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Preface
Robotics, the art and science of building machines that can perform some of the same 
functions as humans or animals, has been a part of human creative ambition since 
the time of the Greeks, who conceived Talos—a warrior made entirely of bronze 
that protected their lands and people. Leonardo da Vinci designed a mechanical 
knight that could sit, stand, and raise its visor. The first modern robots emerged in 
the 1920s—robots that could perform the same sort of simple motions as da Vinci's 
mechanical man through the use of electrical motors and signals.

In recent times, advances in technology have pushed the development of robots to 
the point of reality. Most of these projects have been created in defense department 
laboratories and university research facilities. However, new developments in 
inexpensive hardware and open source software have created opportunities for 
almost anyone to construct and experiment with automated machines.

The purpose of this book is not only to facilitate but also inspire these kinds of efforts. 
Robotics is no longer reserved for the PhD or even the trained engineer. You—yes, 
you—can construct machines that can roll, walk, swim, and even fly with the kind of 
functionality that is normally associated with intelligent life. I often tell my students 
that while they laugh at me because I once had to wash dishes by hand, their children 
will laugh at them because they had to load and unload the dishwasher by hand.

So, off to building the next great robotic breakthrough!
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What this book covers
Chapter 1, Preparing the BeagleBone Black, teaches you how to unbox, power up,  
and load the BeagleBone Black with all of the necessary software to build the  
projects described in this book.

Chapter 2, Building a Basic Tracked Vehicle, describes your first project, that is, a tracked 
vehicle. You'll learn how to construct the platform so that you can control the speed 
and direction of your robot.

Chapter 3, Adding Sensors to Your Tracked Vehicle, explains how, after creating a platform 
that is mobile, you'll add sensors to help your robot avoid, or find, objects.

Chapter 4, Vision and Image Processing, shows that your robot is maneuverable, but now 
you'll add the capability to not only sense but also see the world around it.

Chapter 5, Building a Robot that Can Walk, teaches you to build a robot that can walk—a 
quadruped robot controlled by the BeagleBone Black.

Chapter 6, A Robot that Can Sail, proves that while a robot that can roll or walk is 
impressive, one that can sail is even more amazing. You'll build a robot that can  
sail under the control of the BeagleBone Black.

Chapter 7, Using GPS for Navigation, shows that sailing your sailboat is easy if a human 
is controlling it. You can give your sailboat autonomy by giving it a sense of where it 
is and where it is going. The GPS system provides this feature and you'll learn how to 
use it to sail.

Chapter 8, Measuring Wind Speed – Integrating Analog Sensors, teaches you that to sail 
your sailboat, you'll need to know the wind direction. You'll learn how to use an 
anemometer (wind sensor) to sail your boat.

Chapter 9, An Underwater Remotely Operated Vehicle, demonstrates the construction 
of a vessel that can be controlled from the surface while it explores the environment 
under the water.

Chapter 10, A Quadcopter, shows that, now that you've explored the earth and the 
water, there is only one more place left to go—the air. You'll learn how to construct 
one of the most stable and maneuverable flying platforms—the quadcopter.

Chapter 11, An Autonomous Quadcopter, covers the final step in exploring the heavens, 
that is, providing your quadcopter with the capability of flying itself.
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What you need for this book
Generally, each chapter will detail the hardware and software needed for that chapter. 
However, before you get started, you'll need a BeagleBone Black, a host computer 
(Windows, Linux, or Mac), and an Internet connection for your BeagleBone Black, 
probably through some sort of LAN cable.

Who this book is for
If you want a simple guide to building complex robots, then this book is for you. 
You'll need some programming knowledge, and experience of working with 
mechanical systems.

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

Code words in text, database table names, folder names, filenames, file extensions, 
pathnames, dummy URLs, user input, and Twitter handles are shown as follows: 
"Since the make system already knows how to build the pocketsphinx_continuous 
program, any time you make a change to the continuous.c file, it will rebuild the 
application."

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

storage = cv.CreateMemStorage(0)

New terms and important words are shown in bold. Words that you see on the 
screen, in menus or dialog boxes for example, appear in the text like this: "Go to the 
WIFI Adapters section to see some devices that others have successfully used."

Warnings or important notes appear in a box like this.

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

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

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

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

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

Downloading the color images of this book
We also provide you a PDF file that has color images of the screenshots/diagrams 
used in this book. The color images will help you better understand the changes in 
the output. You can download this file from: https://www.packtpub.com/sites/
default/files/downloads/8907OS_Graphics.pdf.

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

www.packtpub.com/authors
http://www.packtpub.com
http://www.packtpub.com/support
https://www.packtpub.com/sites/default/files/downloads/8907OS_Graphics.pdf
https://www.packtpub.com/sites/default/files/downloads/8907OS_Graphics.pdf
http://www.packtpub.com/submit-errata
http://www.packtpub.com/submit-errata
http://www.packtpub.com/support
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Piracy
Piracy of copyright material on the Internet is an ongoing problem across all media. 
At Packt, we take the protection of our copyright and licenses very seriously. If you 
come across any illegal copies of our works, in any form, on the Internet, please 
provide us with the location address or website name immediately so that we can 
pursue a remedy.

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

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

Questions
You can contact us at questions@packtpub.com if you are having a problem with 
any aspect of the book, and we will do our best to address it.





Preparing the  
BeagleBone Black

The BeagleBone Black, with its low cost and amazing package of functionalities, 
provides an excellent set of core functionalities to build robotic projects. In this 
book, you'll build three robotics projects, each with a differing array of fascinating 
functionalities. Hopefully, these will inform and inspire you so that you'll feel 
comfortable creating your own dream projects in robotics.

But let's not get ahead of ourselves. In this book, I'm going to assume quite a bit of 
knowledge of not only the BeagleBone Black, but also programming in general and 
specifically Linux. If you're truly a beginner, you'll have to start with my other book 
on the BeagleBone Black, BeagleBone Robotic Projects, Packt Publishing. However, I'm 
not going to assume that you've read the other book, so this first chapter will lead 
you through, in an accelerated way, the steps you'll need to follow from unpacking 
to having a BeagleBone Black that is configured to be successful in building complex 
robotics projects. To understand this book, you'll also need a bit more knowledge 
of how to connect electronic devices. You'll use the General-Purpose Input/Output 
(GPIO) pins and even a soldering iron to build these robots.

In this chapter, you will learn about the following:

• Installing an operating system
• Installing a vision library and sound capabilities
• Creating and recording sounds
• Making your BeagleBone speak
• Installing speech recognition
• Improving accuracy of speech recognition 
• Adding additional hardware and software for a fully functional core system
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So let's start with unpacking our BeagleBone Black. For this chapter, you'll need the 
following hardware:

• A BeagleBone Black board
• A BeagleBone Black USB power cable
• A LAN cable
• A USB sound device that has a plug for a microphone and a speaker
• A microphone
• A speaker
• A USB Wi-Fi dongle (this is optional; needed if you want to communicate 

with the BeagleBone Black via a wireless LAN).

Unpacking and powering up
Let's unpack the single-board computer hardware device. Your BeagleBone Black 
will come in a box—in a static protection bag, with a USB cable that can power the 
unit from a USB connection. It should look somewhat like this:

The USB connection not only supplies power to the host computer, but also provides 
a simple, yet fairly limited, way to communicate with the board. You'll use this USB 
cable for power, but that's about it.
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You can also choose to power the BeagleBone Black using the 5 
V barrel jack. One that works well is from Adafruit, available at 
https://www.adafruit.com/products/276.

If you've never worked with the BeagleBone Black before, the beagleboard.org 
site can lead you through the first few steps, from powering on to making sure your 
board is up and working, and to some initial communications with the board.

You must know that there are several versions of the board now. The latest, at the time 
of the writing of this book, is version C. The most significant change from Version B  
to Version C is that Version C has a 4 GB eMMC disk. Even this might be a bit small  
for your projects, and you're going to use an 8 GB to 16 GB micro SD card anyway,  
so either version should be fine.

Installing an operating system
The first thing you need to do is install a useful operating system into an 8 GB, 16 
GB, or 32 GB micro SD card—just a little background for this. Initially, the default 
operating system on the internal memory was a version of Linux called Ångström. 
Version C is now shipped with a version of Debian. You're going to move to a 
different operating system called Ubuntu, a close relative of Debian, but with a 
larger feature set and community of support. It'll make the projects you are about  
to tackle much easier.

Now the BeagleBone Black is getting popular enough, so you can buy a micro SD 
card that already has Ubuntu installed. Nevertheless, you can easily download it  
and then install it on the card. If you're going to download a distribution, you'll  
need to make sure you're getting the latest version of Ubuntu.

The easiest way to download is to go to one of the several sites that 
have an image you can put on your card. One is at www.armhf.com/
boards/beaglebone-black/#saucy and another is at elinux.
org/Beagleboard:Ubuntu_On_BeagleBone_Black.

Both of these sites come with instructions for building a card with the image on 
it. You'll need to use the username and password of the image you downloaded. 
Unfortunately, they are not the same for all images, but you should be able to  
easily find them in the same place where you found your image.

https://www.adafruit.com/products/276
http://www.beagleboard.org
www.armhf.com/boards/beaglebone-black/#saucy
www.armhf.com/boards/beaglebone-black/#saucy
elinux.org/Beagleboard:Ubuntu_On_BeagleBone_Black
elinux.org/Beagleboard:Ubuntu_On_BeagleBone_Black
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Connecting to an external computer
In this book, I'm going to assume that you'll be developing your code on an external 
computer while you create your projects. I'll primarily be using a Windows PC for 
development, but everything I'll be doing will also be available if you are using a 
Linux machine as the host computer. Whenever there are any significant differences 
between the two, I'll try to include details for both.

To do this development remotely, you'll need access to the BeagleBone Black 
via some type of LAN connection. To establish this connection, simply connect a 
LAN cable from a router or switch to the BeagleBone board, plug it into the LAN 
connector, and restart the BeagleBone.

You can also use an FTDI console cable like the ones sold at 
https://www.adafruit.com/products/954, which are 
connected to the BeagleBone Black's J1 console UART pins.
Refer the following link for details about setup: http://elinux.
org/Beagleboard:BeagleBone_Black_Accessories

You'll need to know the IP address of your BeagleBone Black. You can certainly get 
this by adding a display and keyboard to the device, logging in, and typing ifconfig 
in the prompt. However, if you want to do this without rounding up the additional 
hardware, then you can use an IP scan tool to scan for the address of the BeagleBone 
Black. I used a tool called Advanced IP Scanner, but there are others available too.  
If you're using Linux as a host machine, you can try the nmap command in Linux.  
For example, you can type sudo nmap –PR –sP 192.168.1.0/24.

These will explore your network and then print the address where there are devices, 
the BeagleBone Black being one of those devices. Generally, there are two types of  
IP addresses that your board can be assigned: one is called static and the other is 
called dynamic.

In the static case, you will always be assigned the same address. In the dynamic  
case, the address might change each time the system boots, as it asks the system  
for an address, which it then uses for that session. Most systems are configured  
for the dynamic case. However, if your system isn't changing the address, you will 
most likely get the same address each time you power on and log in to the system.

https://www.adafruit.com/products/954
http://elinux.org/Beagleboard:BeagleBone_Black_Accessories
http://elinux.org/Beagleboard:BeagleBone_Black_Accessories
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To learn more about DHCP, visit www.teracomtraining.com/
tutorials/teracom-tutorial-dynamic-IP-addresses-
and-DHCP.htm.

Once you have the address, you should create an SSH connection to the BeagleBone 
Black. An SSH terminal is a Secure Shell Hyperterminal connection, which simply 
means that you'll be able to access your board and type commands in the prompt, 
just like you have done without the Windows system. In order to do this, you need 
to have a terminal emulator on your remote computer. For Microsoft Windows, I 
would suggest you to use an application called PuTTY. It is free and does a very 
good job by allowing you to save your configuration, so you don't have to type it 
every time. You can go to www.putty.org for details on how to download and use 
PuTTY.

If you want to do this from a Linux machine, the process is even simpler. Open a 
terminal window and then type ssh ubuntu@157.201.194.187 –p 22. This will 
then bring you to the login screen of your BeagleBone Black.

SSH is an excellent way to communicate with your BeagleBone Black. However, 
you'll sometimes need a graphical look at your system. You can get this by installing 
a graphical interface on the BeagleBone Black and then using an application called 
VNC server.

Installing a Windows manager
First, let's install the Windows manager on your BeagleBone Black. Ubuntu generally 
comes with a very full-featured Windows system. However, it uses a good deal of 
memory and can interfere with the performance you might need later. So you should 
install a light Windows system at the top of your Ubuntu distribution. There are 
several choices, of which I like using Xfce. It is stable, seems to work well, and offers 
a fairly complete set of capabilities while not overwhelming your system resources. 
Before getting started, first type sudo apt-get update. This will update all the 
latest information about installation. To install the Windows manager, type sudo 
apt-get install xfce4. Again, the system will prompt you for your password 
and then start the installation. For large installations, the Linux system will ask  
you if you want to proceed. If you don't always want to type in y to this, you can 
use apt-get –y to automatically answer with a yes. This installation will take a 
significant amount of time as it has to install not only the Windows system, but  
also a number of packages the windowing system depends on.

www.teracomtraining.com/tutorials/teracom-tutorial-dynamic-IP-addresses-and-DHCP.htm
www.teracomtraining.com/tutorials/teracom-tutorial-dynamic-IP-addresses-and-DHCP.htm
www.teracomtraining.com/tutorials/teracom-tutorial-dynamic-IP-addresses-and-DHCP.htm
www.putty.org

