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Preface

7KH ZRUOG Rl KRPH DXWRPDWLRQ LV DQ H[FLWLQJ AHOG WKDW KI
few years with many new technologies in both the commercial and open source

worlds. This book provides a gateway for those interested in learning more about

the topic and building their own projects.

With the introduction of the Raspberry Pi computer in 2012, a small and powerful
tool is now available to the home automation enthusiast, programmer, and electronic
hobbyist that allows them to augment their home with sensors and software.

Combining the Raspberry Pi with the power of the open source Arduino platform,
this book will walk you through several projects for building electronic sensors and
introduce you to software that will record this data for later use.

What this book covers

Chapterl, An Introduction to the Raspberry Pi, Arduino, and Home Automatioriroduces
you to the technologies used in this book and provides a background to the world
of home automation.

Chapter2, Getting Started Part 1 — Setting up Your Raspberry ®@aches you about the
Raspberry Pi and how to set it up, ready to use on your projects.

Chapter3, Getting Started Part 2 — Setting up Your Raspberry Pi to Arduino Bridge Shield
provides you with a guide to setting up your Raspberry Pi to Arduino bridge
shield and downloading the necessary libraries.

Chapter4, Our First Project — A Basic Thermometdrelps you to build a thermometer
and introduces you to a variety of electronic components.
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Chapter5, From Thermometer to Thermostat — Building upon Our First Projegpands upon
our Thermometer project, turning it into a working thermostat that can switch relays
on and off.

Chapter6, Temperature Storage — Setting up a Database to Store Your Resyiteres
storing data output from your Thermostat, and then accessing it via a web browser.

Chapter7, Curtain Automation — Open and Close the Curtains Based on the Ambient, Light
teaches you how to integrate motors into your projects for opening and closing
blinds and curtains, using the skills learned in previous chapters.

Chapter8, Wrapping up provides an overview of other technologies you can use in
your project and a look towards the future of home automation.

Appendix Referencedists a collection of links pointing you towards the resources used
in this book and other interesting information.

What you need for this book

For this book, you will need the following components and software:

A computer running Mac OS X, Windows, or Linux

A Raspberry Pi computer

An SD card

HDMI cable

Access to an HDMI television or HDMI computer monitor
A USB keyboard and mouse

USB power supply for the Raspberry Pi

Cooking Hacks Raspberry Pi to Arduino bridge shield
Electronics breadboard

10K resistor

Thermistor

Photo resistor

Jumper wires with male connectors

An LED

9V DC motor

9V battery with connector for screw terminals
Arduino Motorshield

A soldering iron

A desoldering iron/gun

H H X X X X X X X X X X X X X X X X X

[2]
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Other software required for the projects in this book will be downloaded from the
Internet with step-by-step instructions in the relevant chapters.

Who this book is for

This book is aimed towards the amateur home automation enthusiast who has
some basic skills in programming and is looking for some simple projects to
get started with. An in-depth knowledge of electronics is not required, and the
book provides a step-by-step guide to setting up components and software in
each chapter.

No prior knowledge of the Linux operating system or the Raspberry Pi is needed,
although exposure to these technologies will certainly be helpful.

Conventions

,Q WKLV ERRN \RX ZLOO AQG D QXPEHU RI VW\OHV RI WH[W WKDW
different kinds of information. Here are some examples of these styles, and an
explanation of their meaning.

Code words in text are shown as follows: "The previous program contains two
functions, void setup() and void loop() "

A block of code is set as follows:

void setup(void) {
printf("Starting up thermometer \n");
Wire.begin();

}

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

mkdir arduPi
cd arduPi

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: "Select
the Accessories option from the menu".

[3]
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Warnings or important notes appear in a box like this.

~\l
Q Tips and tricks appear like this.

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 tofeedback@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

<RX FDQ GRZQORDG WKH H[DPSOH FRGH AOHV IRU DOO 3DFNW ER
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

KDYH WKH AOHV H PDLOHG GLUHFWO\ WR \RX

[4]
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Errata

Although we have taken every care to ensure the accuracy of our content, mistakes

GR KDSSHQ ,I \RX AQG D PLVWDNH LQ RQH RI RXU ERRNV3PD\EH C
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

ERRN ,I \RX AQG DQ\ HUUDWD SO H Bty v d8ubW WKHP E\ YLVLWL
com/support , selecting your book, clicking on the errata submission form link, and

HQWHULQJ WKH GHWDLOV RI \RXU HUUDWD 2QFH \RXU HUUDWD D
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

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

[5]
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An Introduction to the
Raspberry Pi, Arduino, and
Home Automation

This chapter provides an introduction to the Raspberry Pi, Arduino, and the subject
of home automation.

We'll look at the history of the Raspberry Pi and how it came to be, as well as the
Arduino platform — an open source microcontroller that provides developers with a
means to interact with their surroundings, through a variety of sensors and motors.

Finally, we will wrap up the chapter by covering home automation and how
technologies such as the Raspberry Pi have put the ability to build complex
sensor based systems in the hands of the open source community.

Let's start by looking at what we will be covering in the coming chapters.

What we will explore in this book

We have a number of exciting projects ahead that will slowly introduce you to
home automation via the technologies of the Raspberry Pi and Arduino. These
projects include:

Writing software to control hardware

Building a thermometer using a thermistor

Turning the thermometer into a thermostat using relays

Controlling electric motors using a motor shield

H + +H+ +H +H

Writing software for storing sensor data generated by your projects
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An Introduction to the Raspberry Pi, Arduino, and Home Automation

By completing each chapter in the book, you will gain a basic knowledge of building
circuits and hardware for home automation projects. You will learn about writing
software to both control your projects and record the data generated by them.
Finally, we will look towards future projects you can build with your new skills.

Our next step is to learn a little about the background of the technologies we are
going to be using. We will start with the Raspberry Pi.

History and background of the
Raspberry Pi

JURP WKH AU M\Wie ¥dnputexsPto the tape and punch card machines of the
V DQG WKH AUVW PLFURSURFHVVRU PDLQIUDPHV RI WKH vV F
been the preserve of large businesses and university research departments. However,
by the late '70s, with the release of the Apple Il and earlier seeds planted by such
technology as the TV Typewriter and Apple I, this was rapidly changing.

As the '80s rolled into view, the public saw low-cost home computers such as the ZX
Spectrum and Commodore 64 hit the mass market and subsequently give birth to a
whole generation of amateur programmers. By the '90s, these programmers, brought
up on tinkering with their home computers and writing BASIC, were heading into
academia and the computer industry, and helping to forge the dot.com boom with
game, web, open source, and business technologies.

The genesis of the Raspberry Pi is in many ways linked to this. A group of computer
scientists lead by Eben Uptonat the University of Cambridge's Computer Laboratory
in 2006 struck upon the idea of producing a cheap educational micro-computer
geared towards the amateur computer enthusiast, budding students, and children.
The aim was to help to provide the skills to future Computer Science undergraduate
applicants that many of those applying in the '90s possessed, thanks to the home
computers of the '80s.

However it would be another two years before the project became viable, and not
until 2012 before the Raspberry Pi was being shipped out to the public.

The 2000s saw a huge growth in mobile computing technologies, a large segment
of this being driven by the mobile phone industry. By 2005, ARM — a British
manufacturer of CPU core components and a by-product of the '‘80s home computer
company Acorn, had grown to where 98 percent of mobile phones were using their
technology. This translated into around 1 billion CPU cores. ARM technology would
later end up being featured on the Raspberry Pi with the ARM ARM1176JZF-S
processor core being used.

[8]
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Chapter 1

During the same period, Ebon Uptondesigned several concepts for the Raspberry Pi
and by 2008, thanks to a by-product of the increasing penetration of mobile phone
technology, the cost of building a miniature, portable microcomputer with many of
the multimedia functions that the public were accustomed to was becoming viable.

Thus the Raspberry Pi foundation was formed and set about the task of developing
and manufacturing the Raspberry Pi computer.

%\ W K AIpAdmowéls were being produced and tested, and the public
AQDOO\ JRW WR VHH ZKDW WKH 5DVSEHUU\ 3L ZDV FDSDEOH RI

Demos of Quake Il Arena and full HD/1080p video showed that the tiny computer
could pack a big punch for low cost.

Finally in 2012, the Raspberry Pi was ready for public consumption. Two versions of
the Raspberry Pi were scheduled to be manufactured, namely models A and B, with
% EHLQJ UHOHDVHG AUVW

The model A board which will not include an Ethernet port and will consume
considerably less power than the model B was given a price tag of $25.

The model B that includes an Ethernet port was given a target price of $35 USD
and manufacturing in China started. This would later be moved to the UK with
Sony taking over the process.

After several setbacks, including the wrong Ethernet port being attached to the

early batches and several compliance regulations having to be passed, the Raspberry
Pi was making its way into the hands of tech enthusiasts across the globe to a

great reception.

6R ZKDW H[DFWO\ GRHVY WKH 5DVSEHUU\ 3L ORGHO % \RX UH KROG

5DVSEHUU\ 3L KDUGZDUH VSHFL¢{(FDWL

Wewil EULHA\ JR RYHU VRPH RI WKH FRUH FRPSRQHQWY WKDW PDN
to give you a better feel for what it is capable of.

The Raspberry Pi is built off the back of the Broadcom BCM2835. The BCM2835 is a
multimedia application processor geared towards mobile and embedded devices.

On top of this, several other components have been included to support USB, RCA,
and SD card storage.
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An Introduction to the Raspberry Pi, Arduino, and Home Automation

We will now look at some of the core-components of the Raspberry Pi board.
7KH IROORZLQJ AJXUH KLJKOLJKWY VRPH RI WKHVH ZLWK D GHVFL

| GPIOPins | |RCA [Audio
SD card
port CPUIGPY USB
Micro
PUSB Ethernet
ower HDMI :

Dimensions

The Raspberry Pi is a small device coming in at 85.60mm x 53.98mm x 17mm and
weighing only 45g. This makes it perfect for home automation, where a small device
can be placed in a case and mounted inside an electrical box, or replace an existing
thermostat device on a wall.

3.5mm analog audio jack

The 3.5mm analog audio jack allows you to connect headphones and speakers to the
Raspberry Pi. This is especially useful for audio and media player based projects.

Composite RCA port

You are probably familiar with the composite cables used to hook up your DVD
player to the TV. They usually come in the red, white, and yellow plug variety.
The Raspberry Pi has a port for attaching the yellow video cable from your TV
to it, allowing you to use your TV as a monitor.

/ZR 86 % SRUWV SOXV RQH PLFUR 8¢

USB is one of the most common methods for connecting peripherals and storage
devices to a computer. The Raspberry Pi comes equipped with two of them, allowing
you to hook up a keyboard and mouse when you get started and a micro USB port
for powering your device.

[10]
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HDMI port

The +LJK '"HAQLWLRQ 0XOWL PHGL Dort@IMing the R&sdberry O,

3L WR EH KRRNHG XS WR KLJK GHAQLWLRQ WHOHYLVLRQV DQG PR
technology. This provides an additional option to the composite RCA port for

video and additionally supports audio.

Should you wish to stream video and audio from the web to your TV, this is the
port you would want to use.

SD card port

The main storage mechanism of the Raspberry Pi is via the SD card port. The SD card
will be where we install our operating system and will act as our basic hard disk. Of
course, this storage can be expanded upon using the USB ports.

0 % 0% 6'5$0 VKDUHG ZLWK *38

The Raspberry Pi comes equipped with 256 MB of SDRAM on older versions of the
model B and 512 MB on the newer revisions. This isn't a huge amount, and much less
than you would expect on a PC, where RAM is available in gigabytes. However, for
the type of applications we will be building, 256 MB or 512 MB of RAM will be more
than enough.

CPU

Early in this chapter we touched upon ARM — the British manufacturers of central
processor unit (CPU) cores. The Raspberry Pi comes equipped with a 700 MHz,
ARM1176JZF-S core — part of the ARM 11 32-bit multi-processor core family.

The CPU is the main component of the Raspberry Pi, responsible for carrying out the
instructions of a computer program via mathematical and logical operations.

The Raspberry Piis in good company using the ARM 11 series and has joined the
ranks of the iPhone, Amazon Kindle, and Samsung Galaxy.

GPU

The graphics-processing unit (GPU) is a specialized chip designed to speed up the
manipulation of image calculations.

In the case of our Raspberry Pi, it comes equipped with a Broadcom VideoCore IV
capable of hardware accelerated playback and support for OpenGL.

[11]
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An Introduction to the Raspberry Pi, Arduino, and Home Automation

This is especially useful if you want to run games or video via your Raspberry Pi,
or work on 3D graphics in an open source application such as Blender.

Ethernet port

The Ethernet port is the Raspberry Pi's main gateway to communicating with
other devices and the Internet. You will be able to use the Ethernet port to plug
your Raspberry Pi into a home router such as the one you currently use to access
the Internet, or a network switch if you have one set up.

GPIO pins

The General Purpose Input/Output (GPIO) pins on the Raspberry Pi are the main
way of connecting with other electronic boards such as the Arduino.

As the name suggests, the GPIO pins can accept input and output commands and
thus can be programmed on the Raspberry Pi.

The Arduino shields will be attached to the GPIO via a bridge shield allowing us to
transfer data from sensors soldered to the device back to the Raspberry Pi. This is
especially useful in home automation projects, where we may wish to store sensor
data or manipulate motors based upon a program running on the Raspberry Pi's
operating system.

Having touched upon the technical capabilities of the Raspberry Pi, we will now
look at the Arduino and the Raspberry Pi to Arduino shield, a way to connect the
two technologies via the GPIO pins.

History and background of Arduino

One of the most popular open source hardware products to have hit the market
is the Arduino platform — a branch off of the earlier open-source Wiring platform.
Developed in Italy by Massimo Banzand David Cuartiellesn 2005, Arduino is an
open source hardware technology coupled with a programming language and an
Integrated Development Environment (IDE).

The Arduino platform allows the user to create custom hardware and applications
to control it via its namesake programming language.

[12]
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Currently, there are several board models on the market ranging in size and
components. For example, the Lilly Pad allows enthusiasts to attach an Arduino
board to clothing for electronic textile-based projects. These boards support a wide
range of "shields" — Arduino compatible electronic boards that can be plugged into
it and expand its functionality. One particular extension has been the introduction
of Ethernet shields and wireless Xbee devices to allow communication with home
networks and the Web.

7KH E H@ théAktuino for amateur enthusiasts has been that little or no
knowledge of how electronics are soldered together is required to use the pre-built
shields. However, as the user becomes more comfortable with the technology, he/
she can progress to building his/her own projects using the numerous kits and
sensors available on the market.

This easy adoption has helped to contribute to the number of websites and books
dedicated to home automation projects using the technology.

In this book, we will not be using one of the Arduino microcontroller boards, the

5DVSEHUU\ 3L ZLOO IXOAOO WKLV UROH +RZHYHU ZH ZLOO EH XV
Arduino shield. This will allow us to connect shields and other components to

the Raspberry Pi and control them via the Arduino programming language.

Raspberry Pi to Arduino shield connection
bridge

For our project, the particular Raspberry Pi to Arduino shield we will be using is
produced by Cooking Hacks, an offshoot of the Libelium wireless communications
company based in Spain.

Their website can be found at http://www.cooking-hacks.com

The Cooking Hacks shield is connected to the Raspberry Pi's GPIO pins, and with
the inclusion of the arduPi software, you will be able to communicate between your
electronic devices, the Raspberry Pi's operating system, and web-based projects.

Let's take a quick look at the shield and its components.

6KLHOG VSHFL¢{¢FDWLRQV

The Raspberry Pi to Arduino shield is a credit card sized electronics board that

mimics an Arduino microcontroller in its layout. The Raspberry Pi connector is

under the board, and the top of the board contains typical pins and connectors

\RX ZRXOG AQG RQ DQ $UGXLQR ERDUG VXFK DV WKH 8QR
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7KH IROORZLQJ AJXUH KLJKOLJKWYV \oRiRtéteRanWaK H NH\ FRPSRQHQW
description of each is also listed:

UART ping, Digital GPIO and
SPI pins

Xbee socket

ICSP

Xbee socket

Power
source
selector

Power, analog and 12C
pins

;% HH VRFENHW

The two Xbee sockets on the shield provide support for Xbee wireless radio
communication modules. Our Raspberry Pi comes equipped with an Ethernet
port, so we will not need to use these for any of our home automation projects.
If, however, you wish to switch out Ethernet for Xbee devices instead, these are
the connectors you can use.

Power source selector

The power source selector is a small switch located on the side of the shield that can
be used to enable an external power source.

UART

The 8QLYHUVDO $VV\QFKURQRXYV 5 d§F4bL)vidihe setibDipivt andw W H U
output port for your bridge shield and is marked with Rx and Tx. This can be used
to transmit serial data, such as text and is useful for debugging code, for example.

Digital GPIO pins
The digital I/O pins provide a place where you can hook up other electronic

components. For example, you can solder a temperature sensor to pin 2 and
then, via the Arduino programming language, read the data transmitted from it.

[14]
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Serial Peripheral Interface (SPI) pins

SPI pins can be used to connect a peripheral device to your Arduino shield. The SPI
includes the SCK (6HU LD O),06KBDVWHU ,Q 6)0abd¥®i28 XOWDVWHU
2XW 60Dpns. ,Q

In Circuit Serial Programmer (ICSP) connector

The ICSP allows us to program the Arduino microcontroller. For our project,
we will not need this, as the Raspberry Pi will be taking the place of the Arduino
microcontroller.

Power pins

The power pins can be used when hooking up a device to the shield. For example,
a device drawing power from the shield and writing data back to it will need to use
one of the power options (5V or 3.3V) and also the grounding pin.

Analog inputs

The analog inputs can be used to hook up devices such as potentiometers (commonly
found as twisting knobs for changing things such as volume), which send an analog
signal to the shield.

This is the analog counterpart of the digital GPIO pins described earlier.

Raspberry Pi GPIO connector

The Raspberry Pi GPIO connector can be found on the bottom of the shield. This is
where you will connect your Raspberry Pi to Arduino bridge shield to the Raspberry
Pi's GPIO pins.

Soldering

Soldering is the process of attaching electronic components together using a heated
PHWDO AOOHU WKH VROGHU LQ RUGHU WR DOORZ WKH HOHFWU

At this point, it is worth mentioning that practicing some soldering before you start
building the projects in this book is worth the effort, but not strictly necessary. If you
are a novice, do not worry as there will be minimal soldering.
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Also if you have any old PC hardware sitting around, like a graphics card no longer
in use, you can practice un-soldering and re-soldering the components until you
get comfortable with the process. These will also help you get used to handling the
soldering iron and de-soldering tool.

Writing software for the Arduino

After you set up the Arduino shield and plug it into the Raspberry Pi, you will
probably be wondering how to interact with it. After all, it has sensors and LEDs,
but these are nothing without applications to control them in a meaningful manner.

Many software languages are available on the Raspberry Pi and we are interested
in four. These are the Arduino programming language, Python, SQL, and HTSQL.

The Arduino programming language — a subset of C++ — provides us with a tool

for programming Arduino compatible shields and the components connected to
WKHP 2QH EHQH A WedRriol¥gy is@hat iveikelis/a wealth of programs and
libraries online that can be used for future projects. You will be using this language
in the Geany IDE for writing the core applications that will be reading data from
sensors attached to your projects.

The next language we will be using is Python. Python is a high-level programming
language developed in the late '‘80s byGuido Van Rossummamed after the popular
comedy show Monty Python's Flying Circus

This language allows you to build web and database applications that can be used
to process the output of Arduino programs. We will be using Python to build a web
application that can process data sent to it and then insert it via SQL (Structured
Query Language) into an SQLite 3 database.

We will also use SQL for building the database that our Python script connects

to. In conjunction with the SQLite database management system we will construct
a repository for storing some of the results from our projects, for example,
temperature data.

Finally we will also be using HTSQL (Hyper Text Structured Query Language) to
provide a web interface to our database that is easy to query via the web browser.

HTSQL allows us to set up a server pointed to our database and then query it
without having to write further server-side code.

Now that we have looked at our tools for building home automation systems,
the Raspberry Pi and Arduino, lets look at what home automation is.

[16]
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What home automation is

Having picked up this book, you may already have an idea of what home
automation is, but just in case, we'll give you a quick overview of the subject
and the open source technology that is driving many projects out there today.

Home automation is more than just a remote control for your TV! Examples include
programming your DVR to record your favorite shows, setting the AC unit to come
on when it reaches 76 degrees Fahrenheit, and installing a fancy alarm system that
contacts the police in the instance of a break-in.

Also known as domotics (a portmanteau between domestic and informatics), home
automation can be summed up as the mechanism of removing as much human
interaction as technically possible and desirable in various domestic processes, and
replacing them with programmed electronic systems—essentially the automation of
the home and housework.

A history of home automation

Concepts for home and building automation were around for decades before

EHFRPLQJ UHDOLW\ DQG IHDWXUHG LQ WKH ZULWLQJ RI WKH WK
HG Wells comics, and cartoons such as the Jetsons. American industrialist

George Westinghous$elped to pioneer the AC (Alternating Current) electrical

system — which the X10 home automation standard would later run over — and

in 1966, the company that bears his name, Westinghouse Electric, employed an

HQJLQHHU ZKR GHYHORSHG ZKDW FRXOG DUJXDEO\ EH FDOOHG W
home automation system — the ECHO IV.

The (OHFWURQLF &RPSXWLQ((&RBD Wa2fSatlited intRelApril 1968

edition of Popular Mechanics and had been expanded from a set of spare electronics

- both in the physical and literal sense, to include computing its founder Jim

6XWKHUODQG V IDPLO\ KRXVHKROG AQDQFHY DQG VWRULQJ WKHL
an array of other tasks.

You can still read the original Popular Mechanics article online at Google books
(http://books.google.com/books?id=AtQDAAAAMBAJ&pg=PA77&source=gbs_toc
_r&cad=2#v=onepage&q&f=false ).

The ECHO never went commercial and through the '60s, hobbyists and a number of
large companies such as Honeywell toyed with the idea of computerizing the home,

however it was the '70s, much as with personal computing, that saw the birth of the

modern era of home automation technology.
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X10 — a standard is born

The beginning of modern home automation technology can be argued to be found
with the introduction of the X10 technology standard. Conceived in 1975 by Pico
Electronics, who later partnered with Birmingham Sound Reproducers, X10 laid out
the framework for allowing remote control access of domestic appliances. The X10
standard was designed to allow transmitters and receivers to work over existing
electrical wiring systems by broadcasting messages such as "turn off* and "turn on"
via radio frequency bursts.

Three years later in 1978, X10 products began to make their way into stores geared
towards electronics enthusiasts and shortly after, in the '80s, the CP-290 computer
interface made its way into the market for the Mattel Aquarius computer.

The CP-290 unit allowed computers to communicate with X10 compatible
appliances in the home. Over the years, support for Windows and Mac has been
included, and gave those interested in home automation the ability to program
their lighting systems, thermostats, and garage doors from their home computers.

As revolutionary as X10 has been, it unfortunately KDG D QXPEHU RI ADZV
These included:

Wiring and interference issues

Commands getting lost in transmission

Limited scope of products supporting X10

Slow speed of signal transmission
Lack of encryption

T

¥

T

¥ Limited scope of commands available

T

¥

t /DFN RI FRQAUPDWLRQ PHVVDJH ZLWKRXW H[SHQVLYH WZR Z

By the late '90s, home automation still hadn't penetrated the home market on a

truly wide scale, however the technological advancements of the dot-com boom

were providing a whole new set of tools, protocols, and standards that addressed

PDQ\ RI WKH ADZV WKDW WKH ; VWDQGDUG KDV EHHQ OLPLWHG
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The dot.com boom and open source — a new

set of technologies

With the explosion of technologies that followed the birth of the web in the '90s,
home computing and networking technologies were now available to the public
and could easily and cheaply be installed at home. These technologies would later
provide ideal candidates for pushing the boundaries of what could be achieved by
home automation enthusiast, and provide the industry with the tools for building
smart home appliances and systems.

It was only a small step from PC to PC communicatioto appliance to PC communication

Home networks running on Ethernet and later WiFi provided a mechanism that
could allow computers and electronic appliances to communicate with one another
across a home without needing to use the existing electrical wiring. In the case of
WiFi, no extra cabling was required.

As protocols such as FTP and HTTP became the norm for accessing information
across the Internet, hardware developers saw the opportunity to leverage these
communications technologies in open source hardware devices. Where as X10
appliances had no way of knowing if a signal had been successfully sent without
the purchase of costly "two-way" devices, web technologies provide a whole
framework for returning error codes and messages.

At approximately the same time as the Arduino platform we introduced earlier was
EHLQJ GHYHORSHG compukerdvieie \Bedivring @ HaNeleased. From 2005
until now, there has been an explosion in mobile, tablet, and smartphone devices.
This growth has been commonly referenced to as the "post-PC" era.

These devices have provided mobile computing platforms that can run complex

VRIWZDUH DQG EH VPDOO HQRXJK WR AW LQ WKH XVHU V SRFNHW
applications have been developed for the iPhone and Android that allow

the user to control consumer electronics such as the TV.

Due to their size, portability, and in some cases, low cost, they have provided the
perfect platform for interfacing with home appliances and devices, and provided
an extension to a medium the user is familiar with.

Along side the explosion in hardware, there was also an equivalent explosion in
software. One particular product of interest that we will look at is the open source
Android operating system.
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The Android OS is a Linux-based operating system geared towards mobile devices.
As part of the Open Handset Alliance — a consortium of 84 companies operating in
the mobile sphere, Google backed and eventually purchased the Android mobile
operating system.

The aim has been to create an open source operating system that can compete with
companies such as Apple, and provide a robust system that can work across multiple
manufacturer devices.

As a result of this, commercial manufacturers of home appliances have begun
to embed the technology and software into their products, and a generation of
"smart-devices" has started to appear in stores around the world.

Commercial products

If you are interested in a smart refrigerator that can tell you the weather and keep
track of your groceries, or an oven that can be controlled via your smartphone, then
you are in luck.

Products such as the Samsung RF4289HARS refrigerator running Android and the
LG smart washing machine are paving the way for smart homes by embracing open
source and web-based technologies.

It is also not just appliances that are getting the makeover. Thermostat systems such
as the Nest — a company founded by ex-Apple employees-are re-thinking how smart
thermostats work.

Barcodes and QR codes on products now allow the consumer to scan them with
their smartphone and download information directly from the web providing details
on the item. This can be extended to allow scanning and inventory management of
products in the home, recording data such as consume — by dates of products in the
refrigerator, and dynamically generating shopping lists.

This combination of hardware, software, and information now provides the potential
for the home to become part of "an Internet of Things" to quote Kevin Ashton

Thanks to the open source and open-standard technology being used in these
devices, it is easy to combine home-brew projects built with the Raspberry Pi and
commercial products by companies such as LG, to build a smart home that creates a
network of devices that can communicate with one another to combine the execution
of tasks.

As we mentioned, home-brew systems such as the Raspberry Pi can form part of this
network; let's now look at the effects of the arrival of the Raspberry Pi on the world
of home automation.
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Arrival of the Raspberry Pi

With the arrival of the Raspberry Pi and the Raspberry Pi to Arduino shield, a
set of open source technologies now exist that combine the power of the PC, the
communication and multimedia technologies of the web, the ability to interact
with the environment of a microcontroller, and the portability of a mobile device.

This provides the perfect set of factors allowing us to build cheap devices for our
homes that can interface with commercial devices, but can be tailored for our own
needs while also providing a great tool for learning about technology.

For those familiar with Arduino devices, the Raspberry Pi combined with its shields
provide an all-in-one medium for creating devices without the need for a separate
PC or Mac—qgiving us an alternative to solutions that currently exist.

Also, thanks to the Raspberry Pi's mission of providing an educational tool for
those interested in programming, the addition of the Arduino shield will provide
a mechanism for those who wish to move from writing software that manipulates
the Raspberry Pi, to software that manipulates their environment and provides

a pathway for learning about electronics. This could have the positive effect of
bolstering the ranks of home-brew and Maker clubs with an eye towards home
automation and lead to an ever-greater diversity of tools being produced for

the public.

Summary

In this chapter, we have familiarized ourselves with the Raspberry Pi and Arduino.
We have also looked at some of the existing technologies used in home automation
and their history.

KHUH DV 6XWKHUODQG V (&+2 ,9 AOOHG D URRP LQ KLV KRXVH W
space not much larger than a credit card.

Home automation now seems to be taking the next step to becoming widely

DGRSWHG DQG WKH 5DVSEHUU\ 3L QHDWO\ AWV LQWR WKLV ZRUC
who want to customize control of their devices with an easy and a cheap tool for

achieving it, and by also expanding what can be done with Arduino technology

currently out in the market place.

'LWK WKLV LQ PLQG ZH ZLOO JHW VWDUWHG RQ RXU AUVW SURM!
Raspberry Pi.
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Getting Started Part 1 —
Setting up Your Raspberry Pi

In this chapter, we will look at setting up the Raspberry Pi. In order to use your

device you will need to start by installing an operating system onto an SD card.
Once this is in place, you can then install extra software for writing code and for
controlling devices which you connect to the GPIO pins.

There are several steps needed to get you up and running:
¥ Deciding whether to purchase an SD card with a pre-installed OS or a
blank card
¥ Formatting the SD card
¥ Choosing the right version of Linux
1 Installing the operating system
t 2SHUDWLQJ VI\VWHP FRQAJXUDWLRQ

Once we have completed these steps, we will be ready to get started with our home
automation projects.

The SD card — our Raspberry Pi's storage
device

An SD (VHF XU H )&#rd Ils\Wforé of portable high performance storage medium
available for electronic devices ranging from cameras to PCs.

The Raspberry Pi comes equipped with an SD card slot allowing us to insert an
SD card and use it as our devices' main storage mechanism, much like a hard disk
on aPC.
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While you can use other storage mechanisms such as a USB drive or USB external
hard drive, the SD card is small and thus lends itself better to embedded devices
such as those found in home automation projects.

There are a variety of brands of SD cards on the market, and they come in a range of
sizes. The Raspberry Pi supports larger SD cards such as those with 64 GB of storage
space. For the projects in this book, you should be using an SD card with a minimum
of 2 GB storage.

We will now look at the options available with regards to purchasing an SD card
pre-installed with the operating system and formatting and installing it ourselves.

Pre-installed SD card versus a blank one

Since the Raspberry Pi has been released, a number of websites are offering
preloaded SD cards that come installed with one of the operating systems that
are available for the Raspberry Pi.

These are a good option for amateur enthusiasts looking to get started with the
Raspberry Pi, who do not want to go through the setup process and are happy
with a pre-loaded single operating system.

For our project though, we are going to suggest that you purchase a blank SD card
DQG IROORZ WKH LOQVWUXFWLRQV LQ WKLV FKDSWHU
card, you will be introduced to an application called BerryBoot. BerryBoot allows

you to choose which operating system you would like to install. This will set you up

for future projects when you may wish to install more than one operating system or
choose one, other than the option that comes on a pre-loaded card.

With this in mind though, if you do not have a home PC or Mac to use in order to
format a blank SD card, we would recommend purchasing a pre-formatted card.
This should come loaded with the Debian Wheezy Raspbian OS, as this is the
version of Linux we will be using throughout the book.

Setting up the SD card

Before we can install our operating system, we need to set up the SD card. This

$IWHU \RX |

LQYROYHV IRUPDWWLQJ LW WR WKH )$7 AOHV\VWHP IRUPDW AUVW

)$7()LOH $0O ORF DMslarRéth@dused For recording which sectors of a disk

AOHV DUH VWRUHG LQ DQG ZKLFK VHFWRUV DUH IUHH WR EH ZUL\
1970s whereBill Gatesand Marc McDonald GHYHORSHG LW IRU XVH RQ ARSS\ GLVN

to its robustness and simplicity, it is still found on SD cards today and is the format
we will need in order to run our operating system selection application.
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After formatting the SD card, we will then install a program called BerryBoot. This
allows us to install our operating system onto the SD card, which the Raspberry Pi
will use.

So take your card and insert it into the SD cart port on your laptop or PC and we will
begin by formatting it.

Formatting our card

As explained LQ WKH SUHFHGLQJ VHFWLRQ LQ RUGHU WR LQVWDOO %
format the SD card to FAT format. This is a fairly simple task and can be performed
on your PC or Mac.

'KHQ SXUFKDVLQJ DQ 6' FDUG \RX PD\ AQG LW LV DOUHDG\ IRUPD
format is popular with devices such as digital cameras. Many manufacturers ship
the card so it is ready to go out of the box and no further formatting is required.

However, we have provided the following instructions for Windows 7, Mac OS X,
and Linux so you can re-format the card if it is pre-formatted or currently has data
RQ LW RU IRUPDW LW IRU WKH AUVW WLPH LI QHFHVVDU\

As newer versions of operating systems are released, sometimes menus are moved
DURXQG ,Q VXFK LQVWDQFHV \RX FDQ XVXDOO\ AQG RXW ZKHUH
instructions are online via Google or via the operating system's help menu.

Formatting instructions for Windows 7
The instructions that follow will guide you through formatting your SD card
under the Windows 7 operating system. Once complete, you will be ready to
install BerryBoot onto your SD card.

1. Click on the Start button on the Windows taskbar.

2. From the Start menu, click on Computer .

3. You will now be presented with a window containing a left-hand panel
listing items such as Favorites, Libraries , Computer,and 1HWZR UN
The right-hand panel will show your PCs storage devices.

From the list of devices in the right-hand panel, right-click on your SD card.
From the pop-up menu, left-click on Format.
You will now seethe ) RUPDW 5HPRY DpBpopgd 'LV N

Fromthe )LOH V \dtop-Hdwn, select ) $7 "H | D Xf@aav
already selected.

N o o ks

8. You can leave the other settings dropdowns as they are.
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9. Inthe 9ROXPH ODEMOHQWU\ AHOG W\SH RRSPBERRYFDUG QDPH DV
10. Checkthe4 X L FN ) R thBdRbBdX.

11. You are now ready to format the card.

12. Click on the Start button.

Windows will now format your SD card using the preceding settings.

Once successfully formatted, you will be presented with a popup informing you
that the process is complete.

Select 2. to close the popup. You are now ready to install BerryBoot on your
SD card.

Formatting instructions for Mac OS X

The steps that follow will walk you through formatting the SD card on a
Mac OS X machine. Once complete, your SD card will be ready to copy
over the BerryBoot application.

Openyour $SSOLFDiMderR Q V

2. Select the8 W L O foMEL i€lovi.
3. From the open folder, now select 'LVN 8W.LOLW\
4. The'LVN 8 Wwitdowill now open. On the left-hand side, you will see

alistof 'LVNYROXPahy'LVN ,PDJHV
Select your SD card from the left-hand menu.

6. Once selected, you will be presented with information about the disk in the
right-hand panel.

From this panel, select theErasetab.
You will now be presented with a set of options for formatting your SD card.
From the Format drop-down menu, select 06 ‘26 )$7

10. Name your SD cardRASPBERRYPI

11. We are now ready to format the card.

12. Click on the Erase button.

ODF 26 ; ZLOO QRZ IRUPDW \RXU 6' FDUG XVLQJ WKH VSHFLAFDWL|

You can now move onto the next step of installing BerryBoot.
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Formatting instructions for Linux

For formatting an SD card in Linux, we are going to use the mkdosfs program via the
terminal window.

There are a number of tools available for formatting and partitioning disks in Linux.
The mkdosfs SURJUDP IRUPDWYV D GHYLFH WR XVH DQ 06 '26 AOHV\VW}
FAT16 or FAT32.

For our project, we need the SD card formatted in FAT to install BerryBoot, so this
tool is perfect for the job.

1.
2.
3.

N o g bk

©

10.
11.

Load the terminal window.

Type the commanddf-h at the prompt.

You will now see a list similar to the following:
Filesystem  Size Used Avail Capacity Mounted on
/dev/diskl 465G 119G 345G 26% /
/dev/immcblkOp2 7.3G 671M 6.3G 10% /media/SDcard

Findthe AOHV\VWHP QDPH RI \RXU 6' FDUG DQG QRWH LW GRZQ
Also note down the directory it's mounted on.
If you are not logged in as root, switch user to root using su.

In order to format the SD card, you will need to un-mount it. In order to do
this, you will need to use the command unmount DQG SDVV LW WKH AOHV\VWHP

name you noted, for example, unmount /dev/mmcblkOp2
We can now use themkdosfs command to format the SD card.

Type the following command:
mkdosfs /dev/immchblkOp2 —F32

Your SD card will now be formatted to FAT(32).

1RZ UHPRXQW WKH 6' FDUG XVLQJ WKH AOHV\VWHP QDPH DQ(
you recorded earlier.

mount /dev/mmcblkOp2 /media/SDcard

Your SD card is now formatted and ready for copying BerryBoot onto it.
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%YHUU\%RRW =+ RXU WRRO IRU LQVYV
operating system

There are several ways of installing the OS onto the SD card, but by far the easiest of
them is BerryBoot.

BerryBoot is a Mac, Windows, and Linux compatible boot loader. It works by being
unzipped onto a formatted SD card and then when the Raspberry Pi is powered up,
it launches.

Once loaded it allows you to choose the operating system you would like to install
and walks you through the process. The BerryBoot application also helps you to
install multiple operating systems on a single SD card.

'RZQORDGLQJ WKH %YHUU\%RRW ]LS

2XU AUVW WDVN LV ZLOO EH WR GRZQORDG WKH %HUU\%RRW ]LS
http://www.berryterminal.com/doku.php/berryboot .

JLQG WKH GRZQORDG OLQN RQ WKH SDJH DQG GRZQORDG WKH ]JLS
around 21.3 MB.

Depending on the operating system you have installed your PC/Mac, you may
already have a zip/unzip application included.

If you do not have a zip/unzip application you can download the following for
Mac, Windows, and Linux.

Windows

The following two applications are GUI-based unzip and zipping tools that can be
installed on Windows:

T 7-zip: http://www.7-zip.org/
¥ WinZip: http://www.winzip.com/

Mac

For Mac OS X, you can use one of the following two applications. The popular
Windows zip tool WinZip also has a Mac version.

¥ WinZip for Mac: http://www.winzip.com/mac/
T Archiver: http://archiverapp.com/

[28]
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Linux

ForLinux, RQH Rl WKH EHVW WRROV IRU XQ]JLSSLQJ AOHV LV XQ]JLS 'l
Linux distribution, you can use the following command to install the unzip package.

For Red Hat Linux, Fedora, and RPM compatible versions of Linux:
yum install unzip

For Debian GNU/Linux versions:
apt-get install unzip

Once you have installed your unzip application, extract the contents of the BerryBoot
]JLS AOH \RX GRZQORDGHG WR \RXU 6' FDUG &RQWDLQHG ZLWKLQ
AOHV WKDW ZLOO EH XVHG ZKHQ WKH 5DVSEHUU\ 3L ERRWV XS IR

When the preceding process is complete, we are ready to connect up the Raspberry
Pi and peripherals so we can install the operating system.

Hooking up the Raspberry Pi

We are now going to set up our Raspberry Pi's hardware. You will need to complete

the following steps before attempting to power up the Raspberry Pi:

1. Ejectthe SD card from your PC/Mac and place it into the SD card port on

your Raspberry Pi.
Plug your Raspberry Pi into your monitor.
Attach your keyboard and mouse to the Raspberry Pi via the USB ports.
Using a Ethernet cable, attach your modem/router to your Raspberry Pi's
Ethernet port.

Once these steps are complete you can now power up your Raspberry Pi by
connecting the power unit to it.

On your monitor, you should now see the BerryBoot : H O F R §tkeen. This tells us
WKDW ZH KDYH VXFFHVVIXOO\ FRSLHG RYHU WKH AOHV WR WKH 6

our operating system selection.
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Downloading the right operating system

We now need to choose from the variety of operating systems that are available to
install the Raspberry Pi. For the purposes of our home automation project, we are
going to use the operating system called Raspbian. There are several reasons for
choosing this over another operating system.

Raspbian is based upon the Debian Wheezy Linux operating system and has been

optimized for use with Raspberry Pi. Mike Thompsorand Peter Greerof raspbian.

oog GHYHORSHG LW DQG ZKLOH QRW DQ RIAFLDO SURGXFW RI WKH
is the operating system the foundation recommends for beginners on their website.

For those of you not familiar with Linux, it is a group of open source operating
systems that uses the Linux Kernel and provides an alternative to applications
such as Windows.

Mac OS X users may be familiar that they are using a Unix-like operating system that

gives them many of the command-line functionalities that Linux users are familiar

ZLWK 7KH\ ZLOO DOVR AQG VRPH VLPLODULWLHV ZLWK WKH 5DVS
which we are installing on the Raspberry Pi.

There are several reasons for deciding to go with the Raspbian operating system that
are listed as follows:

¥ Raspbian has a desktop environment similar to Windows and Mac called
LXDE, so it provides an easy transition for those not familiar with Linux
command line.

T It comes pre-installed with software that will be useful for writing code for
the Raspberry Pi and Arduino such as Python. It also includes other software
that you may be interested in exploring that has an educational bent. One
example is Scratch, a tool for introducing programming to children.

¥ The operating system has been tailored to run on the Raspberry Pi. The code
FRPSLODWLRQ LV RSWLPL]HG IRU RQ FKLS ARDWLQJ SRLQW F
rather than a slower software-based method.

¥ There is wide spread community support for the operating system, meaning
that as you move forward with projects beyond this book, there will be
plenty of resources as well as help available to you.

1H[W XS LV D ZDON WKURXJK RI WKH SURFHVV RI LQVWDOOLQJ 5D
some important settings.
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Installing Raspbian
Once the Raspberry Pi is powered up, you will see the BerryBoot : H O F R $ti¢en.

Follow the steps to install Raspbian.
From the : H O F Rpodup, select the following settings:
1. If you have green borders at the top and bottom of your monitor, select the
radio button titted <HV GLVDEOMWM RYHUVFDQ

Fromthe 1IHWZRUN F R Q@i¢chFsdldcRIiGe Wired radio button.

Fromthe /RFDOH V,H&ewVth€appropriate options forthe 7LPH]RQH
and .H\ERDUG OMHRXGW

Once complete, select the2 . button.

5. Once you have clicked on 2., you will be takentothe 'LVN VHOHFWLRQ
screen. Here you will choose which storage device you want to install
your operating system on.

If you have other storage devices beyond your SD card connected to the Raspberry

Pi, you will also be given the option of using these. However we are going to use
the SD card.

1. Select your SD card from the list and then change the) LO H V \&&McHG®x

to H[W QR GlikeFATY&t4 LV D AOHV\VWHP DQG LQ WKLV LQVWD
geared towards Linux.

Now select the Format button.

Once the formatting is complete, we are presented withthe ,QVWDOO RSHUDWLQJ
V\V WddrBen from which we can choose Raspbian.

[31]
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4. Clickonthe '"HELDQ :KHH]\ 5DogtiE LD Q

This download is around 430 MB and depending on the speed of your Internet
connection, will take a few minutes.

Once complete, you will be presented withthe % HUU\% RRW P HQiXisHGLWRU
a screen with a menu and a list of operating systems currently installed on your
SD card.

Providing you haven't previously added any operating systems on your SD card,
there should be the one you justinstalled called 'HELDQ :KHH]\ 5 Dal@ed D Q
by the version number.

There are a number of options at the top of the % HUU\% RRW P KHdEeEnHGLWRU
These are as follows:
T $GG 26
¥ Edit
¥ &0RQH
1 Export
f "HOHWH

[32]
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¥ ODNH GHIDXOW
I Exit
¥ Andthe[ ]icon, which will take you to the advanced settings option

For the purposes of this installation, we are only interested inthe ODNH G H&amdX O W
Exit options.

1. Select the operating system you installed and click onODNH G H.IThiX O W
will mean that the Raspbian operating system we installed is launched as
the default option when the Raspberry Pi is started up.

2. Then selectExit.
You will now seethe 5DV SL F&@dnJ
The 5DV SL F&fdnis a menu that allows you to assign some values to the

settings of your Raspberry Pi. You can navigate the screen using the arrows keys
and use the Enter key to select an option.

The menu on this screen consists of the following:

¥ , Q Rformation about this tool
2Y HU V Eltafge overscan
FRQAJXUH B N S&tEkByDdar@ layout
F KD Q J H BGhange/password for ‘pi* user
FKDQJHB:G& pEale H
FKD QJH B W L $etitjrRe@oire
P HP R U\BM3@&ahgavnemory split
RYHUFORFQAIJXUH RYHUFORFNLQJ
ssh: Enable or disable SSH server
ERRWBEHKDBYW.RXW GHVNWRS RQ ERRW"
Update: Try to upgrade raspi-config

6 H O H Balétt an option

) L Q L Vrish using menu

[33]
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From this menu, we are going to change the password, enable SSH, and start the
desktop environment on loading.

1. First navigate to and select the F K D Q J H Brn®&rii\dption, and enter and
re-enter your new password.

_ The default password for the Raspberry Pi is raspberry . If
% you plan on opening up your Raspberry Pi to the Internet to
e allow connections from outside your home network, then it

is advisable to change the password to something strong.

After this, we need to set up SSH so that it allows us to connect to the
Raspberry Pi remotely via the command line on a different machine.

Select thessh option and enable the ssh server.

Finally, we want to change the boot behavior of the Raspberry Pi so that the
desktop environment is started when the operating system boots up. To do
this, change the ER R W B E H KoptigrLtB 3tast desktop on boot.

4. 'H KDYH QRZ AQLVKHG FRQAJXULQJ WKH VHWWLQJV ZH QHHG
5DV SL F&fednlnd can exit, so now navigate to the )LQLVK!
option and press the Enter key to complete your setup.

Installation complete

You have now successfully completed the Raspberry Pi setup and will see the
Raspbian Linux desktop. This desktop contains a number of icons which will load
the programs installed by default, including Midori, a fast and light web browser,
and the Python IDE (integrated development environment), both of which we will
be using.

Also of note is the LXTerminal. This icon launches the Linux terminal window,
which allows us to run applications via the command line.

2QH RSWLRQDO AQDO WHVW \RX FDQ SHUIRUP LV WR FRQQHFW W

There are several ways of getting the IP address assigned to your Raspberry Pi, one
of which is to check the DHCP table on your home modem/router. However, an
easier method is to check it on the Raspberry Pi itself.

To do this load up the LXTerminal again and type the following command:

ip addr show ethO

[34]
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<RX FDQ AQG \RXU ,3 DG G UitttV VFdD éxsiriiple: WKH ZRUG

Inet 192.168.1.22/24 brd 192.168.1.255 scope global ethO

You need the portion before the / that reads 192.168.1.22

address at the moment is IPv4, which takes the format192.168.1.0

$Q ,3 DGGUHVV LV D ZD\ RI DVVLJQLQJ D XQLTXH LGHQWLAHU W
or device on a local network or Internet. The most common form of IP

You may also encounter the newer IPv6 which has the2001:0ab1:25b9
:0047:0000:8a2€:0110:7444 format.

Once you have the IP address for your Raspberry Pi, you can try connecting to it
from your other machine.

Mac and Linux users can use the terminal that comes shipped with their operating
VA\VWHP :LQGRZV XVHUV FDQ GRZQORDG D WHUPLQDO H[HFXWDEC
http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html .

PUuTTY provides Windows users with a terminal style window that they can use to
connect to Linux machines.

Windows users

Follow the steps to set up PuTTY on your Windows machine:

1.
2.

Double-click on the puttyexe @~ AOH WR ORDG WKH 3X77< FRQAJXUDWLRQ

In the Host Name (or ,3 DGGUWWYW HQWU\ AHOG DGG WKH ,3 DGGUH\
Raspberry Pi.

Enter22 into the Port AHOG DQ & RQGHEW L, Re@ct®SI$ H
Finally click on 2S HQ

You may see a pop-up box with the titte 3X77< 6HFXUL&daSOHUW
message explaining the server's host key is not cached in the registry.

You can select theYes button.
In the terminal window, you will now see the following message:

Login as:

Enter your Raspberry Pi user name, that is,pi .

[35]
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9. You will now see another message asking for the password, for example:
pi@192.168.1.122's password:

10. Enter the password and press theEnter key.
You will now be logged into the Raspberry Pi.

Mac and Linux users

Once you have your Terminal application ready, you can connect via SSH to your
Raspberry Pi using the following command:

ssh pi@192.168.1.122

You will be asked to enter your password and may see a message suggesting that the
authenticity of the host can't be established, for example:

The authenticity of host ‘192.168.1.122 (192.168.1.122)' can't be
established.

RSA key fingerprint is f6:4a:38:4a:8b:c6:04:a9:bc:51:c3:af:fe:ch:78:e6.

Are you sure you want to continue connecting (yes/no)?
Type yes into the command line and press the Enter key.

You will then see the following message:

Warning: Permanently added ‘192.168.1.122' (RSA) to the list of known
hosts.

Once you have completed this and entered your password, you should see the
command line for your Raspberry Pi.

You have now successfully tested the SSH server and if you wish, can now control
your Raspberry Pi remotely from your second machine.

[36]
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Summary

In this chapter, we have looked at what an SD card is, setting it up for use with the
Raspberry Pi, installing an operating system, and loading up our Raspberry Pi for
WKH AUVW WLPH

There are many resources available online if you wish to explore the Raspbian
operating system further. These include the following:

s
s
s
1

http://www.raspberrypi.org/ : The Raspberry 3L V RIAFLDO KRPHSDJH
http://www.raspberrypi.org/phpBB3/ :The RIAFLDO 5DVSEHUU\ 3L IRUXP
http://www.raspbian.org/ : Home of the Raspbian version of Linux

http://iwww.linux.org/ . A Linux education dedicated website

Now that we have the operating system in place, we can take a look at the Arduino
to Raspberry Pi shield and getting it setup ready to use with the Raspberry Pi.

So grab your Cooking Hacks shield and let's get started.

[37]
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Getting Started Part 2 —
Setting up Your Raspberry Pi
to Arduino Bridge Shield

In this chapter, we will look at the Raspberry Pi to Arduino shield. We will discuss

identifying your Raspberry Pi model and installing the correct software library for

LW 2QFH \RX KDYH IROORZHG WKHVH VWHSV ZH ZLOO EULHA\ WR
give you an idea of what the language looks like.

After this, we will write an application that turns an LED on and off, and then
compile and run our application.

Raspberry Pi to Arduino bridge shield

In order to use the Raspberry Pi to Arduino shield, we will need to set it up. This

is a two stage process involving the connection of our hardware and installing our

software. In the process of setting up the hardware, we will also connect up an LED

WR D EUHDGERDUG ZLWK WZR ZLUHV 7KLV ZLOO DFW DV RXU AUV
everything is working correctly.

For this chapter you will need the following components:

¥ Your connected up Raspberry Pi
¥ The Cooking Hacks Raspberry Pi to Arduino shield

¥ An electronics breadboard

¥ AnLED

¥ Two wires for connecting the breadboard to the shield
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Checking which version of the Raspberry Pi
we have

In order to install the correct software package for our Cooking Hacks shield, we
need to identify the version of the Raspberry Pi we have. The quickest and easiest
way of doing this is to examine the Raspberry Pi board.

Version 2 Raspberry Pis have two mounting holes located on them and Made in
the UK printed on the board. The earlier versions of the board have neither of
these two items.

The Cooking Hacks website includes a guide to examining which version of the
board you have. It can be found at http://www.cooking-hacks.com/index.php/
documentation/tutorials/raspberry-pi-to-arduino-shields-connection-

bridge#step3

It is also possible to check the revision number via the command line, which in turn
can be used to work out the board version. Typing the following command will
show the hardware details of the Raspberry Pi:

cat /proc/cpuinfo

Look for the revision entry where you will see the revision number; in the preceding
screenshot, this is

You can cross-reference the revision number with the Raspberry Pi documentation
located on the Element 14 website bttp://www.element14.com/community/docs/
DOC-42993/l/raspberry-pi-single-board-computer ).

+HUH \RX ZLOO i) &daruwedtdidkiitled 5HY LV LR QClicRnY éh
this will take you to a document with the latest revision numbers present. This will
then allow you to identify the board version.

[40]
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Now that we have noted which version of the Raspberry Pi board we have, let's set
up our hardware.

Setting up the Raspberry Pi to Arduino shield
and LED

We will now walk through the process of connecting up the shield to the Raspberry
Pi and hooking up the LED components.

Un-pack your shield and locate the black connector on the bottom of the board.

Attach the shield via this to the GPIO pins on your Raspberry Pi. If you are unsure

ZKDW WKHVH DUH \RX FDQ UHKBDHS RHRUWK BLAKRUB ADQUW R/ HFLAFD\
section in Chapter 1An Introduction to the Raspberry Pi, Arduino, and Home Automation

'LWK WKH VKLHOG AUPO\ DWWDFKHG WR WKH 5DVSEHUU\ 3L \RX |

Take two wires and attach one to the grounding pin and the second to the
digital pin 2.

Place each of these into your breadboard. Now insert the LED into the breadboard so
that the wire running from digital pin 2 is connected to the longer of the two legs on
the LED and the ground pin is connected to the shorter of the two.

7KH IROORZLQJ AJXUH SURYLGHV D JXLGH WR WKLV VHWXS

Connection from ground pin to short pin on LED

|
—

Connection from pin 2 to long pin on LED

There is no need to solder any of the components at this time, as the LED application
we are writing is purely to test that our setup is working correctly.

[41]
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Once you have completed the hardware setup, we can then install the software
needed to control our Raspberry Pi to Arduino shield.

Installing the software

In order to allow our Raspberry Pi to communicate with our Arduino shield, we will
need to install the arduPi library.

7KH DUGX3, VRIWZDUH LV D VHW RI FXVWRP & AOHV ZULWWHQ E\
that allows our applications written on the Raspberry Pi to interact with the shield
via the functions commonly found in Arduino applications.

You will also be given the choice to install the Arduino IDE, although this is not
necessary for any of the applications in this book. While we will not use the IDE
for compiling programs, it will provide a useful resource for exploring existing
programs. For those of you with an Arduino microprocessor, you will be able to
use this in conjunction with your Raspberry Pi.

<RX ZLOO DOVR XVH /HDISDG WR ZULWH \RXU AUVW DSSOLFDWLRC
compile and run your sketches from the command line.

The Arduino IDE

The optional step of installing the Arduino IDE can be performed using apt-get

Open up your terminal window and run the following command to ensure  apt-get
is up-to-date:
sudo apt-get update

You should now see any packages that need updating being downloaded to your
Raspberry Pi.

To download and install the IDE type the following command:

sudo apt-get install arduino

You will be prompted that the IDE will use several MB of disk space. You can select
yes to this to complete the install.

The Arduino IDE will now be available via the start bar in Raspbian under the

(O HF W WpQnL. Ravigate to the IDE link and open it on your Raspberry Pi. You
should be presented with a window containing an empty pane. This empty pane is
where you can write code and load examples. In the Arduino world, this is known
as a sketch.

[42]
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You will notice on the top menu a small play button with a triangle in it. When using
the IDE to upload code to an Arduino board, this button is used to compile the code
and upload it to the microcontroller.

Since we are using the Raspberry Pi instead of an Arduino, we will use a C++
compiler on the command line that will perform the role that the play button
does in the IDE. We will cover this in more detail when we come to write our
AUVW DSSOLFDWLRQ

For experienced developers, there are a number of other tools available for
creating and running Arduino applications. A list of them can be found at
http://arduino.cc/playground/Main/DevelopmentTools

If you own a Windows machine, there is also a plug-in for Visual Studio that
allows you to modify the Arduino IDE skin and add your own buttons to it. You
could therefore expand the IDE toolbar to run custom commands that build your
Arduino sketch with the arduPi library.

In this chapter, we will use Leafpad to write our application and then compile it via
the command line. In Chapter 4Our First Project — A Basic Thermometere will look
DW WKH *HDQ\ ,'( DQG ODNHAOHV ZKLFK FRPELQH WKHVH IXQFWL

A quick look at the language

We are going to quickly take a look at a simple program written in the
Arduino language.

, | \RX KDYH LQVWDOOHG WKH $UGXLQR ,'( \RX FDQ AQG WKH H[DF
following steps:

1. From the Main menu, select)LOH

2. Then select([ D P S dranY the examples menu.

3. Selectl.Basics

4. From this menu, select % OL QN

The Blink example will now load.

If you have not installed the IDE, you can use the following code located in
Blink.ino

/*
Blink

Turns on an LED on for one second, then off for one second,
repeatedly.

[43]
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This example code is in the public domain.
*/

void setup() {
/l initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
pinMode(13, OUTPUT);

}

void loop() {
digitalWrite(13, HIGH); // set the LED on
delay(1000); // wait for a second
digitalWrite(13, LOW); // set the LED off
delay(1000); [/l wait for a second

}

'RZQORDGLQJ WKH H[DPSOH FRGH

M <RX FDQ GRZQORDG WKH H[DPSOH FRGH AOHV IRU DOO 3DFNW E
Q purchased from your account at http://www.PacktPub.com . If you
purchased this book elsewhere, you can visit http://www.PacktPub.
com/support DQG UHJLVWHU WR KDYH WKH AOHV H|PDLOHG GLUHFW

The Arduino language LV D VXEVHW RI & VR ZH ZLOO EH XVLQJ $UGXLQF
functions that form the core of the language, in conjunction with standard C++
code in order to build our applications.

The previous program contains two functions, void setup() and void loop()

Within void setup() , we can see the statemenpinMode(13, OUTPUT) . This tells
the application to set the pin labeled 13 on the Arduino board to output mode. If a
device such as an LED is connected to pin 13, then it can be switched on and off.

The second function we can see isoid loop() . The function executes continuously

VR DQ\ VWDWHPHQWY ORFDWHG ZLWKLQ LW ZLOO UXQ LQ DQ LQA«
you can seedigitialWrite(13, High) and digitalWrite(13, LOW). These two

commands switch the LED on and off creating a blinking effect. The delay(1000)

statement causes a 1 second pause between each statement, so the LED does not

blink too fast.

The Arduino programming language supports many features; you can see a full list
of these in the Arduino documentation located online at http://arduino.cc/en/
Reference/HomePage
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1RZ WKDW ZH KDYH EULHA\ ORRNHG DW WKH $UGXLQR EOLQN FRG
example and demonstrate how it works with our Raspberry Pi shield and the
LED we connected to it.

arduPi — a library for our Raspberry Pi and
Arduino shield

In order for the previous blink example to work with our Arduino shield, we need

to install the arduPi library by Cooking Hacks. This library will allow us to write
Arduino applications and use them on the Raspberry Pi without needing a separate
microcontroller such as an Uno board.

So lets install the library and take a look at its contents.

Installing arduPi

Earlier in this chapter, we took note of which version of the Raspberry Pi board we
are using. Based upon that version number, we are going to download one of two
AOHV ZKLFK FRQWDLQ WKH DUGX3L OLEUDU\

1 .
‘\Q Remember you can always run cat /proc/cpuinfo to get the

version number.

Open the terminal window on your Raspberry Pi and create a new directory in
which to install the library and navigate to it.

mkdir arduPi
cd arduPi

If you have a Version 1 board, run the following command:

wget http://www.cooking-hacks.com/skin/frontend/default/cooking/
images/catalog/documentation/raspberry_arduino_shield/
arduPi_revl.tar.gz

, \RX KDYH 9HUVLRQ \RX ZLOO QHHG WKH UHYLVLRQ J]LS AOH

wget http://www.cooking-hacks.com/skin/frontend/default/cooking/
images/catalog/documentation/raspberry_arduino_shield/
arduPi_rev2.tar.gz

After wget has run, atargz AOH ZLOO EH VDYHG LQWR WKH FXUUHQW GLUH
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From the terminal, run the following command, the <revision version> will be
VSHFLAFtagR Wbl ebwnloaded:

tar xzf arduPi_<revision version>.tar.gz

For example, if you downloaded revision 1, then you would type the
following command:

tar xzf arduPi_revl.tar.gz
2QFH WKH AOH KDV AQLVKHG H[WUDFWLQJ \RX ZLOO AQG WKUHH

Type the following command to list the directories contents:

Is

<RX ZLOO QRZ VaritPitpK H ad@thV , and arduPi_template.cpp . The

A O&lddPi.cop and arduPi.h  contain the code that will be used to provide support

for interacting with your Arduino to Raspberry Pi shield. The arduPi_template.cpp

SURYLGHV D EDVLF WHPSODWH AOH WKDW \RXu®.DQ XVH WR FUHDYV
copp AOH ZLOO QHHG WR EH FRPSLOHG LQWR DQ REMHFW AOH LQ R
task, we will be using a C++ compiler.

From the command line, type the following command:
g++ -c arduPi.cpp -0 arduPi.o

This command invokes the g++ compiler, takes the arduPI.cpp DV DQ LQSXW AOH
DQG RXWSXWV DQ REMNWHFW AOH FDOOHG

1RZ WKDW ZH KDYH WKH FRGH FRPSLOHG OHWY WDNH D ORRN DW

Leafpad — a text editor

Leafpad is a simple open source text editor similar to Notepad on Windows or
TextEdit on the Mac. It is already installed in Raspbian, so is ready to use without
any further setup.

To load Leafpad, you can access it via the following steps:

1. Click on the start button located on the bottom left of your Raspbian task bar.
2. Select theAccessories option from the menu.
3. Select the Leafpad icon from the list of applications.

Leafpad will now open, presenting you with a blank document.

Using the 2 S H@ption under the ) L Onidnu, load the arduPi_template.cpp AOH
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You will see the following in the arduPi_template.cpp AOH

/lInclude ArduPi library
#include “arduPi.h”

/INeeded for Serial communication

SerialPi Serial;

/INeeded for accesing GPIO (pinMode, digitalWrite, digitalRead,
12C functions)

WirePi Wire;

/INeeded for SPI

SPIPi SPI;

[** *kkkkkkkk * *kkkkkkkk *kkkkkkkhkkkkk *kkkkk

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE ~ *

* k% *kkkkkkkk *% *kkkkkkkk * *kkkkkkkk * /

[** *kkkkkkkk * *kkk

*YOUR ARDUINO CODE HERE *

* k% *kkkkkkkk *% 7(/

int main (){
setup();
while(1){
loop();
}

return (0);

}

/RRNLQJ DW WKLV AOH ZH FDQ VBlikkivoRP A OHPAHO BSHWHIBY WR WKF
earlier. One main difference though is the inclusion of the int main(){} function.

It is within this function that we reference the Arduino functions that are used to run

an application. As you can see in the preceding code snippet, there is a reference to a

setup() function and a loop() function.

7KH WRS RI WKH AOH FRQWDLQV DUGX3L VSHFLAF FRGH WKDW LV
Arduino function calls such as the digitalWrite() function we saw in the
Blink program.

'KHQ ZULWLQJ \RXU RZQ FRGH \RX FDQ WDNH D FRS\ RI WKH WHP
your own setup and loop functions, as well as any other custom functions you wish
to run.
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We are now going to demonstrate this by combining the Blink example with the
arduPi template.

%OLQNLQJ /(' DSSOLFDWLRQ

Our next step is creating a custom application that combines the template code and
WKH EOLQN FRGH ZLWK VRPH PRGLAFDWLRQV WR ZRUN ZLWK WK

You can think of the blinking LED test as the electronics equivalent of the
simple “Hello World” application you learn to write when starting a new
programming language.

Open Leafpad and enter the following code in Blink_test.cpp

/lInclude ArduPi library
#include “arduPi.h”

/INeeded for Serial communication
SerialPi Serial;

/INeeded for accessing GPIO (pinMode, digitalWrite, digitalRead,
12C functions)
WirePi Wire;

/INeeded for SPI
SPIPi SPI;

int main (Y
setup();
while(1){

loop();
}

return (0);

}

void setup(¥{
pinMode(2,0UTPUT); //set pin 2 on the shield as an output
}

/[This function will run in an infinite loop

void loop(){
digitalWrite(2,HIGH); //turn the LED on
delay(1000); //wait a second
digitalWrite(2,LOW); // dim the LED
delay(1000); //wait another second

}

Now lets walk through this code to see what our application is doing.
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A guide to the code

Wewil EULHA\ JR RYHU WKH V\QWD[ ZH KDYH XVHG WR FUHDWH WKF
LED application. It should be familiar to you from looking at the
arduPi_template.cpp and the Blink example.

First lets cover comments. Comments are notes in the code that will not be run by the
FRPSLOHU DQG DUH SUHA][HGr é&nkclased WZ BndHO.[Fof tdiviple:

/linclude ArduPi library

We can use these to document our code and note what each function is doing. These
can be found located throughout the code, and we recommend that you include

them when writing your own applications. They can be useful as a reminder when
you revisit some code you haven't worked on for a while.

1H[W ORRN DW WKH WRS RI WK fhcldd® Hstaterenti \RX FDQ VHH DQ

#include “arduPi.h”

This tells the compiler to include the code located in the arduPih  KHDGHU AOH
when we run the g++ compiler and output our application. After this, we see some
statements that allow the application to use the Arduino functions. An example of

this being:

/INeeded for accessing GPIO (pinMode, digitalWrite, digitalRead, 12C
functions)
WirePi Wire;

This block of code allows us to invoke functions that read and write to the digital
pins on the shield. We will be using this in our LED example in order to write to pin
2 on the shield. Following this is the main function which calls setup() and then
places theloop) IXQFWLRQ LQWR MopQAQLWH

Our setup function contains a single statement that initializes pin 2 on the shield and
sets it to output. When we set up our hardware at the beginning of the chapter, you
will remember we connected via the breadboard the long leg of the LED to pin 2 on
the shield.

Next we have the loop() function. This is called from inside the while loop

located in the main() function. Inside the loop function, like we saw with the

Blink example, there are four statements. Two of these are responsible for turning
the LED on and off and the other statements creates a 1 second delay, so the LED
has a blinking effect.

Now that we have an application we can use to control our LED, we need to compile
and run it.
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JURP WKH /HDISDG AOMH GPigthQae ASHBBFW WKH AOH ZLWK WKH QDPH
blink_test.cpp to the same directory as your arduPi library and template. Exit

Leafpad and via the terminal window, navigate to the arduPi directory you created.

,QVLGH WKLV GLUHFWRU\ \RX VKR XO Gbliviktest. sy H AOH \RX FUHDWHZ

Now that we have saved our test application, we can compile and run it.

Compiling and running our application

If not already open, launch another terminal window.

In the window ,make sure you are located in the arduPi directory and run the
following command:

g++ -Irt -Ipthread blink_test.cpp arduPi.o -o blink_test

The g++ compiler will now compile our blink_test.cpp AOH DQG OLQN LW ZLWK WKH
arduPio AOH AQDOO\ RXWSXWW LKk BstEL.QDU\ AOH FDOOHG

6R ZH KDYH FUHDWHG RXU AOH DQG FRPSLOHG LW 7KH QH[W DQG
terminal window, type the following command:

sudo ./blink_test

You should now see the LED on the breadboard start to blink on and off with a one
second interval.

Q Pressing Ctrl + C at any time in the terminal will exit the application.

If the LED starts blinking, then the compilation and setup of your hardware has
been successful!

&RQJUDWXODWLRQV <RX KDYH ZULWWHQ \RXU AUVW DSSOLFDWLI
programming language, compiled it, and ran it.

Now that the basics are out of the way and you have explored outputting to a pin on
the shield, we can move onto more complex projects.

[50]
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Summary

In this chapter, we have set up our Raspberry Pi to Arduino shield.

The software library for interacting with the Arduino shield is installed and ready
for further projects. You have also been introduced to the Arduino programming
language and C++ and learned how to compile code.

Following from this, you have written an application that turns an LED on and off.

Now that we have the basics of controlling components attached to our Raspberry Pi
WR $UGXLQR VKLHOG ZH FDQ PRYH RQWR RXU AUVW KRPH DXWRF

a thermometer.

[51]
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Our First Project — A Basic
Thermometer

Now that we have our Raspberry Pi to Arduino shield set up, we can start to build
projects using it.

,Q WKLV FKDSWHU ZH DUH JRLQJ WR EXLOG RXU AUVW SURMHFW
Arduino shield — a thermometer.

You will need the following hardware items for this chapter:

t Raspberry Pi
¥ The Raspberry Pi to Arduino shield

1 A thermistor

¥ The breadboard and wires we used to test the LED
¥ A 10k resistor

From a software standpoint, you will also be introduced to the Geany IDE and the
Linux make command. Using these tools, we will write an application that converts
the resistance returned from the circuit into three types of temperature, namely
Celsius, Kelvin, and Fahrenheit.

The key concepts we will be covering will form a basis that will be expanded upon
in the next chapter, Chapter 5From Thermometer to Thermostat — Building upon Our
First Project.
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%XLOGLQJ D WKHUPRPHWHU

A thermometer is a device used for recording temperatures and changes
in temperatures.

The origins of the thermometer go back several centuries, and the device has evolved
over the years. Traditional thermometers are usually glass devices that measure
these changes via a substance such as mercury, which rises in the glass tube and
indicates a number in Fahrenheit or Celsius.

The introduction of microelectronics has allowed us to build our own digital
thermometers. This can be useful for checking the temperature in parts of your
house such as the garage or monitoring the temperature in rooms where it can
affect the contents, for example, a wine cellar.

Our thermometer will return its readings to the Raspberry Pi and display them in
the terminal window.

Lets start by setting up the hardware for our thermometer.

Setting up our hardware

There are several components that you will need to use in this chapter. You can
solder the items to your shield if you wish or use the breadboard if you plan to
use the same components for the projects in the chapters that follow.

Alternatively, you may have decided to purchase an all-in-one unit that combines
some of the following components into a single electronic unit.

We will make the assumption that you have purchased separate electronic
components and will discuss the process of setting these up.

We recommend that you switch Raspberry Pi off while connecting the components,
especially if you plan on soldering any of the items.

. Ifyour device is switched on and you accidently spill hot solder onto an
unintended area of the circuit board, this can short your device, damaging
i it. Soldering while switched off allows you to clean up any mistakes using
the de-soldering tool.

[54]
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An introduction to resistors
Let's quickly take a look at resistors and what exactly these are.

A resistor is an electronic component with two connection points (known as
terminals) that can be used to reduce the amount of electrical energy passing
through a point in a circuit. This reduction in energy is known as resistance.

Resistance is measured in2 KP V ° . You can read more about how this is calculated
at the Wikipedia link http://en.wikipedia.org/wiki/Ohm's_law <RX ZLOO AQG
UHVLVWRUV DUH XVXDOO\ FODVVLAHG LQWR WZR JURXSV A[HG U

The typical types R1 A[HG UHVLVWRU \RX ZLOO HQFRXQWHU DUH PDGH R
the resistance property marked in colored bands, giving you the value in Ohms.

Components falling into the variable resistance group are those with resistance
properties that change when some other ambient property in their environment
changes. You will be exploring some of these throughout the book.

Let's now examine the two types of resistors we will be using in our circuit - a
thermistor and a 10K Ohm resistor.

Thermistor

A thermistor is an electronic component which, when included in a circuit, can be
used to measure temperature. The device is a type of resistor that has the property
whereby its resistance varies as the temperature changes. It can be found in a variety
of devices, including thermostats and electronic thermometers.

There are two categories of thermistors available, these beinglHIDWLYH 7KHUPLVWRU
&RHIAFUHQ@Whd 3SRVLWLYH 7KHUPLYVBR § Ba&difleheRiceH Q W

between them is that as the temperature increases the resistance decreases in the

case of a NTC, or increases in the case of a PTC.

There are two numerical properties that we are interested in with regards to

using this device in our project. These are the resistance of the thermistor at room

WHPSHUDWXUH GHJUHHV &HOV Lofthe thein@istal/ Kitd EHWD FRHIAFLHQ!
F R H | A karHb® thought of as the amount the resistance changes by as the ambient

temperature around the thermistor changes. When you purchase a thermistor, you

should have been provided with a datasheet that lists these two values. If you are

unsure of the resistance of your thermistor, you can always check it by hooking it up

to a voltage detector and taking a reading at room temperature. For example, if you

bought a 10K thermistor, you should expect a reading of around 10K Ohms. For this

project, we recommend purchasing a 10K thermistor.

[55]
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10K Ohm resistor

A 10K Ohm resistor, unlike a thermistor, is designed to have a constant resistance

UHJDUGOHVV RI WHPSHUDWXUH FKDQJH 7KLV WASH RI GHYLFH ID
category. You can tell the value of a resistor by the colored bands located on its body.

'KHQ \RX SXUFKDVH UHVLVWRUV \RX PD\ AQG WKH\ FRPH ZLWK D
otherwise you can check the chart on Wikipedia (http://en.wikipedia.org/
wiki/Electronic_color_code#Resistor_color_coding ) in order to ascertain
what the value is.

As part of the circuit we are building, you will need the 10K resistor in order
to convert the changing resistance into a voltage that the analog pin on your
Raspberry Pi to Arduino can understand.

Wires

For this project, you will require three wires. One will attach to the 5V pin on your
VKLHOG RQH WR WKH JURXQG DQG AQDOO\ RQH WR WKH DQDOR

In the wiring guide, we will be using red, black, and yellow wires. The red will
connect to 5V pin, the black to ground, and the yellow to the analog 0 pin.

%YUHDGERDUG

Finally, in order to connect our component, we will use the breadboard as we did
when connecting up the LED.

Connecting our components

Setting up our components for the thermometer is a fairly easy task. Once again,
at this point, there is no need to attempt any soldering if you plan on re-using the
components.

Follow these steps in order to connect up everything in the correct layout.

1. Take the red wire and connect it from the 5V pin on the shield to the connect
point on the bus strip corresponding to the supply voltage.

There are often two bus strips on a breadboard. These can be
found on either of the long sides of the board and often have a
’ blue or red strip indicating supply voltage and ground.

[56]
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2. Next take the black wire and connect it from the ground pin to the ground on
the breadboard.

3. We are now going to hook up the resistor. Connect one pin of your 10K

resistor to the supply voltage strip that your red wire is connected to and
take the other end and connect it to a terminal strip.

Terminal strips are the name given to the area located in

the middle of the breadboard where you connect your
’ electronic components.

4. Now that the resistor is in place, our next task will be to connect
the thermistor.
5. Insert one leg/wire of the thermistor into the ground on the bus strip,
and place the second leg into the same row as you placed the resistor.
6. The thermistor and resistor are daisy-chained together with the supply
YROWDJH 7KLV OHDYHV XV QRZ ZLWK WKH AQDO WDVN ZKLF
the analog pin to our daisy chain.
7. Finally connect one end of your yellow wire from the analog 0 (AO) on your
shield to the terminal strip you selected for the preceding components.

Sanity check

The setup of your circuit is now complete. However, before switching on your
Raspberry Pi check that you have connected up everything correctly. You can
compare your setup to the following diagram:

Arduino to Raspberry Pi Shield Breadboard

5V

Resistor

’— Thermistor
Q

Ground

Analog O

[57]
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Our thermometer circuit is now complete, and you can now boot up your
Raspberry Pi.

Of course, without any software to return readings to the screen, the circuit is little
more than a combination of electronic components!

So let's get started on the software portion of our project.

Software for our thermometer

Now that we have the hardware for our thermometer, we will need to write some
code that is capable of converting the values returned from the thermistor into a
readable temperature in Celsius and Fahrenheit.

First up, we are going to look at a new code editing application. This IDE allows you
to develop code in the Raspberry Pi X Window System environment and compile the
FRGH YLD D ODNHAOH :H ZLOO VWDUW E\ ORRNLQJ DW WKH *HDQ\

Geany IDE

Geany is a lightweight Linux integrated development environment. It can be

installed onto Raspbian and then used for writing code in the Arduino/C++

SURJUDPPLQJ ODQJXDJH $Q DGGHG EHQHAW RI XVLQJ WKLV ,'( L\
XS D FXVWRP ODNHAOH ZLWK WKH FRPPDQGV ZH KDYH EHHQ XVLQ
arduPi-based projects.

%\ FRPELQLQJ WKH ODNHAOH DQG *HDQ\ ZH KDYH DQ ,'( WKDW PL
ZH ZRXOG XVH LQ WKH $UGXLQR ,'( EXW ZLWK WKH DGGHG EHQHA
without renaming them and compile our applications with one click.

Installing the IDE
We are going to use the apt-get tool to install Geany on to your Raspberry Pi.
1. Start off with loading up your Terminal window. From the prompt, run the
following command:
sudo apt-get install geany
2. You'll get the prompt alerting you to the fact that Geany will take up a
certain amount of disk space. You can accept the prompt by selectingY.

3. Once complete, you will now see Geany located under the Programming
menu option.

[58]
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»

Select the Geany icon from the previous menu to load the application.
Once loaded, you will be presented with a code-editing interface.

6. $ORQJ WKH WRS Rl WKH VFUHHQ \RX FDQ AQG D VWDQGDUG
the )LOPIHQX ZKHUH \RX FDQ RSHQ DQG VDYH AOHV \RX DUH ZR
menus for Edit, Search, View , Document, Project, % XL @BR @M +HO S

7. The left-hand side of the screen contains a window that has a number of
features including allowing you to jump to a function when you are editing
your code.

8. The bottom panel on the screen contains information about your application
when you compile it. This is useful when debugging your code, as error
messages will be displayed here.

Geany has an extensive number of features which are out of the scope of discussion
IRU WKLV ERRN +RZHYHU \RX FDQ AQG D FRPSUHKHQVLYH JXLGH
website http://www.geany.org/

For our application development at this stage, we are only interested in creating a
QHZ AOH RSHQLQJ D AOH VDYLQJ D AOH DQG FRPSLOLQJ D AOH

The options we need are located under the ) L Qnidnu item and the % X Lr@eGu item.
Feel free though to explore the IDE and get comfortable with it.

In order to use the make option for compiling our application under the % X Lre6u,
ZH QHHG WR FUHDWH D ODNHAOH 2 ZH ZLOO QRZ WDNH D ORRN DW

$Q LOQWURGXFWLRQ WR ODNH¢OHYV

The next tool we are going WR XVH LV WKH ODNHAOH $ ODNHAOH LV H[HFXW
Linux command make. Make is a command-line utility that allows you to compile

H[HFXWDEOH AOHV E\ VWRULQJ WKH SDUDPHWHUV LQWR D ODNHA
needed. This method allows us to store common compilation directives and re-use

them without having to type out the command each time.

As you are familiar with, we have used the following command in order to compile
our LED example:

g++ -Irt -Ipthread blink_test.cpp arduPi.o -o blink_test

8VLQJ D ODNHAOH ZH FRXOG VWRUH WKLY DQG WKHQ H[HFXWH LV
GLUHFWRU\ DV WKH AOHV XVLQJ D VLPSOHU FRPPDQG

make
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WecantryoutcUHDWLQJ D ODNHAOH XVLQJ WKH FRGH ZH ZURWH LQ WK
Load up Geany from the programming menu if you don't currently have it open. If

you don't have a new document open, create a new one from the ) L Onidnu. Now

add the following lines to Blink_test/Makefile , making sure to tab the second

line once:

Blink: arduPi.o
g++ -Irt -Ipthread blink_test.cpp arduPi.o -o blink_test

If you don't tab the second line containing the compilation instructions,
2 WKHQ WKH ODNHAOH ZRQ W UXQ

Now that youhave FUHDWHG WKH ODNHAOH ZH FDQ VDYH DQG UXQ LW Z
following steps:

1. From the )L Qndnu, selectSave.

2. From the Save dialog, navigate to the directory where you saved your
blink_test.cpp DQG VDYH WKH AQudkefle WK WKH WLWOH

3. Now open the blink_test.cpp AOH IURP WKH GLUHFWRU\ ZKHUH \RX VD
your Makefile
You should see the code we wrote in Chapter 3Getting Started Part 2 — Setting
up Your Raspberry Pi to Arduino Bridge ShielddH FDQ WHVW RXU ODNHAOH E\
selecting the % X Ldptdn from the menu and selecting 0 D N.H

In the panel at the bottom of the IDE, you will see a message indicating that
WKH ODNHAOH ZDV H[HFXWHG VXFFHVVIXO0OO\

4. Now from the Terminal window, navigate to the directory containing your |
blink_test SURMHFW /RFDWHG LQ WKLY GLUHFWRU\ \RX ZLOO /

compiled blink_test AOH

5. If you still have your LED example at hand, hook it up to the shield
and from the command line, you can run the application by typing the
following command:

Jblink_test
The LED should start blinking.

+RSHIXOO\ \RX FDQ VHH IURP WKLV H[DPSOH WKDW LQWHJUDWLQ
allows us to write code and compile it as we go in order to debug it. This will be very
useful when you start to work on projects with greater complexity.

[60]
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Once we have written the code to record our temperature readings, we will
UH YLVLW WKH ODNHAOH DQG FUHDWH D FXVWRP RQH WR EXLOG F
application via Geany.

1RZ WKDW \RX KDYH VHW XS *HDQ\ DQG EULHA\ ORRNHG DW ODNH.
with writing our application.

Thermometer code

We will be using the arduPi library for writing our code as we did for the LED test.
As well as using standard Arduino and C++ syntax, we are going to explore some
calculations that are used to return the results we need.

In order to convert the values we are collecting from our circuit and convert them
into a readable temperature, we are going to need to use an equation that converts
resistance into temperature. This equation is known as the Steinhart-Hart equation.

The Steinhart-Hart equation models the resistance of our thermistor at different
temperatures and can be coded into an application in order to display the
temperature in Kelvin, Fahrenheit, and Celsius. We will use a simpler version of this
in our program (called the B parameter equation) and can use the values from the
datasheet provided with our thermistor in order to populate the constants that are
needed to perform the calculations.

For a simpler version of the equation, we only need to know the following values:

¥ The room temperature in Kelvin
t 7KH FR HIAFLHQW RI RXU WKHUPLVWRU VKRXOG EH RQ WKH
¥ The thermistor resistance at room temperature

We will use Geany to write our application, so if you don't have it open, start it up.

Writing our application

Fromthe )LOndgnu LQ *HDQ\ FUHDWH Dth@ K &hEr©weQid ghiGgHo
DGG RXU $UGXLQR FRGH ,I \RX VDYH WKH AOH QRZ WKHQ *HDQ\ '
will be triggered making the code easier to read.

Open the ) L Gridnu in Geany and selectSave. In the Save dialog box, navigate to the
DUGX3L GLUHFWRU\ DQG VDY Hthdrmérdetdx.cppl Z Wikl Ws&K H QD P H
the arduPi_template.cpp as the base for our project and add our code into it.

[61]
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To start, we will add in the include statements for the libraries and headers we

QHHG DV ZHOO DV GHAQH VRPH FRQVWDQWY WKDW ZLOO EH XVH
NH\ YDOXHV $GG WKH IROORZLQJ EORtRd&ktgrBpEH, WR \RXU HPSW\
in Geany:

/lInclude ArduPi library
#include "arduPi.h"
llInclude the Math library
#include <math.h>

/INeeded for Serial communication
SerialPi Serial;

/INeeded for accessing GPIO (pinMode, digitalWrite, digitalRead,
//12C functions)

WirePi Wire;

/INeeded for SPI
SPIPi SPI;

/I Values need for Steinhart-Hart equation

/I 'and calculating resistance.

#define TENKRESISTOR 10000 //our 10K resistor

#define BETA 4000 // This is the Beta Coefficient of your thermistor

#define THERMISTOR 10000 // The resistance of your thermistor at room
/ltemperature

#define ROOMTEMPK 298.15 //standard room temperature in Kelvin
/(25 Celsius).

/I Number of readings to take

I/l these will be averaged out to

/I get a more accurate reading

/I 'You can increase/decrease this as needed
#define READINGS 7

You will recognize some of the preceding code from the arduPi template, as well
as some custom code we have added. This custom code includes a reference to the
Math library.

The Math library in C++ contains a number of reusable complex mathematical
functions that can be called and which would help us avoid writing these from
scratch. As you will see later in the program, we have used the logarithm function
log() when calculating the temperature in Kelvin.

[62]
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Following are a number of constants; we use the#define statement here to
initialize them:

¥ 7(1.5(6,6725Thisisthe 10K Ohm resistor you added to the circuit
board. As you can see, we have assigned the value of 10,000 to it.

t % (7%$Thisis WKH EHWD FRHIAFLHQW RI \RXU WKHUPLVWRU
t 7+(50,6725The resistance of your thermometer at room temperature.
¥ 52207(03.:The room temperature in Kelvin, this translates to 25

degrees Celsius.

¥ 5(%',1*6: We will take seven readings from the analog pin and average
these out to try and get a more accurate reading.

The values we have used previously are for a 10K thermistor with
D FR HIAFLHQW RI 7KHVH VKRXOG EH YSGDWHG DV QHFHV
' UHAHFW WKH WKHUPLVWRU \RX DUH XVLQJJLQ \RXU SURMHFW

Nowthatwe KDYH GHAQHG RXU FRQVWDQWY DQG LQFOXGHG VRPH OL
add the body of the program.

From the arduPi_template.cpp AOH ZH QRZ LQFOXGH WKH PDLQ IXQFWLRQ \
our application off.

I‘xxx *kkk * *

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE ~ *
*

*kk Kkkkkk Kkkk /

I‘xxx Kkkk

* YOUR ARDUINO CODE HERE *

* *kk x/

int main (){
setup();
while(1){
loop();
}

return (0);

}

Remember that you can use both// and /**/  for
oo commenting your code.

[63]

www.it-ebooks.info



Our First Project — A Basic Thermometer

We have our reference to thesetup()  function and to the loop() function, so we
can now declare these and include the necessary code.

Below the main() function, add the following:

void setup(void) {
printf("Starting up thermometer \n");

Wire.begin();
}
The setup() function prints out a message to the screen indicating that the program
is starting and then calls Wire.begin(). This will allow us to interact with the
analog pins.

Next we are going to declare theloop IXQFWLRQ DQG GHAQH VRPH YDULDEOHYV V
used within it.

void loop(void) {

float avResistance;

float resistance;

int combinedReadings[READINGS];
byte valo;

byte vall;

/I Our temperature variables
float kelvin;

float fahrenheit;

float celsius;

int channelReading;
float analogReadingArduino;

As you can see in the preceding code snippet, we have declared a number of
variables. These can be broken down into:

¥ 5HVLVWDQ F HThedeDaloQ dWResistance , float resistance
and byte val0 and byte vall . The variablesavResistance and
resistance  will be used during the program's execution for recording
resistance calculations. The other two variablesval0 and vall are used to
store the readings from analog O on the shield.

f 7THPSHUDWXUH F Dhe FaxdblbsfbhatReyik , float fahrenheit
and float celsius as their names suggest are used for recording
temperature in three common formats.
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After declaring these variables, we need to access our analog pin and start to read
data from it.

Copy the following code into your loop function:

/*******************

ADC mappings
Pin Address

0xDC
0x9C
0xCC
0x8C
OxAC
OXEC
0xBC
OxFC

*******************/

~No o~ wWwDNBEFR O

/I 0xDC is our analog 0 pin
Wire.beginTransmission(8);
Wire.write(byte(0xDC));
Wire.endTransmission();

Here we have code that initializes the analog pin 0. The code comment contains the
mappings between the pins and addresses so if you wish, you can run the thermistor
off a different analog pin.

We are using pin 0, so we can now start to take readings from it. To get the correct
data, we need to take two readings of a byte each from the pin. We will do this using
afor loop.

The Raspberry Pi to Arduino shield does not support the
+ analogRead() and analogWrite() functions from the
Arduino programming language. Instead we need to use the
’ Wire commands and addresses from the table provided in the
comments for this code.
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Add the following for loop below your previous block of code:

/* Grab the two bytes returned from the
analog 0 pin, combine them
and write the value to the
combinedReadings array

*/

for(int r=0; r<READINGS; r++){
Wire.requestFrom(8,2);
val0 = Wire.read();
vall = Wire.read();
channelReading = int(val0)*16 + int(vall1>>4);
analogReadingArduino = channelReading * 1023 /4095;
combinedReadings[r] = analogReadingArduino;
delay(100); }

Here we have a loop that grabs the data from the analog pin so we can process it.

In the requestFrom()  function, we pass in the declaration for the number of bytes
we wish to have returned from the pin. Here we can see we have two — this is the
second value in the function call. We will combine these values and then write them
to an array; in total, we will do this seven times and then average out the value.

You will notice we are applying a calculation on the two combined bytes. This
calculation converts the values into a 10-bit Arduino resolution. The value you will
see returned after this equation is the same as you would expect to get from the
analogRead() function on an Arduino Uno if you had hooked up your circuit to it.

After we have done this calculation, we assign the value to our array that stores each
of the seven readings.

Now that we have this value, we can calculate the average resistance. For this, we
will use another for loop that iterates through our array of readings, combines them,
and then divides them by the value we set in our READINGSconstant.

Here is the nextfor loop you will need to accomplish this:

/I Grab the average of our 7 readings

/l in order to get a more accurate value

avResistance = 0;

for (int r=0; r<READINGS; r++) {
avResistance += combinedReadings]r];

}
avResistance /= READINGS;
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So far, we have grabbed our readings and can now use a calculation to work out the
resistance. For this, we will need our avResistance reading, the resistance value of
our 10K resistor, and our thermistor's resistance at room temperature.

Add the following code that performs this calculation:

/* We can now calculate the resistance of

the readings that have come back from analog 0
*/
avResistance = (1023 / avResistance) - 1;
avResistance = TENKRESISTOR / avResistance;
resistance = avResistance / THERMISTOR;

The next part of the program uses the resistance to calculate the temperature. This
is the portion of code utilizing the simpler version of the Steinhart-hart equation.
The result of this equation will be the ambient temperature in degrees Kelvin.

Next add the following block of code:

/I Calculate the temperature in Kelvin
kelvin = log(resistance);

kelvin /= BETA;

kelvin += 1.0 / ROOMTEMPK;

kelvin = 1.0 / kelvin;
printf("Temperature in K");

printf("%f \n",kelvin);

So we have our temperature in degrees K and also have a printf statement that
outputs this value to the screen. It would be nice to also have the temperature in
two more common temperature formats, those being Celsius and Fahrenheit.

These are simple calculations to perform. Let's start by adding the Celsius code.

/I Convert from Kelvin to Celsius
celsius = kelvin -= 273.15;
printf("Temperature in C ");
printf("%f \n",celsius);

Now that we have the temperature in degrees Celsius, we can print this to the screen.
Using this value we can convert Celsius into Fahrenheit.

/I Convert from Celsius to Fahrenheit
fahrenheit = (celsius * 1.8) + 32;
printf("Temperature in F ");

printf("%f \n",fahrenheit);
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*UHDW 6R QRZ ZH KDYH WKH WHPSHUDWXUH EHLQJ UHWXUQHG L
up the application by adding a delay of 3 seconds before the application takes
another temperature reading and close off our loop()  function.

/I Three second delay before taking our next
/I reading
delay(3000);

}

So there we have it. This small application will use our circuit and return the
temperature. We now need to compile the code so we can give it a test.

Remember to save your code now so that the changes you have added are included
in the thermometer.cpp AOH

2XU QH[W VWHS LV WR FUHDWH D ODNHAOH IRU RXU WKHUPRPHW F
the blink_test ODNHAOH LQWR WKH DUGX3L GLUHFWRU\ \RX FDQ UH X
FUHDWH D QHZ AOH XVLQJ WKH SUHYLRXV VWHSYV

S3ODFH WKH IROORZLQJ FRGH LQWR \RXU ODNHAOH

Thermo: arduPi.o
g++ -Irt -Ipthread thermometer.cpp arduPi.o -o thermometer

6DYH WKH AOH ZuaNKleW.KH QDPH

We can now compile and test our application.

Compiling and testing
When discussing Geany earlier, we demonstrated how to run the make command
IURP LQVLGH WKH ,'( 1RZ WKDW ZH KDYH RXU ODNHAOH LQ SODFF

1. From the % X Lr@e@u, select 0 D N.H

You should see the compilation pane at the bottom of the screen spring to
OLIH DQG SURYLGLQJ WKHUH DUH QR W\SRV RU HUURUV LQ \I

thermometer  will be successful output.
The thermometer AOH LV RXU H[HFXWDEOH WKDW ZH ZLOO UXQ WR
the temperature.

2. From the terminal window, navigate to the arduPi directory and locate your
WKHUPRPHWHU AOH

3. This can be launched using the following command:
sudo ./thermometer
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The application will now be executed and text similar to the following in the
screenshot should be visible:

Try changing the temperature by blowing on the thermometer, placing it in
some cold water if safe to do so, or applying a hair dryer to it. You should see
the temperature on the screen change.

If you have a thermostat or similar in the room that logs the temperature, try
comparing its value to that of your thermometer to see how accurate it is.

You can run an application in the background by adding an & after the
command, for example, sudo ./thermometer & . In the case of our
application, it outputs to the screen, so if you attempt to use the same
terminal window your typing will be interrupted! To kill an application
running in the background, you can type fg to bring it to the foreground
and then pressCtrl + C to cancel it.

What if it doesn't work

Providing you had no errors when compiling your code, then the chances are that
one of your components is not connected properly, is connected to the wrong pin,
or may be defective.

Try double-checking your circuit to make sure everything is attached and hasn't
become accidently dislodged. Also ensure that the components are wired up as
suggested at the beginning of this chapter.

If everything seems to be correct, you may have a faulty component. Try substituting
each item one at a time in the circuit to see if it is a bad wire or faulty resistor.

www.it-ebooks.info



Our First Project — A Basic Thermometer

Up and running

If you see your temperature being output successfully, then you are up and running!
Congratulations, you now have a basic thermometer. This will form the basis for our
next project, which is a thermostat.

As you can see, this application is useful. However, returning the output to the
screen isn't the best method, it would be better for example, if we could see the
results via our web browser or an LCD screen.

Now that we have a circuit and an application recording temperature, this opens up
a wide variety of things we can do with the data, including logging it or using it to
change the heat settings in our homes.

This chapter should have whetted your appetite for bigger projects.

Summary

In this chapter, we learned how to wire up two new components — a thermistor and
resistor. Our application taught us how to use these components to log a temperature
UHDGLQJ DQG ZH DOVR EHFDPH IDPLOLDU ZLWK ODNHAOHV DQG V

Let's move on to a more complex project using the skills we have gained from
building your thermometer. In the next chapter, you will be using the same
components you used previously and also expanding upon the application
you wrote.
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Thermostat — Building upon
Our First Project

In this chapter, we look at building a thermostat device. This will build upon our
previous chapter where we learned how to use a thermistor.

We will cover how to use the temperature data to switch relays on and off. Relays
are the main component that you can use to interact between your Raspberry Pi
and high voltage electronic devices.

Our example project will involve switching on an electric fan when the temperature
rises above a set point of 15 degrees Celsius and then switching it off when the
temperature drops. We can use an ice cube and a hair dryer, or a similar device
to stimulate the thermistor.

Upon completion of this chapter, you will have a thermostat device that you can use
in your home to control a variety of devices beyond the fan example.

Finally, we will also write some code that will be ready to send data to the database
that we will create in Chapter 6 Temperature Storage — Setting up a Database to Store
Your Results

For this chapter, you will need:

Tt Your Raspberry Pi and Arduino shield

T The thermometer device you built in Chapter 4Our First Project — A
Basic Thermometer

¥ Arduino compatible relay shield/component
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¥ A small low voltage electric desktop fan
¥ Some wire cutters and strippers

T A way of stimulating the thermistor for both cold and hot temperatures,
for example, some ice and a hair dryer.

6DIHW\ ¢ UVW

In this chapter, we will be using a device plugged into mains electricity (usually
AC)—the fan. We will also be cutting the cable that connects the fan to the plug
socket. This cable will be run through our relay circuit.

It is important to remind you at this point that working with mains electricity is
dangerous. You should only attempt the fan portion of this project if you feel 100
SHUFHQW FRQAGHQW LQ \RXU DELOLW\ WR VDIHO\ DWWDFK WKH V

Also it is important that you select the correct relays for your electrical system.
Attempting to use a 130 V AC relay on a 240 V AC electrical system, for example,
can result in melting your device or worse.

Depending on your country of residence, the mains voltage can be between 110 V
and 240 V. Before attempting this project, we recommend you read up on your
electric system. Wikipedia provides an overview of mains electricity that you

can use as a starting point:

http://en.wikipedia.org/wiki/Mains_electricity

JHHO TUHH WR EXLOG WKH WKHUPRVWDW GHYLFH DQG VWRS ZKHQ
wiring it up if you do not feel comfortable with your ability. You can always revisit
this project at a later date if you wish.

With that said, let's explore what a thermostat does.

Introducing the thermostat

A thermostat is a control device that is used to manipulate other devices based upon
a temperature setting. This temperature setting is known as the setpoint . When the
temperature changes in relation to the setpoint, a device can be switched on or off.

For example, let's imagine a system where a simple thermostat is set to switch an
electric heater on when the temperature drops below 65 degrees Fahrenheit.
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Within our thermostat, we have a temperature-sensing device such as a thermistor
that returns a temperature reading every few seconds. When the thermistor reads a
temperature below the setpoint (65 degrees Fahrenheit), the thermostat will switch a
relay "on", completing the circuit between the wall plug and our electric heater and
providing it power. Thus, we can see a simple electronic thermostat can be used to
switch on a variety of devices.

Warren S. Johnson, a college professor in Wisconsin, is credited with inventing the

electric room thermostat in the 1880s. Johnson was known throughout his lifetime

DV D SUROLAF LQYHQWRU ZKR ZRUNHG LQ D YDULHW\ RI AHOGV L
electric room thermostats became common features in homes across the course

of the twentieth century as larger parts of the world came to be hooked up to the

electricity grid.

Now with open source electronic tools such as the Raspberry Pi and Arduino
available, we can build custom thermostats for a variety of home projects. They
can be used to switch on baseboard heaters, control heat lamps, and turn on air
conditioner units. It can also be used for the following:

1 Fish tank heaters

T Indoor gardens

T Electric heaters

T Air conditioning

t Fans

Now that we have explored the uses of thermostats, let's take a look at our project.

Setting up our hardware

This project builds up on our last project by reusing the thermometer we created.
The thermometer is a key component of our thermostat as we use this to test the
ambient temperature and switch the device connected to our Raspberry Pi on/off
based upon this.

We will start by explaining the relay device.
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Relays

A relay is a type of switch controlled by an electro-magnet. It allows us to use a small
amount of power to control a much larger amount, for example using a 9 V power
supply to switch 220 V wall power. Relays are rated to work with different voltages
and currents; for example, the Seeed Arduino shield's relays can work with up to 130
V of AC power.

A relay has three contact points; these are 1 R U P D O O\, Qdgnkh@h Connection ,
and 1IRUPDOO\ &@dro¥tHeSe points will be wired up to our fan. In the context
of an Arduino project, the relay will also have a pin for ground, 5 V power and a
data pin that is used to switch the relay on and off.

Connecting the relay

Depending on the relay device you purchased for your Raspberry Pi, there are
several ways to connect the relays to the Arduino shield. The method that follows
relies on your relay being connected to a digital input, the 5 V power, and ground.

For those of you using a relay shield in the thermostat program, we have moved the
connection of the thermistor from analog 0 to analog 7, as this pin is located on an
area of the board not used by a third-party shield.

Carry out the following steps to connect your relay:

1. Connect a wire from your Arduino to Raspberry Pi shield's 5 V power to the
power pin on your relay's board.

2. If necessary you can use the breadboard and connect the wire from the
supply voltage strip to the board. If you are using a relay shield, then the
pin will automatically be connected to the 5 V power pin.

3. Take another wire and connect this from the ground on your shield to
the ground on your relay. Once again, you can use the breadboard as an
intermediary, or if you are using a shield, this is automatically taken care
of by a header pin.

4. We will now connect the data pin. Run a wire from a digital data pin, for
example 4, to the relay. If you are using a shield, then all of the data pins
will be connected.

5. If your thermometer is not already connected, reconnect it to the shield,
this time running the data wire to analog 7 instead of analog 0.
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Finally, if your relay requires an external power supply, connect this. Your circuit,
when connected, should look similar to the following diagram:

Arduino to Raspberry Pi Shield  Breadboard

5V

Resistor

ermistor

Digital Data 4

®
Relay Analog 7
Nnalo;
¢

This circuit makes up the core of our thermostat. For the moment, we will not
connect the fan to the relay but work on the software needed to run the thermostat.

We will also quickly test our relay to make sure everything is connected correctly.

Setting up our software

Let's start with writing a simple program that opens and closes a relay connected

WR WKH 5DVSEHUU\ 3L 2QFH ZH KDYH FRQAUPHG WKLV ZRUNV ZH
application we wrote in the previous chapter to switch the relays on and off and

construct a URL to post the data to the web.

A program to test the relay

Load up Geany DQG DGG WKH IROORZLQJ SW®RRaydop PilthR D AOH FDOOHG
same directory as your arduPi library:

/lInclude ArduPi library
#include "arduPi.h"

/INeeded for Serial communication
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SerialPi Serial;

/INeeded for accesing GPIO (pinMode, digitalWrite, digitalRead,
12C functions)
WirePi Wire;

/INeeded for SPI

SPIPi SPI;

I‘ * * * * * * *

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE *

* * * * * * /

I‘ * * *

* YOUR ARDUINO CODE HERE *

* * * * /

int main (){
setup();
while(1){
loop();
}
return (0);

}

void setup(f{
pinMode(4,0UTPUT);
}

void loop()

{
digitalWrite(4,HIGH);
delay(1000);
digitalWrite(4,LOW);
delay(1000);

}

As you can see, this program uses thearduPi_template.cpp AOH WKDW \RX VKRXOG EH
familiar with by now.

1
‘Q You may notice that this program is the same asblink_test.cpp using

pin 4 instead of 2
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Within the setup() function, we declare digital pin 4 as an output. Following this in

the loop() function, we switch the relay on and then off with a second between each

FRPPDQG 6DYH WKLV AOH DQG QRZ FUHDWH D QHZ HPSW\ AOH :F}
Makefile 7R WKH QHZ AOH \RX FUHDWHG DGG WKH IROORZLQJ

Relay: arduPi.o
g++ -Irt -Ipthread Relay.cpp arduPi.o -0 Relay

6 DYH W KviththA @akte Makefile and then run it from the Build menu.
Once completed, you can then run the application from the command line in
the arduPi directory.

/Relay

If you listen to the relay, you should hear a "clicking" sound. This is the relay
opening and closing. This indicates that the relay is hooked up correctly and
ready for us to write the thermostat program. Next up, we are going to install
an application onto Raspbian called screen.Screen allows us to run multiple
"windows" within a terminal session that are not shut down when we close this
session down.

For example, if you now close the terminal window running your relay application,
then you will hear the "clicking” sound of the relay stop. Ideally, we would like

to be able to close down a terminal window or end a shell session and leave our
application running.

Installing screen

Screen can be installed viaapt-get . From the command line, run the following:

sudo apt-get install screen

Once screen has completed installing, we are going to change a few settings to make
it easier to use.

2SHQ XS D QHZ AOH LQ *HDQ\ DQG DGG WKH IROORZLQJ FRQAJXUL

hardstatus on

hardstatus alwayslastline

hardstatus string "%{B}%-Lw%/{c}%50>%n%f*%t%{-}%+Lw%<"
defmonitor on

shelltitle w # Rename with ctrl-a A

7KLV FRQA JaXawb ¥f¥ toRjiQe a title to each of the "windows" we create in a
screen session and display this title at the bottom of the terminal window. We will
now see this in action.
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6DYH WKLV AOH WR WKH URRW RI \RXUsckeéieH. Bthé HFWRU\ ZLWK WK
terminal window, type the following command:

screen

You will now see the screen welcome message. You can press Space bar to exit.
We can now rename this window session from within screen by performing the
following key command:

Ctrl + A then Shift + A
Name this window Test screen . Now perform the following command:
Ctrl +A,C

This will create a second window. Name this window Thermostat . Your screen
session should look similar to the following screenshot:

Pressing Ctrl + A, N will help you switch between the two windows. You've how
seen how we can create windows, rename them, and switch between them. Finally,
let's close the 7 H éaheen that we created. Switch to this window and then type exit
This window will now close, and you will be taken back to the thermostat window.

Q Pressing Ctrl + A, D will detach you from an existing screen session.

If you need to reconnect to an existing screen session, typescreen —r  in the
command line. There is an extensive manual for screen that can be accessed
via the man screen command.
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If you need to load multiple applications, you can create a new screen for each and
run them from within it, allowing you to switch between them and close them as
necessary. When we launch our thermostat application, we will demonstrate how
to leave the application running when exiting the terminal session.

cURL

Wearenow JRLQJ WR EULHA\ OrRiRaly Stakidirgsfér/"Client for URLS",
this technology allows us to craft URLs in our code and then execute them.

For example, if we want to connect to a Python application from our script and pass
it some of the values of the variables we have generated such as our temperature
reading, we can use cURL by installing the libcurl  developer headers.

In fact, this example is exactly what we will be doing with our code in Chapter 6
Temperature Storage — Setting up a Database to Store Your Rebgltswe build a
database application to accept the data we generate.

Raspbian comes with cURL installed by default, however, we will need to add the
development library — libcurl4-openssl-dev via apt-get . Load up your screen
window and navigate to the directory where you are developing your code and
follow these steps:

1. Type the following command into your terminal:
sudo apt-get install libcurl4-openss|-dev

2. When prompted that the install will use disk space, type Y and pressEnter
to continue.

Now we have libcurl ~ developer headers installed, we can build our thermostat
code. Make a copy of your thermometer code and name it thermostat.cpp

Thermostat code

We will now modify the thermostat code to switch our relay on and off when the
temperature changes and to create a URL with the temperature data located in it.

Modify your new thermostat.cpp AOH DV IROORZV

/lInclude ArduPi library
#include "arduPi.h"
llInclude the Math library
#include <math.h>
/linclude standard io
#include <stdio.h>
llInclude curl library
#include <curl/curl.h>
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In the preceding block of code, we have included the stdio.h AOH DQ@BhWKH
AOH stk AOH SURYLGHV XV ZLWK VRPH WRROV IRU VWULQJ PDQ

/INeeded for Serial communication
SerialPi Serial;

/INeeded for accessing GPIO (pinMode, digitalWrite, digitalRead,
12C functions)
WirePi Wire;

/INeeded for SPI
SPIPi SPI;

/I Values need for Steinhart-Hart equation

/I 'and calculating resistance.

#define TENKRESISTOR 10000 //our 10K resistor

#define BETA 4000 // This is the Beta Coefficient of your thermistor

#define THERMISTOR 10000 // The resistance of your thermistor at
room temperature

#define ROOMTEMPK 298.15 //standard room temperature in Kelvin (25
Celsius).

/I Number of readings to take

I/l these will be averaged out to

/I get a more accurate reading

/I 'You can increase/decrease this as needed
#define READINGS 7

/I Relay Pin
#define RPIN 4

/I Setpoint
#define SETPOINT 15.0

We have added two new constants to our code —RPIN and SETPOINT. RPIN 4 is the
digital pin that our relay is connected to. The SETPOINT constant is the value we will
use as a base for switching the fan on and off.

[** *kkkkkkkk * *kkkkkkkk *kkkkkkkhkkkkk *kkkkk

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE ~ *

* k% *kkkkkkkk *% *kkkhkkkk * *kkkkkkkk * x/
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* YOUR ARDUINO CODE HERE *

* * * * /

boolean running = false; // A flag to let us know if the thermostat
is running

7KH UXQQLQJ YDULDEOH LV D Atud W KEeW dégéndingd® VZLWFK WR
whether the fan is running or not.

int main (){
setup();
while(1){
loop();

return (0);

void setup(void) {
printf("Starting up thermostat \n");

The message output has been updated to read "thermostat" rather than "thermometer".

Wire.begin();
pinMode(RPIN,OUTPUT);

We now switch the RPIN (4 in our example) to the OUTPUTmMode. This means the
digital pin will be writing data to the relay.

}

void loop(void) {

float avResistance;

float resistance;

int combinedReadings[READINGS];
byte valO;

byte vall;

/I Our temperature variables
float kelvin;

float fahrenheit;

float celsius;

int channelReading;

float analogReadingArduino;

/I Our cURL variables
CURL *curllnst;
CURLcode result;
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To the original thermometer code, we now add two cURL related variables. The
curlinst  variable will be where we initialize our cURL instance. The second
variable—result —uwill be used to store the output of the cURL request.

/*******************

ADC mappings
Pin Address

0xDC
0x9C
0xCC
0x8C
OxAC
OXEC
0xBC
OxFC

*******************/

~NOoO ok wWwDNBEFR O

/I OXFC is our analog 7 pin
Wire.beginTransmission(8);
Wire.write(byte(0OxFC));
Wire.endTransmission();

As we mentioned earlier in this chapter, we have updated the analog pin to 7.
The code for this is OxFC.

[* Grab the two bytes returned from the
analog 7 pin, combine them

and write the value to the
combinedReadings array

*

for(int r=0; r<READINGS; r++){
Wire.requestFrom(8,2);
val0 = Wire.read();
vall = Wire.read();
channelReading = int(val0)*16 + int(vall1>>4);
analogReadingArduino = channelReading * 1023 /4095;
combinedReadings[r] = analogReadingArduino;
delay(100);
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/I Grab the average of our 7 readings

/l in order to get a more accurate value

avResistance = 0;

for (int r=0; r<READINGS; r++) {
avResistance += combinedReadings]r];

}
avResistance /= READINGS;

/* We can now calculate the resistance of

the readings that have come back from analog 0
*/
avResistance = (1023 / avResistance) - 1;
avResistance = TENKRESISTOR / avResistance;
resistance = avResistance / THERMISTOR;

/I Calculate the temperature in Kelvin
kelvin = log(resistance);

kelvin /= BETA;

kelvin += 1.0 / ROOMTEMPK;

kelvin = 1.0 / kelvin;
printf("\nTemperature in K ");
printf("%f \n" kelvin);

/I Convert from Kelvin to Celsius
celsius = kelvin -= 273.15;
printf("Temperature in C ");
printf("%f \n",celsius);

/I Convert from Celsius to Fahrenheit
fahrenheit = (celsius * 1.8) + 32;
printf("Temperature in F ");

printf("%f \n",fahrenheit);

We are now going to add the code that switches the thermostat on and off depending
on whether the temperature is higher or lower than our setpoint.

if(celsius > SETPOINT && running == false)

{
printf("Switching fan on );
digitalWrite(RPIN,HIGH);
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running = true;

}

else

if(celsius < SETPOINT && running == true)

{
printf("Switching fan off ");
digitalWrite(RPIN,LOW);
running = false;
}
}

Our code here checks to see if the fan is off and the temperature has risen above the
setpoint. If these conditions are met, then we set theRPIN (4) to HIGH and set the
boolean A Drihning to true .

Setting the digital pin 4 to HIGH changes the switch in the relay and completes the
circuit turning our fan on.

If, however, the fan is running and the temperature drops below the setpoint, then
we set the digital pin to LOWthis switches the relay to the off position and breaks
the circuit from the plug to the fan. After this, the running ADJ LV fAlsd WTNE¢R
portion of our code that sets the relay on and off based upon the temperature is

now complete.

'H ZLOO QRZ AQLVK WKH PRGLAFDWLRQV WR RXU FRGH E\ FUHDWI
temperature data we recorded stored in it. Add the following block of code:

/I Call to the temperature database
curlinst = curl_easy_init();
if(curlinst) {

char url[40];

/[The IP address below should be the IP address of your
Raspberry Pi

sprintf(url, "http://192.168.1.72/addtemperature?temperature=

%f&room=1", celsius);

curl_easy_setopt(curlinst, CURLOPT_URL, url);
result = curl_easy_perform(curlinst);
//If our request fails output the errors.
if(result '= CURLE_OK)
fprintf(stderr, "curl_easy_perform() failed: %s\n",

curl_easy_strerror(result));

curl_easy_cleanup(curlinst);

}
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Here we initialize cURL and then create a new variable called url which will store
the HTTP address we are going to call. Following this, we use the sprintf ~ function
to create a URL string containing the Celsius reading from the thermistor.

The curl_easy_setopt function is then responsible for telling libcurl  how

to behave. Here we are setting the option for the URL,; this will be the value we

storedintheur YDULDEOH JLYHQ SUHYLRXVO\ :H WKHQ AUH RII WKH 8
curl_easy_perform function. The result of this call is stored in the result variable.

Next, we check if there was an error in executing the URL and if the request failed,
we output an error message. Finally, we run the curl_easy_cleanup function to
close the connection.

/I Three second delay before taking our next
Il reading
delay(3000);

}

7KLV FRPSOHWHV WKH PRGLAFDWLRQV WR WKH WKHUPRPHWHU FF
on and off and write the temperature data in a URL format. We can now create a
new Makefile to compile our new code.

JURP ZLWKLQ *HDQ\ FUHDWH WKH QHZ AOH DQG DGG WKH IROORZ

Thermo: arduPi.o
g++ -Irt -Ipthread -Icurl thermostat.cpp arduPi.o -0 thermostat

Once you have saved theMakefile , you can try running it from the Build menu.
, | \RX KDYH DQ\ FRPSLODWLRQ HUURUV A[ WKHVH DQG WKHQ WU\
complete, you can now test the code with your fan.

Testing our thermostat and fan

We have our hardware setup and the code ready. Now we can test the thermostat
out and see it in action. First, we will attach the fan and then run the application
generated by our previous Makefile

[85]
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Attaching the fan

Make sure that your Raspberry Pi is powered down and that the fan is not plugged
into the wall. Using a wire stripper and cutters, cut one side of the cable connecting
the plug to the fan body. Take the end of the cable attached to the plug and attach

it to the & 2 0 point on the relay. Use a screwdriver to ensure that it is fastened
correctly. Now, take the other portion of the cut cable that is attached to the fan body
and attach this to the 1 2 point. Once again, use a screwdriver to ensure it is fastened
securely to the relay. Your connection should look as follows:

Relay

|N0||Com||Nc|
Q 2

You can now power up your Raspberry Pi, relay, and fan.

Starting your thermostat application

From the command line, launch screen, create a new tab, and label thisThermostat
Then from within this screen session, start your application:

Jthermostat

Your application will be launched in the screen session. When you log out of your
Raspberry Pi or close you SSH session, it will continue to run in the background.
You can reconnect to it by typing screen —r in the terminal window when
logging back in.

Now that our application is running, you should see that when the temperature of
the thermistor passes the setpoint the fan switches on. You can test this by warming
up the thermistor if the room temperature is not greater than the setpoint. In order
to test if it switches off correctly, try cooling down the thermistor.

. Ifusing ice to cool down the thermistor avoid placing the ice directly near
the circuitry to avoid accidents. Instead, use the ice to cool your hand
v down and then place this over the thermistor. Ensure you hand is dry
before touching it.

[86]
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If the fan switches off and on as the temperature changes, then you have successfully
EXLOW \RXU AUVW WKHUPRPHWHU

Debugging problems

If the fan does not switch on there could be one of several problems. You can then try
the following steps:

1. Check that the code compiled without any errors and started correctly.

2. If your application was not running in screen and you logged out of the shell
session, then it probably shut down. Try launching the thermostat program
in screen.

3. Make sure that you are applying enough of a change in temperature to the
thermistor in order to exceed the setpoint.

4. If none of the above works, power down your Raspberry Pi and unplug the
fan. Check that the fan's wires run to the correct points on the relay and are
secured correctly. Completely power your Raspberrry Pi back up, reconnect
the fan, and then try rerunning the thermostat application.

5. If your relay needs an external power supply, check if this is plugged in
and connected.

1 i .
‘Q Always remember to unplug the power when adjusting the connections

to the relay to avoid an electrical shock.

Summary

,Q WKLV FKDSWHU ZH OHDUQHG DERXW UHOD\V DQG KRZ WKH\ ZR
existing code to expand its functionality. This enabled it to switch the relay on and

off based upon our temperature readings. We also set our program up ready to write

the temperature data to a database. We launched this program in a screen session so

that we can log out of our Raspberry Pi without terminating it.

Finally, we connected the fan and used the relay to switch it on and off. Now that
you have a thermostat device, you can try out other projects with it. For example,
you could use it to switch on a small heater when the temperature drops.

With our hardware and software complete, we will move onto our next project. This
will involve creating a database that can store the values output by our application
and then installing some tools to view the stored data via our web browser.

[87]
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Temperature Storage —
Setting up a Database to
Store Your Results

In this chapter, we will cover setting up a database on your Raspberry Pi using
SQLite. This SQL-based database will be used for storing the results from the
temperature readings that we captured in the previous chapter. We will also look

at +\SHU7H[W 6WUXFW XUH G(#4¥X64U,\aldhquagelhhtallows you to
guery your database via HTTP requests.

Along with these technologies, we will set up an Apache web server running 3\WKR Q
via : 6 *, —a server-side programming language that we can use to run SQL queries
against our database.

/HW V JHW VWDUWHG RXU AUVW VWHS ZLOO EH WR LQVWDOO 64/]
temperature  database.

SQLite

SQLite Version 3.x is the latest version of the SQLite series of database technologies.
Written in the C programming language, SQLite is a relational database management
system that has continued to support more of the SQL standard as it has progressed

through several versions.

This means that many of the features you may be familiar within SQL are available
to use when creating an SQLite database.

www.it-ebooks.info



Temperature Storage — Setting up a Database to Store Your Results

SQLite has many uses, which include creating databases for embedding in applications
such as web browsers or for creating lightweight databases for embedded systems
running on hardware such as the Raspberry Pi. It is also practical for small projects
that do not require a more complex and maintenance-heavy RDMS such as Oracle

or MS SQL and for those looking for a free and easy solution for storing data.

You can read more about the technology and the latest features it supports on
its website:

http://www.sqglite.org/

Installing SQLite Version 3.x

We will now walk through the process of installing SQLite on our Raspberry Pi.
Either log in to your Raspberry Pi via SSH, or connect over the desktop and open
LXTerminal. Once logged in, we are going to run apt-get to install SQLite3.

From the command line, type the following command:

sudo apt-get install sqlite3

. Ifyourun sudo apt-get install sqlite , this will only install
SQLite Version 2.x. Version 2.x does not support some of the commands
Ko we will be using such as ALTER TABLE. So make sure you usesqglite3

when using apt-get

The terminal will show you feedback as it installs SQLite. Once complete, navigate to
your home directory—if not already there—and then create a new directory within
which we will work. Type the following commands into your terminal window:

cd /home/pi/
mkdir database
cd database

This database directory will be used to store our temperature  database for testing
and for demonstrating how to use SQLite. Once we set up our web server, we will
copy the database to a directory where the Apache can access it.
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, \RX DUH DOUHDG\ SURAFLHQW ZLWK /LQX[-DQG 64/LWH RU DV
gain experience with this technology, you may wish to change the
y FRQAJXUDWLRQ Rl ZKHUH \RXU GDWDEDVHV pPUH VWRUHG DQG
% located with the website. For the purposes of this project and to get
T~ \RX XS DQG UXQQLQJ ZLWK WKH WHFKQRORJY ZH ZLOO NHHS W
same directory structure under the wwwfolder; however, feel free to
change this if you wish.

Creating a database

To load SQLite, you simply type the command line name sqlite3  followed by the
database name and the extensiondb . If it does not exist, SQLite3 will create this
database for you, for example, mydatabase.db

For our project, we will name the database temperature . On the command line, type
the following:

sqlite3 temperature.db

You will now be dropped into the SQLite3 shell. From the SQLite shell, we can

type commands that will create tables in the database and assign columns to them
within which we will store data. Before creating anything in our database, we should
consider what tables and columns we are going to need.

For this project, we only need a simple database, and two tables should be enough
to record the data we want to store. One table will be responsible for storing the
temperature data and the other for recording the details of the room the Raspberry
Pi is located in.

Let's look at the temperature =~ WDEOH AUVW

A table to record our temperature

The temperature  table will be responsible for storing the data written back from the
Arduino shield. We will need the following columns:

¥ , GThis will be the unique ID for each temperature reading written to the
database. With each new value added, it should auto increment, and should
also be the Primary Key for our table.

¥ 5RRP:OBeroomid will serve the purpose of linking the temperature
reading to a table containing information about the room it was taken from.
For example, in our project, we will store the name of the room here.

www.it-ebooks.info



Temperature Storage — Setting up a Database to Store Your Results

¥ 7HP SHU D Whiddiumn will be used to store our temperature reading in
Celsius. This value will have been calculated by the Arduino shield and sent
back ready to be inserted into the database.

T Datetime : We will calculate a time stamp for each reading when inserting
data into the table. This can be useful when querying the database and trying
WR AQG RXW IRU H[DPSOH ZKLFK WLPH SHULRGV DUH FROGI

A table to record our rooms

The second table we will create will store the name of the room in it. This table can
then be expanded in the future to include extra details about the room. To start with,
though, we will only need two columns:

T , GThis will be a unique ID for the room and will be incremented with each
room added. When we add data to the temperature  table, we will insert
this room ID. This way if we decide to rename the room, we only have to
make an update to a single value in one table, rather than replace multiple
instances, which would be the case if we had recorded the room name next
to each temperature reading in the temperature  table.

¥ 5RRPQDPHsecond column we are adding is for storing the room name.
Here we can store a value such asgathroom or kitchen

Writing some SQL
Now that we have mapped out our two tables, we can create them using SQL.
From the SQLite3 shell, enter the following SQL command:

CREATE TABLE roomdetails (id INTEGER PRIMARY KEY AUTOINCREMENT, room
VARCHAR(25));

This command creates a new table calledroomdetails , it adds an ID column that
takes integer values, it is the primary key of the table and with each new value that
is added, the ID is incremented by one. Next we will create the temperature  table.
Type the following SQL command into the SQLite3 shell:

CREATE TABLE temperature (id INTEGER PRIMARY KEY AUTOINCREMENT, roomid
INTEGER, FOREIGN KEY(roomid) REFERENCES roomdetails(id));

The preceding command has now created our second table calledtemperature

This table will be used to store each of our temperature readings. The SQL command

KDV FUHDWHG WZR FROXPQV WKH AdbbMdataiE H Ligble i®VakKH ,' WKDW OLN:
integer and auto incremented.
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The second column created will be used to store the room IDs. This column
referencesroomdetails  and creates a foreign key link to it. Now that we have
the temperature  table, we can add the other two columns to it, those being
temperaturec  and datetime

For this task, we can use the SQL commandALTER TABLE in order to add a new
column to an existing database.

From within the SQL.ite3 shell, enter the following SQL command:

ALTER TABLE temperature ADD COLUMN temperaturec FLOAT(8);

We have now updated our temperature table and added the column for storing the

temperature readings from the sensor on the Arduino shield. This column accepts

QXPHULF ARDW YDOXHV HLJKW FKDUDFWHUV ORQJ ZKLFK PHDQV
numbers such as 52.3, 48.4, and so on.

Finally, let's add the date stamp column to our database so we can check when our
temperature readings were stored. Using the shell, execute the following command:

ALTER TABLE temperature ADD COLUMN datetime DATETIME;

'H KDYH QR2Z DG G Hi@etiX Ucduind®10 the table, this column takes a
date-formatted value in the following format YYYY-MM-DD HH:MM:SS

Now we have our two tables in place, let's add a room to the roomdetails  table.
This could be the room that you have your Raspberry Pi thermostat running in. In
the following example, we have used Kitchen as the value. From within the SQLite3
shell, execute the following command:

INSERT INTO roomdetails (room) VALUES ('Kitchen’);
Now you can check to see if our room is present by using:

SELECT * FROM roomdetails;

This command selects all values from theroomdetails  table and displays them.
If you added Kitchen as your room, you should see:

1|Kitchen

So we now have a room in our database with an ID of 1 that we can use when
writing data back from the Arduino application.
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In Chapter 5From Thermometer to Thermostat — Building upon Our First Projgati
may remember that we included the value 1 as the room ID parameter when
executing Arduino code. Also you may remember that we included a reference to

a URL called addtemperature . We will now set up a web server and create a script
with this name that accepts that room ID parameter so that the Arduino shield can
communicate with our new database. From the shell, type the following command to
exit SQLite3:

.quit

Apache web server

The Apache web serverwas AUVW GHYHORSHG LQ W VSUXQJ RXW RI D ¢
National Center for Super Computing Applications developed by Rob McCool called

the +773 GDHM®Q), which provided a method for Linux servers to deliver

content over the HTTP protocol.

After support for the HTTP daemon waned following Rob McCool's departure

from NCSCA, several users of the daemon came together and combined their
patches using httpd Version 1.3 as a base. This combination of patches into a single
open source web server became known as Apache. Apache provided a free open
source alternative to the other web servers on the market.

We will be using Apache Version 2.x to host web-based applications on our
home network. These applications can then be used to perform tasks such as
write data to a database or provide a web interface to the data generated by
our temperature sensors.

1RZ ZH KDYH EULHA\ ORRNHG DW $SDFKH DQG ZK\ ZH DUH LQWHU}
Let's get started with setting it up.

Setting up a basic web server

If you are not already in a shell session after exiting SQLite3, open up the terminal
window. In the command line type the following.

sudo apt-get install apache2

This will install Apache Version 2.x via the apt-get  tool. While installing, you will
be prompted to continue, a message will be displayed noting how much disk space
will be used on your SD card by the installation process:

After this operation, 4,990 kB of additional disk space will be used.

Do you want to continue [Y/n]?
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You can type Y to continue. The installation process will complete and you will then
see a message similar to that shown in the following screenshot:

This message informs us that our web server has been assigned its local loopback
IP address127.0.1.1  as its server name. If you wish, you can access Apache
from the Midori browser on your Raspberry Pivia http:/127.0.0.1/ or
http://localhost/

In turn, we can access the web server on our home network using the IP address
assigned to our Raspberry Pi by our router.

You can always check your Raspberry Pi's IP address using theip addr
Ao show command and looking for the value located next to inet

There are several commands that are useful for starting, stopping, and restarting
your web server. These are:

¥ D SDFKH F:Whis dovhimbdvstarts the Apache web server. If the server is
already running you will be presented with an error message.
1 D SDFKH FWsh&/abihEand suggests, running this stops the web server.

¥ D SDFKHFW DhigJdandridabduvilV restart an existing running web server
and if none exists, will start a new one.
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¥ DSDFKHFW OLik&JtbeRrébtatt@ommand, graceful also restarts an
existing server and starts a new one if none exists. However, unlike the
restart command, currently existing connections to the web server are
not aborted.

f DSDFKHFWO JUThiskdodraand Wsk Stops the web server, but like
the graceful command, does not abort existing connections.

The Apache web server is run under the www-data user. You may
+  need to add awww-data group and the www-data user to this
% group in order for Apache to start. You can do this by using the
i
commands, sudo addgroup www-data and sudo usermod -a
-G www-data www-data

Further commands and help can be found in the manual (man page) for
Apache Version 2.x. To access this document, type in the terminal the
following command:

man apache2

To exit, you can pressQ. Now that we have Apache Version 2.x installed and know
how to access the manual, let's try restarting the server.

<RX ZLOO QHHG WR SUHA[ \8uddJinfRIERD QGV Z4LWK
perform tasks such as restarting the Apache server. If you do not
T wish to do this, you can switch user to root using sudo su root

In the command line, type the following command:

sudo apachectl restart

You should now see the Apache server restarting. Once complete we can check that
it is indeed running by seeing if the test index.html  page located in /variwww is
available via our browser.

Using your web browser, navigate to either the IP address assigned to your
Raspberry Pi by your router, for example http://192.168.1.122 , Or navigate from
the browser on your Raspberry Pi (for example, Midori) to http://localhost/
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You should now see in your browser a web page similar to that in the
following screenshot:

Congratulations! You have successfully set up a web server capable of serving
HTML and other content on your home network.

For our home automation projects however, we would also like to be able to do more
than serve static content such as theindex.html  page packaged with Apache.

In order to do this, we will need to be able to run server-side code such as Python.
Python will allow us to not only serve up static content, but also allow us to connect
to our database to read and write data from it.

To gain this functionality, we will need to expand the capabilities of Apache by
including WSGI.

WSGI

HE 6HUYHU *DWH ZD\6*QMst Bytbdn ldtandard used by web servers
to allow communication between Python web applications and themselves.

For the Apache web server that we installed, its functionality can be expanded to
serve Python applications by including a module that provides support for WSGI.

With this installed, we can then build server-side applications accessible via a web
browser that can write data to our SQLite database.
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Setting up WSGI

The copy of Apache installed on the Raspberry Pi does not include WSGI by default.
Therefore, we will need to use apt-get to install the module onto Raspbian. Open
up the terminal and run the following command:

sudo apt-get install libapache2-mod-wsgi

Once the process has completed, you will now have the necessary code on your
machine to support Python web applications.

+RZHYHU EHIRUH ZH FDQ VHUYH WKHVH DSSOLFDWLRQV $SDFKH
WR OHW LW NQRZ ZKLFK GLUHFWRU\ WKH AOHV DUH ORFDWHG LQ
located, and which URL to serve them on. From the command line, navigate to the

following directory:

cd /variwww/
Within this directory, add a new folder with the following name:

sudo mkdir wsgi-scripts

This is the directory where we will store our Python WSGI scripts. Using the
FRPPDQG OLQH RU ZKLFKHYHU WRRO \RX DUH XVLQJ WR HGLW WH
following directory:

/etc/apache2/sites-available

2SHQ WKH A@BUFDOOHG

_ When working from the Raspbian desktop, you can open a
% terminal window and launch Leafpad with the command: .
i sudo leafpad 7KLV ZLOO DOORZ \RX WR HELW WKH AOHV ORFD
in /etc/apache2  and /var/www/

7KLV AOH FRQWDLQV WKH VHWWLQJV IRU RXU ZHEVLWH DQG LV Z
DGGLWLRQDO FRQAJXUDWLRQ IRU DOORZLQJ 3\WKRQ DSSOLFDWL]
WR WKH ERWWRP RI WKH AOH DQG DGG WKH IROORZLQJ OLQH

WSGIScriptAlias /addtemperature /var/www/wsgi-scripts/addtemperature.
wsgi

www.it-ebooks.info



Chapter 6

This tells Apache to take a Python script called addtemperature.wsgi , located in

the /var/www/wsgi-scripts/ directory you just created, and make it available via

the browser with the URL /addtemperature ; for example, http://192.168.1.122/

addtemperature $IWHU WKLV DGG WKH QH[W EORFN Rl FRQAJXUDWLRC
WGIScriptAlias

<Directory /variwww/wsgi-scripts>
Order allow,deny
Allow from all

</Directory>

7KLV GH Ai@elory Dar/www/wsgi-scripts DQG WHOOV $SDFKH WR DFFHSW W
WR LW 7KLV WDJ LV UHVSRQVLEOH IRU GHAQLQJ FRQAJXUDWLRQ
and subdirectories below it. Then save and exit your text editor and navigate back up

to the apache2 directory:

cd /etc/apache2

,Q WKLV GLUHFWRU\ ZHttg@d.tbiG D7KQM ADBCSURYLGHY DGGLWLRQDC
FRQAJXUDWLRQ IRU $SDFKH ,I| WKLV AOH GRHV QRW H[LVW XVH \
otherwise open the existing one.

‘H QHHG WR DGG D VLQJOH OLQH RI FRQAJXUDWLRQ WR WKLV WKI
AQG WKH :6*, PRGXOH WKDW LV QHHGHG WR ORDG RXU VLWH FRQ
previously. If we do not add this to the httpd.conf AOH WKHQ $SDFKH ZLOO QRW NQ
ZKDW WR GR ZLWK WKH FRQAJXUDWLRQ ZH DGGHG WR WKH GHIDX
error and not start.

So with the httpd.conf AOH RSHQ LI WKH AOH DOUHDG\ H[LVWHG ORRN |
WR PRGXOHV LQ WKH AOH WKHVH ZLOO WDNH WKH IROORZLQJ IRU

LoadModule <module_name> modules/<module_reference>.so

If you created a new httpd.conf AOH RobdM@®RIe references already exist,
WKHQ \RX FDQ SDVWH WKH IROORZLQJ FRQAJXUDWLRQ LQWR WKH
under the existing LoadModule references:

LoadModule wsgi_module modules/mod_wsgi.so
6DYH WKH AOH DQG H[ILW \RXU WH[W HGLWRU 1RZ UHVWDUW $SDFK

sudo apachectl restart
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Finally, before we write our web application to add temperature recordings to our
database, let's copy it over to thewwwdirectory. Using the command line, navigate
to the web directory using the code:

cd /variwww

From within this directory, create a new folder to store your database in and change
directory into it:

sudo mkdir database

cd database

Let's take a copy of the database we created earlier and used to test SQLite, and copy
it to our new database directory:

cp /home/pi/database/temperature.db .

We now have Apache set up with a directory to add our new Python scripts to and a
database located locally which we can write data to.

‘KHQ ZH DGGHG RXU FRQAJXUDWLRQ WR WKH GHIDXOW AOH IRU $
reference to a script calledaddtemperature.wsgi

Our next step is to create this script.

Creating a Python application to write to our
database

In order to write data to our SQLite database, we will need a server-side

application capable of connecting to the database and running SQL queries

against it. For this task, we are going to use the Python programming language

DQG XVH WKH :6*, PRGXOH ZH FRQAJXUHG WR VHUYH WKLV DSSOL
the directory you created in the preceding section to store WSGI scripts in by

using the following command:

cd /var/wwwi/wsgi-scripts

This will be where we will create our Python script capable of running SQL queries.
8VLQJ \RXU WH[W HGLWRU mRdiitdfipevatlirdvsgHZ. AOH FDOOHG

'H DUH QRZ JRLQJ WR DGG RXU 3\WKRQ FRGH WR WKLV AOH

[ 100]
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In the Python language, indentation and white spaces are important.
When typing in the code or copying and pasting, make sure that you
follow the indentation format in the examples.

With addtemperature.wsgi open, add the following lines to the top of your script:

import sqlite3
from cgi import escape, parse_gs

These two lines tell our script to include a library that supports SQLite3 and to also
import some useful tools from the CGl library that we can use to escape user input
and parse incoming query strings received by our script.

Once you have added them, let's add a function that is capable of processing the data
sent to the script and then use that data to populate our sqlite3 database.

&RS\ WKH IROORZLQJ EORFN RI FRGH LQWR \RXU AOH EHORZ WKH
you added:

def application(environ, start_response):

connection = None

my_response ="

params = parse_gs(environ[QUERY_STRINGT)

room = escape(params.get(‘room’,["])[0])

temperature = escape(params.get(‘temperature’,["])[0])

7KH AUVW OLQH RI RXU FRGH éphlifafp V .OVHeO@QMPABEIRQ FDOOHG
request comes in, Apache will look for the application function and then execute

the code located within it. The function takes two default parameters, environ

and start_response

Following from WKH IXQFWLRQ GHFODUDWLRQ ZH WKHQ GHAQH AYH YL
for storing data in our program.

7KH AUV W RcbhnvédithV Hthis 6 where we will store the database connection
object when we connect to thesglite3  database.

my_response is an empty string which we will assign our response message to
and display in the browser.

[101]
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The params variable is used to capture the values passed to the script in the URL
guery string and makes them available to the Python function for use. You may
notice here that the parse_gs was included from the CGl library at the top of

our script.

The room and temperature  variables use values from the params variable we
created previously. The escape function is responsible for providing some sanitizing
on the user input. Since only our Raspberry Pi on the home network will be using
this script, there isn't a big risk of SQL injection attacks; however, it is good practice
to code with this in mind.

7KHVH WZR YDULDEOHV WDNH WKH YDOXHV RI VSHFLAF SDUWV RI
case have the same name as the variable. We can then use these two variables in the
SQL guery we are going to write.

Next up, we will write the code that creates a query and uses the value of the room
and temperature  variables.

After the variable declarations, paste the following code:

my_query = 'INSERT INTO temperature(roomid,temperaturef,datetime)
VALUES(%s,%s,CURRENT_TIMESTAMP);" %(room,temperature)
try:
connection = sqlite3.connect('/var/www/database/temperature.db’
Jisolation_level=None)

cursor = connection.cursor()

cursor.execute(my_query)

query_results = cursor.fetchone()

my_response = 'Inserted %s for room %s' % (temperature, room)
except sqlite3.Error, e:

my_response = "There is an error %s:" % (e)
finally:

connection.close()

In the Python script you added, we start by creating a variable called my_query and
into this variable, we add our SQL query string.

The query string inserts into the temperature  table in our database the values from
our room variable and temperature  variable.

Following from this, we then use our try except block to create a connection to our
database. The database connection is stored in theonnection variable if successful.

You will notice that we have included the path to the temperature.db AOH ZKHQ
creating the connection object. You should make sure that this path matches
your own.

[102]
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Once we have a connection to the database, we can run our query against it; we
achieve this by creating acursor object and then executing the SQL stored in the
my_query variable.

The results from the query are then stored in the query_results variable. While we
do not use this at the moment, you can expand your script in the future to use this
variable in the values returned to the browser. For example, if your query used a
SELECTstatement to return a value, it would be stored here.

The my_response variable that we declared earlier is now assigned a string
containing the message that the values we sent to the script were inserted into
the database. Finally, we close the connection to the database.

The except statement will return an error to the browser if a connection could not be
established. This could be because the path you declared in the connection variable is
wrong, or because your script does not have permission to open the database.

If you have problems with connecting to the temperature.db AOH | Ul P
your WSGI script, these may be permissions related.
The database directory needs to be owned by the userwww-data .
Try setting the directory ownership to the www-data user with the
following command:
chown —R www-data /var/iwww
& You can also try using the chmod command and changing the

L SHUPLVVLRQV RQ WKH AOH :KLOH ZH ZRXOG QRW QRUPDOO\ UH
XVLQJ WKLV VHWWLQJ IRU D GDWDEDVH AOH L JHQHUDO \RX F
FRPPDQG WR VHH LI LW A[HV WKH HUURU
chmod 777 temperature.db
I WKLV WXUQV RXW WR EH WKH FDVH WU\ FKOQJLQJ WKH AOHYV
to something more secure that works.

You can read more aboutchmod on its man page by typing man chmod .

Now we have added data to our database and created some text information to
return to the browser, we need to wrap up the script by sending a response back.

Below the lines you added previously, paste in the following code

status = '200 OK'

response_headers = [('Content-Type', 'text/plain’),
(‘Content-Length’, str(len(my_response)))]

start_response(status, response_headers)

return [my_response]
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7KLV AQDO EORFN RI FRGH UHWXUQV D VXFFHVVIXO +773 UHVSRQ
located in it. This response is then interpreted by our web browser, and the string
is displayed on the screen.

So we have reached the end of our Python script and while it is pretty simple,
it demonstrates what is possible.

Save this script and we can now test it. Using your browser, go to http://<your
Raspberry Pi's IP address> /addtemperature?temperature=85&room=1
For example, http://192.168.1.122/addtemperature ?temperature=85&room=1

If the request is run successfully, you should see , QVHUWHG IRU URRP
your browser:

1
‘Q If you have problems with your script, you can check the Apache error

logs at /var/log/apache2/error.log

&RQJIJUDWXODWLRQV <RX KDYH ZULWWHQ \RXU AUVW :6*, 3\WKRQ
into the temperature  database.

Conclusion

Of course, the script is fairly simple and does not do any validation on the data
we pass in to see if it is in the correct format, nor does it use thequery_results
variable. You can expand upon this script to add more functionality to it once you
DUH FRQAGHQW ZLWK KRZ HYHU\WKLQJ ZRUNYV

Now we are writing data to our database, we need a method to view this data via
the web and without having to log in to SQLite3 and write queries. The tool we are
going to use for this is HTSQL.

HTSQL

+\SHU 7H[W 6WUXFWXUHQ+#n6H Yis 4 2chdoidgyl tHat allows us to
ZULWH TXHULHV RQ WKH A\ IRU RXU GDWDEDVH DQG H[HFXWH WK]I

Developed by Clark Evans and Kirill Simonov of Prometheus Research, HTSQL is
built upon the Python programming language and provides a HTTP-based query
language that is translated into SQL. This allows complex queries to be written via
the web browser, and queries to be embedded in client-side AJAX code without the
need for writing server-side applications.
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Rather than having to learn SQL and a server-side programming language such as
Java, a database with an HTSQL server running on it can be accessed via JavaScript
or a web browser such a Midori.

7KH EHQHAW RI XVLQJ WKLY WHFKQRORJ\ LV WKDW LW FXWV GRZC(
code such as Python we have to write and also provides us with a simpler syntax
than SQL for querying a database.

You may remember we wrote the following SQL query for returning the values in
our roomdetails  table:

SELECT * FROM roomdetails;

In order to execute this, we had to be connected to our database via the SQLite3
shell, or we would have to write a Python application with the query in and access
it via WSGI.

To access the same data via HTSQL, we would simply use/roomdetails in
the URL bar of our browser, after the URL of our Raspberry Pi, for example,
http://localhost:8080/roomdetails

An HTSQL server is very simple to set up on our Raspberry Pi, so let us get started
by installing the necessary packages.

Download HTSQL

Wearenow JRLQJ WR LQVWDOO +764/ KRZHYHU AUVW ZH ZLOO QHHG
Python-pip. Pip is a Python based package management system that we will
be using to install HTSQL.

sudo apt-get install python-pip

A message will be displayed informing you that the installation will take 14.5 MB of
disk space. You can selecty and pressEnterto continue with the installation process.
Once installation is complete, we can use pip to install HTSQL. Type the following in
the command line:

sudo pip install HTSQL

The HTSQL installation process will kick off and once complete, we can check that it
was successful. In the command line type:

htsql-ctl version
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You should see the terminal window text similar to that in the following screenshot:

The version number in this example, 2.3.2, will be whatever version you downloaded,
which in the case of pip will be the latest.

&RQ:IXULQJ +764/

Thenext VWHS LV WR FRQAJXUH +764/ DQG WR SRLQW LW WR RXU GD
server to allow us to query the database via our web browser.

We can test our connection to thetemperature  database we created as follows:

htsql-ctl shell sqglite:path/temperature.db

This creates a shell similar to the SQLite3 one on the database we created. In the
preceding example, SQLite is the database type and the path follows this, completed
E\ WKH GDWDEDVH AOH QDPH

Once you can log in to the database via the HTSQL shell, then you can proceed with
running a server.

Quit the HTSQL shell and then from the command line, create a HTSQL server
as follows:

htsql-ctl server 'sqlite:path/temperature.db’

As with the preceding shell connection, the path should be replaced with the path to
the database that we added to the folder /variwww/database or if you decided to
use another directory, use that one instead.
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Once the server has started, you will see the following message on the command line:

6WDUWLQJ DQ +764/ VHUYHU RQ UDVSEHUU\SL RYHU

We can now check that HTSQL is running as expected. Load up your web browser
either on the Raspberry Pi or remotely, and in the URL bar, type: http:/<ip of
raspberry pi>:8080 . You should now see the following message:

"HOFRPH WR +764/
3OHDVH HQWHU D TXHU\ LQ WKH DGGUHVV EDU
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You can then display the room table we created by typing
http://<ip of raspberry pi>:8080/roomdetails

The database is now viewable via the web browser and the data can be seen in the
temperature  table as it gets added.

In order to query the data, we can use the/roomdetails{id} syntax:

You can place column IDs from your database between the braces separated by
commas and only these columns will be returned when you execute the query:

[roomdetails?id="1"

Placing a question mark after the table name or the braces allows us to provide
conditional statements, such as, show all of the data located in all of the columns
where the ID is equal to one. In the case of our database, this should return a single
result, and all of the column values for that result.

HTSQL has an expansive syntax and allows you to write complex queries for
returning data in a variety of formats, including JSON, XML, CSV, text, and YAML.

You can read more about these at the HTSQL website and get a better idea of other
methods of querying the data in your temperature database:

http://www.htsqgl.org

Testing our Arduino shield with our
database

Now that we have a way to write data to our database, we can now start taking and
storing readings from our Raspberry Pi to Arduino hardware.

From the command line, run the thermostat  application located in the arduPi
directory. Once this is running, the shield will start to take temperature readings.

In turn, the Arduino code references the Python script we have just written and will
start to send the temperature data to it for the room you associated with the ID 1.

[ Make sure that both Apache and the HTSQL server are running! ]
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The Python script will then generate a connection to the SQLite database and execute
the query inserting the temperature data, timestamp, and the room ID.

We can test that our data has made its way through the system by querying the
temperature  database via HTSQL. If for example, we wanted to see the room,
temperature, and time stamp, we could use the http://<ip of raspberry

pi>:8080/temperature{room,temperaturec,datetime}?roomid="1' query.

You should now see an HTML table listing the room data, temperature, and time
stamp. You have now successfully set up your Raspberry Pi to store data from the
Arduino shield and made it accessible to other machines on your home network.

Summary

We have now demonstrated a simple method for writing data to a database and
to then be able to read it via our web browser.

This combination of technologies opens itself up to all sorts of interesting
possibilities. We could expand the SQLite3 database to hold more information
about each of the rooms we plan to store data on. We could expand our Python
program to check that the data being written back to it is in the format we expect.

HTSQL opens up a variety of ways for writing interesting queries that we can use

LQ RXU ZHE EURZVHU WR FKHFN RXU WHPSHUDWXUH UHDGLQJV
we can save these queries as bookmarks in our browser and use them whenever

we need.

Hopefully this chapter has provided you with an interest in learning more
about Python, HTSQL, and SQLite so that you can expand your home
thermostat project further.
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Curtain Automation — Open
and Close the Curtains
Based on the Ambient Light

In this chapter, we will be looking at how to use a photoresistor and a motor shield
in conjunction with your Raspberry Pi. Once these are combined into a single device,
it can be used to open and close blinds or curtains.

In previous chapter, we used temperature to change a relay's settings and in this
chapter, we will use the same concepts, however, we will use a photoresistor to turn
a motor on and off.

What you will need for this chapter:

+H

Raspberry Pi
Raspberry Pi to Arduino bridge shield
Breadboard
Wires
10 K resistor
Photoresistor
Arduino Motor Shield
9 V battery and battery connector
Flat-head screwdriver
$ ADVKOLJKW
9 V DC motor and an optional 12 V DC motor

—H + H+ + H+ H+ H+ H+ H H +H

12 V wall wart if you use a 12 V motor
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Photoresistors

A photoresistor is similar to the thermistor in that the device's resistance changes
as some ambient property of the room changes. With the thermistor, this was
temperature and with the photoresistor, it is light.

The most common application of these that you see in everyday life is in street
lamps, which switch on when it starts to get dark outside.

We can use a photoresistor as part of our circuit to tell when it is getting dark in
a room and send this information back to the Raspberry Pi. The Raspberry Pi can
then process this data and use it to control an electric motor.

Motor shield and motors

For this project, ZH KDYH FKRVHQ W K HMRtbAFhiehl O hislis@ ¥avigeR

we can connect to our Raspberry Pi to Arduino shield and then use it to attach and

GULYH '& PRWRUV 7KH VSHFLAFDWLRQV IRU WKH VKLHOG FDQ EH
Arduino website:

http://arduino.cc/en/Main/ArduinoMotorShieldR3

The shield has an operating voltage of 5 V to 12 V and for our project we will connect
a 9 V battery to the screw terminal power connectors. This will provide enough
power to drive the single 9 V motor that we are going to connect to it.

_ For testing purposes, we will use a 9 V battery, however if you wish to
install the motor shield based device, you may wish to consider attaching
Ao it to a wall wart or wiring it into the mains. A 9 V battery in constant use

will not last very long and will not power a 12 V motor.

It is recommended that you disconnect the power pins on the shield if you connect
devices that require more than 9 V. For this project, we start by using a 9 V motor;
you can always upgrade to a 12 V once you have your application and circuit up
and running.

Depending on the type of blinds you have, using a motor in the 9 V to 12 V range
should provide enough torque.

Setting up the photoresistor

We are going to start by wiring up our photoresistor and testing it with some
software. Once we have tested it, we can then hook it up to the motor shield
and use the values it returns to turn the motor on and off.
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Wiring up the components

2XU AUVW \ebuy Nurcifcoll. Rhis process is very similar to when you created
the thermistor circuit in Chapter 30ur First Project—A Basic Thermometer

You'll need your resistor, photoresistor, three wires (black, red, and yellow are used
in the explanation), and the breadboard.

1.

Take the red wire and connect it from the 5 V pin on the shield to the supply
voltage on the breadboard.

Next take the black wire and connect it from the ground pin on the
Raspberry Pi to the Arduino bridge shield to the ground on the breadboard.

As we did with the thermistor before, we will now connect a resistor to
the breadboard. Connect one pin of your resistor to the supply voltage
strip that your red wire is connected to and then connect the other end
to a terminal strip.

We can now connect our photoresistor. Insert one leg of the photoresistor
into the ground on the bus strip and place the second leg into the same row
as you placed the resistor.

Finally connect one end of your yellow wire from the analog 7 (A7) on your
shield to the terminal strip you selected.

Your completed layout should look similar to the following image:

Arduino to Raspberry Pi Shield Breadboard

]

5V
Resistor

O

Phpto Resistor

Ground

Analog 7
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Now that we have the hardware in place, we can write an application to test
our setup.

Testing the photoresistor with software

As with our earlier programs, we will use the arduPi template to create our test code.
2SHQ XS *HDQ\ DQG FUHDWH D QHZ AOH $GG WKH IROORZLQJ FRG

/lInclude ArduPi library
#include "arduPi.h"
llInclude the Math library
#include <math.h>

/INeeded for Serial communication
SerialPi Serial;

/INeeded for accessing GPIO (pinMode, digitalWrite, digitalRead, 12C
functions)
WirePi Wire;

/INeeded for SPI
SPIPi SPI;

#define TH 690

Here we have the standard template header, but we have also added a new constant
called TH. This will represent the W K U H VIHkR theSsetpoint constant we declared
for the thermostat, the threshold is used to calculate whether to perform an operation
based upon the room getting lighter or darker.

/ *kkk *kk KKK *kk KKK *kk

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE ~ *

JRHkRHFRAK *kk KKK

* YOUR ARDUINO CODE HERE *

* f

int main (Y
setup();
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while(1){
loop();
}

return (0);

void setup(void) {
Wire.begin();
}

void loop(void) {

byte valo;
byte vall;

int channelReading;

float analogReadingArduino;

/*******************

ADC mappings
Pin Address

0xDC
0x9C
0xCC
0x8C
OxAC
OxEC
0xBC
7 OxFC

*******************/

OO0~ WNPEO

/I OXFC is our analog 7 pin
Wire.beginTransmission(8);
Wire.write(byte(OxFC));
Wire.endTransmission();

Wire.requestFrom(8,2);
val0 = Wire.read();
vall = Wire.read();

channelReading = int(val0)*16 + int(vall1>>4);

analogReadingArduino = channelReading * 1023 /4095;
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The preceding code will be familiar to you from the thermostat project. Here we

are setting up analog pin 7 so we can read the values returned by the photoresistor.
Next, let's add some code that displays a message if the photoresistor is recording
more light or less:

if(@analogReadingArduino > TH ){
printf("Getting lighter\n");
}

else

{
printf("Getting darker\n");

}

delay(3000);
}

As you can see in theif statement, we check if the light is greater than the threshold
value and if it is, then the program displays the message *HW W L Q J. Otheri¥é H U
we display the message *HWWLQJ.GDUNHU

6DYH W K Hights2hsozpp and then create the following Makefile

Photo: arduPi.o
g++ -Irt -Ipthread LightSensor.cpp arduPi.o -o lightsensor

Once theMakefle is FRPSOHWH VDYH WKH AOH UXQ WKH PDNH IURP WKF
then return to the terminal window. From the command line, we can now test the
code by running:

Jlightsensor

Now that the application is running, we can try out our photoresistor. Depending
on the ambient light in the room you will see the message *HWWLQJ & LJKWHU
*HWWLQJ GDUNHU

If youseethe *HWWLQJ GBEMMBIUH WU\ VKLQLQJ \RXU ADVKOLJKW RQ WK
once the threshold is passed, the message will change to* HWWLQJ.OLJKWHU

If however, you see the message* HWW L QJ OIRMX WBIQ WU\ SODFLQJ D AQJHU
over the sensor and once the threshold is passed, the message will change to
*HWWLQJ.GDUNHU

[116]

www.it-ebooks.info



Chapter 7

Debug

Experiment with the photoresistor; if you have any problems with the sensor not
working, try the following steps:

¥ Check if the components are connected securely on the breadboard
and shield

T Try changing the threshold in the application to ensure that you are
providing enough variance between the darkness and light being
applied to the photoresistor

Setting up the motor shield

7KH AUVW Sdartlinvis Rdmpletetiwe have a device that can record the change
in light and send this back to our application via an analog pin.

We now need to connect our photoresistor to the motor shield. Once these are
combined, we will then have a device that can be used to control curtains or blinds.

Let's start by setting up our hardware.

Wiring up the components

Unlike SUHYLRXV VWHSY ZH ZLOO EH PDNLQJ VRPH VPDOO PRGLAFD

shield. Our motor shield uses pins 11 through 13; however, the Raspberry Pi already
has these pins set aside for SPI so we will need to disable some of the current pins on

WKH PRWRU VKLHOG <RX ZLOO DOVR QHHG WR XVH \RXU ADW KHI

these steps:

1. Unplug the red, black, and yellow wires connecting your breadboard to the
Raspberry Pi to Arduino shield.

2. Bend the metal legs out on digital pins 4, 5, 6, 11, 12, and 13. You do not need
to remove the legs, just ensure that they will not connect with the header on
the bridge shield.

3. You can connect the motor shield to the Raspberry Pi to Arduino shield. We
will now run some jumper wires to connect digital pins 11, 12, and 13 on the
motor shield to digital pins 4, 5, and 6 on the Raspberry Pi to Arduino shield.
Take your jumper wires and connect 11 to 4, 12 to 5, and 13 to 6.
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4. Our two shields are now wired together. Next, connect two wires to the
$ WHUPLQDO RQ \RXU VKLHOG \RX ZLOO QHHG D VPDOO AD!
order to open and close the connection. Once these are in place, connect your
battery connector to the ground and power connectors. Ensure that the black
wire connects to negative and the red to positive.

5. Next connect your electric motor to the two wires connected to the "A"
terminal. This completes the motor shield setup.

6. We can now reconnect our photoresistor. Connect the red wire intoa 5V
SRZHU SLQ WKH EODFN EDFN LQWR D JURXQG SLQ DQG AQD

to the analog 7 pin.

7. Our circuit is now complete. The following diagram should aid you in seeing
ZKDW WKH AQDO FRQAJXUDWLRQ ORRNV OLNH

Ground

5V
Breadboard
Analog 7
il cEa—
IAI
O
Digijtal Pins Resistor
/.O/O
Photo Resistor
& |||
®

Arduino to Raspberry Pi Shield
and motor shield

Analog 7
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Curtain control application

We will now write an application that leverages the photoresistor and uses this to
control the motor. There are a few concepts we will cover quickly before we write
the application, in order to provide you with a better understanding of how our
software works.

Pulse Width Modulation

3XOVH :LGWK 0RG X O B #rhdh@d tigat G2verages the digital pins to create
an analog result. If a digital pin is switched on, it has a value of 5 V and if switched
off, it has a value of 0 V; PWM allows us to simulate a value between these two ends.

Using our software, we can create what is known as a VT X D U H. FH Ynidthod
involves switching a pin on and off to create a steady signal to the device connected
to the digital pin. In our project, this is a DC motor, so varying the modulation, that
is, changing the number of milliseconds that the pin is switched off versus on will
result in a steady voltage being applied to the motor. This results in a change of
speed in the DC motor.

In order to create PWM in our application, we will need to use "threads". We will
look at these next.

Threads

You may have noticed that when running our Makefile , the compilation directives
include a reference to-Ipthread

The pthread library allows us to create threaded applications. A thread is essentially
a fork in the program that can continue to run while the application performs
other tasks.

In the context of our program, this allows us to generate PWM outside of the loop()
function that will run continuously until we tell it otherwise.

For example, in the setup() function, we can create a thread that generates PWM on
pin 3 of the shield. In the loop function, we can perform other tasks and then "pause”
the PWM thread, update the values used to generate PWM, and restart it. This new
value will then be used in the PWM thread.

You will see this concept in action next in our curtain control application.

[113]

www.it-ebooks.info



Curtain Automation — Open and Close the Curtains Based on the Ambient Light

Writing our code

Let's take the light sensor code we wrote and expand it to start controlling the
motor shield.

6WDUW XS *HDQ\ DQG FUHCOuaiHCOtr@.dpZ A OAtidri Golbivity
FRGH LQWR WKLV AOH

/lInclude ArduPi library
#include "arduPi.h"

/INeeded for Serial communication
SerialPi Serial;

/INeeded for accesing GPIO (pinMode, digitalWrite, digitalRead, 12C
functions)
WirePi Wire;

#define TH 690
#define DIRECTION 5
#define PWMPIN 3

Here we have our VWDQGDUG WHPSODWH KHDGHUYV DV ZHOO DV WKH WK
in LightSensor.cpp . After this, we have added two new constants DIRECTION
and PWMPIN

The constantDIRECTION VW RUHV WKH SLQ RQ WKH PRWRU VKLHOG WKDW L
which way the motor is running, that is, clockwise or counterclockwise.

We use thePWMPINconstant to store the pin number of the pin on which we create
a VT XDUH (RmM)len. Now add the following code:

pthread_t pwmthread;
pthread_mutex_t pwmmutex = PTHREAD_MUTEX_INITIALIZER;

These declarations are used for the thread that we will generate when we create
PWM on pin 3. The thread is stored under the variable name pwmthread . Next we
DGG LQ WZR %RROHDQ YDULDEOHV WKDW DFW DV ADJV

boolean off_on;
boolean open_state;
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One is used to store whether the motor is switched on or off and the second records
the open/closed state of our blinds.

/ *kkkkkkkk Fkkkkk Fkkkkk Fkk

* |F YOUR ARDUINO CODE HAS OTHER FUNCTIONS APART FROM *
* setup() AND loop() YOU MUST DECLARE THEM HERE ~ *

* *kkkkkkkk *kkkkkkkk Fkkkkk r\/

JRFEEFR AT KA KA KK *kkkkk

* YOUR ARDUINO CODE HERE *

* st f

void* pwm(void *args)

{
while(1){

if(off_on == true)

{
digitalWrite(3, HIGH);
delayMicroseconds(100);
digitalWrite(3, LOW);
delayMicroseconds(1000 - 100);

}

else

{
digitalWrite(3, LOW);

}

}
return NULL;

}

This function is concerned with the process of generating Pulse Width Modulation.
Thewhile loop UXQV LQGHAQLWHO\ DQG WKH FRGH ZLWKLQ LW LV WDV
3 betweenHIGH and LOWwith a pause between each command to control speed.
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There is a conditional statement that checks whether the motor should be switched
on or off. If the variable is set to false , then this means the curtain is either fully
open or shut, thus we switch the voltage applied to pin 3to 0 (LOW.

We next need a function to control the motor's state. This function "pauses” the
thread, updates the on/off state, and then "restarts" the thread.

void controlMotor(boolean state)

{
pthread_mutex_lock( &pwmmutex );
off _on=state;
pthread_mutex_unlock( &pwmmutex );
}

This allows us to switch off the PWM at any point in our application, that in turn
stops the motor.

int main(void)
{
setup();
while(1){
loop();
delay(100);

}

return O;

}

void setup(¥{

pthread_create(&(pwmthread), NULL, &pwm, NULL);
pinMode(DIRECTION, OUTPUT);
Wire.begin();

}

To thesetup() function we have added two new statements. One creates the new
PWM thread and the second sets the direction pin stored in the DIRECTION constant
to OUTPUT

void loop(){

byte valo;
byte vall;

int channelReading;
float analogReadingArduino;
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/*******************

ADC mappings

Pin Address

o Ok WN - O

7

0xDC
0x9C
0xCC
0x8C
OxAC
OxEC
0xBC
OxFC

*******************/

/I OXFC is our analog 7 pin
Wire.beginTransmission(8);
Wire.write(byte(OxFC));
Wire.endTransmission();

/IGET PHOTORESISTOR READING
Wire.requestFrom(8,2);

val0 = Wire.read();

vall = Wire.read();

channelReading = int(val0)*16 + int(vall>>4);

analogReadingArduino = channelReading * 1023 /4095;

Next we need to add some code that uses the data generated from the photoresistor

on A7:

if(analogReadingArduino > TH && open_state == false){

}

else{
if(analogReadingArduino < TH && open_state == true){

controlMotor(true);
digitalWrite(DIRECTION, HIGH);
delay(5000);

open_state = true;
controlMotor(false);

controlMotor(true);
digitalWrite(DIRECTION, LOW);
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delay(5000);
open_state = false;
controlMotor(false);

}
}

Here we have a conditional statement that checks the light readings against theTH
(threshold) constant. If the curtains are shut and the light exceeds the threshold,
then we do the following:

Call the controlMotor() function and pass the Boolean value oftrue .
Switch pin 5 to HIGH which sets the direction to clockwise.

Allow the motor to run for 5 seconds in order to open the curtain.

P w0 N PR

Call the controlMotor() function and pass in the Boolean value of false
which turns the motor off.

Let's now look at the next part of the if statement.

Here we are checking if the reading from A7 is less than the threshold and the
curtains are open. If this is true, it means the room is darkening and the blinds
need to be closed:

1. Once again, we call thecontrolMotor() function and switch the motor on.

2. Next the direction is set to counterclockwise by writing LOWo the digital
pin 5.

3. Next we apply a 5 second delay to allow the blinds to close fully.
Finally we switch the motor off.
This wraps up the application. We can now test it against our circuit.

Create aMakefile for the curtain control application in Geany and add
the following directives:

Curtain: arduPi.o
g++ -Irt -Ipthread CurtainControl.cpp arduPi.o -0 curtaincontrol

Run the make command from the build menu and then return to the command line.
Start the application up:

Jcurtaincontrol

Your curtain control application should now be running. If you try changing the
light on the photoresistor, you will notice that the motor changes direction and
eventually will stop.
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Applying less and more light will cause the values returned by the photoresistor to
pass the threshold and thus switch the motor on and off.

Debugging problems

If the application is not working, try the following steps to debug:

1. Recheck the steps involving rewiring the pins with jumper wires.

2. Check that all of the wires on the breadboard and the shield are
FRQQHFWHG AUPO\

3. Ensure that you have enough power supplied to the motor shield. You can
test it by using a 9 V battery hooked up to the power connectors.

4. Try changing the threshold value in the script to adjust for the ambient light
in the room where your Raspberry Pi is located.

Connecting to your blinds/curtains

7KH AQDO \Wwwnkest ot rdéRr up to your blind/curtain hardware.
This will largely depend on the product you are using. Remember as well that
heavy curtain and blind hardware will require a higher torque motor, and you
may wish to consider switching over to a 12 V motor at this point.

1 .
‘Q If you connect the 12 V power supply and motor, remember to disconnect

the power pins on the motor shield.

Let's now look at the delay values we set in the loop()  function.

Setting the timing

Our application has a delay of 5 seconds in the conditional statement that opens and
closes the blinds. This was an arbitrary amount we set when creating our application.
When you attach your motor to the blinds/curtains you will need to calculate the
number of seconds required to open/shut the blinds. You can also adjust the values
in the pwm() function to either speed up or slow down your motor.

Once you have set up the hardware, try experimenting with these values until you
adjust the settings to your preference. For example, you may decide you never want
the blinds fully closed or open and can adjust the setting so that the closed and open
state is 75 percent of the open and closed state of the physical curtain.
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Attaching the hardware

At this point, you will need to attach the DC motor to the curtain drawstring.
The preferred method for doing this is via a pulley wheel.

A variety of grooved pulley wheels can be found online or in hardware and craft
VWRUHV 6HOHFW RQH WKDW AWV WKH SURAOH RI \RXU KDUGZDU/

M Make sure you are not running the curtain control application
Q while attempting to attach the wheel and blinds as this may make
WKLQJV GLIAFXOW

$SWWDFK WKH ZKHHO WR WKH D[OH RQ \RXU '& PRWRU LW VKRXOG
QRW IDOO RIl ZKHQ WKH PRWRU LV VZLWFKHG RQ 7U\ WHVWLQJ \|
launching the F X U W D L Qpfdgi@w U R O

Once you are sure this works, you can now attach the drawstrings of your curtains

or blinds to the wheel. This setup will largely depend on how the blinds are opened
or closed. Commonly, there is a drawstring loop that can be pulled to open or close
the blinds. This loop should be attached around the groove in the pulley wheel and
AW WLJIKWO\

Now try changing the delay value in your application to 1 second. Next run the
make again to recompile the application.

Our application will now run the open/close cycle for 1 second. Execute the
application via the command line and note how far the curtain/blind will
open/close in 1 second.

With this information, you should be able to estimate how many seconds are
UHTXLUHG WR RSHQ DQG FORVH \RXU KDUGZDUH $W WKLV SRLQW
the numbers until you reach the desired result.

Debugging problems

If the curtains aren't opening and shutting, there could be one of several
problems here:
¥ Check that the pulley wheel is attached tightly to the axle.

¥ Make sure that the drawstring is attached to the pulley wheel and is
tight enough to have grip when the motor starts.
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¥ If the motor is having problems opening the blinds and you are using a 9 V
motor, try upgrading to the 12 V motor.

T |If the curtains are opening or shutting too quickly, adjust the delay as
described earlier in the chapter.

You now have an application and circuit that can control your curtains or blinds
based upon the ambient light in the room. Remember to check the tension of the
drawstring as they may change over time and affect the accuracy of your open
and close settings.

Summary

This chapter introduced us to several new concepts, including Pulse Width
Modulation and using threads in our application. We also learned how to
use a photoresistor and read the values from it.

Another important step we performed was modifying our motor shield. This
provided an introduction to doctoring off-the-shelf Arduino shields to work
with the Raspberry Pi.

Next we will wrap things up by reviewing what we have learned so far and looking
at future projects that build upon the knowledge you have gained in building the
various projects in this book.
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Throughout the previous chapters, we have looked at various tools and technologies
in order to build devices to help automate our homes. The previous chapter should
have given you a good introduction to the Raspberry Pi and Arduino technologies
that you can now expand upon.

In this chapter, we will review what we have learned and then look at how you can
grow your skills and start to design your own shields for the Raspberry Pi.

We will look at a Raspberry Pi prototyping shield and then following this, we will
explore the GPIO pins of the Raspberry Pi so that you can interact with them via the
shield. Next we will look at the wiringPi  library and the Gertboard, both of which
can be used for home automation projects. Following this, we suggest somenext step
projects that use the techniques you have learned in this book, and in some cases,
build upon previous projects. Finally, we wrap up with an eye to the future.

In order to complete the prototype board task you will need:

t Raspberry Pi
Adafruit Raspberry Pi prototyping shield
An LED

t
s
1t A soldering iron
s

Protective glasses
T Solder

The Gertboard is available via Newark/Element14 at http://www.newark.com/

Let's start by recapping on what we have covered so far.
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A brief review of what we have learned

Chapter 1 An Introduction to the Raspberry Pi, Arduino, and Home Automatamd
Chapter 2Getting Started Part 1 — Setting up Your Raspberry [gtiovided us with

some background on the Raspberry Pi and on the Cooking Hacks shield. We saw
that we can take a third-party shield and attach it to the Raspberry Pi. This provided
us with the ability, via the Raspberry Pi's GPIO pins, to control devices hooked up to
the shield.

Chapter 3Getting Started Part 2 — Setting up Your Raspberry Pi to Arduino Bridge Shield
and Chapter 4Our First Project — A Basic Thermometeovered connecting up devices

via a breadboard and writing this data back to Raspberry Pi. We covered writing
applications that leverage this data and using a third-party library to mimic many

of the functions found in the Arduino programming language.

In Chapter 5From Thermometer to Thermostat — Building upon Our First Project
we covered using the data that the Raspberry Pi had recorded to control another
device, in this instance, a relay. We also looked at how to use our device to control
mains electricity.

So far, these chapters covered the basics of interacting with our environment,
controlling it, and tapping into our home's power supply.

Following this, in Chapter § Temperature Storage — Setting up a Database to Store Your
Results we set up some technologies to record our data and store it.

Chapter 7 Curtain Automation — Open and Close the Curtains Based on the Ambient, Light
brought together some of our techniques from earlier chapters and using an Arduino
Motor Shield, allowed us to control a DC motor.

You should see from the preceding part, we slowly built up a set of techniques
that use similar ideas but are transferable to devices that have different applications
at home.

We can now use these methods to build custom devices, which we will look at now.

Next steps

We have refreshed ourselves on the subjects covered so far. Let's look at the future
projects that you can try.

First, we review the Prototyping Pi Plate. We will then look at the Gertboard and
provide some background on it. Finally, we'll provide some ideas for future projects
that can use either the Cooking Hacks shield, the Gertboard, or the Prototype shield.
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Prototyping Pi Plate

The Raspberry Pi Prototyping Pi Plate shield is a kit provided by Adafruit industries
and can be accessed from the following URL:

http://learn.adafruit.com/adafruit-prototyping-pi-plate/overview

It allows you to create a prototyping shield that connects to the GPIO pins on the
Raspberry Pi. You will be familiar with this principle from the Cooking Hacks shield
you used to build your previous projects. Unlike the Raspberry Pi to Arduino shield,
this is a kit that needs to be soldered together.

By building this shield, you will provide yourself with a platform that you can use
for custom projects.

The Prototyping Pi Plate consists of a single board, which is divided up between
perfboard style and breadboard style pins.

Access to the Raspberry Pi GPIO pins is located around the edge of board where a
QXPEHU Rl VFUHZ WHUPLQDOV DUH A[HG DQG DOVR GRXEOHG XS .
further in on the board.

The shield allows you to solder individual components to it, and also place a
miniature breadboard between the screw terminals for prototyping.

Using an example from Chapter 4Our First Project — A Basic Thermometeve could
solder our thermometer components directly to the prototype shield and thus have
a compact device that uses a single shield.

A comprehensive guide to soldering the shield can be found at the following URL.:

http://learn.adafruit.com/adafruit-prototyping-pi-plate/solder-it

1 . . L
‘Q Remember to wear protective eyewear when soldering to avoid risk of

injury to your eyes. Also make sure to solder in a well-ventilated area.

Let's look at the GPIO pin arrangement and naming convention on the Raspberry
Pi so you can cross-reference these with the Prototyping Pi Plate when you come
to wire up your projects.
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This layout is based upon looking at the Raspberry Pi with the GPIO pins located at
the top-right corner of the board. The pin arrangement is as follows:

1-3.3v 2-5v

3 - SDAO 4 - Not used
5 - SCLO 6 - Ground
7-107 8 - TxD

9 - Not used 10 - RxD

11 - 100 12 - 101

13 - 102 14 - Not used
15 - 103 16 - 104

17 - Not used 18 - 105

19 - MOSI 20 - Not used
21 - MISO 22 -106

23 - SCLK 24 - CEO

25 - Not used 26 - CE1

The pins are located in two columns with each pin labeled with its role. For example,
location 1 is the 3.3v pin.

You will notice that a number of these are labeled asNot used These
pins are currently not used and are set aside for future expansions of the
’ Raspberry Pi's architecture.

With this information, we can write a custom code to interact with the pins or use
other generic libraries that allow us to read and write data. The wiringPi  library
that we will now look at provides some software tools that we can use with our
Raspberry Pi Plate.
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The wiringPi library
The wiringPi  library, written by Gordon Henderson, interacts with the Raspberry Pi

in a similar fashion to the arduPi library. This provides an alternative to the software
library you are currently using and can be explored for future projects.

<RX ZLOOWwWKiQB L<upportfor many of the Arduino functions you are
familiar with, as well as custom support for PWM.

A comprehensive guide to the available functions is accessible on thewiringPi
webpage at https://projects.drogon.net/raspberry-pi/wiringpi/

The library is available on github and can be accessed via the following link:
https://github.com/WiringPi/WiringPi

The following steps will guide you through the installation process via the Raspbian
command line.

Open up a terminal window and type the following command to install  git version
control software:

sudo apt-get install git-core

Git is a version control software application. It allows you to check out
K software code from github, which acts as a repository for various projects.

Once git is installed, you can then clone the library from github. In the terminal
window, type the following command:

git clone git://git.drogon.net/wiringPi
This will create a copy of the wiringPi  library on your machine.

<RX ZLOO AQG D PDNHA@ikyPO RdErBYS Batw@l ivgtilHhe library
on your system.

Once complete, there are a number of examples you can try out. One that may be of
interest to you is test2.c  in the example directory. This program simulates PWM,
and if you connect a LED up to pin 2, you will see the LED slowly fade on and off.

The Prototyping Pi Plate and wiringPi  library provide you with an interesting
alternative to the Cooking Hacks shield. Let's now look at another technology
that is available for the Raspberry Pi — the Gertboard.
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The Gertboard

The *H U W E R B te@ce that connects to the Raspberry Pi's GPIO pins like we have
seen with the previous shields and provides the user with a variety of tools they can
use to interact with electronic components.

The Gertboard was developed and named after Gert Van Loo.

Gert Van Loo, while working with Ebon Upton at Broadcom took, on the challenge
of building a stripped down computer. Using a multimedia optimized processor,
the BCM2835, he developed the prototype of the Raspberry Pi's alpha hardware.

Following from the success of the Raspberry Pi, Gert Van Loo worked upon a
project that would expand what the Raspberry Pi could do further — the Gertboard.
The Gertboardisa SULQWHG FL UF X Lwith B BohhiratioB & Zomponents
that can be soldered together and connected to the Raspberry Pi, thus extending its
capabilities via its GPIO pins.

Like its counterparts, it allows electronic components to be controlled via
applications written on the Raspberry Pi.

KLOH QRW DQ RIAFLDO SURGXFW RI WKH 5DVSEHUU\ 3L IRXQGDW
support by its members and distributed along side the Raspberry Pi through
Newark/Element 14.

Much like the Raspberry Pi to Arduino shield, you will now be able to build
embedded systems for your home that can perform a range of tasks from recording
temperatures and controlling your thermostat, to using ambient light sensors that
open and close your blinds.

Thanks to the combination of components that come as part of the kit, you will have
sensors, LEDS, DACS, and motors available for home projects. This allows you to
record analog data and convert it to digital, as well as move physical objects via
motors and communicate error codes and states via LEDs.

Introduction to the Gertboard components

7KH Alavewf Gertboards was shipped as a kit of separate components that
needed soldering together. An updated kit, which comes pre-soldered, is being
re-released at end of 2012.
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The kit and pre-soldered board includes the following components:

1 Buttons

GPIO PCB board

Ribbon cable

LEDs (Light emitting diodes)
ADCs (Analog-to-digital convertor)
DACs (Digital to analog convertor)

H +H+ H+ H+ +H+ ++

48V Motor controller
¥ ATmega microcontroller

The following diagram shows the layout of the board, which we will now explore:

DAC/
ADC Motor controller
Buffered 1/0
Micro Open
controller collector
driver
| GPIO Pins

*3,2 3&8% H[SDQVLRQ ERDUG

The GPIO expansion board is a pre-populated printed circuit board. This is the item
that the components are soldered to and forms the foundation of the Gertboard. This
board is what is connected to the Raspberry Pi via its GPIO pins.

GPIO Pins

The Gertboard, like the Raspberry Pi, comes equipped with its own set of GPIO pins.
The ribbon cable provided in the Gertboard kit is used to hook the Raspberry Pi up
to some of the GPIO pins in order to provide a physical communication medium
between the two devices.

[135]

www.it-ebooks.info



Wrapping up

Motor controller

A motor controller can be used to control an electronic motor hooked up to it. Some
examples of its functionality include switching a motor on and off, controlling its
speed, and changing the torque and direction

The Gertboard's motor controller supports hooking up a DC (direct current) electric
motor, which can be controlled via the motor controllers pins.

It also comes equipped with a fuse for current protection and internal temperature
protection to help prevent overheating.

This removes the need to use a separate motor shield as we did inChapter 7, Curtain
Automation — Open and Close the Curtains Based on the Ambient. Light

Open collector driver

The open collector drivers are used to turn devices connected to the Gertboard on
and off. This is especially useful when the device connected requires a higher voltage
than available via the Gertboard.

One common application of the OC driver is to hook up devices for displaying visual
datasuchasa9DFXXP )OXRUHYVF KEM. ThesSa&aeypes of display you

FRPPRQO\ AQG RQ KRPH DSSOLDQFHV VXFK DV \RXU FRRNHU RU P
to communicate information such as cooking time and temperature.

%XITHUHG |, 2

The input/output ports on the Gertboard are where you will connect up your
buttons and LEDs. These are controlled via jumpers which set the port to input
or output mode.

The button, for example, is an input mechanism and the LED an output. Switching
on an LED will result in sending the command from the Raspberry Pi via an output
to the Gertboard as an input.

A push button works opposite to this, whereby an input from the button is sent
to the Gertboard, and an output from the Gertboard is received as an input to the
Raspberry Pi.

When using jumpers, it is important to think of the above in the following terms.
An input jumper means an input to the Raspberry Pi, and an output jumper means
an output from the Raspberry Pi.
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Atmel ATmeg chip microcontroller

This device is the microcontroller for the Gertboard. The microcontroller is a single
integrated computer that controls input and output of the devices on the Gertboard.

The development language for the Arduino can be used with the Gertboard. Once
you have this installed, \RX FDQ UH XVH $UGXLQR VSHFLAF DSSOLFDWLRQV
changes or write new ones to control the Gertboard's microcontroller.

Convertors — analog to digital and digital to analog

ADC ($QDORJ WR "LILWDAd BAQYHHUWRO WR $QDORe &RQYHUWRU
used to convert data from one format to the other. They have applications in music

recording and video, as well as being useful for converting analog readings from

thermostats into digital readings.

You will be familiar with this concept from the projects you worked on in  Chapter 4,
Our First Project — A Basic Thermomet&hapter 5From Thermometer to Thermostat —
Building upon Our First Projectand Chapter 7 Curtain Automation — Open and Close the
Curtains Based on the Ambient Light

For those interested in a more in-depth look at the Gertboard, the user manual is
located on the Element14 website. The Gertboard user manual provides an in-depth
look at the electronic components that come as part of the kit and is available at the
following URL:

http://www.element14.com/community/serviet/JiveServiet/
downloadBody/48860-102-3-256002/Gertboard_User_Manual_Rev_1%200_F.pdf

The Gertboard assembly manual is also available online at Element14 and provides
an easy step-by-step guide to assembling the kit. You can view the assembly manual
at the following URL:

http://www.element14.com/community/serviet/JiveServlet/
downloadBody/48916-102-1-256003/Gertboard_Assembly_Manual_Revl.1_F.pdf

Writing software for the Gertboard

There are several example programs written for the Gertboard in C that you may
be interested in checking out. These can be downloaded from Element14 at the
following URL:

http://www.element14.com/community/solutions/6438/l/gertboard-
application-library-for-gertboard-kit-linux

7TKHVH DSSOLFDWLRQV FDQ EH RSHQHG LQ *HDQ\ DQG FRPSLOHG |
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Gordon Henderson's website also provides a guide to installing the Arduino
,'( RQWR WKH 5DVSEHUU\ 3L DQG FRQAJXULQJ LW WR ZRUN ZLWK
The instructions can be found at the following URL:

https://projects.drogon.net/raspberry-pi/gertboard/

So with two new boards to explore and some different libraries, let's look at some
future projects that can leverage your existing hardware or use one of the other
shields we have looked at.

|ldeas for next step projects

This book has provided you with a variety of projects that provide tools for sensing
and automating your home environment.

Armed with the knowledge from completing these projects, you are now equipped
with the skills to expand your existing projects and create exciting new devices.

This list provides some potential projects for the future.

Expanding the curtain automation tool to
include temperature sensing

Your current application from Chapter 7Curtain Automation — Open and Close the
Curtains Based on the Ambient Lighises light to decide when to open and close the
blinds/curtains.

You can now try combining the thermometer from Chapter 4Our First Project
— A Basic Thermometevith curtain-control device and re-write the software to
incorporate temperature data.

Using the thermistor, you can decide to open and close your blinds if the
temperature changes in order to conserve heat.

By expanding the database written in Chapter 6 Temperature Storage — Setting up a
Database to Store Your Resulige can also record the times when the curtains are
opened or closed, to give us an idea of how many hours of sunlight we received
across a day in a certain month of the year.

This project would need no further components than those used in Chapter 4Our
First Project — A Basic Thermometand Chapter 7 Curtain Automation — Open and Close
the Curtains Based on the Ambient Light
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Changing the motor on the curtain automation
project to a stepper motor

We currently use a small DC motor in Chapter 7Curtain Automation — Open and Close
the Curtains Based on the Ambient Light order to control the blinds in the project.

We can replace the regular DC motor with a DC stepper motor.

A stepper motor is a motor that divides a full revolution into  steps This allows
greater control over the revolutions of the motor when it is operating and thus
a greater point of accuracy when controlling the drawstring.

Switching lights on with a photoresistor

We learned how to switch on a fan using relays and a thermistor. The principles
used in this project can be applied to a desktop lamp or similar lighting device.
Using the relay shield and the photoresistor, we can change out thermostat
application to switch on the lighting device when the room gets dark.

Holiday lights from LEDs

One application of the PWM code we wrote in Chapter 7 Curtain Automation — Open
and Close the Curtains Based on the Ambient L.ighto cause LEDs to fade in and out.
This provides us with the technology to make holiday lights that can blink and fade
along to a pattern. To build on this project, you can time the lights to switch on and
off in synchronization with music to provide an even more interesting experience.

The future of home automation

The Raspberry Pi and Arduino have provided us with two great technologies to
create home automation projects. As the technology continues to grow, the tasks
we will be able to achieve at home using homebrew devices will grow ever larger.

Lets take a look of some of the other tools that will become increasingly available to
home enthusiasts.

3D printing
Rapid prototyping, commonly known as 3D printing, is a method of taking a 3D
image and then printing it out in a substance such as plastic or metal.
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The advent of cheaper 3D printing is providing home automation enthusiasts with

a new tool in their arsenal. 3D printing's ability to create custom cases and brackets
for devices and to then print these out in plastic provides a gateway to a whole new
world of exciting designs.

Printers such as the Makerbot have opened up 3D printing to the home market.
For those who can't afford a 3D printer at home, services such as Shapeways at
www.shapeways.com/ provide a service that allows the customer to upload a 3D
image to the website. Shapeways will then take this 3D image and print the object
in a variety of materials and then ship it.

Raspberry Pi cases are a popular offer on their website!

a1

~Q Check out the Makerbot at http://www.makerbot.com.

RFID chips

5DGLR JUHTXHQF)\ ,GH)Q"Vislahfehall wiRe@ microchips are embedded
into items such as passports. When these chips are read, they provide information
encoded in them.

Consumer goods are increasingly approaching the realm where embedded RFID
chips will become commonplace.

When this takes place, home automation devices will be able to read the frequencies
of products that enter the house and leave. Thus, a system can be built that reads the
signals and adds to an inventory the groceries you have brought home.

On throwing out the empty cans and packaging, the inventory system will be able to
track these leaving the kitchen and remove them from the database.

Therefore, inventory management of goods in the home will become an almost
seamless process.

EEG headsets

EEG headsets are devices that allow people to interact with their computers through

WKRXJKW 7KLV VRXQGYV OLNH VRPHWKLQJ IURP VFLHQFH AFWLRQ
the Emotiv headset (refer http://www.emotiv.com/ ) and the upcoming Interaxon

Muse (refer http://www.indiegogo.com/interaxonmuse ) are carving the way for

home EEG devices.
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As software becomes widespread for EEG devices, it will only be a matter of time
before home automation projects are touched by this technology.

The ability to think the lights on is going to provide home automation enthusiasts
ZLWK SOHQW\ Rl H[FLWLQJ SURMHFWV $ EHQHAW RI WKLV ZLOO D
will be provided with ways to interact with their home.

With technologies such as these on the horizon, we believe there will be many great
opportunities to leverage the power of the Raspberry Pi and many exciting projects
for enthusiasts such as you.

Summary

The Raspberry Pi is an inexpensive computer with a lot of potential. By choosing
this technology, you have provided yourself with a fantastic tool to build home
automation projects.

In this book, we have aimed to provide you with examples that are useful and slowly
EXLOG XS LQ GLIAFXOW\ H[SDQGLQJ \RXU NQRZOHGJH RI WKH 5D
Linux, and related technologies along the way.

Our projects have covered the application of the Raspberry Pi in home automation
and how we can leverage the existing Arduino toolset to augment the Raspberry Pi's
abilities. As newer and more powerful versions are released, we believe the future
for this technology is, indeed, very bright.

The Raspberry Pi community is growing by the day, and the best place to
share your projects and look for help is at the Raspberry Pi website forum
at http://www.raspberrypi.org/phpBB3/

The Arduino community is well established and like the Raspberry Pi website, has a
lively forum where you can turn for help at http://arduino.cc/forum/

‘H VWDUWHG WKH ERRN E\ ORRNLQJ DW WKH KLVWRU\ RI KRPH DX
looking at the future.

With this information, it is now over to you, the reader, to continue your journey.
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In the appendix, we will cover some links and resources that will be useful for you
for future projects and will help you learn more about the technologies used in
this book.

These links cover a variety of sites, including commercial and open source. You
ZLOO DOVR AQG 85/V WKDW SURYLGH IXUWKHU LQIRUPDWLRQ RQ
and programming languages we have used.

Raspberry Pi

The following links provide information and support for the Raspberry Pi and
Raspbian operating system:
t 21 AFRaBpberry Pi website: http://www.raspberrypi.org/
t 2IAFLDO 5DVS E H btig:Nwan.rddRHdng/R.org/phpBB3/
T Raspbian website: http://www.raspbian.org/
1 BerryBoot: http://www.berryterminal.com/doku.php/berryboot
1 WiringPi library:
https://projects.drogon.net/raspberry-pi/wiringpi/
WiringPi downloads: https://github.com/WiringPi/WiringPi

H +H

Gertboard user manual: http://www.element14.com/community/serviet/
JiveServlet/downloadBody/48860-102-3-256002/Gertboard_User_
Manual_Rev_1%200_F.pdf

T eLinux Raspberry Pi Hub: http://elinux.org/RPi_Hub
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Raspberry Pi to Arduino bridge shield

Information on the Cooking Hacks Raspberry Pi to Arduino Bridge can be found at
the following locations:

1
s

Cooking Hacks website: http://www.cooking-hacks.com/

Raspberry Pi to Arduino tutorial: http://www.cooking-hacks.com/index.
php/documentation/tutorials/raspberry-pi-to-arduino-shields-
connection-bridge

arduPi library board revision 1: http://www.cooking-hacks.com/
skin/frontend/default/cooking/images/catalog/documentation/
raspberry_arduino_shield/arduPi_revl.tar.gz

arduPi library board revision 2: http://www.cooking-hacks.com/
skin/frontend/default/cooking/images/catalog/documentation/
raspberry_arduino_shield/arduPi_rev2.tar.gz

Linux

There are a wide range of resources available for Linux online. The following links
provide some overviews of commands and packages used in this book:

1

H +H+ ++

H H+ H+ H +H

Screen user's manual:
http://www.gnu.org/software/screen/manual/screen.html

Raspbian package information: http://elinux.org/Raspbian
apt-get user manual: http:/linux.die.net/man/8/apt-get

Wget user manual:
http://www.gnu.org/software/wget/manual/wget.html

Linux Kernel Archive: http://www.kernel.org/

Geany IDE: http://www.geany.org/

Make command manual: http://linux.die.net/man/1/make
Chmod manual page: http://linux.die.net/man/1/chmod
Chown manual page: http:/linux.die.net/man/1/chown
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Appendix

Python

A variety of Python resources that are useful to you, including information on the
WSGI technology, are available at the following links:
21AFLDO Balwité:RtQ:/www.python.org/
Python documentation: http://docs.python.org/

Python pip: http://pypi.python.org/pypi/pip

T

T

¥ WSGI homepage:http://iwww.wsgi.org/

T

T Download Python: http://www.python.org/getit/

C/C++

The following collection of links provide further information on the C and C++
programming languages:

¥ C and C++ programming reference: http://www.cprogramming.com/

T POSIX threads:https://computing.linl.gov/tutorials/pthreads/

¥ G++ compiler: http:/linux.die.net/man/1/g++

Arduino

We have provided some useful resources on the Arduino hardware and software
that you can use to learn more about the open source technology:

t 21 AFL D Onodhdrée)age: http://www.arduino.cc/

t  21AF L DumoFdsun: http://arduino.cc/forum/

t 21 AFL Bubdo$tdre: http:/store.arduino.cc/

¥ Arduino IDE downloads: http://arduino.cc/en/Main/Software

1 Arduino hardware:
http://arduino.cc/en/Main/Products?from=Main.Hardware

T Makezine Arduino blog: http://blog.makezine.com/arduino/

[145]

www.it-ebooks.info



References

ThereareaYDULHW)\ Rl ADYRUV RI 64/ 7KH IROORZLQJ 85/V DUH JHDU
that we used in this book for our temperature storage database:

¥ SQLite homepage:http://iwww.sglite.org/

¥ SQLite downloads: http://www.sglite.org/download.html

¥ SQLite Documentation: http://www.sglite.org/docs.html

¥ W3 Schools SQL guide:http://iwww.w3schools.com/sgl/default.asp

HTSQL
The foIIov%g links provide an in-depth guide to HTSQL, as well as the HTRAF tools
you can use to interact with an HTSQL server via your website:
21 AFL 3QL wabsite: http:/htsql.org/
T HTSQL tutorial: http://htsgl.org/doc/tutorial.html
¥ HTSQL downloads: http://htsql.org/download/
¥ HTRAF toolkit: http://htraf.org
T HTSQL Python page: http://pypi.python.org/pypi/HTSQL
T

HTSQL mailing list:
http://lists.htsgl.org/mailman/listinfo/htsql-users

Apache

There are many resources on Apache available online; these resources provide
information on the web server, foundation, and common documentation:

¥ Apache foundation homepage: http://www.apache.org/

T Download apache: http://www.apache.org/dyn/closer.cgi

¥ Apache web server: http://httpd.apache.org/

T Apache documentation: http://httpd.apache.org/docs/

¥ Modwsgi: http://code.google.com/p/modwsgi/
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Electronics

You can order electronic components online from a variety of sources. These URLs
are for major suppliers who stock the components used in this book. We also provide
some links to basic electronic guides:
T Adafruit industries: http://iwww.adafruit.com/
Cooking Hacks: http://www.cooking-hacks.com/
Makeshed: http://www.makershed.com/

T

T

T Elementl4:http://iwww.element14.com/

¥ RS Components:http://www.rs-components.com
T

Making Things introduction to electronics : http://www.makingthings.com/
teleo/products/documentation/teleo_user_guide/electronics.html

T Wikipedia article on electronic symbols: http://en.wikipedia.org/wiki/
Electronic_symbol

Packt Publishing titles

Packt Publishing has a variety of books on many of the technologies used in this
book. We provide links to titles that may interest you:
Packt Publishing homepage: http://www.packtpub.com/

Expert Python Programming:
http://www.packtpub.com/expert-python-programming/book

¥ Linux shell scripting cook book:
http://www.packtpub.com/linux-shell-scripting-cookbook/book-0

¥ CherryPy Essentials Rapid Python Web Application development:
http://www.packtpub.com/CherryPy/book

Home automation technology

For those interested in commercial and open source home automation applications
and technology, we have provided several resources including those related to X10.
T X210 knowledge base:http://kbase.x10.com/wiki/Main_Page
¥ X10.com:http://www.x10.com/homepage.htm
¥ Nest Learning Thermostat: http://www.nest.com/
¥ Android operating system: http://www.android.com/
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H +H+ +H+ +H

Android developer resources : http://developer.android.com/index.html

Open source automation (Windows based):
http://www.opensourceautomation.com/

Open Remote: http://www.openremote.org/display/HOME/OpenRemote
Honeywell for your home: http://yourhome.honeywell.com/home/
Hackaday blog: http://fhackaday.com/

Iris Smart Kit: http://www.lowes.com/cd_Products_1337707661000_

3D printing
3D printing will provide home automation enthusiasts with the tools to build custom

cases, brackets, gears, and other tools for their systems. The following links cover 3D
printers and 3D printing services:

+

H H+ H+ +H +H+ +

Makerbot 3D printers: http://www.makerbot.com/

Thingiverse: http://www.thingiverse.com/

Shapeways 3D printing on demand: http://www.shapeways.com/
Stratasys 3D printers: http://www.stratasys.com/

i.materialise: http://i. materialise.com/

Next Engine 3D scanner:http://www.nextengine.com/

David 3D scanner: http://www.david-laserscanner.com/

EEG headsets

EEG headsets are an upcoming technology. The following resources provide links to
devices that can be bought and developed against:

1

+
¥
+

Emotiv headset: http://www.emotiv.com/
Neurosky: http://www.neurosky.com/
Interaxon Muse: http://interaxon.ca/muse/fag.php

EEG article on Wikipedia:
http://en.wikipedia.org/wiki/Electroencephalography
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Appendix

Miscellaneous resources

We also provide a list of miscellaneous resources based on some of the topics
touched upon in this book, and other areas of interest:

s

Popular mechanics back issues at Google bookshttp://books.google.
com/books?id=49gDAAAAMBAJ&source=gbs_all_issues_r&cad=1&atm_

aiy=1960#all_issues_anchor

Wikipedia article on mains electricity:
http://en.wikipedia.org/wiki/Mains_electricity

Wikipedia article on relays: http://en.wikipedia.org/wiki/Relay

Wikibooks embedded systems:
http://en.wikibooks.org/wiki/Embedded_Systems

Open Source Initiative: http://opensource.org/
IO programming language: http://iolanguage.org/

IO programming language Raspberry Pi binary: http://iobin.suspended-
chord.info/linux/iobin-linux-armhf-deb-current.zip
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