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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!



Preface

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.

[2]




Preface

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.
s

a1

~Q Tips and tricks appear like this.

[31]



Preface

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 feedbacke@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/89070S_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.
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Preface

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 questionse@packtpub.com if you are having a problem with
any aspect of the book, and we will do our best to address it.
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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

[vww allitebooks.cond
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Preparing the BeagleBone Black

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:

J0UM=02103BK |
AT

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.

[8]



Chapter 1

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 Angstrém.
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/
i 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.

[o]
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Preparing the BeagleBone Black

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.
i

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.

[10]
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Chapter 1

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 ubuntue@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.

[11]
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Preparing the BeagleBone Black

Now that you have a graphical interface, you'll need to install a version of VNC server
on your BeagleBone Black by typing sudo apt-get install tightvncserverina
terminal window on your BeagleBone Black. The TightVNC server is an application
that will allow you to remotely view your complete Windows system. Once you have
it installed, you'll need to start the server by typing vncserver in a terminal window
on the BeagleBone Black. You will then be prompted for a password. This can, and
preferably should, be a different password than the password using which you access
your BeagleBone Black. This will be the password your remote system will send to
access the VNC server running on the board. Select a password and your VNC server
will be running. You only need to set this password once. Besides, you don't need to
set the password for the view-only capability.

You'll need a VNC viewer application for your remote computer. On my

Windows system, I used an application called Real VNC. Go to www.realvnc.com
for information on how to set up and use this application. You can now access all
the capabilities of your system. However they might be slower if you are doing
graphics-intensive data transfers. You'll see this as you work through your projects.
VNC viewer is also available via Linux.

You now have a basic BeagleBone Black configuration, so you can add some additional
core packages you'll be using in the projects.

Installing additional core software
packages

The two packages that you'll add here are a core vision package called OpenCV and
a core voice recognition package called pocketsphinx. It's up to you whether to use
them or not, but allowing your robot to see, hear, and speak seems like it should be

a part of any robotics project, so adding them now will make them easier to use later.
Let's start with OpenCV.

First, when you created your SD card, you copied an image to your card. So now,
your card thinks it is only the size of the image that you copied, no matter what size
it really is. You'll need to reclaim this space.

To do this, you'll need to issue some fairly cryptic commands, but fortunately,

you'll be able to use the defaults, so it will be straightforward. First, open a terminal
window. The card I am using is an 8 GB card, so if your card is of a different size,
don't be worried if you don't see the exact numbers as you see here. Fortunately, you'll
be using default values throughout the process, so you won't need to know anything
special about your card. To begin with, type sudo su and enter your password.

[12]
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Then follow the following steps:

1. Typell /dev/mmcblk* and you should see something like this:

R

1
1
'lu
1
1
17
1
1:
|

)

N e el ]

= B [

2. Now you are going to make changes to the mmcb1ko device.

Type fdisk /dev/mmcblkoO.

3. Enter the p command and you should see something like this:

nd

(m for help):

untu#

| = B [
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4. You're now going to expand the second device, /dev/mmcblkop2. To do this,
delete the partition and create a new partition. The information that exists on
your SD card should, however, be preserved during this process. Enter d in
the prompt and enter 2 for the second partition. Now enter p again and you
should see something like this:

[

5. You will now create a new partition using defaults so that the partition takes
up the entire card. In the command prompt, type n, then p, then 2, and then
hit Enter through each choice that the programs request. Your device should
now appear like this:

(==

Notice that the second partition is now much larger than the original.
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Type w to commit your changes. Now you need to reboot, so type reboot.

The final step will expand the filesystem. After the system reboots,
type sudo su and enter your password. Now type df. You should
see something like this:

8. It's the /dev/mmcblkop2 device that you want to resize. Type resize2fs /
dev/mmcblk0p2 and then enter df. You should see the following:

= 5

Now that you have installed your operating system and expanded your storage
device, your BeagleBone Black is ready to use.

[15]
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Installing a vision library

Now you'll install OpenCV, an open source library of image processing and a web
camera that provides access capabilities you'll use on these projects.

First, you'll need to download a set of libraries and the OpenCV itself. There are

several possible steps; I'm going to suggest one that I followed to install it on my
system. Once you have booted the system and opened a terminal window, type

the following commands in the same order as they have been explained:

1. sudo apt-get install build-essential: You are going to need this
library as it provides a set of essential build tools.

2. sudo apt-get install libavformat-dev: This library provides a way to
code and decode audio and video streams.

3. sudo apt-get install libcv2.4 libcvaux2.4 libhighgui2.4: These
are the basic OpenCV libraries. Note the number at the end of each of these
library specifications; this will almost certainly change as new versions of
OpenCV become available. If Version 2.4 does not work, go to opencv.org
to find the latest version of OpenCV.

4. sudo apt-get install python-opencv: This is the Python development
kit for OpenCV. It is needed as you are going to use some Python code; it's
the easiest language to use with this functionality.

5. sudo apt-get install opencv-doc: This is the documentation for OpenCV,
just in case you need it.

6. sudo apt-get install libcv-dev: This provides a set of header files used
to compile OpenCV.

7. sudo apt-get install libcvaux-dev: This provides a translator for certain
tool sets.

8. sudo apt-get install libhighgui-dev: This provides a set of header files
used to compile OpenCV, especially the GUI.

9. cp -r /usr/share/doc/opencv-doc/examples: Execute this command in
your home directory; this will copy all the examples to your home directory.

[16]
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Now you're ready to try out the OpenCV library. I prefer to use Python when
programming simple tasks, so I used the Python examples. If you prefer the C
examples, feel free to explore. In order to use the Python examples, you'll need
one more library. So type sudo apt-get install python-numpy as you will
need this to manipulate the matrices that OpenCV uses to hold the images you
will get from your webcam.

Now that you have those, you can try one of the Python examples. Change the
current directory to that of the Python examples by typing cd /home/ubuntu/
examples/python. In this directory, you will find a number of useful examples;
you only need to look at the most basic example, called camera.py. You can

try running this example, but you'll need to connect a USB web camera, reboot,
bring up a VNC server connection, bring up a terminal window, and type python
camera.py. You should see something like this:

£}

il Applications Menu |=‘ camera [ ubuntu@ubuntu-armhf: ~/exam..

ubuntugubuntu-armhf: ~jexamples/python

BEAGLEBONE

[17]
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In my case, the camera window eventually turned black and did not show the output
from the camera. I realized that I needed to change the resolution of the image to

one that is supported by the camera and OpenCV. To do this, you need to edit the
camera.py file, adding two lines like this:

2 - =X

(Python)

These two lines, cv.SetCaptureProperty (capture, 3, 360) and
cv.SetCaptureProperty (capture, 4, 240), change the resolution of the captured
image to 360 x 240 pixels. Now run camera.py and you should see this:

V] = = B

[ camera ] ubuntugubunte-armi: ~jexam, E o251

e Applications enu

w

BEAGLEBONE
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Your project can now see! You will use this capability to do a number of impressive
tasks that will use this video input.

Installing sound capability

The second piece of open source infrastructure that you'll add now is the voice
recognition software — pocketsphinx. To make it work, you'll need to purchase a USB
sound card, as the BeagleBone Black does not have an audio in/out provision. You'll
also need to purchase a microphone and speaker to attach to your USB sound card.
Connect these, and reboot the system. You're now ready to install the software.

You can do this over the LAN connection via an SSH terminal window, so as soon
as your board flashes that it has power (look out for the heartbeat LED), open up an
SSH terminal window using PuTTY or some similar terminal emulator. Once the
terminal window comes up, log in with your username and password. Now type
cat /proc/asound/cards. You should see the following response:

ubuntu@ubuntu-armhf; ~ . = B X
login as: ubun
ubuntu@l57

20 armvil)

Notice that the system thinks there are two possible audio devices. The first is the
HDMI sound device and the second is your USB audio card. Now you can use the
USB card to both create and record sound.

[19]




Preparing the BeagleBone Black

Creating and recording sound

First, let's get some music going. This will let you know that your USB sound device
is working. You'll need to first configure your system to look for your USB card and
play and record some sounds from there as default. To do this, you'll need to add a
couple of libraries to your system:

1. The first are some ALSA libraries. ALSA stands for Advanced Linux Sound
Architecture, but all you really need to know is that it enables your sound
system on the BeagleBone Black. First, install two libraries associated with
ALSA by typing sudo apt-get install alsa-base alsa-utils.

2. Then also install the library include files by typing sudo apt-get install
libasound2-dev. This will install the basic capability that you need.

_ Justanote
% Your system might already contain these libraries. If it does,
/~—then it won't hurt to try and install them; Linux will simply
tell you that they are already installed.

3. Now you can use an application called alsamixer to control the volume
of both the input and the output of your USB sound card. Type sudo
alsamixer in the prompt. You should see a screen like this:

ubuntu@ubuntu-armhf; ~ == 3

BlsaMixer v1.0.25

sound device does not have any controls.
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Press F6, and select your USB sound device using the arrow keys. The screen
should now appear like this:

ubuntu@ubuntu-armhf: ~ ¥ N = J_—Jlg'

You can use the arrow keys to set the volume for both the speakers and
the mic. Make sure you use the M key to unmute the microphone.

Now make sure that your system knows about your USB sound device.
In the prompt, type sudo aplay -1.You should see the following:

ubuntu@ubuntu-armhf: ~ Ir s — =
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7.

Once you have added the libraries, add a file to your home directory by

the name . asoundrc. This will be read by your system and used to set your
default configuration. Using your favorite editor, create the . asoundrc file
and insert the following in it:

ubuntu@ubuntu—armhf:~ - =B X

File it Opti Buffers s Help -

ault:D

(Fundamental)
cs and the GNU em, type C-h C-a. s

10.

11.

12.

The line to be added is pcm. !default sysdefault:Device. This will tell
the system to use our USB device as a default.

Once you have completed this, reboot your system.

Now that your system is ready, record some sound and play it. To do this,
use the arecord program. In the prompt, type arecord -d 5 -r 48000
test.wav. This will record 5 seconds of a sound at a 48,000 sample rate.

Once you've typed the command, then either speak into the microphone or
make some other recognizable sound. After 5 seconds, you should be able
to play the sound.

Type aplay test.wav, and you should hear the recording of your voice.

If you can't hear your recording, check alsamixer to make sure your speakers and
microphone are both unmuted.
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Making your BeagleBone Black speak

Now that you can get sounds both in and out of your BeagleBone Black, let's start
doing something useful with this capability. Start by enabling Espeak, an open source
application that provides you with a computer voice with a bit of personality. To get
this functionality, download the Espeak library by typing sudo apt-get install
espeak. You'll probably have to accept the additional size that the application requires,
but this is fine based on your SD card size. This might take a bit of time to download,
but the prompt will reappear when it is done.

Now let's see if your BeagleBone Black has a voice. Type the sudo espeak "hello"
command. The speaker should emit a computer-voiced "hello." If it does not, make
sure that the speaker is on and its volume is high enough to be heard. Now that
you have a computer voice, you can customize it. Espeak offers a fairly complete
set of customization features, including a large number of languages, voices, and
other options.

Now your project can speak. Simply type espeak, followed by the text you want
it to speak in quotes, and out comes your speech! If you want to read an entire text
file, you can do that as well, using the -f option and then typing the name of the
file. Try this by using your editor to create a text file called speak, then type this
command: sudo espeak -f speak.txt.

Installing speech recognition

Now that your projects can speak, you will want them to listen as well. This isn't nearly
as simple as the speaking part, but thankfully you have some significant help. You will
download a set of capabilities called pocketsphinx, and using these capabilities, you
will provide your project with the ability to listen to your commands.

The first step is to download the pocketsphinx capability. Unfortunately, this is not as
user friendly as the Espeak process, so follow the steps carefully. First, go to the Sphinx
website, hosted by Carnegie Mellon University at http://cmusphinx.sourceforge.
net/. This is an open source project that provides you with the speech recognition
software you will need. With your smaller embedded system, you will be using the
pocketsphinx version of this code. You will need to download two pieces of software,
sphinxbase and pocketsphinx. Download these by selecting the Download section at
the top of the page, and then find the latest version of both the packages. Download
the . tar.gz versions of these and move them to the /usr/ubuntu directory of your
BeagleBone Black. However, before you build these, you'll need another library.

This library is called bison. It's a general purpose, open source parser that will be
used by pocketsphinx. To get this package, type sudo apt-get install bison.
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If everything explained so far is installed and downloaded, you can build
pocketsphinx as follows:

1.

Start by unpacking and building the sphinxbase. Type tar -xzvf sphinx-
base-0.x.tar.gz where x is the version number. This should unpack all the
files from your archive into a directory called sphinxbase-0.x. Now change
to that directory.

Now you will build the application. Start by issuing the . /configure
--enable-fixed command. This will first check to make sure everything
is ok with the system, then configure a build. When I first attempted this
command, I got the following error:

ubuntu@ubuntu-armhf: ~/sphinxbase-0.8 = =] 2

This highlighted an interesting problem. The time and date on my BeagleBone
Black was not set to the current time and date. If you need to set the current
date and time, do that by issuing the sudo date nnddhhmmyyyy.ss command
where nn is the month, dd is the day, hh is the hour, mm are the minutes, yyyy
is the year, and ss is the second. This will set the date to the desired date.
Now you can reissue the . /configure --enable-fixed command.

You can also install python-dev using sudo apt-get install python-dev
and Cython using sudo apt-get install cython. Both of these will be
useful later if you are going to use your pocketsphinx capability with Python
as a coding language. You can also choose to install pkg-config, a utility
that can sometimes help when you are trying to do complex compilations.
Install it using sudo apt-get install pkg-config.
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Now you are ready to actually build the sphinxbase code base. This is a two-step
process. First type make, and the system will build all the executable files. Then type
sudo make install and it will install all the executables on the system.

Now make the second part of the system, the pocketsphinx code itself, as follows:

1. Go to the home directory and unarchive the code by typing tar -xzvf
pocketsphinx-0.x.tar.gz, where x is the version number of pocketsphinx.
The files should now be unarchived, and you can now build the code. Follow
similar steps for these files, first cd to the pocketSphinx directory, then type
./configure to see if you're ready to build the files. Then type make, wait for
everything to build, then type sudo make install.

2. Once you have completed the installation, you need to let the system know
where your files are. To do this, edit the /etc/1d.so.conf file as root. Add
the last line to the file, so it should now look like this:

(Conf [Space]
s and the GNT em, ty

3. Type sudo /sbin/ldconfig and the system will now be aware of your
pocketsphinx libraries.
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4.

5.

Once everything is installed, you can try your speech recognition. Change your
directory to the /home/ubuntu//pocketsphinx-0.8/src/programs directory
and try a demo program by typing sudo ./pocketsphinx continuous. This
program takes an input from the mic and turns it into a speech. After running
the command, you'll get all kinds of information that won't have much
meaning for you, and then get to this point:

Even though the warning message states that it can't find a mic or a capture
element, it can find your mic element or a capture element. If you have set
things up as previously described, you should be ready to give it a command.
Say "hello" into the mic. When it senses that you have stopped speaking, it will
process your speech, again giving us all kinds of interesting information that
has no meaning for us, but should eventually showing this screen:
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Notice the 000000001 : hello line. It recognized your speech! You can try other
words and phrases. The system is very sensitive, so it might also pick up background
noise. You are also going to find out that it is not very accurate. There are two ways

to make it more accurate. One is to train the system to understand your voice more
accurately. I'm not going to detail that process here. It's a bit complex, and if you want
to know more, feel free to go to the CMU pocketsphinx website at http://cmusphinx.
sourceforge.net/.

Improving speech recognition accuracy

The second way to improve accuracy is to limit the number of words that your
system can use to determine what you are saying. The default has literally thousands
of words that are possible, so if two words are close, it might choose the wrong word
as opposed to the word you spoke. In order to make the system more accurate, you
are going to restrict the words it has to choose from. You can do this by making your
own grammar.

The first step is to create a file with the words or phrases you want the system to
recognize. Then you use a web tool to create two files that the system will use to
define your grammar:

1. Create a file called grammar . txt and insert the following text in it:

< emacs@ubuntu-armhf 4+ - 0OX

File Edit Options Buffers Toocls Help

g ™ = @ a2 R
EEXEH o DHE A S % H
«| hello

goodbye

mUsic

picture

display

step forward

step back

forward

backl]

lean left

lean right

- grassar.txt ALl L9 L
Eelcnme to GNU Emacs, one component of the GNU/Linux operating systes.
To follow a link, click Mouse-1 on it, or move to it and type RET.

Ll felele

To gquit a partially entered command, type Control-g.
--:%%-  *GNU Emacs® Top L1 (Fundamental)-----ccooeommmmmma o
| =] Wrote /homesubuntu/pocketsphing-8.8/src/programs/grasmar. Lxt
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2.

3. Open the grammer . txt file and on the web page, select COMPILE
KNOWLEDGE BASE. The following window should pop up:

ke Al Files ¥
e

- File Upload Tox |
j 4 B ubuntu | pocketsphinx-0.8 | src |pmgra|m
Places ‘ Name - ‘ size ‘ Mocllﬁed| —
©), search 7] Makefile 1BAKE 0901
&) Recently Used [T Makefile.am 613 bytes 12/13/12
[E5) ubuntu [ makefile.n 178KB 12113712
[ Desktep [ bateh.c 247KB  09/28/12
File System 7] bateh.o 748KB  09:06
Angstrom [ eontinous.c.old 117KB  09:49
BEAGLEBONE [ continuous.c 1L7KB 092812
7] continuous.o 04KB  09:06
B crammartxt 93 bytes
[ ] mder_convert.c I5KB 092812
[T mdef_converto 93KB  09:06
[T pocketsphinx_batch 58KB  00:06
| ] pecketsphinx_continuous 63KB  00:06 =l

Now you must use the CMU web browser tool to turn this file into two files
that the system can use to define its dictionary. Open a web browser window
and go to www. speech.cs.cmu.edu/tools/lmtool-new. html. If you click
on the Choose File button, you can then find and select your file. It should
look something like this:

file Edit Wiew History Bookmarks Tools Help

3 Index of Jtools/product/1 374186047 27... |

@ [ @ wwmspesch cs cmu.edufooisiproduct1 374166047 27854, - & @v Google e 4

=

() Moxilla Firefox is free and open source software from the non-profit Mozilla Foundation, Know your rights... | 3§

Sphinx knowledge base generator
[Imtool.3]

Your request for a Sphinx knowledge base appears to have been successfully processed!

The base name for this set is 1565. TAR1565.tgz is the compressed version.
Note that this set of files is internally consistent and is best used together.

IMPORTANT: Please download these files as soon as possible; they will be deleted in
approximately a half hour.

SESSION 1374186047_27854

[_INFO_] Found corpus: 11 sentences, 1S unique words
[_INFO_] Found 0 words in extras (0)

[_INFO_] Language model completed (8)

[_INFO_] Pronounce completed (0)

[_STAT_] Elapsed time: 0.021 sec

Please include these messages in bug reports.

[TEE Size Description

1585.dic 207 Pronunciation Dictienary
1565.1m 1.8k  Language Model
1565.1og_pronounce 159 Log File
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4. Now you need to download the . tgz file, that is, the tool created. In this case,
it's the TAR1565 . tgz file.

5. Move it to the /home /ubuntu/pocketsphinx-0.8/src/programs directory
and unarchive it using tar -xzvf and the filename.

6. Now you can invoke the pocketsphinx_ continuous program to use this
dictionary by typing sudo ./pocketsphinx continuous -lm 1565.1m
-dict 1565.dic.

It will now look up that directory as it tries to find matches to your commands.

Responding to voice commands

Now that your system can both hear and speak, you would want to provide the
capability to respond to your speech, and perhaps even execute some commands
based on the speech input. Now you're going to configure the system to respond
to your simple commands.

In order to respond, you're going to edit the continuous. c code in the /home/
ubuntu/pocketsphinx-0.8/src/programs directory. You can create your own
.c file, but this file is already set up in the makefile system, and will serve as an
excellent starting spot. You will need to edit the continuous. c file. It's very long,
and a bit complicated, but you should be specifically looking out for the following
section in the code:

2 =E] %

File Edit Options Buffers Tools C Help
| T buf, 40

(C/1 Abbrev)
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In this section of the code, the word has already been decoded, and is held in the
hyp variable. You can add some code here to make your system do things based
on the value associated with the word you have decoded. First, let's try adding the
capability to respond to hello and goodbye, and see if you can get the program to
stop. Make the following changes to the code:

-=——:———-F1 continucus.c 79% L319 (/1 Rbbrew)

Now you need to rebuild your code. 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. Simply type make. The file will
compile and create a new version of pocketsphinx_continuous. To run your new
version, type sudo ./pocketsphinx_continuous. Make sure you type ./ at the
start of pocketsphinx_continuous. If you don't, the system has another version
of pocketsphinx continuous in the library and it will run that.

If everything is set correctly, saying hello should result in a response of hello from
your BeagleBone Black. Saying goodbye should elicit a response of goodbye, as well
as shutting down the program. Note that the system command can be used to actually
run any program that you might run with a command line. You can now use this to
have your program started and run other programs based on the voice commands.
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Adding additional hardware and software
for a fully functional core system

The final step in making your BeagleBone Black really useful is to add a wireless LAN
interface. This will allow you to control your robotic projects remotely without having
a wired LAN cable. It is very straightforward, but there is one slight challenge. Adding
a WLAN device might cause your BeagleBone Black to draw in more current than a
USB power supply can provide, and your board will stop, that is, the blue light will

no longer flash like a heartbeat.

To avoid this problem and provide additional capability to add more devices,
you'll need to add a powered USB hub to your BeagleBone Black. This is a USB
hub that is powered by an external power supply, not the BeagleBone.

Once you have this device connected to a power supply and to your BeagleBone
Black, you can now connect your WLAN device. There are many different WLAN
devices; you'll have to follow the instructions for your specific device. See elinux.
org/Beagleboard:BeagleBoneBlack. Go to the WIFI Adapters section to see some
devices that others have successfully used. I personally have had good luck with the
Edimax device, and the instructions are very simple. To get this device connected,
follow the instructions at groups . google.com/forum/#! topic/beaglebone/
092uD9F1us8. Once you are connected via LAN, you can access the BeagleBone
Black wirelessly via SSH and VINC viewer, controlling your robotic projects without
limiting their movement.

Summary

This chapter has been a bit long and a bit involving, but if you've followed everything,
you should have a solid system that you can now use as the basis of your robotic
projects. Your first project will be a fairly simple tracked robot. You'll add the speed
and direction control, and then some sensing, and finally some commands and controls
to make your device autonomous. So let's get building!
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Building a Basic
Tracked Vehicle

Now you will add the capability to move the entire project using wheels. Perhaps
the easiest way to make your project mobile is to use a vehicle with two tank tracks.
In this chapter, you will be introduced to the basics of controlling DC motors and use
the BeagleBone Black to control the speed and direction of your tracked platform.

In this chapter, you will be doing the following:

* Using a motor controller to control the speed of your tracked vehicle

* Controlling your mobile platform programmatically using the
BeagleBone Black

* Using voice commands to control your tracked vehicle

Choosing the tracked platform

The first step in building your mobile robot is to pick your tracked vehicle platform.
There are several manufacturers that make preassembled, tracked units. Here's an
image of a preassembled, inexpensive tracked platform, made by Dagu. It's called
the Dagu Rover 5 Tracked Chassis.




Building a Basic Tracked Vehicle

Once you have chosen your mobile platform, you'll need to hook up a motor
controller, a battery, and the BeagleBone Black.

Connecting a motor controller to control
the speed of your tracked platform

The first step to make the platform mobile is adding a motor controller. This
allows us to control the speed of each wheel (or track) independently. Before you
get started, let's spend some time understanding the basics of motor control. The
unit moves by engaging the motors. If the desired direction is straight, the motors
are run at the same speed. If you want to turn the unit, the motors are run at
different speeds. The unit can turn in a circle if you run one motor forward and
one backwards.

DC motors are fairly straightforward devices. The speed and direction of this motor
are controlled by the magnitude and polarity of the voltage applied to its terminals.
The higher the voltage, the faster the motor will turn. If you reverse the polarity of
the voltage, you can reverse the direction in which the motor is turning.

The magnitude and polarity of the voltage are not the only important factors when
you think about controlling the motors. The power that your motor can apply to
move your platform is also determined by the voltage and the current supplied

at its terminals.

There are GPIO pins on the BeagleBone Black. If you'd like to learn more about

the specific capabilities of these pins, go to http://beagleboard.org/Support/
bone101. In this project, you'll use them to create the control voltage and drive your
motors. These pins provide direct access to some of the control lines available from
the processor itself. However, the unit cannot source enough current, and your
motors might not be able to generate enough power to move your mobile platform.
You might also cause physical damage to your BeagleBone Black board. That is why
you need to use the motor controller, as it will provide both voltage and current

so that your platform can move reliably. In this case, I have chosen to hook up the
motor controller via USB, making the connections and programming much simpler.
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There are numerous possibilities for the motor controller. However, I'm going to
suggest one that requires no internal programming and allows you to talk over USB
to control the motors. You'll want one that can also control the two motors. The one
I prefer is the Pololu TReX Jr Dual Motor Controller DMCO02 from Pololu, orderable
from www.pololu.comat http://www.pololu.com/product/767. Here is an image:

)
%
o
W
%
Q

This piece of hardware will convert the USB commands to voltage that controls
your motors.

Choosing the battery

The first step in making your project mobile is connecting the motor controller to the
platform. There are three connections you need to make:

First, you need to connect a battery to the controller

Second, you need to connect the motor controller to the motors themselves
L]

Third, you need to connect the motor controller to the BeagleBone Black

There are a couple of choices with respect to batteries. One choice is to use the
battery holder that came with the platform. It should look like this:

[35]
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Another choice is to use a Li Po Poly RC battery; these carry a much longer charge.
If you are going to do this, choose a 2S version, which is 2 cells in series. Here is an
image of an RC battery, with connectors to make it easy to disconnect and charge:

You'll also need a battery to power the BeagleBone Black. One easy choice is a cell
phone battery that has a USB output. Here is an image of one such device:

This battery will provide more than enough power for your BeagleBone Black. If you
chose one with two USB outputs, you'll be able to power a powered USB hub as well,
which you will use later in this and in other projects.
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Connecting the motor controller

Once you've chosen your battery, you'll need to connect the motor controller to the
battery and motor. Follow these steps:

1. On the back of the motor controller, notice the labels VIN, A M1 B, A M2 B,
and GND:

AM1B VINGND AM2B. &

- Plewen:

2. Once you have the battery pack ready, insert the wires into the motor
controller in the blue connectors marked VIN and GND. VIN is the constant
DC voltage in from your batteries, and GND is the ground connection from
your batteries. A and B are the control signals to your DC motors. You'll
notice that on the battery connector, one of the wires is red. Insert it into
the VIN connector, and then tighten the screw connector. On the battery
connector, you'll notice that the other wire is black. Insert that wire into the
connector marked GND and tighten the screw connector. The connections
will look like this:

[37]
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3. Now connect one of the motors to the motor controller by connecting the red
and black wires with male connectors to the two outer blue screw connectors,
the red one to A and the black one to B using the male to male jumper wires.
The connection to the motor controller should look like this:

After performing all the preceding steps, the connections to the motor should now
look like this:

Now your controller is connected to the battery and motor. The next step is to make
sure that the controller works, by connecting it to a remote computer.
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Here I would insert a complete layout to connect/power the boards:

e USB hub
* BeagleBoard
* Might be the battery for BeagleBoard

Connecting the motor controller system

You can now connect the DC motor controller to the USB cable. Here are the steps:

1. The motor controller is going to need a serial input, but you'll find it easiest
to talk over USB. The USB-to-TTL serial cable is available at amazon . com and
a number of other suppliers. Here is an image:

2. To do so, connect the TTL end of the cable to the serial connector on the board.
On the underside of the board, you will see the following labels:

[39]
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3. Now connect the green cable to the SI connection, the white cable to the SO
connection, and the black cable to the G connection. Here is an image of
what it should look like:

4. Now, there's one more step before you connect the board to the BeagleBone
Black. Remove the jumper at the top of the board so that the board will
accept serial commands. Here's an image of the jumper, and I like to just
turn it sideways so that I don't lose the jumper:

You should supply the unit with power by making sure you have batteries in the
battery holder. Now that you have your basic motor controller functionality up and
running, you need to connect the motor controller to the BeagleBone Black. Plug the
USB cable that you just connected to the motor controller to the BeagleBone Black.

[40]




Chapter 2

Here is an image of all the pieces of hardware that you have connected:

Motor 1 Motor 2

You might want to configure all of the hardware on top of the mobile platform
like this:

Your platform is now assembled The next step will be to control this movement
using the BeagleBone Black.

[41]
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Controlling your mobile platform
programmatically using the BeagleBone
Black and Python

Now that you have your motor running, your next step is to programmatically
control the motor controller using the BeagleBone Black. If you are going to do this
remotely, log in through PuTTY. If you are doing this directly on a monitor, simply
log in.

I suggest you use Python in your initial attempts to control the motor. It is very
straightforward to write, run, and debug your code in Python. I am going to
include the directions here for Python; you can also go to the Pololu.com website
at www.pololu.com/ and find instructions for how to access the capabilities in the
C programming language.

The first Python program you are going to create is shown here:

ubuntu@ubuntu-armhf. ~/track |£|E|-§:—hj

Python Help

File Edit Options Buffers Tools
#! Ju thon

r A1l LzZ4 (Python)
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To create this program, create a directory called track in your home directory

by typing mkdir track, and then type cd track. You should now be in the track
directory. Now open the file by typing emacs dcmotor.py. If you are using the nano
editor, open a new file using nano dcmotor.py. Now enter the program. Let's go
through the program:

#!/usr/bin/python: The first line allows your program to be run outside of
the Python environment. You'll use it later when you want to execute your
code using voice commands.

import serial: The next line imports the serial library. You need this to
talk to your motor controllers. In order to run this program, you'll need the
serial library. Install it by typing sudo apt-get install python-serial
in the prompt. You'll then need to add yourself to the dialout group by
typing sudo adduser ubuntu dialout. Then doa sudo reboot to enable
all these changes.

import time: This line imports the time library, you'll need this to add some
delays in your code. You don't have to download this library, it's available
with the standard Python programming framework.

def setSpeed(ser, motor, direction, speed): This function sets the
speed and direction of one of your two motors. Since you are going to control
the motors throughout your program, it is easier if you put this functionality
in a function:

if motor == 0 and direction ==

sendByte = chr (0xC2): This sets the address if you are going to send data
to motor 1 in the forward direction. The hexadecimal characters are base

16 values that send specific bit patterns to the controller to set it to specific
modes. See the documentation at http://www.pololu.com/file/0J12/
TReXJr_Commands_v1l.2.pdf for specifics on the commands accepted by
the motor controller:

if motor == 1 and direction ==

sendByte = chr (0xCA): This sets the address if you want to send data to
motor 2 in the forward direction:

if motor == 0 and direction ==

sendByte = chr (0xC1): This sets the address if you want to send data to

motor 1 in the reverse direction:

if motor == 0 and direction ==
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sendByte = chr (0xC9): This sets the address if you are going to send data
to motor 2 in the reverse direction.

ser.write (sendByte): This writes sendByte to the motor controller, which
sets which motor moves and in which direction.

ser.write (chr (speed)): This writes the speed to the motor controller,
setting the speed.

ser = serial.Serial ('/dev/ttyUSBO'ttyUSBO', 19200, timeout = 1):
This opens a serial port. The name of this serial port depends on the type of
cable you connect to the device, and other devices that might be connected.

In this case, you are connected through the USB port and have only one
device connected, so it will be named ttyUsSBo.

setSpeed(ser, 0, 1, 100): This calls the function and sets the speed of
the motor from 1 to 100.

setSpeed(ser, 1, 1, 100): This calls the function and sets the speed of
the motor from 2 to 100. Note that you have to have this motor go in the
opposite direction if you want the platform to move forward.

time.sleep (1): This allows the motor to wait for 1 second.

setSpeed(ser, 0, 0, 0): This calls the function and sets the speed of the
motor from 1 to o.

setSpeed(ser, 1, 0, 0): This calls the function and sets the speed of the
motor from 2 to o.

time.sleep (1): This allows the motor to wait for 1 second.

ser.close (): This closes the serial port.

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.
A~ 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.

With this installed, you can run your program. To do this, type python dcmotor.py.
Your motor should run for 1 second and then stop. You can now control the motor
through Python! Additionally, you'll want to make this program available to run
from the command line. Type chmod +x dcmotor.py. If you now type 1s, that is,
list all programs, you'll see that your program is now green, which means you can
execute it directly. Now you can type . /dcmotor.py.

[44]
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Now that you know the basics of commanding your mobile platform, feel free

to add even more setSpeed commands to make your mobile platform move.
Running just one motor will make the platform turn, as will running both motors
in opposite directions.

Adding program arguments to control
your platform

Let's also add the capability to send the program arguments, including which
motors you want to run and for how long. Then you'll be able to call this program
from other programs.

You'll make two modifications to the program. This first will look like this:

ubuntu@ubuntu-armhf: ~/track = X
File Edit Options Buffers Tools Python Help

E] 11)

Fl dcmor.py Top L1 (Python)
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In the top section, you'll add import sys. This brings in a library so that you can
access the arguments when you actually execute your program. The main changes
are in the body of the program. It will now look like this:

ubuntu@ubuntu-armhf: ~/track ==y X
File Edit Options Buffers Tools Python Help

—=—-—:—-———F1 dcmotor. Bot L30 (Python)

The addition is the if int (sys.argv[1]) == 1 and subsequent clauses. The
program checks the value of sys.argv[1], or the first argument given to it. In this
case, you'll use two arguments. The first will tell the program which motors to run
and in which direction (1 for forward, 2 for backward, 3 for turn right, and 4 for turn
left) and the second will tell the program how long to run the motor.
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Now when you run the program, you'll want to include two numbers when you
call the program. For example, if you want the unit to go forward for 1 second,

type . /dcmotor.py 1 1.If you want the unit to turn right for 2 seconds, type ./
dcmotor.py 3 2.

Accessing motor control via voice commands

You can now run this program from your remote computer using SSH and your unit
will execute your command. But it would also be interesting to add voice control

to your tracked project, so that you can give it voice commands and it will respond.
To do this, you'll add some code to the pocketsphinx code that you installed in
Chapter 1, Preparing the BeagleBone Black.

You'll first want to follow the directions from the previous chapter to create a
dictionary with the commands for your robot. Here's an example of a text file
dictionary for your robot:

| b % = | commanditkt- WordPad S . - a o e
| _i Caurier Me 1L AR IEEE|I=| B 3 iy Find
= = — == | = B Replace
e B 1 U am X, X & - A = == A i Select &

Poay
play music
take picture
at

[47]
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You'll also need to modify your voice recognition program so that it will run your
Python program when it gets a voice command. You are going to make a simple
modification to the continuous.c program in /home/ubuntu/pocketsphinx-0.8/
src/programs. To do this, type cd /home/ubuntu/ pocketsphinx-0.8/src/
programs and then type emacs continuous.c. The changes will come in the same
section as your other voice commands, and will look like this:

[-=—-:——-—-F1 continucus.c 79% L338 (C/1 Bbbrev)

The additions are pretty straightforward. Let's walk through them:

* else if (strcmp(hyp, "FORWARD") == 0): This checks the word as
recognized by your voice command program. If it corresponds with the word
FORWARD, it will execute everything inside the if statement. You use { } to
group and tell the system which commands go with this else if clause.

* system("espeak \"moving robot\""): This executes espeak, which should
tell you that you are about to run your robot program. By the way, you need to
type \ " because the " character is a special character in Linux, and if you want
the actual " character, you need to precede it with the \ character.
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* system("/home/ubuntu/track/dcmotor.py 1 1 "): This is the program
you will execute. In this case, your mobile platform will do whatever the
decmotor . py program tells it to do with the two arguments. In this case, you
will move forward for 1 second.

After doing this, you will need to recompile the program, so type make and the
pocketsphinx_continuous executable will be created. Run the program by typing
sudo ./pocketsphinx continuous -lm YourDict.lm -dict YourDict.dic
where YourDict is replaced by the number the pocketsphinx process created when
you created your dictionary. Disconnect the LAN cable, and the mobile platform will
now take the forward voice command and execute your program.

You can then add the additional commands to go backwards, to turn right or left,
and to stop, as shown here:

ﬂ‘! ubuntu@ubuntu-armhf: ~/pocketsphinx-0.8/src/programs ‘i‘@i—hl
A — — —

File Edit Options Buffers Tools C Help

"HELLO")

—=-—:-——-F1 continuous.c 75% L344 (c/1 Bbbrewv)
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You now have a complete mobile platform! When you execute your program, the
mobile platform can now move around according to what you have programmed it
to do. You can adjust the time settings so that your right and left turns are precise,
and you can run forward or backward as long as you like.

Summary

Now you have a basic tracked, mobile platform. You can control the unit remotely
or give it voice commands. In the next chapter, you'll add some sonar and IR sensors
so that you can avoid or track objects. This will allow your tracked vehicle to move
around without hitting barriers.

[50]
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Now that your platform can move around, you'd want to add some sensors to avoid or
track barriers or other objects. Sensors can also tell you the direction in which you are
going. Adding sensors will give a sense of direction and intelligence to your robot.

In this chapter, you will learn the following;:

* Using sonar sensors to find the distance to an object
* Using Infrared (IR) sensors to find distance to an object

* Some basic path planning techniques for your robot

Basics of sensors

There are many different kinds of sensors. There are sensors that measure distance,
temperature, wind strength, and direction. The list is almost endless. In almost every
case, the sensor will take some sort of measurement and then turn it into a voltage
that the BeagleBone Black can measure and programmatically respond to. There are
many different interfaces for these measurement devices; over the next few chapters,
you'll explore many of them. But to start, you'll learn how to measure distance using
sonar and IR sensors.

Adding distance sensors

If your robot is to appear intelligent, gathering information about the world around
it will be crucial. So, let's add some sensors that can provide you information about
the distance and location of barriers.
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There are basically two kinds of distance sensors, IR and sonar sensors. Both send
out a signal and then measure a response to calculate the distance of the object from

themselves. You can use either sensor, so you'll learn how to add both to your project.
Let's cover sonar sensors first.

Sonar sensors

A sonar sensor uses ultrasonic sound to calculate the distance of an object. The sound
wave travels out from the sensor, as illustrated here:

T

RN

SN

j_ Sonar sensor

The device sends out a sound wave 10 times a second. If an object is in the path of
these waves, then the waves reflect off the object, sending waves that return to the
sensor, as shown here:

j_ Sonar sensor

The sensor then measures return of waves, if any. It then uses the time difference

between when the sound wave was sent out and when it returns to measure the
distance to the object.
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There are several types of sonar sensors, including some that connect directly to the
BeagleBone Black using a USB port. The following is an image of this type of sensor,
the USB-ProxSonar-EZ, available at www.maxbotix.com/Ultrasonic_Sensors.
htm#HRUSB-EZ:

Adding an array of inexpensive sonar sensors to
the project

The sensor is quite easy to add but a bit expensive. In this project, you'll want to use
three sensors, one to sense what is in front of your robot, and one on each corner so
that you can decide which direction to turn to avoid the obstacle. In order to do this
without adding significantly more hardware, you have to build an array of three
inexpensive sensors. Here is an image of an inexpensive sonar sensor available at
most of the online electronics outlets:

This particular sensor does not have a USB interface but only four pins, one each
for 5V, GND, Trig which sends a sonar pulse, and echo which receives the sonar
pulse. One alternative is to connect your sensors to the BeagleBone Black since it
has GPIO pins.
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There are two issues with connecting this device directly to the BeagleBone Black:

The first is that the device wants to send and receive 5-volt signals, but the
BeagleBone Black does not want to send and receive 5-volt signals. Rather,
a signal that is no larger than 3.3 volts. This can be solved by using a level
shifter. This does add more hardware however. You can buy these types
of level shifters from places such as adafruit.com. Here is an image of a
level shifter:

The website at www.adafruit.com shows you how to use these level shifters
to communicate with devices that require 5 V. Here is a link for the details
from Adafruit:

https://www.adafruit.com/products/1875

The second issue — one that is a bit more difficult to solve —is the non-real-time
nature of the Linux operating system that runs on the BeagleBone Black. This
particular issue requires that you send an output signal, and then calculate

the time difference between this output signal and another input signal. In
theory, this works fine. However, Linux does not provide real-time control.
That means that if the system is busy doing something else, this time can be
incorrect or is not reported at all. This is particularly true if the BeagleBone

is off doing something processor intensive, such as video processing.

To solve these problems in a fairly inexpensive and reliable fashion, you're going
to use an Arduino, and inexpensive real-time processor, to get the data and then
communicate it to the BeagleBone Black.
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For a much more advanced solution, you can use the BeagleBone
Black Programmable Real-time Unit (PRU) and control the
sensor. For information on this solution, see http://hackaday.
com/2014/06/22/an-introduction-to-the-beaglebone-
pru/ orhttp://www.elementl4.com/community/
community/designcenter/single-board-computers/
next-gen beaglebone/blog/2013/05/22/bbb--working-
with-the-pru-icssprussv2.

To sense distance, you'll use an Arduino to capture the data and its USB port to
communicate the data to the BeagleBone Black. For instructions on how to interface
the Arduino with the sonar sensor, see https://code.google.com/p/arduino-
new-ping/ or http://www. instructables.com/id/Ultrasonic-Range-detector-
using-Arduino-and-the-SR/. The Arduino will output the sensor data to the USB
port. Connect the Arduino to the BeagleBone Black via the USB port. Create a Python
program on the BeagleBone Black that can read the values. The code will look like this:

o S,

ubuntu@ubuntu-armhf. ~/track
File FEdit Options Buffers Tools Python Help
/ on

MO', 115200, timeout = 1)

211 L1

sonararray.py
tion about U

(Python)
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You can use three sensors, one for the front of the tracked vehicle, and one for each
side, and interface them all with the same Arduino. When you run the program with
the sonar sensor, you'll see the three readings like this:

—
@‘ubumu@ubuntu—armh ftrack ‘ =X

14 [m

Now you can use the sonar sensors to detect objects both in front and on each side of
your robot.

IR sensors

Another type of sensor that can make your project sense objects is the IR sensor.

In this section, you'll learn the basics of IR sensing using the BeagleBone Black.
First, let's have a little tutorial on IR sensors. The sensor you will be using will
have a transmitter and a receiver. The transmitter part of the sensor sends a narrow
beam of light, and the receiver part receives this beam of light. The difference in
transit ends up as an angle measurement at the sensor, as shown here:

Anglel Angle2

© @ © @

Transmitter Receiver Transmitter Receiver
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The different angles give you an indication of the distance to the object. Unfortunately,
the relationship between the output of the sensor and the distance is not linear, so
you'll need to do some calibration to predict the actual distance and its relationship to
the output of the sensor. You'll learn more on that later.

There are several IR sensors that you can use to connect to the BeagleBone Black.
A common sensor is the sharp IR sensor, and it comes in several different distance
specifications. Here is an image of the 20 x 150 cm version:

There are two ways to connect the IR sensor to the BeagleBone Black. The first is to
use a USB interface designed to connect the IR sensor to any standard USB interface,
for example, the one from phidgets.com. This board is really amazing. It takes the
analog signals, turns them into digital signals, and then makes them available so
that they can be read from the USB port. The model number of this board is 1011_0

- PhidgetInterfaceKit 2/2/2 and its details can be found at http://www.phidgets.
com/products.php?category=0&product_1id=1011_0. Here is an image:

The details for connecting this can be found on the www.phidgets.com website.

You can also connect this sensor to the BeagleBone Black and use the BeagleBone
Black's internal A/D converter. You won't have the real-time constraints of the
sonar sensor, so finding the distance can be as easy as reading the voltage from
the device and then translating it to a distance. The sensor will need 5V and GND
from the BeagleBone Black, and will supply an analog input between 0 and 5 volts
that indicates the distance.

[57]

vww .allitebooks.cond



http://www.phidgets.com
http://www.phidgets.com/products.php?category=0&product_id=1011_0
http://www.phidgets.com/products.php?category=0&product_id=1011_0
www.phidgets.com
http://www.allitebooks.org

Adding Sensors to Your Tracked Vehicle

The BeagleBone Black cannot take in this analog input directly, as the maximum
voltage it can handle is 1.8 volts. So you'll need to add a level shifter like the one
shown earlier in this chapter. You'll connect the output of the sensor to one side

of the level shifter, and the output of the other side of the level shifter will go to

the GPIO pins on the BeagleBone Black. There are two expansion connectors on

the BeagleBone Black, one on each side of the board. They are labeled P8 and P9.
Here is an image with the pinout:

Connect the 5V of the sensor to the P9_3 on the BeagleBone Black, and the GND to
P9_1 on the BeagleBone Black. Connect the Vo on the sensor to the hv side of your
level shifter, and the 1v side of the level shifter to one of the ADC inputs, for example,
P9_39 on the BeagleBone Black. Connect the GND on the level shifter to P9_2.

Now you'll need to add a library that will allow you to talk to the GPIO pins via
Python. Follow these steps:

1. [Install the following packages: sudo apt-get install build-essential
python-dev python-setuptools python-pip python-smbus -y
Type the following: sudo easy_install -U distribute

Now type sudo pip install Adafruit_BBIO. This will install the Adafruit
library for talking via the GPIO pins.
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4. To test your installation, type sudo python -c "import Adafruit_ BBIO.
GPIO as GPIO; print GPIO". You should see this:

ubuntu@ubuntu-armhf:

Now you are ready to write some Python code to read the ADC input. Here is the code:

Fl irsenscr.py 211 L8 (Python)
‘ubuntu/tr r.
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And here is a sample output when the program is executed. When you run this
program, you'll need to type sudo python irsensor.py.

ubuntu@ubuntu-armhf: ~/track |i|@|é]

You'll notice that the values are returned in voltages; you can use this voltage as

a trigger. When a certain voltage is reached, you can sense that you are close to a
barrier. You can also turn the voltage into distance, although this is difficult as the
sensor is not linear. See davstott.me.uk/index.php/2013/06/02/raspberry-pi-
sharp-infrared/ for a tutorial on turning the output of the sensor to an equation
that you can use to find the distance using the voltage out from the sensor. You can
easily see that adding two more IR sensors will create a three sensor array, much like
you did in the Sonar sensors section.

Now that you have sensors, you can use them to avoid obstacles and do route planning.

Dynamic path planning for your robot

Now that you can see barriers, you'll want to do dynamic path planning. Dynamic
path planning simply means that you don't have knowledge of the entire world with
all the possible barriers before you encounter them. This can be a complex topic, but
there are some basics that you can start to understand and apply as you ask your
robot to move around its environment. Let's start with the idea of planning a path
without barriers, and then add barriers.
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Basic path planning

In order to talk about dynamic path planning, you'll need a framework to both
understand where your robot is and determine the location of the goal. The most
commonly used framework is an x-y grid. Here is a diagram of such a grid:

Goal
point 6, 4

Robot
3,1

Reference
point O, O

There are three key locations or points in the grid:

The first point is a fixed reference position. All other positions will be
measured with respect to this position.

The second point is the location of your robot. Your robot will keep track

of its location using its x coordinate, or position with respect to some fixed
reference position in the x direction; and its y coordinate, or its position with
respect to some fixed reference position in the y direction to the goal. When
you first place your robot on the grid, you must place it facing a known
direction, for example, the front facing the positive x direction, so that you
can calculate how to turn your robot to the desired ang]le.

The third point is the position of the goal, also given in x and y coordinates
with respect to the fixed reference position. If you know these three points
and the starting angle of your robot, you can plan an optimum — or shortest
distance — path to the goal. To do this, you can use the goal location and the
robot location and some fairly simple math to calculate the distance and
angle from the robot to the goal.
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To calculate the distance, use the following equation:

d :\/((Xgoal—Xgoal)2 +(Yg0al—Yrob0t)2)

You'll use this equation to tell your robot how far to travel to the goal. A second
equation will tell your robot the angle it needs to travel:

0 arctan( Y goal —Y robot j

X goal — X robot

Here is a graphical representation of these two pieces of information:

Goal
point 6, 4

Robot
3,1

Reference
point O, O
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Now that you have the goal angle and distance, you can program your robot to move.
To do this, you will write a program to do path planning, and access the dcmotor . py
program you wrote in Chapter 2, Building a Basic Tracked Vehicle. However, you will
need to know the distance that your robot travels in a given length of time so that you
can tell your robot how far to travel using time units instead of distance units. The
best way to do this is to run the demotor . py program for 1 second and measure the
distance. This will be a scaling factor you can use to translate between the distances
that you calculate with your path planning program and the arguments that you will
send to your decmotor . py program.

You'll also need to be able to translate the seconds that you command your robot to
run in the demotor. py program to the change in the angle that will occur in degrees/
seconds. With these two pieces of information, you can move your robot to the goal.

You can also use a gyroscope and an accelerometer for your project
to measure the actual distance and direction. As with the sonar
sensor, the easiest way to do this is to interface the device directly to
+  an Arduino and then use a USB connection to read the values to the
%j%“ BeagleBone Black. See http://www. instructables.com/id/

’ Use-an-Accelerometer-and-Gyroscope-with-Arduino/ for
more details. For instructions on how to connect the accelerometer
directly to the BeagleBone Black, see http://beagleboard.org/
Support/BoneScript/accelerometer/.

Here are the steps you will perform:

1. Calculate the distance in units that your robot will need to travel to
reach the goal. Convert this to seconds that your motors will run to
achieve this distance.

2. Calculate the angle that your robot will need to travel to reach the goal.
Convert this in both a turn direction and seconds that your motors will
need to run to achieve this angle.

3. Call the dcmotor. py program with the proper direction and seconds
argument to move your robot to the correct angle.

4. Call the demotor . py program with the proper direction and seconds
argument to move your robot to the correct distance. Note that you can
choose between moving your robot in the forward direction or backward
direction, which will change your angle setting calculated previously by
180 degrees.
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That's it! Here is some Python code that executes the preceding steps. The user enters

the robot's current location, starting angle, and goal location, and the robot moves to
the goal.

;F ubuntu@ubuntu-armhf: ~/tracl E

#
import
import
import «

int (raw_inpu
int (raw_input
int (raw_input(

path.py All L18 (Python)

1 [m

Avoiding obstacles

Planning paths without obstacles is, as has been shown, quite easy. However,
it becomes a bit more challenging when your robot needs to avoid obstacles.
Let's look at the case where there is an obstacle in the path you calculated
previously. It might look like this:

Goal
point 6, 4

Robot
3,1

Reference
point O, O
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You can use the same path planning algorithm to find the starting angle. However,
you'll now need to use your sonar sensors to detect the obstacle. When your sonar
sensors detect the obstacle, you'll need to stop and recalculate the desired path. Now
you can look down on the problem and see that in this case, the robot should turn
right by 90 degrees, go until the obstacle ends, and then recalculate the optimum
path. However, your robot cannot know how big the obstacle is, so it will need a way
to navigate in the presence of an obstacle of unknown size and position.

There are a lot of different possibilities, but in order to keep your robot simple,

let's have your robot turn to the right by 90 degrees when it encounters an obstacle,
and move forward till a given distance. This will move the robot to a new x and y
location. Then have the robot recalculate the optimum path to the goal based on the
new robot x and y locations, and then have it try to move to the goal using the new
angle and distance. If it encounters another obstacle, it will repeat the process until it
reaches the goal. In this case, using these rules, the robot will travel the following path:

Goal
point 6, 4

4

New
Robot \] robot

3,1

Reference
point O, O
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And here is the first part of the Python code when utilizing only the front sonar
sensor on the sonar sensor array:

ubuntu@ubuntu-armhf: ~/track ‘ = | [ S

[File Edit Options Buffers Tools Python Help -

else:
range
return range

int (raw_
int (raw_input (
int (raw_input (

-=——:**——F1 obstacle.py Top L1 (Python)
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The second part of the Python code is shown in the following screenshot:

ubuntu@ubuntu-armhf: ~/track ‘E@-‘:—h]

File Edit Options Buffers Tools Python Help

prin{ time_:
while range

y r
-=——:—-———F1 obstacle.
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Here is the final part of the code:

ubuntu@ubuntu-armhf: ~/track |£@Ii-J

File Edit Options Buffers Tools Python Help

print t -
while range

* math.sin (math.

* math (math.

math.sin (math.

1l — (Python) E
p— - =

The final step would be to have the robot move forward until the sensor on the
side with the barrier reports that the barrier is no longer there. Then have the robot
calculate its new location, then the optimum path to the goal.

As noted, there are a number of different algorithms for path planning, each with
different degrees of complexity. You might want to explore the environment before
deciding which way to turn. These more complex algorithms can be explored using
the basic functionality that you have built in this chapter.
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Summary

In this chapter, you added to your robot an array of sensors to avoid obstacles, and a
digital compass so that you can plan your route. You also learned some simple route
planning techniques so that your robot can reach a goal location.

In the next chapter, we'll add vision to your robot, so you can know even more about
your surrounding. You'll learn to how to detect not only color but also motion; these
can be used to provide control of your robot as it moves.
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Now that your tracked platform can move around, you'll want to add a more complex
sensor to provide information to it— the webcam. Using a webcam, you can allow your
robot to see its environment. You'll learn how to use a powerful open source software
platform called OpenCV to add powerful vision algorithms to your robotic platform.

In this chapter, you will be doing the following:
* Connecting a webcam
* Learning image processing using OpenCV
* Discovering edge detection for barrier finding

* Adding color and motion detection for targeting

Connecting a webcam to the
BeagleBone Black

In order to enable computer vision, you'll need to connect a USB web camera
to the USB port. Most standard USB webcams will work. This example uses a
Logitech HD 720.



Vision and Image Processing

Here are the steps:

1. Check if your USB webcam is connected. You'll do this using a program
called guvcview. Install this by typing sudo apt-get install guvcview.

2. Connect your USB camera and power up the BeagleBone Black. After the
system is booted, go to the /dev directory and type 1s. You should see the
following screenshot:

3. The videoo device is the USB webcam. If you see its entry in the directory,
then it means the system can access your camera.
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Now you can use guvcview to see images from the camera. Since these are graphic
images, you'll need to use either a monitor connected directly to the BeagleBone
Black or the remote graphics connection VNC server. If you want to use the remote
connection, make sure you start the server on the BeagleBone Black by typing
vneserver via SSH. Then start VNC viewer as described in Chapter 1, Preparing the
BeagleBone Black. Once you have a VNC viewer window, then open a terminal and
type sudo guvcview. You should see an output similar to the following screenshot:

7] GuvCvideo I'.’ GUVCViewer Controls [T ubuntu@ubuntu-armhf: ~

ubuntu@ubuntu-armhf: ~ > GUVCViewer Controls

@ Image Controls g Video & Files

erigheness: N |
Contrast: -

Saturation:

White Balance Temperature, Auto

GUVCVideo
Gain:

-
- [~ =8
C RN EMCE
_  EE|ei3

. Aperture Priority Mode ‘v I

Control Profiles:

G e e

save Open Defaults Quit
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The video window displays the webcam images and the GUVCViewer Controls
window controls the output from the camera. The default settings may work fine
for your USB webcam. However, if you get a black display for the camera images,
you will need to adjust the settings. Select the GUVCViewer Controls window and
then the Video & Files tab. You will see a set of selections where you can adjust the
settings for your camera:

o GUVC\Viewer Controls + _ 0O X

@ Image Controls Q Video & Flp_r._‘ ‘Auﬂlo

Device: UVC Camera (046d:0825) |+ |
Frame Rate:  25/1fps |v | D Show
Resolution:  640x480 |~ |
Camera Output:  M|PG |v |
Image File: | Image.jpg % Open
File num:0 D File Auto
Image Format: PG |v | @ Take Picture by Default
Video File: |capture.avi E Open
File num:0 D File Auto
Video Codec:  M|PG - compressed | A d |
Video Fermat:  AVI - avi format |v | O Take Video by Default
---- Video Filters ----
D Mirror D Invert D Negative D Mono |:| Pieces D Particles

Capture: Control Profiles:
Cap. Image Cap. Video Save Open Defaults Quit

The setting that will affect your image the most is the Resolution setting. If you cannot
see an image, then adjust the resolution down; often this will resolve the issue. The
Resolution selection will tell you what resolutions are supported for your camera. If
you want to display the frame rate, you can do it by checking the Show box at the right
of the Frame Rate setting. Beware that the VNC viewer will also affect the refresh rate,
so if you are doing this through the VNC viewer, your frame rate will be much slower
than if you're using the BeagleBone Black and a monitor directly.

With your camera up and running and a desired resolution set, you can now start
using OpenCV to process the image.

[74]



Chapter 4

Using OpenCV

With your camera connected, you can access amazing vision capabilities that have
been provided by the open source community. One of the most powerful capabilities
is OpenCV.

You already installed OpenCV in Chapter 1, Preparing the BeagleBone Black. If you'd like a
good overview on OpenCV and more documentation, see http://docs.opencv.org/.

Now you can try OpenCV. It is easiest to use Python when programming simple tasks,
so let's start with the Python examples. If you prefer the C examples, they are also
available. In order to use the Python examples, you'll need the python-numpy library.
Type sudo apt-get install python-numpy. You will need this to manipulate the
matrices that OpenCV uses to hold the images.

Start with one of the Python examples. You can access the Python examples by typing
cd /home/ubuntu/examples/python. There are a number of useful examples; you'll
start with the most basic. It is called camera.py. To run this example, you'll either need
to have a display connected to the BeagleBone Black, or you can do this over the VNC
server connection. Bring up a terminal window and type python camera.py. You
should see an output similar to this screenshot:

V£

"l Applications Menu ": camera [T ubuntu@ubuntu-armhf: ~/exam...

BEAGLEBONE

[75]


http://docs.opencv.org/

Vision and Image Processing

When I first did this, the camera window eventually turned black and did not
show the output from the camera. To actually see the image, I needed to change
the resolution of the image captured by the USB webcam to one supported by the
camera and OpenCV. To do this, you need to edit the camera. py file by adding
two lines like this:

i - = | [D] |-

File Edit Options Buffers Tools Python Help
ki t c as cv

1

camera.py (Python)
a

These two lines change the resolution of the captured image to 360 x 240 pixels.
Now run camera.py and you should be able to see the following screenshot:

v

i Appications eru [ ubuntugubuntu-armi: ~jexam [ | 021

BEAGLEBONE
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You should now have vision capability! You will use it to do a number of impressive
tasks. You may want to vary the resolution to find the optimum for your application.
Larger resolution images give you a more detailed view of the world, but they also
take up significantly more memory and processing power. An image that is twice the
size (width/height) will involve four times more memory and processing power.

Finding colored objects in your vision
system

OpenCV can be used to track objects. As an example, let's build a system that tracks
and follows a colored ball. OpenCV makes this activity amazingly simple; here are
the steps:

1. Create a directory to hold your image-based work. Once you have created
the directory, go there and begin with your camera.py file.

2. Now edit the file until it looks similar to the following screenshot:

2P ubuntu@ubuntu-armhf: ~ftrack “ [ - = | ]|

File Edit Options Buffers Tools Python Help
import CV as cv

All Ll1é6 (Python)
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Let's look specifically at the changes you need to make to camera.py.
The first three lines you add are as follows:

cv.Smooth (img, img, cv.CV_BLUR, 3)
hue img = cv.CreateImage(cv.GetSize(img), 8, 3)
cv.CvtColor (img, hue_img, cv.CV_BGR2HSV)

We are going to use the OpenCV library to first smooth the image, taking out
any large deviations. The next two lines create a new image that stores the
image in values of Hue (color), Saturation, and Value (HSV) instead of the
Red, Green, and Blue (RGB) pixel values of the original image. Converting
to HSV focuses your processing more on the color as opposed to the amount
of light hitting it.

3. Then add the following lines of code:

#Remove all the pixels that don't match

threshold img = cv.CreatelImage(cv.GetSize(hue img), 8, 1)
cv.InRangeS (hue img, (10,120, 60), (20, 255, 255),
threshold img)

You are going to create one more image, this time a black-and-white binary
image that is black for any pixel which is not between two certain color values.
The (10, 160, 60), (20, 255, 255) parameter determines the range of
colors. In this case, I have an orange ball and I want to detect the color orange.

Now run the program. You can either have a display, keyboard, and mouse connected
to the board, or you can run it remotely using VNC. Run the program by typing sudo
python camera.py. You should see a single black image, but when you move this
window, you will expose the original image window as well. Now take your target

(I used my orange ball) and move it to the front of the frame. You should see an
output similar to the following screenshot:

Threshold Coler Tracking
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Notice the white pixels in your threshold image showing where the ball is located. You
can add more OpenCV code that gives the actual location of the ball. You can actually
draw a rectangle around the ball in your original image file as an indicator of the
location of the ball. Edit the camera.py file to look like the following screenshot:

File Edit Options Buffers Tools Python Help

CV hu )

Bot L39 (Python)
)

First, add these lines:

storage = cv.CreateMemStorage(0)
contour = cv.FindContours (threshold img, storage, cv.CV_
RETR_CCOMP, cv.CV_CHAIN APPROX_ SIMPLE)

These lines find all the areas on your image that are within the threshold. There might
be more than one; so you'll want to capture them all. Now add a while loop that will
let you step through all the possible contours:

points = []
while contour:
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It is important to note that if there is another larger orange blob in the background,
you will find that location. Just to keep it simple, you'll assume your orange ball to
be unique. The next few lines will then get the information for each of your contours.
Now you have to identify the corners. Then you can check to see if the area is big
enough to be of concern. If it is, you will add a rectangle to your original image
identifying where you think it is:

rect = cv.BoundingRect(list (contour))

contour = contour.h next ()

size = (rect[2] * rect[3])

if size > 100:
ptl (rect[0], rect[l1])
pt2 (rect[0] + rect[2], rect[l] + rectl[3])
#Add a rectangle to the initial image
cv.Rectangle(img, ptl, pt2, (38, 160, 60))

Now that the code is ready, you can run it. You should see an output similar to the
following screenshot:

Threshold Color Tracking

You can now track your object. Now that you have the code, you can modify the
color or add more colors. You also have the location of your object, so now you
can attempt to follow the object or manipulate it in some way.
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Following colored objects with your
vision system

Now that your robot can sense colored objects, let's take this a step forward and use
this capability to actually guide your robot. If you look at the code from the last section,
you'll notice two variables, pt1 and pt2. These variables hold the x and y coordinates
of the color that your robot found. We can use these with our demotor . py program to
move the robot so that when the color reaches the edge of the viewing area, the robot
will move to put the colored object back into the middle of the viewing area. Here is
the code:

ubuntu@ubuntu-armhf: ~/track | e o e S|

File Edit Options Buffers Tools Python Help

—=——:**__F1 camera.py Top L37 (Python)
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When your robot finds a color, it also finds the x boundaries of that color. These

are held in the rect [0] and rect [2] variables. Each time through the loop, your
program checks to see if the left side is smaller than 20 or the right side is larger than
310. In either case, your program will call the demotor . py program you wrote earlier
and move the robot in a turn either to the right or left. As you move the target, the
robot should turn with the object. The time_start and time_now variables allow
you to slow the response of your robot. Otherwise, it will overturn. You might want
to comment out the cvShowImage statement if your robot is struggling to keep up
with the movement, as this statement does take some time.

You can also use the size of the color ball to decide how far the ball is, and then
move the robot forward or backwards based on this size. Here is the while loop
for that code, and it is the only part of the code you'll need to change:

ubuntu@ubuntu-armhf: ~/track ‘E@‘i—hj

-=——:——-F1 cameraRcbot.py Bot L37 (Python)
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The changes are simple. You will check the value of rect [2] which is the size of the
color rectangle. If it is large enough, you move backward. If it is small enough, you
will move forward.

Finding movement in your vision system

Another interesting behavior of your tracked robot is the ability to find motion.
Here is the first part of the code to use the OpenCV library and your webcam to
follow motion:

ubuntu@ubuntu-armhf: ~/track |£@‘—E—S_J

File Edit Options Buffers Tools Python Help

IMPLE)
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The following is the second part of the code to use the OpenCV library and your
webcam to follow motion:

ubuntu@ubumu—armhf: ~ftrack ‘ — | E] |-

f

File Edit Options Buffers Tools Python Help

—=——:——-F1 motion.py Bot L30 (Python)

(f

It is useful to look at the code in detail. This first section of the code is very similar to
the setup code you used in the colored object section:

#!/usr/bin/env python: This line allows the program to be executed as a
regular program.

import cv: This line imports the OpenCV library.
capture = cv.CaptureFromCAM (0): This opens the connection to webcam (0).

cv.NamedWindow ("Target", 1):This creates a window on the display with
the name as Target.
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* frame = cv.QueryFrame (capture): This grabs an image from the webcam
and sticks it in the variable frame.

* frame_size = cv.GetSize (frame): This returns the frame size of the image
as a tuple (set of two numbers) of width and height.

* color image = cv.Createlmage (cv.GetSize (frame), 8, 3):This
creates a color image from the frame and puts it into the color_image
variable. You can use it later to display the image.

® grey image = cv.CreateImage (cv.GetSize (frame), cv.IPL DEPTH 8U,
1) : This creates a grey-scale image of the frame and puts it into the grey
image variable. You'll use this image to detect changes in the image.

® moving average = cv.CreatelImage (cv.GetSize (frame), cv.IPL_
DEPTH_32F, 3):This creates an image of the frame using just the real values
and puts it into the moving_average variable. You'll use this image to detect
changes in the image.

* first = True: This sets the variable first to True, as in this is the first image.
The second section enters a loop and looks for changes in the images:

* while True: This is an infinite loop.

* color_image = cv.QueryFrame (capture): This grabs an image from the
webcam and sticks it in the variable frame.

® cv.Smooth(color image, color image, cv.CV_GAUSSIAN, 3, 0):
This smoothens the image using a Gaussian filter, taking out large color
deviations in the image.

e if first:This checks whether the image is the first image.

* difference = cv.ClonelImage (color image): This creates another variable
called difference and stores a copy of color_image into that variable.

* temp = cv.CloneImage (color image): This creates another variable
called temp and stores a copy of color_image into that variable.

® cv.ConvertScale(color image, moving average, 1.0, 0.0):
This makes sure that the sizes of color image and moving average
are of the same scale.

* first = False: This is set to False since this is no longer the first time
through the loop.

* else: This states that if this is not the first image, you can actually do a
running average on the video stream.
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cv.RunningAvg (color image, moving average, 0.020, None):
The Runningavg function adds the color_image frame into a moving
average. This creates a composite frame that looks at a set of frames as
an average of the individual frames.

cv.ConvertScale (moving_average, temp, 1.0, 0.0):This makes sure
that the sizes of color image and moving average are of the same scale.

cv.AbsDiff (color image, temp, difference): This calculates the
absolute difference between color image and temp and stores this
difference in the difference variable.

cv.CvtColor (difference, grey image, cv.CV_RGB2GRAY):
This converts the color difference image into a black and white image
and stores it in grey image.

cv.Threshold(grey image, grey image, 70, 255, cv.CV_THRESH
BINARY): This highlights the areas of the display that are significantly
different by turning on only those pixels that are above a certain threshold
of white.

cv.Dilate (grey image, grey image, None, 18): This dilates the
grey image, emphasizing the areas where there is a white area.

cv.Erode (grey image, grey image, None, 10): This erodes the
black-and-white image, again emphasizing the areas of change. For more
information on dilation and erosion, see http://docs.opencv.org/doc/
tutorials/imgproc/erosion dilatation/erosion dilatation.html.

storage = cv.CreateMemStorage (0): This creates a storage area so that
you can identify the areas of a color.

contour = cv.FindContours (grey image, storage, cv.CV_RETR
CCOMP, cv.CV_CHAIN APPROX SIMPLE); Thisis a contour that finds those
areas of the image that have groups of pixels that indicate change.

points = []:This creates an array where you can put the location of the
areas of pixel that indicate change.

while contour: This walks through each contour, locating the areas of
the movement.

bound rect = cv.BoundingRect (list (contour)): This holds the values
of the bounding rectangle around the contour of movement. It has four
points: bound_rect [0] holds the x value of the rectangle that contains

the area of movement, bound_rect [1] holds the y value of the rectangle
that contains the area of movement, bound rect [2] holds the width of

a rectangle that contains the area of movement, and bound_rect [3] holds
the height of the rectangle that contains the area of movement.
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contour = contour.h next (): This prepares the program to process the
next contour that indicates the movement.

ptl = (bound rect[0], bound rect[1]): This creates a pt1 variable
that holds the x and y values of the upper-left corner of the contour.

pt2 = (bound rect[0] + bound rect[2], bound rect[l] + bound_
rect [3]): This creates a pt 2 variable that holds the x and y values of the
lower-right corner of the contour.

points.append (pt1): This puts the points of this rectangle's x and y
upper-left values on the array of points.

points.append (pt2): This puts the points of this rectangle's x and y
lower-right values on the array of points.

cv.Rectangle (color image, ptl, pt2, cv.CV_RGB(255,0,0), 1):
This draws a rectangle on the original image of this particular rectangle
of movement.

if len(points): If there are any rectangles, then perform this set of
instructions.

center point = reduce(lambda a, b: ((a[0] + b[0]) / 2, (all] +
b[1]) / 2), points): This finds the center point for all of the rectangles in
this list. It also finds all of the movement rectangles and calculates the center
point for all of the movement rectangles.

cv.Circle(color image, center point, 40, cv.CV_RGB (255, 255,
255), 1):This draws a circle on the original image with a radius of 40,
to indicate the center of the movement.

cv.Circle(color image, center point, 30, cv.CV_RGB (255, 100,
0), 1):This draws a circle on the original image with a radius of 30,
to indicate the center of the movement.

cv.Circle(color image, center point, 20, cv.CV_RGB (255, 255,
255), 1):This draws a circle on the original image with a radius of 20,
to indicate the center of the movement.

cv.Circle(color image, center point, 10, cv.CV_RGB (255, 100,
0), 1):This draws a circle on the original image with a radius of 10, to
indicate the center of the movement.

cv.ShowImage ("Target", color_ image): This draws the original image,
with the movement rectangles and the center of the movement circles on
the screen.

# Listen for ESC key: This is a comment to listen for the Esc key.
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* ¢ = cv.WaitKey(7) % 0x100: This listens for the Esc key, and stops
the program if it is selected. This is also required if you want to display
your image.

e if ¢ == 27: This checks whether the ESC key (key 27) is pressed or not.
* Dbreak: This stops the program.

If you run the code and supply some movement, you should see something like this:

Target

Now that you can sense movement, you can also program your robot to follow it.
As with the previous program, each time through the loop, your program checks

to see if the movement is with 20 pixels on the right or left side. In either case, your
program will call the dcmotor. py program you wrote earlier and move the robot in
a turn either to the right or left. Again, as before, you might want to comment out
the cvShowImage line and the print statements if your robot is struggling to keep
up with the movement, as these statements do take some time.
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Following movement with your robot

To follow the movement, you will do something very similar to the previous section
on following color. Your program will hold the center of the movement in the center_
point variable, which will hold and the x and y value. You can then use it to move
your robot if it is on either edge of the vision field. The first additions you'll need to
add to your program are the import time and import os lines at the top of the file,
to include these libraries. Here are the changes:

= —c—

ubuntu@ubuntu-armhf: ~/track

PTE
L DEPTH_
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Here are the main additions at the bottom of the program on motion detection:

ubuntu@ubuntu-armhf: ~/track |5@|&J

File Edit Options Buffers Tools Python Help
rt ng a 1

= reduce (lambda a,

motionMove.py Bot L45 (Python) |

These lines should look almost exactly like the lines you added to move your robot
when tracking color. The timing statements prevent our robot from overreacting to

the movement. Now your robot should be able to follow movement within its field
of vision.
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Summary

In this chapter, your robot added a video camera and video processing so that it
can really see its environment. Now that your robot can move and fully sense its
environment, feel free to explore, literally. In the next chapter, you'll start on a new
robot. You'll build a robot that can walk on four legs; a quadruped that will walk
instead of rolling. You'll learn how to control multiple servos to make your robot
walk, wave, and dance.
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Building a Robot
that Can Walk

You've built robots that can navigate using tracks. Now let's build one that can walk.
Walking robots are interesting as they can go to terrains where wheeled or tracked
vehicles can't go. They also perform advanced functions where they can utilize their
legs for uses other than walking.

In this chapter, you will build the basic platform of a quadruped. To do this, you will
learn the following;:

* The working of servos

* Using the BeagleBone Black to control a large number of servos with the
help of a servo controller

* Creating complex movements out of simple servo commands

Building robots that can walk

In this chapter, you'll build a quadruped, that is, a robot with four legs. You'll be
using 12 servos so that each leg has three points that can move, or three Degrees
of Freedom (DOF). In Chapter 6, A Robot that Can Sail, you'll learn how to control
servomotors directly using the GPIO pins of the BeagleBone Black. In this project,
you'll control 12 servos at the same time, so it will make more sense to use an
external servo controller that can supply the control signals and supply voltages
for all the 12 servos.

Since servos are the main component of this project, it is perhaps useful to go through
a tutorial on servos and how to control them.



Building a Robot that Can Walk

Working of servomotors

Servomotors are somewhat similar to DC motors; however, there is an important
difference. While DC motors are generally designed to move in a continuous way —
rotating 360 degrees at a given speed —servos are generally designed to move
within a limited set of angles.

In other words, in the case of a DC motor, you would generally want your motors to
spin with continuous rotation speed that you control. But in the case of a servomotor,
you would want your motor to move to a specific position that you control. This is
done by sending a Pulse-Width-Modulated (PWM) signal to the control connector
of the servo. PWM simply means that you are going to change the length of each
pulse of electrical energy in order to control something. In this case, the length of

this pulse will control the angle of the servo, as shown in the following diagram:

=) G=

L]

0 degress 90 degrees 180 degrees
<—> <—> <—> <—> <—>
1 msec 1.25 msec 1.5 msec 1.75 msec 2.00 msec

These pulses are sent out with a repetition rate of 60 Hz. You can position the servo
to any angle by setting the correct control pulse.
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Building the quadruped platform

You'll first need some parts so that you can build your quadruped robot.

There are several kit possibilities out there, including the one available at www .
trossenrobotics.com/p/PhantomX-AX-12-Quadruped.aspx. However, such
kits can be expensive, so for this example, you'll create your own kit using a set
of Lynxmotion parts. These are available from several online retailers such as
robotshop . com. To build this quadruped, you'll need four legs, each leg requires
two Lynxmotion parts. Here are the parts with their Robotshop part numbers:

Quantity Description

1 Lynxmotion symmetric quadruped body kit: Mini QBK-02

2 Lynxmotion 3" aluminum femur pair

2 Lynxmotion Robot Leg "A" pair (No servo) RL-01

4 Lynxmotion aluminum multi-purpose servo bracket Two
Pack ASB-04

2 Ball bearing with flange: 3mm ID (pair)
Product code: RB-Lyn-317

This last part a bearing you'll need to connect the leg to the body.

You'll also need 12 servos of a standard size. There are several possible choices,
but I personally like the Hitec servos. They are very inexpensive and you can get
them from most hobby shops and online electronic retailers. Now, for a moment
on the model of servo: Servos come in different model numbers, primarily based
on the amount of torque they can generate.

Torque is the force that the servo can exert to move the part connected to it. In

this case, your servos will need to lift and move the weight associated with your
quadruped, so you'll need a servo with enough torque to do this. I suggest that you use
eight Hitec model HS-485HB servos. You'll use these for the servos attached to the end
of the leg and for the body. Then you'll use four Hitec model HS-645MG servos for the
middle of the leg; this is the servo that will require the highest amount of torque. You
can use the 12 Hitec model HS-645MG servos instead, but they are more expensive
than the HS5-485 servos, so using two different servos will be less expensive.

[95]


www.trossenrobotics.com/p/PhantomX-AX-12-Quadruped.aspx
www.trossenrobotics.com/p/PhantomX-AX-12-Quadruped.aspx
http://www.robotshop.com

Building a Robot that Can Walk

Here are the steps required to assemble the quadruped:

1. Put the two parts of the lower right leg together and insert the servo with the
servo mounting screws. It should look like this:

2. Now connect this assembly to the interconnect part, like this:

3. Complete the leg by connecting two of the servo brackets together at right
angles, mounting the HS-645MG on one of the brackets, and then connecting
this servo to the interconnect piece, like this:
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4. Put another right leg together.

5. Now put two left legs together following the same preceding steps, but in left
leg configuration. They look like this:

6. The next step is to build the body kit. There are some instructions given at
www. lynxmotion.com/images/html/sg3u-assembly.htm, but it should be
like the following image:
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7. Then connect each leg to the body kit. First connect the empty servo bracket
to the body using the bearing, as shown in the following image:

Now that you have the basic hardware assembled, you can turn your attention to
the electronics.
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Using a servo controller to control
the servos

To make your quadruped walk, you will first need to connect the servomotor
controller to the servos. The servo controller you are going to use for this project
is a simple servomotor controller utilizing USB from Pololu (Pololu item number
1354, available at pololu. com) that can control 18 servomotors. Here is an image
of the unit:

Make sure that you order the assembled version. This piece of hardware will

turn USB commands from the BeagleBone Black into signals that control your
servomotors. Pololu makes a number of different versions of this controller, each
able to control a certain number of servos. In this case, you may want to choose the
18-servo version, so you can control all 12 servos with one controller and also add
an additional servo to control the direction of a camera or sensor. You could also
choose the 12-servo version. One advantage of the 18-servo controller is the ease
of connecting power to the unit via screw-type connectors.

There are two connections you'll need to make to the servo controller to get started:
the first is to the servomotors and the second is to a battery.

First, connect the servos to the controller. In order to be consistent, let's connect
your 12 servos to the connections marked 0 through 11 on the controller using the
configuration shown in the following table:

Servo Connector | Servo

0 Right front lower leg
1 Right front middle leg
2 Right front upper leg
3 Right rear lower leg

4 Right rear middle leg
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Servo Connector Servo

Right rear upper leg

Left front lower leg

5
6
7 Left front middle leg
8
9

Left front upper leg

Left rear lower leg

10 Left rear middle leg
11 Left rear upper leg

Here is an image of the back of the controller. This will tell us where to connect
our servos:

©2010

) 93
® @ GND
nG on® ®

o7
Your Brain "

* www.pololu.com
® ™11

Now you need to connect the servomotor controller to your battery. For this project,
you can use a 2S RC LiPo battery. The 25 means that the battery will have two cells,
with an output voltage of 7.2 volts. It will supply the voltage and current needed by
your servos, which can be of the order of 2 amperes. Here is an image of the battery:
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This battery will come with two connectors: one with large gauge wires for normal
usage and a smaller connector used to connect to the battery recharger. You'll want to
build connectors that can connect to the screw-type connectors of the servo controller.
I purchased some XT60 connector pairs, soldered some wires to the mating connector
of the battery, and screwed these into the servo controller.

Your system is now functional. Now you'll connect the motor controller to your
personal computer to check if you can communicate with it. To do this, connect
a mini USB cable between the servo controller and your personal computer.

Communicating with the servo controller
viaa PC

Now that the hardware is connected, you can use some software provided by Pololu
to control the servos. Let's do this using your personal computer. First download the
Pololu software from www.pololu.com/docs/0J40/3.a and install it according to
the instructions on the website. Once it is installed, run the software, and you should
see something like the following screenshot:

n Pololu Maestro Control Center = | (O] S

File Device Edit Help

Connected to W Firmware version: 1.00 Emorcode:  0x0000

Status | Enors | Channel Settings | Serial Settings | Sequence | Script

# Name Mode Enabled Target Speed Acceleration Position i
0 Servo 1500.00 % o[z o 00072
1 Servo 1500.002 0= o= 0002
2 Serva 1500002 of 0 0.00
3 Servo 15000012 0% 0 0.00

4 Servo 1500.00/% 0= e 0002
5 Serva 1500002 of 0 0.00 3
6 Servo 15000012 0% 0 0.00%
7 Servo 1500002 o[ o= 0.00
8 Servo 15000012 0 0 000=
9 Servo 15000012 0% 0 0.00

10 Servo 1500002 o[ o= 0007

" Serva 1500.00% 0= 0= 0.00

12 Servo 15000012 0% 0 0.00

13 Servo 1500002 o[ o 0.00

14 Serva 1500002 0z 0 0.00

15 Servo 1500002 0fz 0fz 00072 i

Save Frame 0
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You will first need to change the configuration of the serial settings, so select the
Serial Settings tab and you should see this:

B Pololu Maestro Control Center =l [E] > -

File Device Edit Help

Connected to #00039334 ~ | Firmware version: 1.00 Emorcode:  (x0000

Status | Errors | Channel Settings | Serial Setings | Sequence | Seript |

Seial mode
() USB Dual Port

@ USB Chained
") UART fied baud rate: 9600 E
") UART, detect baud rate

[] Enable CRC

Device Number. |12

“p |4

Mini SSC offset: 0

Timeout (s} 0.00 2

[] Never sleep (ignere USB suspend)

Make sure that USB Chained is selected; this will allow you to communicate with and

control the motor controller over USB. Now go back to the main screen by selecting the
Status tab, and now you can actually turn on the 12 servos. The screen should look like
this screenshot:

“ Palolu Maestro Control Center =H'CY &

File Device Edit Help

Connected to Firmware version: 1.00 Errorcode:  0x0000

Status | Enors | Channel Settings | Serial Setings | Sequence | Script |
# Name Mode Enabled Target Speed Acceleration  Position B
0 Servo ) 1501.25/= 0z 0= 1501252
1 Servo o} 1494.00/2 0 0= 1494.00= i
2 Servo o] 148300% 0= 0= 1483.00%
3 Servo ot 150000/ 0 0= 1500002
4 Servo ) 1500.00/= 0= 0 1500002
5 Servo 9 1500002 0 0E [ 150000 =
6 Servo o) 150000/ 0= 0= 1500.00=
7 Servo 8t 150000/ 0 0= 1500002
8 Servo ) 1500.00/= 0= 0 1500002
9 Servo ) 150000/ 0 0 15000012

10 Servo o) 150000/ 0= 0= 1500.00= -
11 Servo o) 1500.00/= 0 0= 1500.00%

12 Sservo [ 1500.00/2 0= 0= 000

13 Servo [ 150000/ s 0 000

14 Servo ] 1500.00/% 0= 0= 000E

15 Ssenvo  [] 1500.00% 0 0= 000= a
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Now you can use the sliders to actually control the servos. Check that servo 0 moves
the right front lower servo, servo 1 moves the right front middle servo, servo 2 moves
the right front upper servo, and so on. You can also use this to center the servos. Set all
the servos such that the slider is in the middle. Now unscrew the servo horn on each
servo until the servos are centered at this location. At the zero degree location of all
servos, your quadruped should look like this:

Your quadruped is now ready to actually do something. Now you'll need to send the
servos the electronic signals they need to move your quadruped.

Connecting the servo controller to the
BeagleBone Black

You've checked the servomotor controller and the servos. You'll now connect the
motor controller to the BeagleBone Black and make sure you can control the servos
from it. Remove the USB cable from the PC and connect it to the BeagleBone Black.
The entire system will look like this:
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Let's now talk to the motor controller by downloading the Linux code from

Pololu at www.pololu.com/docs/0J40/3 .b. Perhaps the best way is to log in

to your BeagleBone Black using PuTTY, then type wget http://www.pololu.
com/file/download/maestro-1linux-100507.tar.gz?file id=0J315. Then
move the file by typing mv maestro-1linux-100507.tar.gz\?file_id\=0J315
maestro-1linux-100507.tar.gz. Unpack the file by typing tar -xzfv maestro_
linux 011507.tar.gz. This will create a directory called maestro_linux. Go to
that directory by typing cd maestro_linux and then type 1s. You should see
something like this:

ubuntu@arm: ~/maestro_linux |ﬂ|£—?-‘

The README . txt document will give you explicit instructions on how to install the
software. Unfortunately, you can't run MaestroControlCenter on your BeagleBone
Black. Your version of Windows doesn't support the graphics, but you can control
your servos using the UscCmd command-line application to ensure that they are
connected and working correctly. First, type . /UscCmd --1ist and you should

see something like the following screenshot:
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ubuntu@ubuntu-armhf:~$

The unit sees our servo controller. By just typing . /UscCmd, you can see all the
commands that you can send to your controller, as shown in the following screenshot:

' o [
] ‘
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Note that although you can send a servo a specific target angle, the target is not in
angle values, so it makes it a bit difficult to know where you are sending your servo.
Try typing . /UscCmd --servo 0, 10.The servo will move to its maximum angle
position. Type . /UscCmd - servo 0, 0 and it will prevent the servo from trying
to move. In the next section, you'll write some Python code that will translate your
angles to the commands that the servo controller will want to receive to move it to
specific angle locations.

_ Ifyou didn't run the Windows version of Maestro Controller and set
% the Serial Settings to USB Chained, your motor controller might not
/o respond. Rerun the Maestro Controller code and set the Serial Settings
to USB Chained.

Creating a program on Linux to control
your quadruped

You now know that you can talk to your servomotor controller, and move your
servos. In this section, you'll create a Python program that will let you talk to your
servos to move them to specific angles.

Let's start with a simple program that will make your legged mobile robot's servos
go to 90 degrees (the middle of the 0 to 180 degrees you can set). This particular
controller uses bytes of information, so the code will translate the input of the
channel and angle to numbers that the controller can understand. For more details,
see http://www.pololu.com/docs/0J40. Here is the code to move all the connected
servos to the 90 degree point:
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%3 ubuntu@arm; ~/maestro_linw

(Python)

Here is an explanation of the code:

* #! /usr/bin/python: This first line allows you to make this Python file
executable from the command line.

* import serial: This line imports the serial library. You need the serial
library to talk to your unit via USB.

* def setAngle(ser, channel, angle): This function converts your
desired setting of servo and angle into the serial command that the
servomotor controller needs.

* ser = serial.Serial("/dev/ttyACMO", 9600): This opens the serial
port connection to your servo controller.

* for i in range(0, 15): Thisis for all 16 servo possibilities.

* setAngle(ser, i, 90):This allows you to set each servo to the middle
(home) position. The default would be to set each servo to 90 degrees.
If the legs of your robot aren't in their middle position, you can adjust
them by adjusting the position of the servo horns on each servo.
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To access the serial port, you'll need to make sure that you have the Python serial
library. If you don't, then type sudo apt-get install python-serial. After you
have installed the serial library, you can run your program by typing sudo python

quad.py.

Once you have the basic home position set, you can now ask your robot to do some
things. Let's start by making your quadruped wave an arm. Here is the Python code

that waves the arm:

=
ubuntu@arm: ~/maestro_linux

E—

File Edit Options Buffers Tools Python Help
/ / |

m.

100)

(Python)

In this case, you are using the setAngle command to set your servos to manipulate
your robot's front-right arm. The middle servo raises the arm, and the lower servo

then goes back and forth between angle 100 and 130.
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One of the most basic actions you'll want your robot to do is to walk forward. Here is
an example of how to manipulate the legs to make this happen:

File Edit Options Buffers Tools Python Help

100)

110)

100)

Bot L38 (Python)

This program lifts and moves each leg forward one at a time, and then moves all the
legs to home position, which moves the robot forward. Not the most elegant motion,
but it does work. There are more sophisticated algorithms to make your quadruped
walk as shown at http://letsmakerobots.com/node/35354 and https://www.
youtube. com/watch?v=jWP3RnYa_tw. Once you have the program working, you'll
want to package all of your hardware onto the mobile robot.

You can make your robot do many amazing things: walk forward, walk backward,
dance, turn around —any kinds of movements are possible. The best way to learn is
to try new and different positions with the servos.
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Issuing voice commands to your
quadruped

You should now have a mobile platform that you can program to move in any number
of ways. Unfortunately, you still have your LAN cable connected, so the platform isn't
completely mobile. And once you have begun the program, you can't alter the behavior
of your program. In this section, you will use the principles from Chapter 1, Preparing
the BeagleBone Black, to issue voice commands to initiate movement.

You'll need to modify your voice recognition program so that it can run your Python
program when it gets a voice command. You have to make a simple modification to
the continuous.c program in /home/ubuntu/pocketsphinx-0.8/src/programs.
To do this, type cd /home/ubuntu/ pocketsphinx-0.8/src/programs, and then
type emacs continuous.c. The changes will occur in the same section as your other
voice commands and will look like this:

ubuntu@arm: ~/pocketsphinx-0.8/src/programs ‘ﬂ‘é]
e —

n", utt

-UU-:**——F1 eontinuous. 80% 1.331 (c/1 Rbbrewv)
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The additions are pretty straightforward. Let's walk through them:

* else if (strcmp(word, "FORWARD") == 0): This checks the word as
recognized by your voice command program. If it corresponds with the word
FORWARD, it will execute everything inside the if statement. We use { } to tell
the system which commands go with this else if clause.

* system("/home/ubuntu/maestro_linux/robot.py"): This is the program
we will execute. In this case, our mobile platform will do whatever the
robot . py program tells it to do.

After doing this, you will need to recompile the program, so type make and the
pocketSphinx_continuous executable will be created. Run the program by typing

. /pocketSphinx_continuous. Don't forget the ./ at the start of this command or
you'll run a different version of the program. When the program is running, you can
disconnect the LAN cable, and the mobile platform will now take the forward voice
command and execute your program.

Summary

You now have a robot than can walk! You can also add other sensors, like the ones
you discovered for your tracked robot, sensors that can watch for barriers, or even
a webcam.

In the next chapter, you'll start on a new robot. You'll build a robot that can sail
under your control or autonomously. You'll start by adding some basic control,
then you'll learn how to add a device to sense the wind and a GPS to add direction.
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You've built robots that can navigate on land; now let's look at some amazingly cool
possibilities for utilizing the tools to build some robots that dazzle the imagination.
You don't want to limit your robotic possibilities to just walking or rolling. You
might want your robot to sail. In this chapter, you'll see how to build a robot that can
sail the open sea, or at least your local park's pond.

In this chapter, you will build the basic sailing platform. To do this, you will learn
the following:
* Using the BeagleBone Black to control servos directly

* Communicating with your platform via long range RF signals so that you
can retain control of your robotic sailboat

The BeagleBone Black and robots that
can sail

Now that you've discovered that the BeagleBone Black can guide platforms that can
move on land, let's turn to a completely different type of mobile platform, one that
can sail. In this section, you'll discover how to add the BeagleBone Black to a sailing
platform and utilize it to control your sailboat.



A Robot that Can Sail

Building the sailboat platform

Fortunately, sailing in water is about as simple as walking on land. First, however,
you need a sailing platform. Here is an image of an RC sailing platform that can be
modified to accept control from the BeagleBone Black:
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In fact, many RC controller boats can be modified to add the BeagleBone Black.
All you need is space to put the processor, the battery, and any additional control
circuitry that you might need. In this case, the sailing platform has basically two
controls: a rudder that is controlled by a servo and a second servo that controls the
position of the sail. These are shown here:

—

You'll use your BeagleBone Black to control these two servos that will control both
the rudder and the sail position, so let's start by connecting these two servos to

the BeagleBone Black. You'll drive the two servomotor control signals from the
BeagleBone Black GPIO pins, but you'll supply the DC power from a battery.

Controlling servos with the BeagleBone Black

Once you have assembled your sailboat, you'll want to hook up the BeagleBone Black
to the servos on the boat. In order to connect this servomotor to your BeagleBone
Black, you'll need some male-to-male jumper cables. You'll notice that there are three
wires coming from the servo. Two of these supply the voltage and current to the servo.
The third provides a control signal that tells the servo where and how to move.
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The best way to connect the servo is to connect the power wires to a battery that will
supply power to the servos. The servos will want something more than 6 volts; a
2-cell 7.4 volt LiPo RC battery is an excellent choice. Here is an image of one of these:

You'll also need a USB battery to supply the BeagleBone Black with power. You can
connect the servos to the power of this LiPo battery by using male-to-male solderless
wires. The red wire output of the LiPo battery will be 7.4 volts, and the black wire
output will be GND. Here is an image of these connections:

You will connect the control signal of the servos to the GPIO pins of the BeagleBone
Black. There are two GPIO pin connectors on the BeagleBone Black, one on each side
of the board. They are labeled P8 and P9, but just in case you again need an image
with the pin-out, it is here:
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P8 Pin 1

Connect the control wire connection on each servo, normally a yellow wire, to one
of the GPIO pins on the BeagleBone Black that supports PWM output. For example,
connect P8_13 and P9_14 on the BeagleBone Black. You can use P8_13 and P9_14 for
the two servos in this project. Here is an image of the connections:

1300mAh

When you have the electrical connections made, you'll need to write some code for
the BeagleBone Black.
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Controlling the servos on the sailboat from
a program

In order to control the servos with a Python script, if you have not done it previously,

you'll need to add a library that will allow you to talk to the GPIO pins via Python.
Follow these steps:

1. Install the sudo apt-get install build-essential python-dev
python-setuptools python-pip python-smbus packages.

2. Type sudo easy install -U distribute. This will install easy install,
a utility that will help manage Python packages.

3. Now type sudo pip install Adafruit_BBIO. This will install the Adafruit
library for talking via the GPIO pins.

4. To test your installation, type sudo python -c "import Adafruit_BBIO.
GPIO as GPIO; print GPIO", and you should see a screen like this:
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When you have installed the library, create this program to give you basic control
over the two servos:

T
root@arm:/home/ubuntu/s_&f_ - e e aee— - S E=ER T

File Edit Options Buffers Tools Python Help

Frport Adafruit BBIO.PWM as PWM

A11 1.2 (Python)

When you run the program, you should be able to enter the servo number you
wish to control and the desired angle so that the servos can move to that angle.

If you need more information on servo control using the BeagleBone Black, look
at https://learn.adafruit.com/controlling-a-servo-with-a-beaglebone-
black?view=all. Now you can sail your boat, but you'll need to add the ability
to talk to it remotely.

Remote control of the sailboat

To sail the boat, you'll want to be able to send it commands from quite a distance.
One possible solution is wireless LAN. Unfortunately, most lakes or ponds won't
have an open wireless network available. You could create your own WLAN access
point, but the range will still be somewhat limited. The best possible solution is to
use ZigBee wireless devices to connect your sailboat to a computer.
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A ZigBee tutorial

The ZigBee standard is built upon the IEEE 802.15.4 standard, a standard that was
created to allow a set of devices to communicate with each other to enable low

data rate coordination of multiple devices. The ZigBee part of the standard ensures
interoperability between vendors of these low-rate devices. The IEEE 802.15.4 part
of the standard specifies the physical interface and the ZigBee part of the standard
defines the network and applications interface. Since we are only interested in the
physical interface working together, you can buy IEEE 802.15.4 devices, but ZigBee
devices are a bit more prevalent and are a superset of the IEEE 802.15.4 and are also
quite inexpensive.

The other standard that you might see as you try to purchase or use devices like these
is XBee. This is a specific company's implementation, Digi, of several different wireless
standards with standard hardware modules that can connect in many different ways
to different embedded systems. Their website is available at http: //www.digi . com/
xbee/. They make some devices that support ZigBee; here is an image of this type of
device attached to a shield that provides a USB port:

The advantage of using this device is that it is configured to make it very easy to
create and manage a simple link between two XBee series #1 devices. Make sure that
you have an XBee device that supports ZigBee series #1. You'll also need to purchase
a shield that provides a USB port connection to the device. Note that some USB XBee
shields require a special driver to talk to the device; check yours when you purchase
the device.
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Chapter 6

Now, let's get started by configuring your two devices to talk. Plug one of the devices
into your personal computer. Your computer should find the latest drivers for the
device. You should see your device when you select the Devices and Printers section

from the Start menu, like this:

4 Unspecified (1)

FT232R USB
UART

7 10 items

e

The device is now available to communicate with via the IEEE 802.15.4 wireless
interface. We could set up a full ZigBee-compliant network, but we're just going to
communicate from one device to another directly, so we'll just use the device as a
serial port connection. Double-click on the device, and then select the Hardware tab.

You should see this:

.. FT232R USB UART Properties

General | Hardware

FT232R USB UART
-

Device Functions:

(=5

Name Type

USE Serial Converter Universal Seri...
9
Y37 USB Serial Port (COM20) Ports (COM & L...

Device Function Summary
Manufacturer:  FTDI
Location Port_#0001 Hub_#0007

Device status:  This device is working properly.

| Properies

0K l | Cancel | Apply
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Note that the device is connected to the COM20 serial port. We'll use this to
communicate with the device and configure it. You can use any terminal emulator
program; I like to use PuTTY, which is already on my computer. It is free and available
at http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html.

Perform the following steps to configure the device:

1. Open PuTTY. Select the Serial option and (in this case) the COM20 port.

Here is how to fill in the PuTTY window to do this:

ﬁ PuTTY Configuration
Category:

—|-Session

- .Logging
—|- Terminal

- Keyboard
- Bell

- Features
—-Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours
—|-Connection

- Data

. Proxy

- Telnet

- Rlogin
H-55H

. Serial

About

Basic options foryour PuTTY session
Specify the destination you want to connectto
Serial line Speed
comzo 9600
Connection type:
Raw Telnet Rlogin S5H @) Serial

Load, save or delete a stored session

Saved Sessions

Default Settings Load
Linux Lab

Raspberry Pi S
XBee Config ave

Delete

Close window on exit

Always MNever @) Only on clean exit

| Open | | Cancel

2. Configure the terminal window with the following parameters (the Serial
option on the Category option set): insert 9600 in the Speed (baud) field,
insert 8 in the Data bits field, select None from the Parity drop-down menu,

and insert 1 in the Stop bits field.
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ﬁ PuTTY Configuration
Category:

=-Session

' Logging
= Terminal

- Keyboard
Bell

- Features
=-Window

- Appearance
- Behaviour
Translation
- Selection

- Colours
[=-Connection

- Data

- Proxy

- Telnet

- Rlogin
[+-35H

- Serial

Cptions controlling local serial lines

Selecta serial line
Serial line to connectto
Configure the serial line
Speed (baud)

Data bits

Stop bits

Parity

Flow control

comzo

9600

KONKOFF -

[ Open

==

PG

3. Select the Terminal option on the left-hand side of the window. Make sure
that you also select Force On for Local Echo, and check the Implicit CR in
every LF and Implicit LF in every CR checkboxes:

BR PuTTY Configuration &
Category
a-S:ession QOptions controlling the terminal emulation
i Lo.gglng Setvarious terminal options
= Terminal
- Keyboard [] Auto wrap mode initially on
- Bell [ DEC Origin Mode initially on
- Features Implicit CR in every LF
= V\T-‘-T:;:\:earance ImplicitLF in every CR
- Behaviour Use background colour to erase screen
Translation |:|Enable blinking text
- Selection Answerback to “E:
- Colours PUTTY
[=-Connection
~Data Line discipline options
- Proxy
- Telnet Local echo . §
~Rlogin (' Auto @ Force on (' Force off
[+-35H L_ocal line editing: i )
- Serial @ Auto __IForce on (I Force off
Remote-controlled printing
Printer to send ANSI printer output to:
-
e[ omen
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4. Connect to the device by selecting Open.

5. Enter the following commands in the device through the terminal window:

EB COM20 - PuTTY o= =

The OK response comes back from the device as you enter each command.

Now plug the other device into the PC. Note that it might choose a different COM
port. Go to the Devices and Printers section, double-click on the device, and select
the Hardware tab to find the COM port. Follow the same steps to configure the
second device, except that there will be two changes. Here is the terminal window
for these commands:

COM21 - PuTTY o =] s
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The devices are now ready to talk to each other. Plug one of the devices into the
BeagleBone Black USB port. Using a terminal window, show that the devices are
connected by typing 1s /dev/tty*. It will look something like this:

/dev/tty
/dev/tty0
Jdev/ttyl
J/dev/tty10
/dev/ttyll
/dev/ttyl2
Jdev/ttyl3
J/dev/ttyl4
/dev/ttyl5
/dev/ttylé
Jdev/ttyl7
/dev/ttyl8

ubuntu@arm: ~

ubuntu@arm:

[/dev/ttyl9

/dev/tty2

[dev/tty20
/dev/tty21
[/dev/tty22
/dev/tty23
[dev/tty24
/dev/tty25
/dev/tty26
/dev/tty27
[dev/tty28
/dev/tty29

~3

/dev/tty3

/dev/tty30
/dev/tty31
J/dev/tty32
/dev/tty33
/dev/tty34
/dev/tty35
J/dev/tty36
/dev/tty37
/dev/tty38
Jdev/tty39
J/dev/tty4

/dev/tty40
/dev/tty4l
/dev/tty42
/dev/tty43
/dev/tty44
/dev/tty45
/dev/tty46
/dev/tty47
/dev/tty48
/dev/tty49
/dev/tty5

/dev/tty50

/dev/tty51
/dev/tty52
Jdev/tty53
J/dev/tty54
/dev/tty55
/dev/tty56
J/dev/tty57
/dev/tty58
/dev/tty59
/dev/tty6

/dev/tty60
J/dev/tty6l

/dev/tty62
/dev/tty63
J/dev/tty7
/dev/ttys
/dev/tty9
/dev/ttyGs0
/dev/tty0o0
/dev/ttys0
/dev/ttys1l
/dev/ttys2
/dev/ttys3
/dev/ttyUsBO

Notice that the device appears at /dev/ttyUsBo. Now you'll need to create a
Python program that will read this input. But before you do that, you'll need

to download serial communication capability through Python. To do this, type
sudo apt-get install python-serial. When the download is complete,
add your user to the dialout group so that you can use the serial port by typing
sudoadduserubuntudialout.
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Once you have this capability configured, here is a listing of a simple program to
communicate via a serial port:

e = | v 2 -
2 ubuntu@arm: G Y T T T TS IR B —
File Edit Options Buffers Tools Python Help -

rmation about I nd the ype C-h C-a. -

Here is what the code does:
* #!/usr/bin/python: This allows your program to be executed without
invoking Python on the command line.
* import serial: Thisimports the serial port library.

® Ser = serial.Serial('/dev/ttyUSBO', 9600, timeout = 1000):
This opens a serial port pointing to the /dev/ttyUsB1 port, with a baud
rate of 9600 and a timeout of 1000 seconds.

e x = 'n':This defines a character variable and initializes it to 'n', so we
go through the loop at least once.

* while x != 'qg':Thisis awhile loop; you'll go through this until the
user enters the g character.

* x = ser.read(1): This reads one byte from the serial port.

* print x: This prints out the value.
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Now run readData.py in a terminal window on the BeagleBone Black. Run the
PuTTY program on your personal computer connected to the other XBee module,
but set the flow control to XON/XOFF. You should see the characters that you type
on the personal computer terminal window comes out on the terminal window
running on the BeagleBone Black. Here are the two screens, side by side:

oo

Connecting this functionality to your sailboat is very easy. Start with the servo.

py program that you created earlier in this chapter. Copy it into a new program by
typing cp servo.py sail.py. Now let's remove some of the code — parts that you
don't need —and add a bit that will accept the character input from the XBee module.
Here is a listing of the code:

22! ubuntu@arm: ~/sail |i@|é]

File Edit Options Buffers Tools Python Help

.PWM as PWM

All L10 (Python)
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There are really only three changes:

* import serial: This imports the serial library.

® sgserInput = serial.Serial('/dev/ttyUSBO', 9600, timeout = 1000):
This line sets up a serial port, getting input from the XBee device. It is
important to note that the usso and USB1 settings might be different in your
specific configuration, based on whether the XBee serial device or the motor
controller serial device configures first.

* servo = int(ser.read(1l)) and angle = int (ser.read(3)): Instead
of getting the input from the user via the keyboard, you will be reading the
character from the XBee device. The first number will tell which servo you
are going to control, 1 or 2; and the next three characters will set the angle
to move to, for example, setting the servo to 0 and the angle to 020 would
move servo 0 to angle 20.

That's it. Now your sailboat should respond to commands sent from your terminal
window on your personal computer. In this case, the first character will determine
the servo to move, and the next three will determine the angle for that servo. You
could also create an application on the personal computer that could turn mouse
movement or some other input into proper commands for your robot.

Summary

After completing this chapter, you should have a working sailboat where your
BeagleBone Black can control the two servos to control the positions of the rudder
and the sail. You should also be able to do this remotely at quite a distance using
your XBee devices.

In the next chapter, you'll add a GPS device to your sailing platform. That way,
you will not only know where you are but can also plan your bearing so that you
can sail in an automated way to a new waypoint.
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Your sailboat can sail, but you might want it to sail to a specific location. One of the
coolest devices that you can connect to your robot is a GPS location device. It will
allow your sailboat to know where it is, and then you can also know the bearing
and distance to a new location.

In this chapter, you will be doing the foll