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Foreword

Matt is leading the charge to make technology serve you, the individual, and
anew generation of innovators. BeagleBone Black is his newest, strongest—
and most affordable—tool for building understanding, mastery, and just out-
right fun electronics projects. As one of the creators of this tool that enables
just about anyone to sense, control and manage the data in the world around
them, I'm obviously proud of what it can do. No amount of pride, however, is
going to help you understand BeagleBone's capabilities or how to master
them. Matt's contribution with this book is a piece previously missing from
the Beagle-verse and one I'm confident will help you in your journey along
the path he's paving.

When | was quite young, it was two books that set me on the path to under-
standing what could be accomplished with programmable electronics: Get-
ting Started in Electronics by Forrest M. Mims Ill and Getting Started with
TRS-80 BASIC by George Stewart. At the time, my experience with each
programming and electronics was a separate endeavor. Programming was,
at the time, the way you made use of a computer. The computer wasn't bur-
dened with the storage of family photos or even precious business data, be-
cause my mom'’s business data was safely removed using floppy disks and
stored away from my exploration. | was able to type in instructions to do
whatever | could imagine, as long as | didn't open the box.

Far away from the computer, | was making runs to Radio Shack and buying
components to build circuits that blinked LEDs and reacted to the ambient
light in the room. It was almost a decade before | started connecting com-
ponents up to microprocessors. As much as | had enjoyed modifying the
games I'd typed into the computer such that I'd always win, having my pro-
grams interact with the physical world around me was an entirely new source
of fire in my soul. All the everyday technology around me took on new mean-
ing as | could understand how to make it myself and make it behave as |
wanted.

When Gerald Coley, the hardware designer of BeagleBone Black and all of
the BeagleBoard.org boards, approached me in 2007 to do something new
with TI's ARM processors to bring the technology to a much wider audience,
the idea of bringing back something closer to my childhood programming
and electronics experiences fell naturally out of our discussions with our col-
leagues. Gerald's passion for excellence in electronics is something that has
proven itself invaluable to the BeagleBoard.org community and me
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personally. Gerald has certainly never been one to be satisfied with typical
notions of what is good enough.

With the emergence of so many new do-it-yourself electronics tools in recent
years, I'm thrilled that many aspects of my childhood electronics experien-
ces are once again available to technology-minded individuals looking to
build something new of their own for the first time. It seems, however, that
this split—between programmable computers that let you do what you ex-
pect to do with a computer, such as browse the web or even act as a web
server, and devices that are great to talk to real-world components like mo-
tors, temperature sensors and light switches—is still quite prevalent.
BeagleBone spans that divide.

Thanks now to Matt's effort with this book, I'm quite hopeful many more
people will learn what programmable electronics can enable for them and
experience what Gerald has offered to all of us. Even more, | hope it is a part
of educating the next generation at any age how to make technology serve
them, rather than merely living with someone else’s idea of the perfect gadg-
et who's purpose is to serve that someone else’s goals.

—Jason Kridner
BeagleBoard.org cofounder and author/maintainer of BoneScript
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Preface

| first noticed the BeagleBone in 2011. At the
time, most of my projects involved the Arduino,
so | was quite curious when | saw a board that
looked alittle bit like an Arduino but acted more
like a full computer. It seemed a bit complicat-
ed, so | was initially skeptical that | would be
able to get anything working with it. Nonethe-
less, | ordered a BeagleBone and eagerly
anticipated its arrival.



When it arrived, | was first amused by its dimensions. It fit in the palm of my
hand and could even be enclosed within an Altoids tin. In fact, it fit almost
too perfectly inside the tin. The radius of the rounded corners seemed to
indicate that it was designed for such anenclosure. I'd later learn that, indeed
it was designed that way.

Afteralotof Internet searching and brushing up on how to write scripts within
Linux, I had the BeagleBone blinking an LED, a common first step with hard-
ware development platforms. Soon thereafter, | was reading the state of but-
tons, pulling images from a webcam, printing text with a receipt printer, and
connecting the board to the Internet.

My first big project with the BeagleBone was called the Descriptive Camera.
It worked a lot like a regular camera: point it at a scene that you want to
capture and then hit the shutter button. But that's where the similarities with
acameraend. Instead of saving aphotograph, this prototype camera outputs
a text description of the scene that you've captured. And it even spits it out
of the front of the camera like a Polaroid print.

The Descriptive Camera didn't use any fancy computer vision algorithms to
convert the image into text. It actually used crowd sourcing. After hitting the
shutter button, the photo would be uploaded to Amazon’s Mechanical Turk
service, where you can pay people online to do small tasks like transcribing
audio, identifying terms in a contract, or in this case, describe a photo. After
the person submitted the text, it would be outputted by the camera’s printer.

The BeagleBone was the perfect platform for this endeavor. Making a project
that brings together a USB webcam, an Internet connection, buttons, LEDs,
and the receipt printer, all while enclosing it in a small box would have been
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very difficult with many of the other platforms out there. As a tool, the Bea-
gleBone is so capable and flexible that | could have created this same exact
project in so many different ways.

But | know from experience that having a tool that's so versatile can make
things hard whenyou'rejust starting out. There's noright way to do any single
thing, so you can feel paralyzed before you've even begun.

My hope is that this book will get you through that initial phase. It will give
you just enough of the basics in a few different realms so that you can start
digging deeper on your own. Having a few different ways to do the same thing
means you can settle on the way that you're most comfortable with and focus
on making your vision a reality.

Conventions Used in This Book

The following typographical conventions are used in this book:

[talic
Indicates new terms, URLs, email addresses, filenames, and file exten-
sions.

Constant width
Used for program listings, as well as within paragraphs to refer to pro-
gram elements such as variable or function names, databases, data
types, environment variables, statements, 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 values or by val-
ues determined by context.

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

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 documentation. You do not need to
contact us for permission unless you're reproducing a significant portion of
the code. For example, writing a program that uses several chunks of code
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from this book does not require permission. Selling or distributinga CD-ROM
of examples from Make: books does require permission. Answering a ques-
tion by citing this book and quoting example code does not require permis-
sion. Incorporating a significant amount of example code from this book into
your product's documentation does require permission.

We appreciate,but do not require, attribution. An attribution usually includes
the title, author, publisher, and ISBN. For example: “Getting Started With
BeagleBone by Matt Richardson (Maker Media). Copyright 2014,
978-1-4493-4537-2"

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

Safari® Books Online

Safari Books Online is an on-demand digital library that
Safa rl delivers expert content in both book and video form from
Booksontine. 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, learning, and certification training.

Safari Books Online offers arange of product mixes and pricing programs for
organizations, government agencies, and individuals. Subscribers have ac-
cess tothousands of books, training videos, and prepublication manuscripts
in one fully searchable database 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 dozens more. For more information about Safari Books On-
line, please visit us online.

How to Contact Us

Please address comments and questions concerning this book to the pub-
lisher:

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)
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Make: unites, inspires, informs, and entertains a growing community of re-
sourceful 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 community that believes in bettering ourselves, our en-
vironment, 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.

For more information about Make:, visit us online:

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

Maker Shed: http://makershed.com/

We have a web page for this book, where we list errata, examples, and any
additional information. You can access this page at:

http://oreil.ly/Getting-Started-BeagleBone
To comment or ask technical questions about this book, send email to:

bookquestions@oreilly.com
Content Updates
August, 2014

This book was updated in July 2014 to cover Revision C of the BeagleBone
Black as well as the move from Angstrém to Debian as the default Linux
distribution for BeagleBone. Reader errata that was current as of that date
was also resolved.

Acknowledgements

We'd like to thank a few people who have provided their knowledge, support,
advice, and feedback to Getting Started with BeagleBone:

Brian Jepson
Marc de Vinck
Jason Kridner
Gerald Coley
Tom Igoe

Clay Shirky
John Schimmel
Phillip Torrone

Preface xiii


http://makezine.com/magazine/
http://makerfaire.com
http://makezine.com
http://makershed.com/
http://oreil.ly/Getting-Started-BeagleBone
mailto:bookquestions@oreilly.com

Limor Fried
Justin Cooper
Andrew Rossi

xiv  Preface



	Copyright
	Table of Contents
	Foreword
	Preface
	Conventions Used in This Book
	Using Code Examples
	Safari® Books Online
	How to Contact Us
	Content Updates
	August, 2014

	Acknowledgements

	Chapter 1. Embedded Linux for Makers
	Why Use BeagleBone?
	Intended Audience
	Feedback

	Chapter 2. The Basics and Getting Set Up
	Tour of the Board
	What You Need
	The Operating System
	Connecting to Your BeagleBone
	Connecting via USB and Installing Drivers
	Connecting via SSH over USB
	Connecting via SSH over Ethernet
	Using a Keyboard, Monitor, and Mouse
	Connecting via Serial over USB


	Chapter 3. Getting Around with Linux
	The Command Line
	Filesystem
	Changing Directories
	Listing the Contents of Directories
	Creating Files and Directories
	Copying, Moving, and Renaming Files
	Deleting Files and Directories

	Setup
	Date and Time
	Software Installation, Updates
	Changing the Hostname
	Setting a Password

	Shutting Down

	Chapter 4. First Steps with Digital Electronics
	Connect an LED
	Output
	Input
	Project: Networked Outlet Timer
	Parts
	Wire up the Circuit
	Test the Circuit
	Create the Shell Scripts
	Scheduling the Scripts
	A Crash Course in Cron


	Chapter 5. Python Pin Control
	Installing Adafruit’s BeagleBone IO Python Library
	Blinking an LED with Python
	Connect the LED
	Write the Code
	Executable Scripts

	Reading a Button with Python
	Connect the Button
	Write the Code

	Reading an Analog Input
	Connecting a Potentiometer
	Writing the Code

	Analog Output (PWM)
	Connect the LED
	Write the Code

	Taking it Further

	Chapter 6. Putting Python Projects Online
	Sending an Email Alert
	Functions in Python
	The Email Function
	The Door Sensor
	The Code

	Web Interface
	First Steps with Flask
	Templates with Flask
	Combining Flask and GPIO
	Going Further with Flask

	Data Logging with Xively
	Connecting the Temperature Sensor
	Connecting to Xively

	Taking it Further

	Chapter 7. Bonescript
	The Cloud9 IDE
	Beginning BoneScript
	Blinking an LED
	Reading a Digital Input
	Analog Input
	PWM

	Running JavaScript Files from the Command Line
	Setting Scripts as Executable

	Setting JavaScript Files to Run Automatically
	BoneScript Reference

	Chapter 8. Using the Desktop Environment
	Accessing the Desktop
	Getting to the Terminal
	Using the Terminal Application
	Switching Terminals

	Navigating the Filesystem
	Editing Text
	Executing Scripts
	Switching Workspaces
	Connecting to the Desktop Remotely with VNC

	Chapter 9. Taking It Further
	Getting Help
	Getting Inspired
	Sharing Projects
	Having Fun

	Appendix A. Installing a Fresh Operating System Image
	On OS X
	On Windows
	On Linux
	Flashing the eMMC

	Appendix B. Setting up System Services
	Creating a Service File
	Enabling and Starting the Service
	Disabling and Stopping the Service
	Checking the Status of a Service

	Appendix C. Quick Reference: GPIO
	GPIO with the Filesystem
	GPIO with Python
	GPIO with Node.js
	GPIO Pins

	About the Author


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


