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Preface

Robots seem to be everywhere these days. Not only in movies but also in our
day-to-day lives. They vacuum floors, play with children, and build automobiles.
These new machines are quickly migrating from university and government labs
to our homes, offices, schools, and playgrounds. A similar migration has occurred
in recent years with computers.

A good part of this migration, as in the case of computers, is that the untrained

but interested general population has been able to take part in the development

of these new machines. A big reason for this is the introduction of inexpensive
hardware and free, open source hardware. Initially, it was Arduino, an inexpensive
processor developed for the do-it-yourself crowd, which enabled normal people to
create robotics projects with complex functionality. More recently, Raspberry Pi has
extended this capability by providing an inexpensive, small, but powerful Linux
computer for these projects.

This second edition is designed to allow you to take full advantage of the capabilities
of Raspberry Pi in your robotics projects. It will not only teach you how to use the
USB port to add additional hardware capabilities, but it will also show you how to
connect the hardware to the GPIO as well. It will provide a step-by-step guide to

get you well on your way to building your very own amazing robotics projects.

What this book covers

Chapter 1, Getting Started with Raspberry Pi, helps you to power up your Raspberry Pi,
connect it to a keyboard, mouse, display, and remote computer, and begin to access
all that potential computing power.

Chapter 2, Programming Raspberry Pi, teaches you the basics of how to program the
Raspberry Pi, both in Python and in the C programming languages.

[v]
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Chapter 3, Providing Speech Input and Output, teaches your Raspberry Pi to both speak
and listen.

Chapter 4, Adding Vision to Raspberry Pi, shows you how to use standard USB and
Raspberry Pi cameras to allow your robotics projects to see.

Chapter 5, Creating Mobile Robots on Wheels, shows you how to connect the Raspberry
Pi to a mobile wheeled platform and control its motors, so your robots can be mobile.

Chapter 6, Controlling the Movement of a Robot with Legs, teaches you how to make your
robot walk.

Chapter 7, Avoiding Obstacles Using Sensors, shows you how to sense the world around
you. Now that your robot is mobile, you'll want to avoid or find objects.

Chapter 8, Going Truly Mobile — The Remote Control of Your Robot, shows you how to
control your robot wirelessly —you'll want your robot to move around untethered
by cables.

Chapter 9, Using a GPS Receiver to Locate Your Robot, shows you how to use a GPS
receiver so that your robot knows where it is—if your robot is mobile, it might
get lost.

Chapter 10, System Dynamics, focuses on how to bring it all together to make complex
robots since you've got lots of capability.

Chapter 11, By Land, Sea, and Air, shows you how to add capabilities to robots that
sail, fly, and even go under the water.

What you need for this book

Here's a partial list of the software you will need for the book:

e 7-Zip: This is a utility to archive and unarchive software

e Image Writer for Windows: This is used to write images to an SD card
e WinSCP: This provides the ability to transfer files to/from a PC

e PuTTY: This allows the user remote access to the Raspberry Pi

e VNC Server/VNC Viewer: This allows the user remote access to the
graphical interface of the Raspberry Pi

[vil
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Who this book is for

This book is for anyone who is keen on using the Raspberry Pi to create robotics
projects that have previously been the domain of the research labs of major
universities or defense departments. Some programming background is useful,
but if you know how to use a personal computer you can, with the aid of the
step-by-step instructions in this book, construct complex robotics projects that
can move, talk, listen, see, swim, or fly.

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 URLSs, user input, and Twitter handles are shown as follows:
"Go to the /home/Raspbian/Desktop directory."

When we wish to draw your attention to a particular part of a code block, the
relevant lines or items are set in bold:

a = input ("Input value: ")

b = input ("Input second value: ")
c=a+b

print c

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

cd /home/Raspbian/Desktop

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
Raspbian section and select the . zip file just to the right of the image identifier."

% Warnings or important notes appear in a box like this.
v

a1

~Q Tips and tricks appear like this.

[ vii ]
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Reader feedback

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

To send us general feedback, simply send an e-mail to 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 color images of this book

We also provide you with 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 http://www.packtpub. com/
sites/default/files/downloads/01460S_ColoredImages.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.comif you are having a problem
with any aspect of the book, and we will do our best to address it.
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Getting Started with
Raspberry Pi

Raspberry Pi, with its low cost and amazing package of functionality, has taken the
robotic hobbyist community by Storm. Unfortunately, many, especially those new to
embedded systems and programming, can end up so discouraged that the board can
end up on the shelf, gathering dust next to the floppy disks and your old CRT.

Getting started

There is nothing as exciting as ordering, and finally receiving a new piece of hardware.
Yet things can go south quickly, even in the first few minutes. This chapter will,
hopefully, help you avoid the pitfalls that normally accompany unpacking and
configuring your Raspberry Pi. We'll walk through the process, answer many of the
different questions you might have, and help you understand what is going on. If you
don't go through this chapter, you'll not be successful at any of the others, and your
hardware will go unused, which would be a real tragedy. So, let's get started.

[1]



Getting Started with Raspberry Pi

One of the most challenging aspects of writing this guide is to decide the level at
which I should describe each step. Some of you are beginners, some have limited
experience, and others know significantly more in some of these areas. I'll try to be
brief but thorough, trying to detail the steps to take in order to be successful. So,
for this chapter, here are your objectives:

*  Unbox and connect the board to power

* Connect a display, keyboard, and mouse

* Load and configure the operating system

* Access the board remotely
The Raspberry Pi comes in several flavors: the original A and B models, and the new
and improved A+ and B+ models. The B+ flavor is the most popular. It comes with
additional input/output capability, four USB connections, more memory, and will
be the flavor you'll focus on in this book. That does not mean that many, if not most,
of the projects here require the extra capability of the B+. As we go, I'll try and point
out when you'll need the additional capability of the B+, and when the Raspberry Pi
A+ might be enough. The Raspberry Pi now also comes in a B2 version. We'll not talk

about that specifically here, but there is no reason why the projects shouldn't work
with that version as well.

Here are the items you'll need for this chapter's projects:

* A Raspberry Pi, Model B+

* The USB cable to provide power to the board

* A display with a proper video input

* A keyboard, a mouse, and a powered USB hub

* A microSD card - at least 4 GB capacity

* A microSD card writer

* Another computer that is connected to the Internet
* An Internet connection for the board

* A LAN cable (if you are using the Raspberry Pi A+ you'll need a powered
USB hub, a wireless LAN connection, and a Wireless LAN device; you'll
learn how to configure this later in the chapter)

[2]
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The unboxing

The first step to building any project with Raspberry Pi is to become familiar with
Raspberry Pi itself. The Raspberry Pi comes in a box with a power cable. The
following image shows what the Raspberry Pi B+ board looks like:

And the next image is that of the Raspberry Pi A+ board:

[3]



Getting Started with Raspberry Pi

Before plugging anything in, inspect the board for any issues that might have
occurred during shipping. This is normally not a problem, but it is always good to
do a quick visual inspection. You should also familiarize yourself with the different
connections on the board. Here is the B+ board, labeled for your information:

The labels for the A+ board are shown in the following image:

[4]
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Powering your board

Let's first power the board. To do this, you'll need to go through the USB client
connection. This is done by performing the following steps:

1. Connecting the microUSB connector end of the cable to the board.

2. Connecting the standard sized USB connector to either a PC, or a compatible
DC power source that has a USB connection. If you are connecting it to a
PC, the USB 2.0 standard requires only 500 mA be available. The USB 3.0
standard requires only 900 mA be available. This means that some computers
may not supply enough current for the Raspberry Pi to work correctly.

If you are going to use a DC power source at the standard USB connector end, make
sure that the unit can supply enough current. You'll need a supply that can provide
at least 1000 mA at 5 volts.

When you plug the board in, the PWR LED should be red. Here is a close up of the
LED locations, just so you're certain which one to look for:

If you've reached this point, congratulations! You're ready for the next step.

[51]
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Hooking up a keyboard, mouse, and
display

Now that you know your board works, you're going to add peripherals so that it can
operate as a standalone computer system. This step is optional, as in the future, your
projects will often be in systems where you won't connect directly to the board with
a keyboard, mouse, and display. However, this can be a great learning step, and is
especially useful if you need to do some debugging on the system.

You'll need the following peripherals:
* A USB mouse

* A USB keyboard (this can be wireless, and can contain a built-in mouse pad)

* A display that accepts HDMI or DVI-Video, although using a DVI input will
require an adapter

* A powered USB hub (you will need this if you are going to use the Raspberry
Pi A+ version for the projects)

You may have most of this stuff already, but if you don't, there are some things to
consider before buying additional equipment. Let's start with the keyboard and
mouse. Most mice and keyboards have separate USB connectors. This normally
works fine for the Raspberry Pi model B+, as it has four USB ports. If you are going
to use the Raspberry Pi A+ model, you may want to choose a keyboard that has a
mouse pad built-in.

If you are using the Raspberry Pi A+ model, you will want to consider purchasing a
powered USB hub. Before deciding on the hub to connect to your board, you need to
understand the difference between a powered USB hub and one that gets its power
from the USB port itself. Almost all USB hubs are not powered, that is, you don't
plug in the USB hub separately. The reason for this is that almost all of these hubs are
hooked up to computers with very large power supplies and powering USB devices
from the computer is not a problem. This is not the case for your board. The USB
port on your board has very limited power capabilities, so if you are going to hook
up devices that require significant power —a WAN adapter or webcam for

instance — you're going to need a powered USB hub, one that provides power to

the devices through a separate power source. Here is an image of such a device,
available at www . amazon . com and other online retailers:

[6]
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Notice that on this hub, there are two connections. The one to the far right is a power
connection, and it will be plugged into a battery with a USB port. The connection to
the left is the USB connection, which will be plugged into the Raspberry Pi.

Now, you'll also need a display. Fortunately, your Raspberry Pi offers lots of choices
here. There are a number of different video standards; here is an image of some of
the most prevalent ones, for reference:
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Getting Started with Raspberry Pi

There is an HDMI connector on the Raspberry Pi A+ and B+. To use this connector,
simply connect your cable with regular HDMI connections to Raspberry Pi and your
TV or monitor that has an HDMI input connector. HDMI monitors are relatively
new, but if you have a monitor that has a DVI input, you can buy relatively
inexpensive adapters that provide an interface between DVI and HDMI.

Don't be fooled by adapters that claim that they go from HDMI or DVI to VGA, or
HDMI or DVI to S-video. These are two different kinds of signals: HDMI and DVI
are digital standards, and VGA and S-video are analog standards. There are adapters
that can do this, but they must contain circuitry and require power, and are
significantly more expensive than any simple adapter.

You are almost ready to plug in the Raspberry Pi. Make sure you connect all your
devices before you power on the unit. Most operating systems support the hot-swap
of devices, which means you are able to connect a device after the system has been
powered, but this is a bit shaky. You should always cycle power when you connect
new hardware.

Even though your hardware configuration is complete, you'll still need to complete
the next section to power on the device. So, let's figure out how to install an
operating system.

Installing the operating system

Now that your hardware is ready, you need to install an operating system. You
are going to install Linux, an open-source version of Unix, on your Raspberry Pi.
Now Linux, unlike Windows, Android, or iOS, is not tightly controlled by a single
company. It is a group effort, mostly open-source, and while it is available for free,
it grows and develops a bit more chaotically.

Thus, a number of distributions have emerged, each built on a core set of similar
capabilities referred to as the Linux kernel. These core capabilities are all based

on the Linux specification. However, they are packaged slightly differently, and
developed, supported, and packaged by different organizations. Debian, Arch, and
Fedora are the names of some of the versions. There are others as well, but these are
the main choices for the distribution that you might put on your card.

[8]
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I choose to use the Raspbian, a Debian distribution of Linux, on my Raspberry Pi
projects for a couple of reasons. First, the Debian distribution is used as the basis for
another distribution, Ubuntu, and Ubuntu is arguably the most popular distribution
of Linux, which makes it a good choice because of the community support that it
offers. Also, I personally use Ubuntu when I need to run Linux on my personal
computer. It provides a complete set of features, is well organized, and generally
supports the latest sets of hardware and software. Having roughly the same version
on both my personal computer and my Raspberry Pi makes it easier for me to use
both as they operate, at least to a certain degree, the same way. That lets me try
some things on my computer before trying them on the Raspberry Pi. I've also found
that Ubuntu/Debian has excellent support for new hardware, and this can be very
important for your projects.

So, you are going to install and run Raspbian, on your Raspberry Pi.

There are two approaches to getting Raspbian on your board. The board is getting
popular enough for you to buy an SD card that already has Raspbian installed, or
you can download it onto your personal computer and then install it on the card. I'll
assume you don't need any directions if you want to purchase a card —simply do an
Internet search for companies selling such a product.

If you are going to download a distribution, you need to decide if you are going

to use a Windows computer to download and create an SD card, a MAC OS X, or

a Linux machine. I'll give brief directions for the Windows computer and Linux
machines here. For directions on the MAC OS X, go to: http://www.raspberrypi.
org/documentation/installation/installing-images/mac.md.

First, you'll need to download an image. This part of the process is similar for both
Windows and Linux. Open a browser window. Go to Raspberry Pi organization's
website, www. raspberrypi.org and select the Downloads selection at the top of the
page. This will give you a variety of download choices. Go to the Raspbian section,
and select the . zip file just to the right of the image identifier. This will download an
archived file that has the image for your Raspbian operating system. Note the default
user name and password; you'll need that later.

[o]
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If you're using Windows, you'll need to unzip the file using an archiving program
like 7-Zip. This will leave you with a file that has the . img extension, a file that can
be imaged on to your card. Next, you'll need a program that can write the image to
the card. I use the Image Writer for Windows program. You can find a link to this
program at the top of the download section on the www . raspberrypi .org website.
Plug your card into the PC, run this program, and you should see this:

-

4 Win32 Disk Imager o | =@ | &=
Image File Device

B ]

[C] MD5 Hash:

Progress

Cancel Read Write

Waiting for a task.

Select the correct card and image; it should look something like this:

* Win32 Disk Imager l = | [5] H&J
Image File Device
19-wheezy-raspbian/2014-09-09-wheezy-raspbian.img

[] MDS Hash:
Progress
Cancel Read ” Write ” Exit

Then click on the Write button. This will take some time, but when it is complete,
eject the card from the PC.

[10]
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If you are using Linux, you'll need to un-archive the file and then write it to the card.
You can do all of this with one command. However, you do need to find the /dev
device label for your card. You can do this with the 1s -1a /dev/sd* command.

If you run this before you plug in your card, you might see something like the
following screenshot:

@S ® richard@vicki-automated: ~

richard@vicki-automated:~$ ls -la /dev/sd*
brw-rw---- 1 root disk 8, @ Jul 4 18:34 fdev/sda
brw-rw---- 1 root disk 8, 1 Jul 4 18:34 [dev/sdal
brw-rw---- 1 root disk 8, 2 Jul 4 10:34 fdev/sda2
brw-rw---- 1 root disk 8, 5 Jul 4 16:34 fdev/sdas
richard@vicki-automated:~5 |J

After plugging in your card, you might see something like the following screenshot:

DS @ richard@vicki-automated: ~

richard@vicki-automated:~$ 1s -la fdev/sd*
-rwW---- 1 root disk 8, © Jul 4 10:34 [dev/sda
-TW---- root disk 8, 1 Jul 4 10:34 [dev/sdal
root disk 8, Jul 4 10:34 [dev/sdaz
root disk Jul 4 16:34 [dev/sdas
root disk 5 Jul 11 89:50 fdev/sdb
- root disk Jul 11 09:50 [dev/sdbi
1 root disk Jul 11 69:50 [dev/sdb2

richard@vicki-automated:~$ ||

Note that your card is at sdb. Now, go to the directory where you downloaded the
archived image file, and use the following command:

sudo dd if=2014-09-09-wheezy-raspbian.img of=/dev/sdX

[11]
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The 2014-09-09-wheezy-raspbian.img command will be replaced by the image
file that you downloaded, and /dev/sdx will be replaced by your card ID in this
example, /dev/sdb. Be careful to specify the correct device as this can overwrite the
data on your hard drive. Also, this may take a few minutes. Once the file is written,
eject the card and you are ready to plug it into the board and apply power.

Make sure your Raspberry Pi is unplugged and install the SD card into the slot. Then
power the device. After the device boots, you should get the following screenshot:

&P pi@raspberrypi: ~ (=10 [ Y <3

Raspberry Pi Software Configuration Tool (raspi-config)
Setup Options

1 Expand Filesyste Ensures that all of the SD card s
2 Change User Password Change password for the default u
3 Enable Boot to Desktop/Scratch Choose whether to boot into a des
4 Internaticnalisation Options Set up language and regional sett
5 Enable Camera Enable this Pi to work with the R
6 Add to Rastrack Add this Pi to the online Raspber
7 overclock Configure overclocking for your P
8 Advanced Options Configure advanced settings

9 About raspi-config Information about this configurat

<Select> <Finish>

You are going to do two things, and perhaps another, based on your personal
preference. First, you'll want to expand the file system to take up the entire card.
So, hit the Enter key, and you'll see the following screenshot:
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@ pi@raspberrypi: ~

Root partition has been resized.
The filesystem will be enlarged upon the next reboot

Hit Enter once again and you'll go back to the main configuration screen. Now select
the Enable Boot to Desktop/Scratch option, as shown in the following screenshot:

@ pi@raspberrypi: ~

Setup Options

Expand Filesystem

Change User Password

Enable B
Internationalisation Options
Enable Camera

Rdd to Rastrack

overclock

Advanced Options

Bbout raspi-config

wom -1 oon e PR

<Select>

Raspberry Pi Software Configuration Tool

(raspi-config)

Ensures that all of the SD card s
Change password for the default u
into a des
Set up language and regicnal sett
Enable this Pi to work with the R
Add this Pi to the online Raspber
Configure overclocking for your P
Configure advanced settings
Information about this configurat

<Finish>

= e =
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