modification actually
solved the problem, which is why it's so impor-
tant to make one at atime.)

—Massimo

Each debugging experience will build up in your head a “knowl-
edge base” of defects and possible fixes. And before you know
it, you'll become an expert. This will make you look very cool,
because as soon as a newbie says, “This doesn't work!” you'll
give it a quick look and have the answer in a split second.

Isolating Problems

Another important rule is to find a reliable way to reproduce a
problem. If your circuit behaves in a funny way at random times,
try really hard to identify what seems to cause this. Does it hap-
pen only when you press a switch? Only when an LED lights up?
Whenever you move a jumper? (Many problems are caused by
loose wires, either not connecting where they should, or con-
necting where they shouldn't.) Try to repeat the steps that
cause the problem, paying attention to small details and making
one change at a time: does it happen every time the LED lights
up, or only if you press the switch while the LED is on? This pro-
cess will allow you to think about a possible cause. It is also very
useful when you need to explain to somebody else what's going
on.

Describing the problem as precisely as possible is also a good
way to find a solution. Try to find somebody to explain the prob-
lem to—in many cases, a solution will pop into your head as you
articulate the problem. Brian W. Kernighan and Rob Pike, in The
Practice of Programming (Addison-Wesley, 1999), tell the story
of one university that “kept a teddy bear near the help desk.
Students with mysterious bugs were required to explain them to
the bear before they could speak to a human counselor.” If you
don’t have someone (or a teddy bear) to talk to, start writing an
email describing your problem.
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Problems Installing Drivers on
Windows

Sometimes the Found New Hardware Wizard fails to locate the
proper driver. In this case you might have to manually tell it
where the driver is located.

The Found New Hardware Wizard will first ask you whether to
check Windows Update; select the “No, not at this time” option
and click Next.

On the next screen, choose “Install from a list or specific loca-
tion” and click Next.

Navigate to and select the Uno’s driver file, named Ardui-
noUNQ.inf, located in the Drivers folder of the Arduino Software
download (not the FTDI USB Drivers subdirectory). Windows will
finish up the driver installation from there.

Problems with the IDE on Windows

If you get an error when you double-click the Arduino icon, or if
nothing happens, try double-clicking the Arduino.exe file as an
alternative method to launch Arduino.

Windows users may also run into a problem if the operating sys-
tem assigns a COM port number of COMI10 or greater to Ardu-
ino. If this happens, you can usually convince Windows to assign
a lower port number to Arduino by freeing up (temporarily) a
COM port with a lower number.

First, open up the Device Manager by clicking the Start menu,
right-clicking Computer (Vista) or My Computer (XP), and
choosing Properties. On Windows XP, click Hardware and
choose Device Manager. On Vista, click Device Manager (it
appears in the list of tasks on the left of the window).

Look for the serial devices in the list under Ports (COM & LPT).
Find a serial device that you're not using that is numbered
COMO or lower. A modem or serial port make good candidates.
Right-click it and choose Properties from the menu. Then,
choose the Port Settings tab and click Advanced. Set the COM
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port number to COM10 or higher, click OK, and click OK again to
dismiss the Properties dialogue.

Now, do the same with the USB Serial Port device that repre-
sents Arduino, with one change: assign it the COM port number
(COMS or lower) that you just freed up.

Identifying the Arduino COM Port
on Windows

Connect your Arduino Uno to your computer via a USB cable.

Open the Device Manager by clicking the Start menu, right-
clicking Computer (Vista) or My Computer (XP), and choosing
Properties. On Windows XP, click Hardware and choose Device
Manager. On Vista, click Device Manager (it appears in the list of
tasks on the left of the window).

Look for the Arduino device in the list under Ports (COM & LPT).
The Arduino will appear as Arduino UNO and will have a name
like COM7, as shown in Figure 9-1.

/ On some Windows machines, the COM port has a
number greater than 9; this numbering creates
some problems when Arduino is trying to communi-
cate with it.
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Figure 9-1. The Windows Device Manager showing all available
serial ports

Other Debugging Techniques

+ Ask someone else to look over your project. We sometimes
become blind to our own mistakes. Don't tell the other per-
son what connections you meant to make; have them verify
that you have correctly implemented whatever diagram you
are working from. This way, you don't prejudice them to see
what you intended to do and miss the mistake. (If you don't
have a diagram, you should make one.)

« “Divide and rule” works for sketches, too. Save a copy of
your sketch, and then start removing the parts of your
sketch that don’t have anything to do with the part that is
giving you trouble. You might find an unexpected interrac-
tion between something that seems to be working fine and
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the problem. If this doesn't solve your problem, it will pro-
vide the minimal test program that demonstrates your
problem, which will make it easier when you ask for help.

« If your project involves any sensors (including switches),
test each one individually with the most basic appropriate
examples: AnalogReadSerial and DigitalReadSerial, which
you can find at File Examples Ol1.Basics AnalogReadSerial/
DigitalReadSerial.

« If any sensor fails, verify that the Arduino input is working
correctly. Disconnect your sensor, and connect a jumper
from the suspect input directly to 5V and GND (one at a
time, obviously), while monitoring with AnalogReadSerial or
DigitalReadSerial. You should see O when the input is con-
nected to GND, and 1 or 1023 when the input is connected
to 5V.

If you have multiple sensors and one is failing, swap parts of
the circuit (one at a time) between the one that works and
the one that fails, and see if the problem moves.

« |f your project involves any actuators, test each one individ-
ually with the most basic appropriate examples: Blink or
Fade. If the actuator fails, replace it with an LED to make
sure the Arduino output is working correctly.

« If your sketch involves decision making, such as if state-
ments, use the Serial.println() function to tell you what
it's doing. This is also useful in loops, to make sure the loop
is stopping when you think it should.

 If you are using any libraries, verify they work correctly
using the examples that came with them. If you are having
trouble with a library that is not from Arduino, see if there is
a forum or other online community for that library and join
it.

If these suggestions don't help, or if you're having a problem not
described here, check out the Arduino troubleshooting page.
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How to Get Help Online

If you are stuck, don't spend days running around alone—ask
for help. One of the best things about Arduino is its community.
You can always find help if you can describe your problem well.

Get into the habit of cutting and pasting things into a search
engine and see whether somebody is talking about it. For exam-
ple, when the Arduino IDE spits out a nasty error message, copy
and paste it into a Google search and see what comes out. You
may have to put the message in quotes to prevent matching
those words in random orders. Do the same with bits of code
you're working on or just a specific function name. If you get too
many hits that aren't useful, add the word Arduino to the search.

Look around you: everything has been invented already and it's
stored somewhere on a web page. I'm surprised how often
something | think happened only to me turns out to be well doc-
umented on the Web, along with the solution.

For further investigation, start from the main website and look
at the FAQ; then move on to the Arduino Playground, a freely
editable wiki that any user can modify to contribute documenta-
tion. It's one of the best parts of the whole open source philoso-
phy: people contribute documentation and examples of any-
thing you can do with Arduino. Before you start a project, search
the Playground and you'll find a bit of code or a circuit diagram
to get you started.

(Consider paying the open source community back, by docu-
menting a project you came up with or a solution you found that
was not previously documented.)

If you still can't find an answer that way, search the Arduino
forum.

After you've tried everything else, it's time to post a question to
the Arduino forum. Pick the correct board for your problem:
there are different areas for software or hardware issues and
even forums in different languages. If you're unsure which board
is appropriate, post in the Project Guidance board.

Compose your post carefully. Post as much information as you
can, and be clear and thorough. Taking the time to clearly and
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correctly describe your problem is well worth it. This also shows
that you've already done as much as you could by yourself, and
aren't relying on the forum to do your work for you. Here are
some guidelines:

Read the post titled “How to use this forum—please read”.
What Arduino board are you using?

What operating system are you using to run the Arduino
IDE?

What version of the Arduino IDE are you using?

Give a general description of what you're trying to do. Post
links to data sheets of strange parts you're using. Don't
clutter up your post with irrelevant information, such as the
project concept or a picture of the enclosure if it doesn't
pertain to the problem.

Post the minimal sketch and/or circuit (schematic dia-
grams are great for this) that shows your problem. (You
found this when you were debugging, right?). The “How to
use this forum” post shows you how to format code and
include attachments.

When you search the forum for existing help, pay attention
to the culture, especially the types of questions that get
good help versus the types of questions that don't. You
want to copy the style of those that work.

Describe exactly what you think should happen, and what is
happening instead. Don't just say, “It doesn't work.” If you
get an error message, post the error. If your program prints
output, post that output.

Now that you've described your problem carefully, go back
and revise the subject. You want a subject that summarises
the technical issue, not the goal of your project (e.g.,
“pressing multiple switches causes short circuit” and not
“help with control panel for rocket ship™).

Remember that the number of answers you get, and how
quickly you get them, depends on how well you formulate your
question.
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Your chances increase if you avoid these things at all cost (these
rules are good for any online forum, not just Arduino’s):

Typing your message all in CAPITALS. It annoys people a lot
and is like walking around with “newbie” tattooed on your
forehead (in online communities, typing in all capitals is
considered “shouting™).

Posting the same message in several different parts of the
forum.

Bumping your message by posting follow-up comments
asking, “Hey, how come no one replied?” or even worse,
simply posting the text “bump.” If you didn't get a reply,
take a look at your posting. Was the subject clear? Did you
provide a well-worded description of the problem you are
having? Were you nice? Always be nice.

Writing messages like “l want to build a space shuttle using
Arduino how do | do that.” This means that you want people
to do your work for you, and this approach is simply not fun
for a real tinkerer. It's better to explain what you want to
build and then ask a specific question about one part of the
project and take it from there. In addition to helpful
answers, you might also get useful suggestions for your
larger project.

A variation of the previous point is when the question is
clearly something the poster of the message is getting paid
to do. If you ask specific questions, people are happy to
help, but if you ask them to do all your work (and you don't
share the money), the response is likely to be less nice.

Posting messages that look suspiciously like school assign-
ments and asking the forum to do your homework. Profes-
sors like me roam the forums and slap such students with a
large trout. Forum regulars are also good at spotting these.
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A/The Breadboard

The process of getting a circuit to work might involve making
lots of changes until it behaves properly. As you iterate your cir-
cuit, you might get ideas that help you refine your design, per-
haps improving its behaviour, making it more reliable, or requir-
ing fewer parts. The design evolves in your hands as you try dif-
ferent combinations; that's something like an electronic equiva-
lent to sketching.

Ideally, you'd like a way to build circuits that allows you to
change the connections between components quickly and
easily. While soldering is great for creating reliable, permanent
circuits, you'd like something faster.

The answer to this problem is a very practical device called a
solderless breadboard. As you can see from Figure A-l, it's a
small plastic board full of holes, each of which contains a spring-
loaded contact. You can push a wire or a component’s leg into
one of the holes, and the spring will hold the component or wire
in place. More important, because the spring is connected to
adjacent springs, it will establish an electrical connection with
certain other holes.

In the central region (the rows labeled a—j), the springs run ver-
tically, and so any component placed in these holes is immedi-
ately connected with any other components in the same vertical
column of holes.

Some solderless breadboards have additional rows: two on top
and two on the bottom, often indicated by red and blue stripes
and sometimes marked with + and —. These rows are connected
horizontally, and are intended for any electrical signal that gets
used often. These rows are perfect for 5V or GND, which are the
most common connections in the projects in this book, and in
almost any electronic project. These rows are often called rails
or buses.
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If you connect the red row (or the one marked +) to the 5V on
your Arduino, and the blue (or the one marked —-) row to the
GND on your Arduino, you will always have 5V and GND near any
point of the breadboard.

A good example of these rails is in Chapter 7.

/ On some breadboards, the rails do not go all the way
across, and instead are broken in the middle. Some-
times this is indicated by a break in the red or blue
stripe, and sometimes this is indicated by a gap
between pins that is slightly larger than usual. As it is
easy to forget this, many people permanently leave a
jumper bridging this break on each row.

Some components, like resistors, capacitors, and LEDs, have
long flexible legs that can be bent to reach holes in different
places.

However, other components, like chips, have legs (known to
techies as pins) that cannot be moved. These pins almost
always have a spacing of 2.54 mm, so the holes on the solder-
less breadboard use this same spacing.

Most chips have two rows of pins, and if the breadboard col-
umns were connected all the way across, the pins on one side of
the chip would be connected (by the breadboard) to the pins on
the other side. This is the reason for the gap in the middle, which
interrupts each vertical line of holes. If you place a chip so that it
straddles the gap, the pins on one side will not be connected to
the pins on the other side. Clever, eh?

/ Some breadboards have letters indicating the rows,
and numbers indicating the columns. We won't be
referring to these, as not all breadboards are the
same. Whenever we say pin number, we're referring
to the Arduino pin, and not anything on the bread-
board.
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Figure A-1. The solderless breadboard
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B/Reading Resistors
and Capacitors

In order to use electronic parts, you need to be able to identify
them, which can be a difficult task for a beginner. Most of the
resistors that you find in a shop have a cylindrical body with two
legs sticking out and have strange coloured markings all around
them. When the first commercial resistors were made, there
was no way to print numbers small enough to fit on their body,
so clever engineers decided that they could just represent the
values with stripes of coloured paint.

Today's beginners have to figure out a way to interpret these
signs. The key is quite simple: generally, there are four stripes,
and each colour represents a number. One of rings is usually
gold-coloured; this one represents the tolerance of that resistor.
To read the stripes in order, hold the resistor so the gold (or sil-
ver in some cases) stripe is to the right. Then, read the colours
and map them to the corresponding numbers. In the following
table, you'll find a translation between the colours and their
numeric values.

Colour Value
Black | O
Brown |1
Red 2
Orange | 3
Yellow |4
Green |5
Blue 6
Violet |7
Grey 8
White |9
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Colour Value
Silver |10 %
Gold 5%

For example, brown, black, orange, and gold markings mean 10
3 ffl5 %. Easy, right? Not quite, because there is a twist: the
third ring actually represents the number of zeros in the value.
Therefore 1 0 3 is actually 1 O followed by three zeros, so the end
result is 10,000 ohms ffl5 %.

Electronics geeks tend to shorten values by expressing them in
kilo ohms (for thousands of ohms) and mega ohms (for millions
of ohms), so a 10,000-ohm resistor is usually shortened to 10 K
ohm, while 10,000,000 becomes 10 M ohm. Because engineers
are fond of optimising everything, on some schematic diagrams
you might find values expressed as 4k7, which means 4.7 kilo
ohms, or 4700.

Sometimes you'll run into resistors with a higher precision of 1
or 2 %. These resistors add a fifth ring so that the value can be
specified more precisely. It's the same code, but with the first
three rings representing the value and the fourth ring represent-
ing the number of zeros after the value. The fifth ring would be
the tolerance: red for 2 % and brown for 1 %. For example, the
10 K ohm example (brown, black, orange, and gold) would be
brown, black, black, red, and brown, for a1 % resistor.

Capacitors are a bit easier: the barrel-shaped capacitors (elec-
trolytic capacitors) generally have their values printed on them.
A capacitor’s value is measured in farads (F), but most capaci-
tors that you encounter will be measured in micro farads (pF).
So if you see a capacitor labeled 100 pF, it's a 100 micro farad
capacitor.

Many of the disc-shaped capacitors (ceramic capacitors) do not
have their units listed, and use a three-digit numeric code indi-
cating the number of pico farads (pF). There are 1,000,000 pF
in one pF. Similar to the resistor codes, you use the third num-
ber to determine the number of zeros to put after the first two,
with one difference: if you see 0-5, that indicates the number of
zeros. 6 and 7 are not used, and 8 and 9 are handled differently.
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If you see 8, multiply the number that the first two digits form by
0.01, and if you see 9, multiply it by O.1.

So, a capacitor labeled 104 would be 100,000 pF or 0.1 yF. A
capacitor labeled 229 would be 2.2 pF.

As a reminder, here are the multipliers commonly used in
electronics.

Multiplier Value Example

M (mega) | 10% = 1,000,000 | 1,200,000 ohm = 1.2 M ohm
k (kilo) 103 =1,000 470,000 ohm =470 K ohm
m (milli) | 103 =.001 O01A=10mA

u (micro) | 106 =.000001 | 4700 uamps =4.7 mA
n(nano) |10° 10,000 n farads =10 pF

p (piclo) |10712 1,000,000 pf=1pF
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C/Arduino Quick
Reference

Here is a quick explanation of all the standard instructions sup-
ported by the Arduino language.

For a more detailed reference, see the Arduino “Language Refer-
ence” page.

Structure

An Arduino sketch runs in two parts:
void setup()

This is where you set things up that have to be done once before
the loop starts running, and then don't need to happen again.

void loop()

This contains the main code of your sketch. It contains a set of
instructions that get repeated over and over until the board is
switched off.

Special Symbols

Arduino includes a number of symbols to delineate lines of
code, comments, and blocks of code.

. (semicolon)
Every instruction (line of code) is terminated by a semicolon.
This syntax lets you format the code freely. You could even
put two instructions on the same line, as long as you sepa-
rate them with a semicolon. (However, this would make the
code harder to read.)

Example:
delay(100);
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{} (curly braces)
These are used to mark blocks of code. For example, when
you write code for the loop() function, you have to use a
curly brace before and after the code.

Example:

void loop() {
Serial.println("ciao");

}

Comments
These are portions of text ignored by the Arduino microcon-
troller, but are extremely useful to explain to others (and to
remind yourself) what a piece of code does.

There are two styles of comments in Arduino:

// single-line: this text is ignored until the end of the
line
/* multiple-line:

you can write

a whole poem in here

*/

Constants

Arduino includes a set of predefined keywords with special val-
ues.

HIGH and LOW are used, for example, when you want to turn on or
off an Arduino pin. INPUT and OUTPUT are used to set a specific
pin to be either an input or an output.

true and false are used to test whether a condition or expres-
sion is true or false. They are used primarily with comparison
operators.

Variables

Variables are named areas of the Arduino’'s memory where you
can store data. Your sketch can use and manipulate this data by
referring to it by the variable name. As the word variable sug-
gests, variables can be changed as many times as you like.
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Because Arduino is a very simple microcontroller, when you
declare a variable, you have to specify its type. This means tell-
ing the microcontroller the size of the value you want to store.

Following are the datatypes that are available.

boolean
Can have one of two values: true or false.

char
Holds a single character, such as the letter A. Like any com-
puter, Arduino stores it as a number, even though you see
text. When chars are used to store numbers, they can hold
values from -128 to 127. A char occupies 1 byte of memory.

/ There are two major sets of characters available
on computer systems: ASCIl and UNICODE.
ASCll is a set of 127 characters that was used for,
among other things, transmitting text between
serial terminals and time-shared computer sys-
tems such as mainframes and minicomputers.
UNICODE is a much larger set of values used by
modern computer operating systems to repre-
sent characters in a wide range of languages.
ASCII is still useful for exchanging short bits of
information in languages such as ltalian or
English that use Latin characters, Arabic numer-
als, and common typewriter symbols for punctu-
ation and the like.

byte
Holds a number between O and 255. Like a char, a byte uses
only 1 byte of memory. Unlike chars, a byte can store only
positive numbers.

int
Uses 2 bytes of memory to represent a number between —
32,768 and 32,767. The int is the most common datatype
used in Arduino. If you are unsure of what datatype to use,
try anint.
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unsigned int
Like int, uses 2 bytes of memory, but the unsigned prefix
means that it can't store negative numbers, so its range
goes from O to 65,535.

long
This is twice the size of an int and holds numbers from
-2,147483,648 to 2,147483,647.

unsigned long
Unsigned version of long; it goes from O to 4,294,967,295.

float
This is quite big and can hold floating-point values, which is
a fancy way of saying that you can use a float to store num-
bers with a decimal point. A float will eat up 4 bytes of your
precious RAM, and the functions that can handle them use
up a lot of code memory as well, so use floats only when you
need to.

double
Double-precision floating-point number, with a maximum
value of 1.7976931348623157 x 103%¢, Wow, that's huge!

string
A set of ASCII characters used to store textual information
(you might use a string to send a message via a serial port,
or to display on an LCD display). For storage, they use 1 byte
for each character in the string, plus a null character (1 byte)
at the end to tell Arduino that it's the end of the string. The
following are equivalent:

char stringi[] = "Arduino"; // 7 chars + 1 null char
char string2[8] = "Arduino"; // Same as above

array
A list of variables that can be accessed via an index. They are
used to build tables of values that can easily be accessed.
For example, if you want to store different levels of bright-
ness to be used when fading an LED, you could create six
variables called 1ighto1, 1lighto2, and so on. Better yet, you
could use a simple array like this:

int light[6] = {0, 20, 50, 75, 100};
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The word array is not actually used in the variable declara-
tion: the symbols [] and {} do the job.

Arrays are ideal when you want to do the same thing to a
whole lot of pieces of data, because you can write what you
need to do once and then perform it on each variable in the
array simply by changing the index—for example, using a for
loop.

Variable Scope

Variables in Arduino have a property called scope. Variables can
be local or global, depending on where they are declared.

A global variable is one that can be seen (and used) by every
function in a program. Local variables are visible only to the
function in which they are declared.

When programs start to get larger and more complex, local vari-
ables are a useful way to ensure that each function has access
to its own variables. This prevents programming errors when
one function inadvertently modifies variables used by another
function. Variables that must be used by multiple functions can
be global.

In the Arduino environment, any variable declared outside of a
function (e.g., setup(), loop(), or your own functions), is a
global variable. Any variable declared within a function is local
(and accessible) only within that function.

It is also sometimes handy to declare and initialize a variable
inside a for loop. This creates a variable that can only be
accessed from inside the for loop braces. In fact, any time a
variable is declared within curly braces, it is local only within that
block of code.

Control Structures

Arduino includes keywords for controlling the logical flow of
your sketch.

if...else
This structure makes decisions in your program. if must be
followed by a question specified as an expression contained
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for

in parentheses. If the expression is true, whatever follows will
be executed. If it's false, the block of code following else will
be executed. The else clause is optional.

Example:
if (val == 1) {
digitalWrite(LED,HICH);
}

Lets you repeat a block of code a specified number of times.
Example:

for (int i = 0; i < 10; i++) {
Serial.print("ciao");
}

switch case
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The if statement is like a fork in the road for your program.
switch case is like a massive roundabout. It lets your pro-
gram take a variety of directions depending on the value of a
variable. It's quite useful to keep your code tidy as it replaces
long lists of if statements.

It's important to remember the break statement at the end
of each case, or else Arduino will execute the instructions of
the following cases, until it reaches a break or the end of the
switch case.

Example:

switch (sensorValue) {

case 23:
digitalWrite(13,HICH);
break;

case 46:
digitalWrite(12,HIGH);
break;

default: // if nothing matches this is executed
digitalWrite(12,LO0W);
digitalWrite(13,LO0W);
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while

do..

Similar to if, this executes a block of code if a certain condi-
tion is true. However, if executes the block only once,
whereas while keeps on executing the block as long as the
condition is true.

Example:

// blink LED while sensor is below 512

sensorValue = analogRead(1);

while (sensorValue < 512) {
digitalWrite(13,HICH);

delay(100);
digitalWrite(13,HICH);
delay(100);
sensorValue = analogRead(1);
}
while

Just like while, except that the code is run before the condi-
tion is evaluated. This structure is used when you want the
code inside your block to run at least once before you check
the condition.

Example:

do {
digitalWrite(13,HICH);
delay(100);
digitalWrite(13,HICH);
delay(100);
sensorValue = analogRead(1);
} while (sensorValue < 512);

break

This term lets you break out of a while or for loop even if the
loop condition says to go on looping. It's also used to sepa-
rate the different sections of a switch case statement.

Example:

// blink LED while sensor is below 512
do {
// Leaves the loop if a button is pressed
if (digitalRead(7) == HIGH)
break;
digitalWrite(13,HICH);
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delay(100);

digitalWrite(13,LOW);

delay(100);

sensorValue = analogRead(1);
} while (sensorValue < 512);

continue
When used inside a loop, continue lets you skip the rest of
the code inside it and force the condition to be tested again.

Example:
for (light = 0; light < 255; light++)

// skip intensities between 140 and 200
if ((x > 140) && (x < 200))
continue;
analogWrite(PWMpin, light);
delay(10);
}

continue is similar to break, but break leaves the loop, while
continue goes on with the next repetition of the loop.

return
Stops running a function and returns to whatever called the
function. You can also use this to return a value from inside a
function.

For example, if you have a function called computeTempera-
ture() and you want to return the result to the part of your
code that invoked the function, you would write something
like this:

int computeTemperature() {
int temperature = 0;
temperature = (analogRead(0) + 45) / 100;
return temperature;

}

Arithmetic and Formulas

You can use Arduino to make complex calculations using a spe-
cial syntax. + and — work just like you've learned in school; mul-
tiplication is represented with an * and division with a /.
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There is an additional operator called modulo (%), which
returns the remainder of an integer division.

Just as you learned in algebra, you can use as many levels of
parentheses as you wish to to group expressions the proper
way. Contrary to what you might have learned in school, square
brackets and curly braces are not used for arithmetic forumulas
because they are reserved for other purposes (array indexes
and blocks, respectively).

Example:

a= 2+2;
light = ((12 * sensorValue) - 5 ) / 2;
remainder = 7 % 2; // returns 1

Comparison Operators

When you specify conditions or tests for if, while, and for
statements, these are the operators you can use:

== | Equal to

= | Not equal to

Less than

Greater than

<= | Less than or equal to

>=| Greater than or equal to

When testing for equality, be very careful to use the == compari-
son operator and not the = assignment operator, or your pro-
gram will not behave the way you expect.

Boolean Operators

These are used when you want to combine multiple conditions.
For example, if you want to check whether the value coming
from a sensor is between 5 and 10, you would write this:

if ( (sensor => 5) && (sensor <=10) )

There are three Boolean operators: and, represented with &&; or,
represented with | |; and finally not, represented with !.
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Compound Operators

These are special operators used to make code more concise
for some very common operations like incrementing a value.

For example, to increment value by 1, you would write:
value = value +1;

but using a compound operator, this becomes:
value++;

It's perfectly fine not to use these compound operators, but
they are so common that, as a beginner, you will have a hard
time learning from examples if you don't understand these
operators.

increment and decrement (-- and ++)

These operators increment or decrement a value by 1. Be care-
ful—they work both in front of or behind a variable, but they
have a very subtle difference: if you write i++, this first incre-
ments i by 1 and then evaluates to the equivalent of i + 1, while
++1 first evaluates to the value of i and then increments i. The
same applies to ——.

+=,-= *= and /=
Similar to ++ and ——, but these allow you to increment and
decrement by values other than 1, and also allow multiplica-
tion and division. The following two expressions are equiva-
lent:
a=a+5;
a += 5;

Input and Output Functions

One of the main jobs of Arduino is to input information from
sensors and to output values to actuators. You've already seen
some of these in the example programs throughout the book.

pinMode(pin, mode)
(Re)configure a digital pin to behave either as an input or an
output.
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Example:

pinMode(7,INPUT); // turns pin 7 into an input
Forgetting to set pins to outputs using pinMode() is a com-
mon cause of faulty or nonfunctioning output.

Although typically used in setup(), pinMode() can be used in
a loop as well if you need to change the pin’s behaviour.

(When a function name is used in text, it is often written with
empty parentheses at the end to indicate that a function is
being discussed.)

digitalWrite(pin, value)
Turns a digital pin either HIGH or LOW. Pins must be explic-
itly made into an output using pinMode() before digital-
Write() will have the expected effect.

Example:
digitalWrite(8,HIGH); // sets digital pin 8 to 5 V

Note that while HIGH or LOW usually correspond to on and
off, respectively, this depends on how the pin is used. For
example, an LED connected between 5V and a pin will turn
on when that pin is LOW and turn off when the pinis HIGH.

int digitalRead(pin)
Reads the state of an input pin, and returns HIGH if the pin
senses some voltage or LOW if there is no voltage applied.

Example:
val = digitalRead(7); // reads pin 7 into val

int analogRead(pin)
Reads the voltage applied to an analogue input pin and
returns a number between O and 1023 that represents the
voltages between O and 5 V.

Example:

val = analogRead(0); // reads analog input 0 into val

analogWrite(pin, value)
Changes the PWM rate on one of the PWM pins. pin can only
be a pin that supports PWM, that is, pins 3, 5, 6, 9, 10, or 11
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on the Uno, and pins 3, 5, 6, 9, 10, 11, or 13 on the Leonardo.
value must be a number between O and 255. You can think
of value to represent the average amount of power Arduino
will deliver, where a value of zero corresponds to fully off,
while a value of 255 corresponds to fully on.

Example:
analogWrite(9,128); // Dim an LED on pin 9 to 50%

A value of O sets the output fully LOW, while a value of 255
sets an output fully HIGH.

shiftOut(dataPin, clockPin, bitOrder, value)
Sends data to a shift register, devices that are used to
expand the number of digital outputs. This protocol uses
one pin for data and one for clock. bitOrder indicates the
ordering of bytes (least significant or most significant) and
value is the actual data to be sent out.

Example:
shiftOut(dataPin, clockPin, LSBFIRST, 255);
unsigned long pulseln(pin, value)
Measures the duration of a pulse coming in on one of the
digital inputs. This is useful, for example, to read some infra-

red sensors or accelerometers that output their value as pul-
ses of changing duration.

Example:

time = pulsein(7,HICH); // measures the time the next
// pulse stays high

Time Functions

Arduino includes functions for measuring elapsed time and also
for pausing the sketch.

unsigned long millis()
Returns the number of milliseconds that have passed since
the sketch started.
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Example:

duration = millis()-lastTime; // computes time elapsed
since "lastTime"

delay(ms)
Pauses the program for the amount of milliseconds speci-
fied.

Example:

delay(500); // stops the program for half a second

delayMicroseconds(us)
Pauses the program for the given amount of microseconds.

Example:

delayMicroseconds(1000); // waits for 1 millisecond

Math Functions

Arduino includes many common mathematical and trigonomet-
ric functions:

min(x, y)
Returns the smaller of x and y.

Example:

val = min(10,20); // val is now 10

max(x, y)
Returns the larger of xand y.

Example:

val = max(10,20); // val is now 20

abs(x)
Returns the absolute value of x, which turns negative num-
bers into positive. If x is 5, it will return 5, but if x is =b, it will
still return 5.

Example:
val = abs(-5); // val is now 5

Arduino Quick Reference 227



constrain(x, a, b)
Returns the value of x, constrained between a and b. If x is
less than a, it will just return a, and if x is greater than b, it will
just return b.

Example:

val = constrain(analogRead(0), 0, 255); // reject values
bigger than 255

map(value, fromLow, fromHigh, toLow, toHigh)
Maps a value in the range fromLow and maxLow to the range
toLow and toHigh. Very useful to process values from ana-
logue sensors.

Example:
val = map(analogRead(0),0,1023,100, 200); // maps the
value of
// analog 0 to a
value
// between 100
and 200

double pow(base, exponent)
Returns the result of raising a number (base) to a value
(exponent).

Example:

double x = pow(y, 32); // sets x to y raised to the 32nd
power

double sqrt(x)
Returns the square root of a number.

Example:

double a = sqrt(1138); // approximately 33.73425674438

double sin(rad)
Returns the sine of an angle specified in radians.

Example:
double sine = sin(2); // approximately 0.90929737091

double cos(rad)
Returns the cosine of an angle specified in radians.

228 Getting Started with Arduino



Example:
double cosine = cos(2); // approximately -0.41614685058

double tan(rad)
Returns the tangent of an angle specified in radians.

Example:
double tangent = tan(2); // approximately -2.18503975868

Random Number Functions

If you need to generate random numbers, you can use Arduino'’s
pseudorandom number generator. Random numbers are useful
if you want your project to behave differently each time it's
used.

randomSeed(seed)

Resets Arduino’'s pseudorandom number generator.
Although the distribution of the numbers returned by ran-
dom() is essentially random, the sequence is predictable. So,
you should reset the generator to some random value. A
good seed is a value read from an unconnected analogue
input, as an unconnected pin will pick up random noise from
the surrounding environment (radio waves, cosmic rays,
electromagnetic interference from cell phones and fluores-
cent lights, etc.) and so will be unpredictable.

Example:

randomSeed(analogRead(5)); // randomize using noise from
pin 5

long random(max) long random(min, max)
Returns a pseudorandom long integer value between min
andmax - 1. lfminis not specified, the lower bound is O.

Example:

long randnum
long randnum

random(0, 100); // a number between 0 and 99
random(11); // a number between 0 and 10
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Serial Communication

As you saw in Chapter 5, you can communicate with devices
over the USB port using a serial communication protocol. Fol-
lowing are the serial functions.

Serial.begin(speed)
Prepares Arduino to begin sending and receiving serial data.
You'll generally use 9600 baud (bits per second) with the
Arduino IDE serial monitor, but other speeds are available,
usually no more than 115,200 bps. The specific baud rate
doesn’'t matter much, as long as both sides agree and use
the same rate.

Example:
Serial.begin(9600);

Serial.print(data) Serial.print(data, encoding)
Sends some data to the serial port. The encoding is optional;
if not supplied, the data is treated as much like plain text as
possible.

Examples (note that the final example uses Serial.write):

Serial.print(75); // Prints "75"
Serial.print(75, DEC); // The same as above.
Serial.print(75, HEX); // "4B" (75 in hexadecimal)
Serial.print(75, OCT); // "113" (75 in octal)
Serial.print(75, BIN); // "1001011" (75 in binary)
Serial.write(75); // "K" (the letter K happens
// to be 75 in the ASCII set)

Serial.printin(data) Serial.printin(data, encoding)
Same as Serial.print(), except that it adds a carriage
return and linefeed (\r\n) as if you had typed the data and
then pressed Return or Enter.

Examples:

Serial.println(75); // Prints "75\r\n"
Serial.println(75, DEC); // The same as above.
Serial.println(75, HEX); // "4B\r\n"
Serial.println(75, OCT); // "113\r\n"
Serial.println(75, BIN); // "1001011\r\n"
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int Serial.available()
Returns how many unread bytes are available on the serial
port for reading via the read() function. After you have
read() everything available, Serial.available() returns O
until new data arrives on the serial port.
Example:
int count = Serial.available();

int Serial.read()
Fetches 1 byte of incoming serial data.

Example:
int data = Serial.read();
Serial.flush()
Because data may arrive at the serial port faster than your
program can process it, Arduino keeps all the incoming data

in a buffer. If you need to clear the buffer and let it fill up with
fresh data, use the flush() function.

Example:
Serial.flush();
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D/Reading Schematic
Diagrams

In most of this book I've given very detailed illustrations to
describe how to assemble the circuits, but as you can imagine,
it's not exactly a quick task to draw one of those for each experi-
ment you might want to document.

Similar issues arise, sooner or later, in every discipline. In music,
after you write a nice song, you need to write it down using
musical notation.

Engineers, being practical people, have developed a quick way
to capture the essence of a circuit in order to be able to docu-
ment it and later rebuild it or pass it to somebody else.

In electronics, schematic diagrams (or schematics) allow you to
describe your circuit in a way that is understood by the rest of
the community. Individual components are represented by
schematic symbols that are a sort of abstraction of either the
shape of the components or the essence of them. For example,
the capacitor is made of two metal plates separated by either air
or plastic; therefore, its symbol is as shown in Figure D-1.

=
l

Figure D-1. Schematic symbol for a capacitor
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Another clear example is the inductor, which is built by winding
copper wire around a cylindrical shape; consequently, the sym-
bol looks like Figure D-2.

Figure D-2. Schematic symbol for an inductor

The connections between components are usually made using
either wires or tracks on the printed circuit board and are repre-
sented on the diagram as simple lines. When two wires are con-
nected, the connection is represented by a big dot placed where
the two lines cross, as shown in Figure D-3.

-

l

Figure D-3. Schematic symbol showing connected wires

This is all you need to understand basic schematics. Figure D-4
shows schematic symbols for components that are commonly
found in Arduino circuits.
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RESISTOR  CAPACITOR THERMISTOR LDR LIGHT SENSOR

s

DIODE PUSHBUTTON PONTENTIOMETER

Figure D-4. Common schematic symbols seen in Arduino cir-
cuits

You may encounter variations in these symbols (for example,
both variants of resistor symbols are shown here). See Wikipe-
dia for a larger list of electronics symbols.

In addition to this (somewhat) standard set of symbols, there
are conventions for how schematics are organised. Schematics
are drawn so that information flows from left to right. For exam-
ple, a radio would be drawn starting with the antenna on the left,
following the path of the radio signhal as it makes its way to the
speaker, which would be the last thing on the right.

Figure D-5 describes the pushbutton circuit shown earlier in this
book.
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T+5 v
ARDUINO

R

PIN 7

GND GND

Figure D-5. A pushbutton connected to an Arduino digital input

You can see that the Arduino has been reduced to a box with a
pin and GND, because these are the only important things to
know about Arduino for this particular circuit. You can also see
two wires that are shown connected the label GND. This means
the wires are connected together. Connecting wires via labels is
useful for connections that get very busy (such as GND) or have
to get from one side of the schematic to the far side, crossing
many other wires and components.

Chapter 8 shows many practical examples of schematics, and
“Electronic Schematic Diagrams” on page 119 discusses sche-
matic diagrams in a little more detail.
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Symbols

// (comment indicator), 32, 135
IN4007 diode, 74

22 AWG solid core wire, 175
2N7000 MOSFET, 117

5V pin, 42

; (semicolon), 46

= (assignment) operator, 44
== (comparison) operator, 44
{} (curly braces), 31

A

AC vs. DC electricity, 130
actuators, 25
testing, 202
Adafruit, 105
male headers at, 111
Adafruit Guide to Excellent Solder-
ing, 170-184
Adafruit Guide To Making A Good
Solder Joint, 171
airplane cockpit idea, 87
Alighieri, Dante, 32
Ampere, André-Marie, 39
Analog Devices TMP36, 70
analog inputs, 66-70
controlling blinking LEDs with,
67
controlling brightness of LEDs
with, 68
dealing with I2C communica-
tions, 114
on Leonardo, 78
pins, 17
analog pins, 17
on Uno vs. Leonardo, 89
analogRead() function, 66, 70, 74
return values of, 69

Index

analogWrite() function, 57, 61
Leonardo and, 78
anodes, 27,59
Arduino
groups, 106
LEDs on, 30
meetups, 106
philosophy of, 5
schematic symbol for, 120
troubleshooting, 194
Arduino Esplora, 78
Arduino Forum, 203
etiquette in, 205
Arduino Leonardo, 77-89
Arduino Unovs., 78
connecting to Macs, 79
[2C pins on, 114
keyboard message example,
80-83
LED controller on, 57
microcontroller on, 77
mouse control example, 83-87
Mouse library, 87
older models vs., 77
pins, 88
ports on, 87
USB Keyboard library, 87
Arduino Library, 116
Arduino Micro, 78
Arduino platform, 15-23
hardware, 15-17
Arduino robot, 78
Arduino Store, 41, 65, 102, 162
Arduino Uno, 16
LED controller on, 57
Leonardvs., 78
Arduino Yun, 78
AREF pins, 88, 114
arithmetic in Processing, 222
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arrays, 218
as lookup table, 145
buffers held in, 137
two-dimensional, 138
ASCII character set, 81, 217
assumptions, 159
ATmegal6U2 microcontroller, 77
ATmega328 microcontroller, 16, 77
ATmega32U4 microcontroller, 77
Aton lamp, 92
automatic garden irrigation system
project, 105-192
assembling circuit for, 158-190
assembling project, 186-189
coding for, 137-158
complete sketch for, 149-158
electronic schematic diagrams,
119-132
humidity sensor, checking, 148
on/off times, checking, 143
on/off times, setting, 137-143
relays, 116-119
RTC for, 110-116
shopping list for, 191
temperature and humidity sen-
sor, 132-136
testing, 190
avr-gcc compiler, 18

B

Barragan, Hernando, 2
batteries, 39
Blink sketch, 28
testing with, 123, 129, 131, 184
blinking LEDs project
code for, 28
code for, explained, 32-36
blocks of code, 31
boolean operators, 223
breadboards
connecting power to compo-
nents on, 175-182
connecting TinyRTC with, 113
soldering on, 163
soldering projects to, 170-184
troubleshooting, 196
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wiring conventions for, 176
wiring DHT11s with, 133
wiring warnings for, 164
buffers, 94
held in arrays, 137
burglar alarms, 55

C

C language, 18
cable ties, 187
protecting against strain with,
189
capacitors on schematics, 123
carpet switches, 54
carpets, putting sensors under, 54
cathodes, 27, 59
certainty and troubleshooting, 194
character sets, 217
circuit bending, 9
circuits
assembling into a case, 186-189
for automatic garden irrigation
system, 158-190
for networked lamp project, 101
on schematics, 123
planning layout of, 165
soldering, 170-184
classic engineering, 5
code, 27
chunking into functions, 141
code blocks, 31
collaboration, 14
Colombo, Joe, 92
COM ports
assigning to Arduino on Win-
dows, 199
finding on Mac, 20
finding on Windows, 22
comments, 32,135, 216
common cathode, 101
comparison operators, 223
computers, 12
maintaining control over, 83
possibility of shorting, 196
const keyword, 33
constant variable, 136



constants, 33, 136, 216
continue command, 222
current, 39

D

data sheets of electronic devices,
116
data, storing, 45
DC vs. AC electricity, 130
debouncing, 49
debugging, 47, 194
decision-making process, 26
delay() function, 35, 61
Device Manager (Windows), 200
DHT11 temperature and humidity
sensor, 132-136
installation, checking, 134
library, installing, 134
Digi-Key, 116
digital 170 pins, 17
as analog inputs, 79
connecting to MOSFET gates,
181
initial status of, 118
pinMode() and, 33
digitalRead() function, 41, 66, 74
digitalWrite() function, 34
controlling motor speed, 57
diodes, 73
laying out on breadboard, 166
on schematics, 123, 123
Divina Commedia (Alighieri), 32
do ... while loops, 221

doormats, putting sensors under,

54
drain pins (MOSFET), 73, 107
drivers
installing on Macs, 19
installing on Windows, 21
troubleshooting on Windows,
199
DS1307 Breakout Board kit, 116
DS1307 RTC chip, 110
library for, 111
Dyson, James, 6

E

electricians tape, 125
electricity, 37-40
types of, converting, 130
wiring conventions for, 176
electronic schematic diagrams,
119-132
conventions of, 119
examples
automatic garden irrigation sys-
tem, 105-192
blinking LEDs, 26-36
button press, 42, 46, 48
interactive lamp, 36-51
keyboard message, 80-83
mimicking mouse, 84
mouse control example, 83-87
exclusion and troubleshooting, 194
external interrupts, 89

F

FAQ (Arduino.cc), 203

female headers, adding to bread-
board, 182

flaky results, avoiding, 48

floating gates, 118

flyback voltage, 118

for() loops, 61

formulas in Processing, 222

Found New Hardware Wizard (Win-
dows), 22,199

Frankenstein's monster, 106

functions, 31, 141
with return values, 44

G

gate pins (MOSFET), 73, 107
floating, 118

Ghazala, Reed, 9

GND pin, 42
schematic symbol for, 120
unused, protecting, 174

Google, finding solutions with, 203

ground, 42

guitar effect pedals, 9
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H

hackerspaces, 106
hacks

keyboard, 11

toy, 13
Haque, Usman, 13
hardware

Proto Shield, 162-184

to blink LEDs, 57
heat shrink tubing, 125
heat-dependent resistors, 69
Hedberg, Sara Reese, 12
help, finding, 203
HTML hexadecimal color codes, 94
humans, detecting, 56
hydraulic system, 38

I

| promessi sposi (Manzoni), 32
|2C port, 88
RTCs and, 111
ICSP port, 88
IDIl lvrea, 2
if statements, 44, 219
debugging, 202
lgoe, Tom, 74
IKEA FADO table lamp, 103
increment/decrement operators,
224
information flows on electronics
schematics, 120
input/output, 53-74
analog inputs, 66-70
complex sensors, 74
digital 170 pins, 17
functions for, 224
homemade, 56
light sensors, 64
on/off sensors, 53
powering devices and, 72
pushbuttons, 40-44, 46-51
serial, 70
thermostat, 54
toggle switches, 53
insulating tape, 125
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int keyword, 33
Integrated Development Environ-
ment (IDE), 15, 18
installing, 19-23
Macintosh, installing on, 19-21
on Mac, 20
on Windows, installing, 21
opening, 28
programming in, 31-36
Serial Monitor in, 71
specifying board for, 21, 79
troubleshooting on Windows,
199
integration testing, 158
Intelligent Systems and Their
Applications, IEEE, 12
interaction design, 3
interactive devices, 25-51
actuators, 25
LEDs, controlling, 26-36
sensors, 25
interactive lamp example, 36-51
pushbuttons, 40-44
Internet forums, 14
Arduino Forum, 203
etiquette in, 205
interruptions, 7
external, 89
IRF520 MOSFET, 73
Ivrea, 12

J

jumper wires, connecting TinyRTC
with, 113
junk, 12

K

Kernighan, Brian W., 198

Keyboard library, 77

keyboard message example, 80-83

Keyboard Setup Assistant (Mac),
79

Keyboard.print() function, 82

Keyboard.printIn() function, 82

keyboards, hacking, 80-83

Kurt, Tod E., 94



L

lamps, driving, 72
LEDs
blinking at specified rate, 67
blinking, controlling with analog
inputs, 67
brightness, controlling with ana-
log inputs, 68
connecting power to, 178
current direction/voltage and,
129
fading in/out with PWMs, 59
in garden irrigation project, 129
LED, 19
polarization of, 59
preventing burnout, 27, 59
pushbuttons, controlling with,
40-44
resistors and, 27, 59
RGB, 101
soldering to breadboards, 173
libraries, debugging, 202
light sensors on schematics, 123
light-activated switch, 65
light-dependent resistor (LDR), 26,
65
Linux
installing Arduino on, 19
Processing on, 93
lookup table, 145
loop() function, 32, 34
Low Tech Sensors and Actuators
(Haque and Somlai-Fischer), 13
lowest voltage, representation on
schematics, 119

M

Macintosh
installing IDE on, 19-21
Processing on, 93
RTClib locations on, 111
serial ports on, 99
magnetic switches, 54
Maker Shed, 41
RTCs at, 110

Maker Shed Getting Started with
Arduino Kit, 65, 102
makerspaces, 106
Making Things Talk (Igoe), 74
male headers, 111
on shields, 162
soldering, 183
math functions, 227-229
Max programming environment, 7
metal-oxide-semiconductor field-
effect transistor (see MOSFETSs)
Micro-B USB cable, 79
microcontroller, 3, 15
on Leonardo, 77
military equipment, 12
millis() function, 64
MIT Media Laboratory, 11
MIT Media Labs quest for percep-
tive computers (Reese), 12
momentary switches, 56
Moog, Robert, 7
Morse code, 70
MOSFETs, 73
connecting digital pins to gates,
181
connecting power to, 176
in garden irrigation project, 107
laying out on breadboards, 167
on schematics, 123
soldering to breadboards, 171
voltage, modifying with, 117
motors
driving, 72
resistors and, 74
speeds of, 57
Mouse library, 77
mouse mimicking project, 84
Mouse.move() function, 86
Mouse.press() function, 86
Mouse.release() function, 86
musicians, 7/

N

Network Preferences (Mac), 20
networked lamp project, 91-104
assembling, 103
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circuit, assembling, 101
code for, 94-101
planning for, 93

o

oddWires, 110

office machines, 12

Ohm, Georg, 39

ohms, 39

Ohms Law, 39, 117

Olivetti company, 12
opportunistic prototyping, 5

P

parsing, sample code for, 139
passive infrared (PIR), 55
patching, 7
Pentland, Alex, 11
Peristaltic Liquid Pump with Sili-
cone Tubing (Adafruit), 105
Persistence of Vision (POV), 56
photoresistor, 26
resistors for, 101
physical computing, 3
Pike, Rob, 198
pinMode() function, 33
digital pins and, 118
pins
Analog In, 66
analog input, 17
analog out, 17
AREF, 88
digital, 79
1/0, voltage limits on, 72
on schematics, 120
SCL, 113
SDA, 113
VCC, 112
Pirola, Maurizio, 197
planning projects, 107-110
Playground wiki, 14, 203
polyfuse, 197
port identification
in Windows, 22
on Macs, 20
ports
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COM, 20, 22
[2C, 111, 114
ICSP, 88
identifying in Windows, 200
identifying on Windows, 200
on Leonardo, 87
on Macintosh, 99
serial, 98, 114
USB, 17
power
external, troubleshooting, 195
for devices, 17, 72
supplies, in cases, 187
troubleshooting, 195
power selection jumper, 195
precut jumper wire kit, 41
printers, 12
Processing language, 1, 18, 72, 93
symbols in, 215
programmers, well-intentioned,
148
programming, 31-36
code blocks, 31
commenting lines out, 135
comments, 32
compiling, 29
debugging, 47
executing instructions, 31
for garden irrigation system,
137-158
functions with return values, 44
humidity sensor, checking, 148
if statements, 44
on/off times, checking, 143
on/off times, setting, 137-143
variable scope, 136
variables, 45
programs, 27, 30
Proto Shield, 109, 162-184
assembling into a case, 186-189
connecting power to compo-
nents on, 175-182
female headers, adding, 182
in garden irrigation project, 109
laying out projects on, 164-170
relays compatible with, 117
sockets, 165



soldering on, 163
soldering projects to, 170-184
testing, 184-190
prototyping, 5
proxies, implementing, 93
pull-down resistors, 118
pull-up resistors, 118
on DHT11, 132-136
pulse width modulation (PWM)),
56-64
changing light intensity with, 62
fading LEDs in/out with, 59
pulse-width modulation (PWM), 57
Pure Data programming environ-
ment, /7
pushbutton example, 42, 46, 48
pushbuttons
changing light intensity with, 62
code for, 46-51
controlling LEDs with, 40-44
detecting length of time
pressed, 62
momentary tactile, 41
PWR LED, 19

Q
QuickTime Player, 30
R

RadioShack, 65
RAM (random access memory), 46
real time clock (RTC), 74, 110-116
connecting to breadboard, 168
on/off times, setting with,
137-143
setting time on, 115
Real Time Clock (RTC), 108
Reas, Casey, 2
recycling, 12
relays, 116-119
attaching water valves to, 124
connecting power to, 179
on Proto Shields, 165
resistance, 39
on data sheets, 117
resistors, 41, 101

choosing, 129
LEDs and, 27, 59
on schematics, 123
pull-down, 118
pull-up, 118
return command, 222
RGB LED, 101
RSS feeds, 93
rtc.hour() function, 144
rtc.minute() function, 144
rtc.now() function, 144
RTClib library, 111
verifying installation of, 112
RXLED, 30

S

schematic diagram, 119
printing out, 161
SCL pins, 88, 113
scope rules, 136, 219
screw terminals, 125
attaching to breadboards, 172
connecting power to, 177
SDA pins, 88, 113
sensors, 16, 25
complex, 74
light, 64
testing, 202
serial communication functions,
230-231
serial monitor, 71
and garden irrigation project,
140
on Uno, 89
sending strings to, 81
serial objects, 70
serial ports, 98
speed of, 114
Serial.list() function, 99
Serial.parselnt() function, 139
Serial.printin() function, 81
setup() function, 32
shields, 109
male headers on, 162
shopping list
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for automatic garden irrigation
system project, 191
pushbutton project, 41
short circuits, 125
power supply and, 197
troubleshooting, 196
sketches, 27, 30
Arduino vs. Processing, 94
debugging, 201
verifying upload, 196
Sniffin Glue fanzine, 10
sockets (Proto Shield), 165
orientation of, 165
soldering, 170-184
warnings, 170
solderless breadboards, 41
in garden irrigation project, 109
on schematics, 121
relays compatible with, 117
stranded wire and, 124
solid-core hookup wire, 42
stranded wire vs., 186
Somlai-Fischer, Adam, 13
source pins (MOSFET), 73, 107
standoffs, 186
stranded wire
solderless breadboards and, 124
solid-core vs., 186
strings
parsing, 138
sending to serial monitor, 81
switches
carpet, 54
magnetic, b4
momentary, 56
testing, 202
tilt, 54
tilt, homemade, 56
toggle, 53
synthesizers, 9

T

Takamiya, Tami (Masaaki), 51

technical equipment, 12

temperature and humidity sensor,
74,108, 132-136
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checking, 148
connecting to breadboard, 168
DHTI11 sensor, 132-136
testing, 136
testing
actuators, 202
automatic garden irrigation sys-
tem project, 190
circuits during wiring phase, 162
individual components, 194
integration, 158
Proto Shields, 184-190
sensors, 202
switches, 202
temperature and humidity sen-
sor, 136
The Practice of Programming (Ker-
nighan and Pike), 198
thermistor, 69
thermostat, 54
tilt switches/sensors, 54
homemade, 56
time functions, 226
tinkering, 6
TinyRTC, 110, 112
toggle switches, 53
toys, 9
hacking, 13
troubleshooting, 193-205
Arduino board, 194
basics of, 193
breadboards, 196
during wiring phase, 162
getting help online, 203
isolating problems, 198
Windows drivers, 199
Windows IDE, 199
Two Wire Interface (TWI), 111
TXLED, 30

U

Understanding the Code (Adafruit
tutorial), 116

UNICODE character set, 217

Upload button (IDE), 29

uploaded sketches, verifying, 196



USB cables, troubleshooting, 195
USB interface, 77

on Leonardo, 78
USB ports

powering Arduino through, 17
user interface, 108

for garden irrigation project, 138

Vv

variables, 45
constants and constant vari-
ables vs., 136
scope of, 136
types of, 216-218
VCC pin, 112
Verify button (IDE), 29
Vin connectors, 73
visual programming, 7
Volta, Alessandro, 39
voltage, 39
VVVV programming environment, 7

W

water analogy for electricity, 37
water valves, 107
attaching to relays, 124
electrical requirements of, 116

while loops, 221
Windows
Device Manager, 200
drivers, troubleshooting, 199
Found New Hardware Wizard,
199
identifying ports on, 200
installing IDE on, 21
Processing on, 93
RTClib locations on, 111
troubleshooting IDE on, 199
USB serial connections and, 78
Windows Media Player, 30
Windows Vista, 200
Windows XP, 200
Wire Arduino library, 111
wires
22 AWG solid core, 175
color coding conventions for,
176
insulating, 125
jumper, 113
long, connecting to breadboard,
169
organizing in cases, 187
precut jumper, 41
solid-core hookup, 42
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