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Preface

The Internet of Things (IoT) promises to unlock the real world the way that the internet
unlocked millions of computers just a few decades ago. First released in 2012, the
Raspberry Pi computer has taken the world by storm. Originally designed to give newer
generations the same excitement to programming that personal computers from the 1980s
did, the Raspberry Pi has gone on to be a staple of millions of makers everywhere.

In 1991, Guido van Rossum introduced the world to the Python programming language.
Python is a terse language and was designed for code readability. Python programs tend to
require fewer lines of code than other programming languages. Python is a scalable
language that can be used for anything from the simplest programs to massive large-scale
projects.

In this book, we will unleash the power of Raspberry Pi and Python to create exciting IoT
projects.

The first part of the book introduces the reader to the amazing Raspberry Pi. We will learn
how to set it up and jump right into Python programming. We will start our foray into real-
world computing by creating the "Hello World" app for physical computing, the flashing
LED.

Our first project takes us back to an age when analog needle meters ruled the world of data
display. Think back to those old analog multimeters and endless old sci-fi movies where
information was controlled and displayed with buttons and big flashing lights. In our
project, we will retrieve weather data from a web service and display it on an analog needle
meter. We will accomplish this using a servo motor connected to our Raspberry Pi through
the GPIO.

Home security systems are pretty much ubiquitous in modern life. Entire industries and
careers are based on the installation and monitoring of them. Did you know that you could
easily create your own home security system? In our second project, we do just that, as we
build a home security system using Raspberry Pi as a web server to display it.

The humble doorbell has been with us since 1831. In our third project, we will give it a 21st
century twist and have our Raspberry Pi send a signal to a web service that will text us
when someone is at the door.



In our final project, we take what we've learned from our previous two projects and create
an IoT robot car we call T.A.R.A.S (This Amazing Raspberry-Pi Automated Security Agent).

Preface

In years to come, driverless cars will become the rule instead of the exception, and ways of
controlling these cars will be needed. This final project gives the reader insight and
knowledge into how someone would go about controlling cars devoid of a human driver.

Who this book is for

This book is geared toward those who have had some sort of exposure to programming
and are interested in learning about the IoT. Knowledge of the Python programming
language would be a definite asset. An understanding of, or a keen interest in, object-
oriented programming will serve the reader well with the coding examples used in the
book.

What this book covers

Chapter 1, Installing Raspbian on the Raspberry Pi, sets us off on our Raspberry Pi IoT
journey by installing the Raspbian OS on our Raspberry Pi. We will then take a look at
some of the programs that come pre-installed with Raspbian.

Chapter 2, Writing Python Programs Using Raspberry Pi, covers how Windows, macOS, and
Linux are operating systems that are familiar to developers. Many a book on developing
the Raspberry Pi involves using one of these operating systems and accessing the
Raspberry Pi remotely. We will take a different approach in this book. We will use our
Raspberry Pi as a development machine. In this chapter, we will get our feet wet with using
the Raspberry Pi as a development machine.

Chapter 3, Using the GPIO to Connect to the Outside World, explains how, if the Raspberry Pi
was just a $35 computer, that would be enough for many of us. However, the real power
behind the Raspberry Pi is the ability of the developer to access the outside world through
the use of the General Purpose Input Output (GPIO) pins. In this chapter, we will delve
into the GPIO and start to connect the Raspberry Pi to the real world. We will create a
Morse code generator for our project using an outside LED and then use this generator to
blink out simulated weather information.

Chapter 4, Subscribing to Web Services, explores a few web services offered by some of the
biggest companies in the world. Our project will use the virtual version of the Raspberry Pi
Sense HAT as a ticker to display current weather information from the Yahoo! Weather
web service.

[2]
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Chapter 5, Controlling a Servo with Python, introduces the concept of creating an analog
meter needle using a servo motor connected to the Raspberry Pi.

Preface

Chapter 6, Working with the Servo Control Code to Control an Analog Device, continues the
theme of working with servo motors as we build our first real IoT device, a weather
dashboard. Not only will this weather dashboard feature an analog needle; it will use the
needle to point to a picture of a suggested wardrobe based on the weather conditions.

Chapter 7, Setting Up a Raspberry Pi Web Server, goes into how to install and configure the
web framework CherryPy. We will conclude the chapter by building a local website that
displays weather information.

Chapter 8, Reading Raspberry Pi GPIO Sensor Data Using Python, covers how to read the
state of a button before moving on to a PIR sensor and distance sensor. We will conclude
the chapter by building simple alarm systems.

Chapter 9, Building a Home Security Dashboard, explains how to build a home security
dashboard using the Raspberry Pi as a web server serving up HTML content containing
sensory data collected from the GPIO.

Chapter 10, Publishing to Web Services, goes into how to measure room temperature and
humidity and publish these values to the web through the use of an IoT dashboard. We will
also set up and run a text messaging alert using the service Twilio.

Chapter 11, Creating a Doorbell Button Using Bluetooth, turns our focus to using Bluetooth in
this chapter. Bluetooth is a wireless technology that allows for transmission of data over
short distances. For our project we will explore the BlueDot app from the Android Play
Store. We will use this app to build a simple Bluetooth connected doorbell.

Chapter 12, Enhancing Our IoT Doorbell, will take the simple doorbell we created in Chapter
11, Creating a Doorbell Button Using Bluetooth, and turn it into an IoT doorbell using the
knowledge we learned in chapter 10, Publishing to Web Services.

Chapter 13, Introducing the Raspberry Pi Robot Car, starts us off on our journey into the IoT
robot car by introducing This Amazing Raspberry-Pi Automated Security Agent
(T.A.R.A.S). This chapter will begin by outlining the components we need to build
T.A.R.A.S and then we will proceed to putting it all together.

Chapter 14, Controlling the Robot Car Using Python, goes into how to write Python code for
our robot car. We will utilize the GPIO Zero library to make the car wheels move forward,
move the servo motors holding the camera, and light up the LEDs at the back of the robot
car.

[3]
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Chapter 15, Connecting Sensory Inputs from the Robot Car to the Web, helps us understand
that in order to turn our robot car into a true IoT device we have to connect it to the
internet. In this chapter we will connect the distance sensor from our robot car to the
internet.

Preface

Chapter 16, Controlling the Robot Car with Web Service Calls, continues to turn our robot car
into an Internet of Things device by taking a deeper look at the internet dashboard we
created for the robot car.

Chapter 17, Building the JavaScript Client, moves our attention away from Python, switching
our focus to JavaScript instead. We will use JavaScript to build a web-based client that
communicates over the internet using the MQTT protocol.

Chapter 18, Putting It All Together, covers how we will connect our robot car, T.A.R.A.S, to
a JavaScript client, and control it over the internet using the MQTT protocol.

To get the most out of this book

To get the most out of this book, I will assume the following:

¢ You have purchased, or will purchase, a Raspberry Pi Computer, preferably a
2015 model or newer.

¢ You have had some exposure to the Python programming language, or are eager
to learn it.

* You have a basic familiarity with electronic components and how to use a
breadboard.

¢ You have purchased, or are willing to purchase, basic electronic components.

In terms of hardware requirements, you will need at least the following:

A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

e A computer monitor

A USB keyboard

A USB mouse

A microSD RAM card

A breadboard and breadboard jumpers

[4]
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Additional pieces of hardware will be introduced at the beginning of every chapter.

Preface

In terms of software requirements, you will require the Raspberry Pi NOOBS image
(https://www.raspberrypi.org/downloads/noobs/). Additional software, accounts, and
Python packages will be presented along the way. Any piece of software, web service, or
Python package we use in this book is free of charge.

Download the example code files

You can download the example code files for this book from your account
at www.packt . com. If you purchased this book elsewhere, you can
visit www.packt .com/support and register to have the files emailed directly to you.

You can download the code files by following these steps:

Log in or register at www.packt . com.
Select the SUPPORT tab.
Click on Code Downloads & Errata.

Enter the name of the book in the Search box and follow the onscreen
instructions.

L e

Once the file is downloaded, please make sure that you unzip or extract the folder using the
latest version of:

e WIinRAR/7-Zip for Windows
e Zipeg/iZip/UnRarX for Mac
e 7-Zip/PeaZip for Linux

The code bundle for the book is also hosted on GitHub at https://github.com/
PacktPublishing/Internet-of-Things-Programming-Projects. In case there's an update
to the code, it will be updated on the existing GitHub repository.

We also have other code bundles from our rich catalog of books and videos available
at https://github.com/PacktPublishing/. Check them out!

[5]
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Download the color images

We also provide a PDF file that has color images of the screenshots/diagrams used in this
book. You can download it here: https://www.packtpub.com/sites/default/files/
downloads/9781789134803_ColorImages.pdf.

Conventions used

There are a number of text conventions used throughout this book.
CodeInText: Indicates code words in text, database table names, folder names, filenames,

file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an
example: "In order to access Python 3, we type the python3 command in a Terminal

window."

A block of code is set as follows:

wind_dir_str_len = 2
if currentWeather.getWindSpeed() [-2:-1] == "' ':
wind_dir_str_len = 1

Any command-line input or output is written as follows:
pip3 install weather-api

Bold: Indicates a new term, an important word, or words that you see on screen. For
example, words in menus or dialog boxes appear in the text like this. Here is an example:
"From the View menu, select Object inspector and Variables."

Warnings or important notes appear like this.

Tips and tricks appear like this.

[6]
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Preface

Get in touch

Feedback from our readers is always welcome.

General feedback: If you have questions about any aspect of this book, mention the book
title in the subject of your message and email us at customercare@packtpub.com.

Errata: Although we have taken every care to ensure the accuracy of our content, mistakes
do happen. If you have found a mistake in this book, we would be grateful if you would
report this to us. Please visit www.packt .com/submit-errata, selecting your book, clicking
on the Errata Submission Form link, and entering the details.

Piracy: If you come across any illegal copies of our works in any form on the internet, we
would be grateful if you would provide us with the location address or website name.
Please contact us at copyright@packt .com with a link to the material.

If you are interested in becoming an author: If there is a topic that you have expertise in,
and you are interested in either writing or contributing to a book, please
Visit authors.packtpub.com.

Reviews

Please leave a review. Once you have read and used this book, why not leave a review on
the site that you purchased it from? Potential readers can then see and use your unbiased
opinion to make purchase decisions, we at Packt can understand what you think about our
products, and our authors can see your feedback on their book. Thank you!

For more information about Packt, please visit packt . com.
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Installing Raspbian on the
Raspberry Pi

The Raspberry Pi is marketed as a small and affordable computer that you can use to learn
programming. At least that was its initial goal. As we will see in this book, it is much more
than that.

The following topics will be covered in this chapter:

¢ A brief history of the Raspberry Pi

¢ A look at operating systems for the Raspberry Pi
e Installing the Raspbian OS

e A quick overview of the Raspbian OS

A brief history of the Raspberry Pi

First released in 2012, the first Raspberry Pi featured a 700 MHz single core processor and
256 MB of RAM. The Raspberry Pi 2 was released in February of 2015 with a 900 MHz quad
core processor and 1 GB of RAM. Released in February of 2016, the Raspberry Pi 3
increased the processor speed to 1.2 GHz. This model was also the first one to include
wireless LAN and Bluetooth.
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Here is an image of a Raspberry Pi 3 B (2015):

GPIO Camera Port

_ o — 4 USB 2
( | - . _. ‘E t“"_’;“.’ Ports
DEIREREI B e R e T | e

Port '-H-..._‘_‘__‘__‘_ L y

microSD Slot _ -, = —
(underneath)

10/100
LAN Port

HDMI Paort = 3.5mm Composite Video
USB Power and Audio Jack
Input

Raspberry Pi 3 Model B (2015)

This version of the Raspberry Pi features the following parts:

e Four USB 2 ports

e A LAN port

e A 3.5 mm composite video and audio jack

e An HDMI port for video and audio

e An OTG USB port (which we will use to connect the power)
* A microSD slot (to hold our operating system)

[9]
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e A DSl display port for the Raspberry Pi touchscreen
¢ A General Purpose Input Output (GPIO) pins
e A camera port for a special Raspberry Pi camera

The Raspberry Pi Zero was released in November of 2015. Here is an image of it:

 EE AR B R A DD N BN BN EELEDLEDN.
LR R R N B N N N

WiE

Raspberry Pi Zero W

Although not as powerful as the previous Raspberry Pis, the Zero featured a smaller size
(65 mm X 30 mm), perfect for projects with limited physical space (namely, wearable
projects). Plus, the Raspberry Pi zero was priced at $5 USD, making it very affordable. The
Raspberry Pi zero W was released on February 28, 2017 at double the price ($10 USD) with
built-in Wi-Fi and Bluetooth capabilities.

The latest model, as of the time of writing, is the Raspberry Pi 3 B+, which was released on
March 14, 2018. The processor speed has been upgraded to 1.4 GHz as well as the wireless
LAN now supporting both 2.4 GHz and 5 GHz bands. Another upgrade is the addition of
Bluetooth low energy, a technology built for applications that do not require large amounts
of data to be exchanged but are required to have a long battery life.

[10]




&CONTROL ENGINEERS

Installing Raspbian on the Raspberry Pi Chapter 1

Creators of the Raspberry Pi initially believed that they would sell at most 1,000 units. Little
did they know that their invention would explode in popularity. As of March 2018, sales of
Raspberry Pi computers has passed the 19 million mark.

A look at operating systems for the
Raspberry Pi

There are various operating systems (or system images) that may be installed on the
Raspberry Pi. These range from application-specific operating systems, such as audio
players, to various general purpose operating systems. The power behind Raspberry Pi is
the way it can be used for various applications and projects.

The following is a list of just a few of the operating systems (system images) available for
the Raspberry Pi:

e Volumio: Do you have a desire to set up a networked audio system where you
access your music list using a computer or cell phone? Volumio may be what you
are looking for. Installing it on a Raspberry Pi creates a headless audio player (a
system that does not require a keyboard and mouse) that connects to your audio
files either over USB or a network. A special audio Hardware Added on
Top (HAT) may be added to your Pi to provide a pristine audio connection to an
amplifier and speakers. There is even a plugin to add Spotify so that you can set
up your Raspberry Pi to access this service and play music over your sound
system.

¢ PiFM radio transmitter: The PiFM radio transmitter turns your Raspberry Pi into
an FM transmitter, which you can use to send audio files over the air to a
standard FM radio receiver. Using a simple wire connected to one of the GPIO
pins (we will learn more about GPIO later), you can create an antenna for the
transmitted FM signal, which is surprisingly strong.

e Stratux: ADS-B is the new standard in aviation where geo-location and weather
information are shared with ground controllers and pilots. The Stratux image
with additional hardware turns the Raspberry Pi into an ADS-B receiver of this
information.

e RetroPie: RetroPie turns your Raspberry Pi into a retro game console by
emulating gaming consoles and computers from the past. Some of the emulations
include Amiga, Apple II, Atari 2600, and the Nintendo Entertainment System of
the early 1980s.

[11]
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e OctoPi: OctoPi turns your Raspberry Pi into a server for your 3D
printer. Through OctoPi, you may control your 3D printer over the network,
including viewing the status of your 3D printer using a webcam.

e NOOBS: This is arguably the easiest way to install an operating system on the
Raspberry Pi. NOOBS stands for New Out-Of-the Box Software, and we will be
using NOOBS to install Raspbian.

Project overview

In this project, we will install the Raspbian operating system onto our Raspberry Pi. After
installation, we will take a quick tour of the operating system to familiarize ourselves with
it. We will start by formatting a microSD card to store our installation files. We will then
run the installation from the microSD card. After Raspbian has been installed, we will take
a quick look at it in order to familiarize ourselves with it.

This project should take about two hours to complete, as we install the Raspbian operating
system and take a quick look at it.

Getting started

The following is required to complete this project:

¢ A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor
A USB keyboard

A USB mouse

A microSD RAM card

A Raspberry Pi NOOBS image (https ://www.raspberrypi.org/downloads/
noobs/)

Installing the Raspbian OS

The Raspbian OS is considered the default or go-to operating system for the Raspberry Pi.
In this section, we will install Raspbian using the NOOBS image.

[12]
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Formatting a microSD card for Raspbian

Raspberry Pi uses a microSD card to store the operating system. This allows you to easily
switch between different operating systems (system images) for your Raspberry Pi. We will
be installing the default Raspbian OS for our projects using the NOOBS image.

Start by inserting the microSD card into a USB adapter and plug it into your computer:

&

Ingerting the microSD card into a USB adapter

You may need to format the microSD card. If so, use the utilities appropriate for your
computer's operating system to format the card to FAT32. It is recommended that you use a
card with a capacity of 8 GB or greater. For Windows OS and cards with 64 GB of capacity
or greater, a third-party tool such as FAT32 format should be used for formatting.

Copying the NOOBS files to the microSD RAM

Unzip the NOOBS image that you downloaded. Open up the unzipped directory and drag
the files over to the microSD card.

[13]
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The files should look the same as in the following screenshot:
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Running the installer

We will now install Raspbian on our Raspberry Pi. This step should be familiar to those
that have previous experience installing operating systems such as Windows or macOS.
The Raspbian operating system will be installed and will run off of our microSD card.
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To install Raspbian onto our microSD card, do the following:

1. Start by inserting the microSD card into the appropriate slot on the Raspberry
Pi. Be sure to install it so that the label side (opposite side of the exposed
contacts) is facing up. Insert it with the metal contacts facing the board. The
microSD card should have a slight ridge at the top of the label side, which is
good for easy removal using a fingernail.

2. Insert a keyboard and mouse into the USB slots on the side, a monitor into the
HDMI port, and lastly, a USB power cable into the power port. The Raspberry Pi
does not have an on/off switch and will power up as soon as the power cable is
connected:

Inserting the microSD into the Raspberry Pi

[15]
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3. After an initial black screen with rolling white text, you should see the following
dialog:

g @ 4
= il
Install {i) Edit confin () Wifi networks (w)  Online help (h})  Exit (Esc)
o ‘Raspbian [RECOMMENDED] L sl
= iA port of Debian jessie for the Raspberry Pi (full desktop version) »
- Disk space
Meeded: 3970 MB
Available: 7416 MB

Language (I): | SiZ English (UK) v | Keyboard (9): gb |
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4. In the previous screenshot, we clicked on the Language option. For our purposes,
we will keep the default of English (UK). We will also keep the keyboard at the
standard gb.

5. As the Raspberry Pi 3 has wireless LAN, we can set up our Wi-Fi (for older

boards, please plug a Wi-Fi dongle into a USB port or use the wired LAN port
and skip the next step):

Install {i) Edit confio (el Wifi networks (w)  Online help (h)  Exit [Esc)
@ iRaspbia
'!I (a A p Wifi network io

Authentication method

Presging the WPS button on my wifi router =3

& Password authentication

==
Password | 9008888888 e|

10

- Disk space

Meeded: 3970 MB | Qk. Cancel ‘

Available: 7416 MB

Language (l):

SiZ English {UK) |v| Keyboard (9): |gh | =]
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6. Click on the Wifi networks (w) button. Choose the Authentication method
using the radio buttons. Some routers are equipped with a WPS button that
allows you to connect directly to the router. To use the password method,
choose the Password authentication radio button and enter the password for
your network. After connecting to your network, you will notice that there are
now more operating system options to select from:

T ———

Install {i) Edit confio (] Wifi networks (w)  Online help (h)  Exit (Esc)
5 éRaspblan [RECOMMENDED] - El
i iA port of Debian jessie for the Raspberry Pi (full desktop version) #
- & LibreELEC RPi2 -
= " LibreELEC is a fast and user-friendly Kodi Entertainment Center distributfon.
il e Raspbian Lite -
= A port of Debian jessie for the Raspberry Pi (minimal version) #
- Lakka RPi2 -
= The DIY retro emulation consaole #
= Data Partition al
Adds an empty 512MB extd format partition to the partition layout. #
OSMC_Pi2 -
A fast and feature filled open source media center #

K10

— _:_ recalbox05-rpi3 _-_

- Disk space

Meeded: 3970 MB
Available: 7416 MB

Language (1): | Zi2 English (LK) |v| Keyhboard (9): |gh | =]
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7. We will go with the top option, Raspbian. Check the box beside Raspbian
[RECOMMENDED] and then click on the Install (i) button at the top-left corner
of the dialog. Raspbian will start installing on your Raspberry Pi. You will see a
progress bar with previous graphics, describing various features of the Raspbian
operating system:

We

corme to Raspberry Pi

Please wait while the software is installed on your SD
card — this will take a few minutes.

Writing partition table
I 0%
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8. After the progress bar hits 100%, the computer will reboot and you will see a
screen with text before the default desktop loads up:

SE %0

[20]
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A quick overview of the Raspbian OS

The Raspbian desktop is similar to the desktops of other operating systems such as
Windows and macOS. Clicking the top-left button drops down the application menu where

you may access the various pre-installed programs. We may also shut down the Raspberry
Pi from this menu:

OEERO

0 Programming >
& Office > l
(&g Internet >

iy Games ’

& rep >
<Z] Run...
(¥ shutdown...

The Chromium web browser

The second button from the left loads the Google Chromium web browser for the
Raspberry Pi:
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The Chromium browser is a lightweight browser that runs remarkably well on the
Raspberry Pi:

& scttings %)

&« C | ® chromium | chrome //settings help w H @

= Settings

About Chromium
‘..' Chromium
Verzion 65.0.3325181 (Official Build) Built on Raspbian, running on Raspbian 9.4 (32-bit)

Get help with Chiomium

Chmomium
Copyright 2018 The Chromium Authors. All rights reserved.

Chrormium is made possible by the Chromium open source project and other open source software.

The home folder

The two-folders button opens up a window showing the home folder:
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The home folder is a great place to start when looking for files on your Raspberry Pi. In fact,
when you take screenshots using either the scrot command or the Print Screen button, the

file is automatically stored in this folder:

File Edit View Sort Go Tools
M BB EE = | (® 4> |/homerpi v
ECTS o o v [
+ (B Desktop =
= (3] Docurnents D_esktop Documents Doimloads E’iﬁr
# [w] Downloads [ ﬁ‘ (_‘ [@_‘ [ {(2}:' ‘
# []MagPi Music  oldconffiles  Pictures Public
£ Mustc il = =
# [ oldconffiles [ j o
2 [i] Pictures py‘thoer;_gam Templates Videos
# [ig] Public
# [ ] python_games ~
11 items (14 hidden) Free space: 210.1 GiB (Total: 227.3 GiB)

The Terminal

The third button from the left opens up the Terminal. The Terminal permits command-line

access to Raspberry Pi's files and programs:

It is from the command line where you may update the Raspberry Pi using the sudo apt-—

get update and sudo apt-get dist-upgrade commands.
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apt-get updates the packages list, and apt-get dist-upgrade updates the packages:

It's a good idea to run both of these commands right after installing Raspbian using the
sudo command. The default user for Raspbian on the Raspberry Pi is pi, which is part of
the Super Users group in Raspbian, and thus must use the sudo command (the default
password for the pi user is raspberry):
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Mastering the command line is a virtue that many a programmer aspires
to acquire. Being able to rapidly type command after command looks so
cool that even movie makers have picked up on it (when was the last time
you saw the computer wiz in a movie clicking around the screen with a
mouse?). To assist you in becoming this uber cool computer wiz, here are
some basic Raspbian commands for you to master using the Terminal:

1s: Command to see the contents of the current directory

cd: Command to change directories. For example, use cd to move up a
directory from where you currently are

pwd: Command to display the directory you are currently in

sudo: Allows the user to perform a task as the super user

shutdown: Command that allows the user to shut down the computer
from the Terminal command line

Mathematica

The third and fourth buttons are for Mathematica, and a terminal to access the Wolfram
language, respectively:

Mathematica spans all areas of technical computing and uses the Wolfram language as the
programming language. The areas in which Mathematica is used include machine learning,
image processing, neural networks and data science:

WOLFRAM MATHEMATICA

FOR RASPBERRY Pl
—
[e=1]——1
— J
—1
_—
!
B
Wolfram Language Wolfram + Raspberry Pi Visit Wolfram Community
Documentation Center Website for gquestions, sample

projects and more
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Mathematica, a proprietary software first released in 1988, can be used free for individuals
on the Raspberry Pi through a partnership that was announced in late 2013.

Now let’s take a look at some of the programs that are accessed from the main drop-down
menu.

Sonic Pi

Sonic Pi is a live coding environment for creating electronic music. It is accessed from the
Programming menu option. Sonic Pi is a creative way to create music as the user programs
loops, arpeggios, and soundscapes in real time by cutting and pasting code from one part of
the app to another. Synthesizers in Sonic Pi may be configured on a deep level, providing

a customized experience for the music coder:

(Run > Jsop O rec © [save ©Jroad &) »
# Welcome to

Buffer0 Buffer1  Buffer2 Buffer: juffer 4 Baoffers
Heip )
1 Welcome to Sonic P
1.1 Live Coding -
Yook
1.2 Exploring the Interface L
Pt
1.3 Learning through Play
2 Synths music_|
code_i

2.1 Yaur First Beeps

Tutonial Examples
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Geared toward an EDM style of music, Sonic Pi may also be used to compose classical and
jazz styles of music.

Scratch and Scratch 2.0

Scratch and Scratch 2.0 are visual programming environments designed for teaching
programming to children. Using Scratch, the programmer creates their own animations
with looping and conditional statements.

Games may be created within the program. The first version of Scratch was released in 2003
by the Lifelong Kindergarten group at the MIT media lab. Scratch 2.0 was released in 2013,
and development is currently underway with Scratch 3.0:

Spritel

Operatars

Variables

move @) steps

turn ( §B) dagrass

point towards

gotox: @ »: @

goto

glide §) secstos @ v @

e
set x to i} New sprite:
change v by

sot v to i)

i on edge. bounce

* positicn

Scratch and Scratch 2.0 may be accessed under the Programming menu option.
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LibreOffice

LibreOffice is a free and open source office suite that forked over from OpenOffice in
2010. The LibreOffice suite consists of a word processor, a spreadsheet program, a
presentation program, a vector graphics editor, a program for creating and editing
mathematical formulae, and a database management program. The LibreOffice suite of
programs may be accessed through the LibreOffice menu option:

File Edit View Insert Formst Styless Toble Tools Window Help x
E-EB-WH- &@&®% & Ry T E-BET(=5-8 @EENR BHE /€ -»
Default Style v | B £ || Liberation serr vl [12 ||% B J U-~|MBgE| & & Ll ey e S == e

s

=2

@
Pege1of 1 Dwierds, D characters | Detaust style English (Canads | m | =] | | BEmes | - 0 + | 1om
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Summary

We started this chapter with a look at the history of the Raspberry Pi. What started as an
initiative to promote programming to a new generation has grown into a global
phenomenon. We then downloaded the NOOBS image and installed the Raspbian OS, the
default operating system for the Raspberry Pi. This involved formatting and preparing a
microSD card for the NOOBS files.

It's easiest to think that a computer as inexpensive and small as the Raspberry Pi is not all
that powerful. We demonstrated that the Raspberry Pi is indeed a very capable computer,
as we took a look at some of the applications that come pre-installed with the Raspbian OS.

In chapter 2, Writing Python Programs Using Raspberry Pi, we will begin Python coding
using the Raspberry Pi and some of the development tools available in Raspbian.

Questions

What year did the first Raspberry Pi come out?
What upgrades did the Raspberry Pi 3 Model B+ have over the previous version?
What does NOOBS stand for?

What is the name of the pre-installed application that allows for creating music
with Python code?

Where is the operating system stored for the Raspberry Pi?

L

ISANRSL

What is the name of the visual programming environment designed for children
that comes pre-installed with Raspbian?

7. What is the name of the language used in Mathematica?
8. What is the default username and password for Raspbian?
9. What does GPIO stand for?
10. What is RetroPie?
11. True or false? Clicking on the two-folders icon on the main bar loads the home
folder.
12. True or false? The microSD card slot is located at the bottom of the Raspberry Pi.
13. True or false? To shutdown the Raspberry Pi, select Shutdown from the
Application menu.
14. True or false? You may only install the Raspbian OS with NOOBS.

15. True or false? Bluetooth low energy refers to people that eat too many
blueberries and have a hard time waking up in the morning.
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Further reading

For more information on the Raspberry Pi, please consult the main Raspberry Pi website at

WWW.raspberrypi.org.

[30]
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Writing Python Programs Using
Raspberry Pi

In this chapter, we will start writing python programs with Raspberry Pi. Python is the
official programming language for Raspberry Pi and is represented by the Pi in the name.

The following topics will be covered in this chapter:

¢ Python tools for Raspberry Pi
¢ Using the Python command line
e Writing a simple Python program

Python comes pre-installed on Raspbian in two versions, versions 2.7.14 and 3.6.5 (as of this
writing) representing Python 2 and Python 3, respectively. The differences between the two
versions are beyond the scope of this book. We will use Python 3 in this book unless
otherwise stated.

Project overview

In this project, we will become comfortable with Python development on Raspberry Pi. You
may be used to development tools or Integrated Development Environments (IDEs) on
other systems such as Windows, macOS, and Linux. In this chapter, we will get our feet wet
in terms of using Raspberry Pi as a development machine. We will start off slowly with
Python as we get our development juices flowing.
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Technical requirements

The following is required to complete this project:

e Raspberry Pi Model 3 (2015 model or newer)
USB power supply

Computer monitor
USB keyboard
USB mouse

Python tools for Raspberry Pi

The following are pre-installed tools that we may use for Python development on
Raspberry Pi using Raspbian. This list is by no means the only tools that we may use for
development.

The Terminal

As Python comes pre-installed with Raspbian, an easy way to launch it is to use the
Terminal. As we can see in the following screenshot, the Python interpreter can be accessed
by simply typing python as the command prompt in a Terminal window:

N\

File Edit Tabs Help

We may test it out by running the simplest of programs:

print 'hello'

[32]
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Notice the Python version in the line after the command, 2.7.13. The python command in
Raspbian is tied to Python 2. In order to access Python 3, we must type the python3
command in a Terminal window:

Integrated Development and Learning

Environment

The Integrated Development and Learning Environment (IDLE) has been the default IDE
for Python since version 1.5.2. It is written in Python itself using the Tkinter GUI toolkit and
is intended to be a simple IDE for beginners:

Python 3.5:3 Shell

File Edit Shell Debug Options Window Help

Python 3.5.3 (default, Jan 19 2017, 14:11:084) A |
[6CC 6.3.8 29170124] on linux

Type "copyright", "credits" or "license()
=2

for more information.

IDLE features a multi-window text editor with auto-completion, syntax highlighting, and
smart indent. IDLE should be familiar to anyone that has used Python. There are two
versions of IDLE in Raspbian, one for Python 2 and the other for Python 3. Both programs
are accessed from Application Menu | Programming.

Thonny

Thonny is an IDE that comes packaged with Raspbian. With Thonny, we may evaluate
expressions by using the debug function. Thonny is also available for macOS and
Windows.

[33]
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To load Thonny, go to Application Menu | Programming | Thonny:

Thonny - <untitled> @ 1:1 —dal 57

o

File Edit View Run Tools Help

Tue OB

<untitleds

I+
]

Thonny help

Running programs
step-wise

If you want to see how Python
executss your program

step-by-step then you should
run it in *debug-mode*.

Start by selecting *Debug
current script* from the *Run*
menu or by pressing Ctrl+F5.
You'll see that first statement of
Shell the program gets highlighted
Pythor 3.5.7 bi thon3 and nothing more happens. In
>>> this mode you need to notify
Thonny that you're ready to let
Python make the next step. For
this you have two main options:

£

A1 M I

53

T HMN i . Cdnin e mek fae TEY

=]
.‘l

Above is the default screen for Thonny. Panels to view variables in your program, as well
as a panel to view the filesystem, are toggled on and off from the View menu. Thonny's
compact structure makes it ideal for our projects.

We will be learning a bit more about Thonny as we go through the rest of this book.

[34]
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Using the Python command line

Let's start doing some coding. Whenever I start using a new operating system for
development, I like to go through some basics just to get my mind back into it (I'm speaking
particularly to those of us who are all too familiar with coding into the wee hours of the

morning).

The simplest way to access Python is from the Terminal. We will run a simple program to
get started. Load the Terminal from the main toolbar and type python3 at the prompt.

Type the following line and hit Enter:

from datetime import datetime

This line loads the datet ime object from the datet ime module into our instance of
Python. Next type the following and hit Enter:

print (datetime.now())

You should see the current date and time printed to the screen:

Let's try another example. Type the following into the shell:

import pyjokes

[35]
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This is a library that's used to tell programming jokes. To have a joke printed out, type the
following and hit Enter:

pyjokes.get_joke()

You should see the following output:

OK, so this may not be your cup of tea (or coffee, for the Java programmers out there).
However, this example demonstrates how easy it is to import a Python module and utilize
it.

If you receive an ImportError, it is because pyjokes did not come pre-
installed with your version of the OS. Similar to the following example,
typing sudo pip3 install pyjokes will install pyjokes onto your
Raspberry Pi.

What these Python modules have in common is their availability for our use. We simply
need to import them directly into the shell in order to use them, as they are pre-installed
with our Raspbian operating system. However, what about libraries that are not installed?

Let's try an example. In the Python shell, type the following and hit Enter:

import weather

[36]
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You should see the following:

python3
.3 (default, Jan 19 2017, 14:11:04)
”91r91“4] on linu

Tfpe ”help "copyright", "credits" or "license" for more information.
import weather
recent call last):
line 1, in odules

ImportError: No module named 'weather'

Since the weather package is not installed on our Raspberry Pi we get an error when trying
to import. In order to install the package, we use the Python command-line utility pip, or
in our case, pip3 for Python 3:

1. Open up a new Terminal (make sure that you're in a Terminal session and not a
Python shell). Type the following;:

pip3 install weather-api

2. Hit Enter. You will see the following:

—

File Edit Tabs Help

Collecting urlli
Downloading http

b8223e21beb4ds76dc

2ad559b7192d8
6-py2.py3-none-any.

Collecting idna<2.7,
Downloadlng http

Iollec ing chardet<3. =] ( )
Downloading http 1 . Py d . ackage 01ffebfb562e4274b
7b4abblddec7ca55ec7510b22 F14098 3/ che ] -py2.py3-none-any.whl (

| 143kB 1.5M 3
s: urllib3, certifi, idna, chardet, requests, weathe

talled certifi-20818.4.16 chardet-3.08.4 idna-2.6 requests-2.18.4
r-api-1.0.3
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3. After the process is finished, we will have the weather-api package installed on

our Raspberry Pi. This package will allow us to access weather information from
Yahoo! Weather.

Now let's try out a few examples:

—_

. Type python3 and hit Enter. You should now be back in the Python shell.

N

. Type the following and hit Enter:

from weather import Weather
from weather import Unit

3. What we have done is imported Weather and Unit from weather. Type the
following and hit Enter:

weather = Weather (unit=Unit.CELSIUS)

4. This instantiates a weather object called weather. Now, let's make use of this
object. Type the following and hit Enter:

lookup = weather.lookup(4118)

5. We now have a variable named 1ookup that's been created with the code 4118,
that corresponds to the city Toronto, Canada. Type the following and hit Enter:

condition = lookup.condition

6. We now have a variable called condition that contains the current weather
information for the city of Toronto, Canada via the 1ookup variable. To view this
information, type the following and hit Enter:

print (condition.text)

7. You should get a description of the weather conditions in Toronto, Canada.
When I ran it, the following was returned:

Partly Cloudy

Now that we've seen that writing Python code on the Raspberry Pi is just as easy as writing
it on other operating systems, let's take it a step further and write a simple program. We
will use Thonny for this.

[38]
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A Python module is a single Python file containing code that may be
imported for use. A Python package is a collection of Python modules.

Writing a simple Python program

We will write a simple Python program that contains a class. To facilitate this, we will use
Thonny, a Python IDE that comes pre-installed with Raspbian and has excellent debug and
variable introspection functionalities. You will find that its ease of use makes it ideal for the
development of our projects.

Creating the class

We will begin our program by creating a class. A class may be seen as a template for
creating objects. A class contains methods and variables. To create a class in Python with
Thonny, do the following:

1. Load Thonny through Application Menu | Programming | Thonny. Select New
from the top left and type the following code:

class CurrentWeather:

weather_data={'Toronto':['13', 'partly sunny', '8 km/h NW'],
'Montreal':['16', 'mostly sunny','22 km/h W'],
'Vancouver':['18', 'thunder showers','10 km/h NE'],
'New York':['17', 'mostly cloudy','5 km/h SE'],
'Los Angeles':['28','sunny','4 km/h SW'],
'London':['12', 'mostly cloudy', '8 km/h NW'],
'Mumbai':['33', 'humid and foggy','2 km/h S']
}

def __init__ (self, city):

def

def

def

self.city = city

getTemperature (self) :
return self.weather_datalself.city] [0]

getWeatherConditions (self) :
return self.weather_datalself.city][1]

getWindSpeed (self) :
return self.weather_datalself.city][2]

[39]
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As you can see, we've created a class called CurrentWeather that will hold weather
conditions for whichever city we instantiated the class for. We are using a class as it will
allow us to keep our code clean and prepare us for using outside classes later on.

Creating the object

We will now create an object from our CurrentWeather class. We will use London as our
city:

1. Click on the Run Current Script button (a green circle with a white arrow) in the
top menu to load our code into the Python interpreter.

2. At the command line of the Thonny shell, type the following and hit Enter:

londonWeather = CurrentWeather ('London')

We have just created an object in our code called 1ondonWeather from

our CurrentWeather class. By passing 'London' to the constructor (init), we
set our new object to only send weather information for the city of London. This is
done through the class attribute city (self.city).

3. Type the following at the shell command line:

weatherLondon.getTemperature ()
You should get the answer '12' on the next line.
4. To view the weather conditions for London, type the following;:
weatherLondon.getWeatherConditions ()
You should see 'mostly cloudy' on the next line.

5. To get the wind speed, type the following and hit Enter:

weatherLondon.getWindSpeed ()

You should get 8 km/h Nw on the next line.

[40]
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Our CurrentWeather class simulates data coming from a web service for weather data.
The actual data in our class is stored in the weather_ data variable.

In future code, whenever possible, we will wrap calls to web services in
classes in order to keep things organized and make the code more
readable.

Using the object inspector

Let's do a little analysis of our code:

1. From the View menu, select Object inspector and Variables. You should see the

following;:
o Wi RN

Thonny - [homafpiPiojects/Chaplar?/Cunentiveatherpy @ 2015

File Edit View Run Tocls Help

s OB E

CurrentWeathar. py Vanables
'New Yor .- = =
s A
CumentWeather <clazs_mam_ CumeniVesther >
Lowyede
Mumbad =_man_C object 2 Ox 7678t el
1
def _ init [self, city]:
salf.city = city

def getTemperature(self]:
return solf.weather_datalself.city][6]

def gatwastharConditionsisel?):
return self weather data[self . cityl[1]

e Object inspector

-+

getWindSpaad(salf) @

return selfT.weather data[self.cliy][2] =]
7= o | id ONFEFELEFQ
] L [¥ | | repr =_main_CurrentWeather object at Ox767e] 0>
= Type <ciass '_maln_.CurmertWeather=
Shall "
>>> londonWeather. getWeatherConditions() Til Artribures

"mostly cloudy:

22> londonWaathar, gatWindSpaed|)
"B km/n NN

city London
gotTemperature «bourd method CumentWeather getTemperat
o - -

zl antiilostinarCondition.dnisndmathad O mentiliacthac ik i

2. Highlight the 1ondonWeather variable under the Variables tab. We can see that
londonWeather is an object of type CurrentWeather. In the Object
inspector, we can also see that the attribute city is set to ' London'. This type of
variable inspection is invaluable in troubleshooting code.
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Testing your class

It is very important to test your code as you write it so that you can catch errors early on:
1. Add the following function to the CurrentWeather class:

def getCity(self):
return self.city

2. Add the following to the bottom of CurrentWeather.py. The first line should
have the same indentation as the class definition as this function is not part of the

class:
if __ name_ == "__main_ ":
currentWeather = CurrentWeather ('Toronto')
wind_dir_str_len = 2
if currentWeather.getWindSpeed() [-2:-1] == " ':
wind_dir_str_len = 1

print ("The current temperature in",
currentWeather.getCity(),"is",
currentWeather.getTemperature (),
"degrees Celsius, ",
"the weather conditions are",
currentWeather.getWeatherConditions (),
"and the wind is coming out of the",
currentWeather.getWindSpeed () [-(wind_dir_str_len):],
"direction with a speed of",
currentWeather.getWindSpeed ()
[0:1len (currentWeather.getWindSpeed () )
—(wind_dir_str_len)]

)

3. Run the code by clicking on the Run current script button. You should see the
following;:

The current temperature in Toronto is 13 degrees Celsius, the
weather conditions are partly sunny and the wind is coming out of
the NW direction with a speed of 8 km/h

Theif _ name_ == "_ _main__ ": function allows us to test the class
in the file directly as the i f statement will only be true if the file is run
directly. In other words, imports of CurrentWeather.py will not execute
the code following the if statement. We will explore this method more as
we work our way through this book.
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Making the code flexible

Code that is more generic is more flexible. The following are two examples of how we can
make the code less specific.

Example one

The wind_dir_str_len variable is used to determine the length of the string for wind
direction. For example, a direction of s would only use one character, whereas NW would
use two. This is done so that an extra space is not included in our output when the direction
is represented by only one character:

wind_dir_str_len = 2
if currentWeather.getWindSpeed () [-2:-1] == "' ':
wind_dir_str_len = 1

By looking for a space using [-2:-1], we can determine the length of this string and
change it to 1 if there is a space (as we are parsing back two characters from the end of the
string).

Example two

By adding the getCity method to our class, we are able to create classes with more generic
names like currentWeather as opposed to torontoWeather. This makes it easy to reuse
our code. We can demonstrate this by changing the following line:

currentWeather = CurrentWeather ('Toronto')

We will change it to this:

currentWeather = CurrentWeather ('Mumbai')

If we run the code again by clicking on the Run button, we get different values for all the
conditions in the sentence:

The current temperature in Mumbai is 33 degrees Celsius, the weather
conditions are humid and foggy and the wind is coming out of the S
direction with a speed of 2 km/h
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Summary

We began this chapter by discussing the various tools that are available for Python
development in Raspbian. The quickest and easiest way to run Python is from the Terminal
window. Since Python comes pre-installed in Raspbian, the python command in the
Terminal prompt loads Python (Python 2, in this case). There is no need to set environment
variables in order to have the command find the program. Python 3 is run from the
Terminal by typing python3.

We also took a brief look at IDLE, the default IDE for Python development. IDLE stands
for Integrated Development and Learning Environment and is an excellent tool for
beginners to use when learning Python.

Thonny is another Python IDE that comes pre-installed with Raspbian. Thonny has
excellent debug and variable introspection functionalities. It too is designed for beginning
Python developers, however, its ease of use and object inspector make it ideal for the
development of our projects. We will be using Thonny more as we progress through the
book.

We then jumped right into programming in order to get our development juices flowing.
We started out with simple expressions using the Terminal and concluded with a weather
data example designed to emulate objects that are used to call web services.

In chapter 3, Using the GPIO to Connect to the Outside World, we will jump right into the
most powerful feature of programming on Raspberry Pi, the GPIO. The GPIO allows us to
interact with the real world through the use of devices connected to this port on Raspberry
Pi. GPIO programming will take our Python skills to a whole new level.

Questions

Which operating systems is Thonny available for?

How do we enter Python 2 from the Terminal command line?

Which tool in Thonny do we use to view what is inside an object?

Give two reasons as to why we are using an object in our weather example code.

SIS

What is the advantage of adding a method called getCity to
the CurrentWeather class?

6. What language is IDLE written in?

[44]
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7. What are the two steps taken in order to print the current date and time?

8. In our code, how did we compensate for wind speed directions that are
represented by only one letter?

9. Whatdoesthe if _ name_ =="__main__ " statement do?
10. What does IDLE stand for?

Further reading

Python 3 - Object Oriented Programming by Dusty Phillips, Packt Publishing.
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the Outside World

In this chapter we will start unlocking the real power behind the Raspberry Pi—the GPIO,
or General Purpose Input Output. The GPIO allows you to connect your Raspberry Pi to
the outside world through the use of pins that may be set to input or output, and are
controlled through code.

The following topics will be covered in this chapter:

e Python libraries for the Raspberry Pi
e Accessing Raspberry Pi’'s GPIO

e Setting up the circuit

e Hello LED

Project overview

In this chapter, we start by exploring Raspberry Pi-specific libraries for Python. We will
demonstrate these with a few examples by using the Raspberry Pi camera module and
Pibrella HAT. We will try a few coding examples with the Sense Hat emulator before
moving on to designing a physical circuit using the Fritzing program. Using a breadboard,
we will set up this circuit and connect it to our Raspberry Pi.

We will finish off this chapter by building a Morse code generator that transmits weather
data in Morse code from the class we created in chapter 2, Writing Python Programs Using
Raspberry Pi. This chapter should take an afternoon to complete.
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Technical requirements

The following is required to complete this project:

e A Raspberry Pi Model 3 (2015 model or newer)
e A USB power supply

e Computer monitor

¢ A USB keyboard

e A USB mouse

¢ A Raspberry Pi camera module (optional)—https://www.raspberrypi.org/
products/camera-module-v2/

e A Pribrella HAT (optional)—www.pibrella.com

¢ A Sense HAT (optional, as we will be using the emulator in this
Chapter)—https ://www.raspberrypi.org/products/sense-hat/a

¢ A breadboard
¢ Male-to-female jumper wires
e AnLED

Python libraries for the Raspberry Pi

We will turn our attention to the Python libraries or packages that come pre-installed with
Raspbian. To view these packages from Thonny, click on Tools | Manage Packages. After a
short delay, you should see many packages listed in the dialog:

[47]
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Manage packages for /usr/bin/python3

picamera
picraft
piglow
pigpio
Pillow

pip
pyasnl
pycrypto
pygame
pygobject
pyinotify m
PyJWT
pyOpenSSL
pyserial
python-apt

pyxdg
rainbowhat
requests
requests-oauthlib
RPi.GPIO
RTIMULib
scrollphat —
scrollphathd - Close

RPi.GPIO

Installed version: 0.6.3

Latest stable version: 0.6.3

Summary: A module to control Raspberry Pi GPIO channels
Author: Ben Croston

Homepage: hitp.//sourceforge net/projects/raspberry-apio-python/
PyPI page: http://pypi python org/pypi/RPi.GPIO

1

Let's explore a few of these packages.
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picamera

The camera port, or CSI, on the Raspberry Pi allows you to connect the specially designed
Raspberry Pi camera module to your Pi. This camera can take both photos and videos, and
has functionality to do time-lapse photography and slow-motion video recording. The
picamera package gives us access to the camera through Python. The following is a picture
of a Raspberry Pi camera module connected to a Raspberry Pi 3 Model B through the

camera port:

Connect your Raspberry Pi camera module to your Pi, open up Thonny, and type in the
following code:

import picamera
import time

picam = picamera.PiCamera ()
picam.start_preview ()
time.sleep (10)
picam.stop_preview ()
picam.close()
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This code imports the picamera and time packages, and then creates a picamera object
called picam. From there, we start the preview and then sleep for 10 seconds, before
stopping the preview and then closing the camera. After running the program, you should
see a 10 second preview from the camera on your screen.

Pillow

The Pillow package is used for image processing with Python. To test this out, download an
image to the same directory as your project files. Create a new file in Thonny and type in
the following:

from PIL import Image

img = Image.open('image.png')
print (img.format, img.size)

You should see the format and size of the image (in brackets) printed at the commandline
that follows.

sense-hat and sense-emu

The Sense HAT is a sophisticated add-on board for the Raspberry Pi. The Sense HAT is the
main component in the Astro Pi kit, part of a program to have young students program a
Raspberry Pi for the International Space Station.

The Astro Pi competition was officially opened in January of 2015 to all
primary and secondary school-aged children in the United Kingdom.
During a mission to the International Space Station, British astronaut Tim
Peake deployed Astro Pi computers on board the station.

The winning Astro Pi competition code was loaded onto an Astro Pi while
in orbit. The data generated was collected and sent back to Earth.
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The Sense HAT contains an array of LEDs that can be used as a display. The Sense HAT
also has the following sensors onboard:

Accelerometer
Temperature sensor
Magnetometer

Barometric pressure sensor
Humidity sensor
Gyroscope

We can access the sensors and LEDs on the Sense HAT through the sense-hat package.
For those that do not have a Sense HAT, the Sense HAT emulator in Raspbian may be used
instead. We use the sense-emu package to access the emulated sensors and LED display on
the Sense HAT emulator.

To demonstrate this, perform the following steps:

1.

Create a new file in Thonny and name it sense-hat-test.py, or something
similar.

Type in the following code:

from sense_emu import SenseHat

sense_emulator = SenseHat ()
sense_emulator.show_message ('Hello World')

Load the Sense HAT Emulator program from Application Menu | Programming
| Sense HAT Emulator.

Arrange your screen so that you can see the LED display of the Sense HAT
emulator and the full window of Thonny (see the following screenshot):
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a @ ‘E‘Smse HAT Emulatar
-y B U=

;’ Thanny - /home/pifsense-hat-testpy @ 6.1 B
; File Edit View Run Tools Help
(m)

ETER

sense-hat-test.py |

TR Thonny - Jhome}pifs.,.‘ * S L | 26 %

from senss_emnu import SenseHat [

sense_emnulator = SenseHat()
sense_enulator.show_message( 'Hello World!')

[ET]

File Edit Help = e -
Screen Ten
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5. Click on the Run current script button.

6. You should see the Hello World! message scroll across the LED display of the
Sense HAT emulator one letter at a time (see the previous screenshot).
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Accessing Raspberry Pi's GPIO

Through the GPIO, we are able to connect to the outside world. Here is a diagram of the

Raspberry Pi GPIO pins:

3.3V DC
GPIO02
GPIOO03
GPIO04
Ground
GPIOL17
GPIO27
GPIO22
3.3V DC
GPIC10
GPICO9
GPICL1
Ground
ID_SD

GPIOO5
GPIC06
GPIO13
GPIO19
GPIO26

Ground

00| svoc
00| svoc
@o Ground

GPIO14
GPIO15
GPIO18
Ground
GPIO23
GPID24
Ground
GPIO25
GPIOD8
GPIOO7

ID_SC
Grdund
GPIO12
Ground
GPIO16
GPIO20
GPIO21

o)

0000000000000

08000000000000080

O

USB Ports

Raspberry Pi GPIO

The following is an explanation of these pins:

¢ Red pins represent power coming out of the GPIO. The GPIO provides 3.3 Volts

and 5 Volts.

e Black pins represent pins used for electrical ground. As you can see, there are 8

ground pins on the GPIO.
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e Blue pins are used for Raspberry Pi Hardware Added on Top (HATs). They
allow communication between the Raspberry Pi and the HAT's Electrical
Erasable Programmable Read-Only Memory (EEPROM).

¢ Green pins represent the input and output pins that we may program for. Please
note that some of the green GPIO pins double up with additional functionality.
We will not be covering the additional functionality for this project.

The GPIO is what lies at the heart of the Raspberry Pi. We can connect LEDs, buttons,
buzzers, and so on to the Raspberry Pi through the GPIO. We can also access the GPIO
through HATs designed for the Raspberry Pi. One of those, called Pibrella, is what we
will use next to explore connecting to the GPIO through Python code.

the dotted line). Models since then, including Raspberry Pi 1 Models A+
and B+, Raspberry Pi 2, Raspberry Pi Zero and Zero W, and Raspberry Pi

0 Raspberry Pi 1 Models A and B only have the first 26 pins (as shown by
3 Model B and B+, have 40 GPIO pins.

Pibrella

Pibrella is a relatively inexpensive Raspberry Pi HAT that makes connecting to the GPIO
easy. The following are the components on-board of Pibrella:

e 1red LED

1 yellow LED
1 green LED
Small speaker
Push button

4 inputs

4 outputs
Micro USB power connector for delivering more power to the outputs

Pibrella was designed for early Raspberry Pi models and thus only has a 26-pin input. It
can, however, be connected to later models through the first 26 pins.
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To install the Pibrella Hat, line up the pin connectors on the Pibrella with the first 26 pins
on the Raspberry Pi, and push down. In the following picture, we are installing Pibrella on
a Raspberry Pi 3 Model B:

‘@

Mon
-
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The libraries needed to connect to Pibrella do not come pre-installed with Raspbian (as of
the time of writing), so we have to install them ourselves. To do that, we will use the pip3
command from the Terminal:

1. Load the Terminal by clicking on it on the top tool bar (fourth icon from the left).
At the Command Prompt, type the following;:

sudo pip3 install pibrella

2. You should see the package load from the Terminal:

3. With the Pibrella library, there is no need to know the GPIO pin numbers in
order to access the GPIO. The functionality is wrapped up in the Pibrella
object we import into our code. We will do a short demonstration.

4. Create a new file in Thonny called pibrella-test.py, or name it something
similar. Type in the following code:

import pibrella
import time

pibrella.light.red.on()
time.sleep (5)
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pibrella.light.red.off ()
pibrella.buzzer.success ()

5. Run the code by clicking on the Run current script button. If you typed
everything in correctly, you should see the red light on the Pibrella board turn on
for 5 seconds before a short melody is played over the speaker.

Congratulations, you have now crossed the threshold into the world of physical computing.

RPi.GPIO

The standard Python package for accessing the GPIO is called RPi . GPIO. The best way to
describe how it works is with some code (this is for demonstration purposes only; we will
be running code to access the GPIO in the upcoming section):

import RPi.GPIO as GPIO
import time

GPIO.setmode (GPIO.BCM)
GPIO.setup (18, GPIO.OUT)
GPIO.output (18, GPIO.HIGH)
time.sleep (5)
GPIO.output (18, GPIO.LOW)

As you can see, this code seems a little bit confusing. We will step through it:
1. First, we import the RPi.GPIO and time libraries:

import RPi.GPIO as GPIO
import time

2. Then, we set the mode to BCM:
GPIO.setmode (GPIO.BCM)

3. In BCM mode, we access the pin through GPIO numbers (the ones shown in our
Raspberry Pi GPIO graphic). The alternative is to access the pins through their
physical location (GPIO.BOARD).

4. To set GPIO pin 18 to an output, we use the following line:

GPIO.setup (18, GPIO.OUT)
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5. We then set GPIO 18 to HIGH for 5 seconds before setting it to Low:

GPIO.output (18, GPIO.HIGH)
time.sleep (5)
GPIO.output (18, GPIO.LOW)

If we had set up the circuit and run the code, we would see our LED light for 5 seconds
before turning off, similar to the Pibrella example.

GPIO zero

An alternative to RPi.GPI0 is the GPIO Zero package. As with RP1i .GPIO, this package
comes pre-installed with Raspbian. The zero in the name refers to zero boilerplate or setup
code (code that we are forced to enter every time).

To accomplish the same task of turning an LED on and off for 5 seconds, we use the
following code:

from gipozero import LED
import time

led = LED(18)
led.on ()
time.sleep (5)
led.off ()

As with our RP1i.GP IO example, this code is for demonstration purposes only as we haven't
set up a circuit yet. It's obvious that the GPIO Zero code is far simpler than the RPi.GPIO
example. This code is pretty self-explanatory.

In the following sections, we will start building a physical circuit on a breadboard with an
LED, and use our code to turn it on and off.

Setting up the circuit

The Pibrella HAT gave us a simple way of programming the GPIO, however, the ultimate
goal of Raspberry Pi projects is to create a customized working circuit. We will now take
the steps to design our circuit, and then create the circuit using a breadboard.

The first step is to design our circuit on the computer.
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Fritzing
Fritzing is a free circuit design software available for Windows, macOS, and Linux. There is
a version in the Raspberry Pi store that we will install on our Raspberry Pi:

1. From the Application Menu, choose Preferences | Add / Remove Software. In
the Search box, type in Fritzing:

® @[5 %O [T momy - omerpil }ﬁm_me’mvew.ﬂ] 3 T O s 19ua

Thonny - /home/p/pbrella-testpy @ 1317 - ® K
File Edit View Run Tools Help
Add / Remove Software - o x
Options
Q Friinng - Easy-lo-use electronic G’es-:gn sofware | V 4
. = v @ fritzing-0.9.3b+dfsg-4
§ Accessories

&8 acmin to0ls
[%=] communication
GMOME deskiop
KDE desktop
F@ Other deskiops
128 Fons

B Games

? Graphics

@D interet

E] Legacy

I8 Localisation
14 rultimedia

Easy-to-use electronic design softwars (datz files)
] !
e @ fritzing-data-0.9.3b+dfsg-4

w; t"]}' Easy-lo-use electronic design sofiware (parts files)

Ele

[E] Network
& Other — — . — —
@ rrogramming Fntzing is an cpen source project designed to help one transition froma o Pewnlosd siz= 8.6 MB
n Publishin prototype to ﬂ_n-.shed praject. Airmed at users who want to proc.‘-u.ce or Licancs unknown
d document circuits and experiments, one starts by building a physical Seurce rasphian-stable-main
gk system prototype, then recreating it with Frizing's graphical editor. From there i
=] science (o One can generate a schematic, PCB artwork, and PCB production files. < | Cancsl Apply OK

=

2. Select all three boxes and click on Apply, and then OK. After installation, you
should be able to load Fritzing from Application Menu | Programming |
Fritzing.

3. Click on the Breadboard tab to access the breadboard design screen. A full size
breadboard dominates the middle of the screen. We will make it smaller as our
circuit is small and simple.
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4.

Click on the breadboard. In the Inspector box, you will see a heading called
Properties.

Click on the Size dropdown and select Mini.

To add a Raspberry Pi to our circuit, type in Raspberry Pi in the search box.
Drag a Raspberry Pi 3 under our breadboard.

From here, we may drag and drop components onto our breadboard.

Add an LED and 330 Ohm resistor to our breadboard, shown in the following
diagram. We use the resistor to protect both the LED and Raspberry Pi from
excessive currents that may cause damage:
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LI B R L B R R R
L I B O LR B B A
L B L R B
U W w oW W oW oW @
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e
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9. You will notice that as we hover our mouse over each pin on our Raspberry Pi
component, a yellow tip will pop up with the pin's BCM name. Click on GPIO 18
and drag a line over to the positive leg of our LED (the longer one).

10. Do the same to drag a GND connection to the left-hand side of the resistor.

This is the circuit we will build for our Raspberry Pi.

Building our circuit

To build our physical circuit, start by inserting components into our breadboard. Referring
to our diagram from before, we can see that some of the holes are green. This indicates
continuity in the circuit. For example, we connect the negative leg of the LED to the 330
Ohm resistor through the same vertical column. Thus, the two component legs are
connected together through the breadboard.

We take this into account as we start to place our components on the breadboard:

1. Insert the LED into our breadboard, as shown in the preceding picture. We are
following our Fritzing diagram and have the positive leg in the lower hole.

2. Follow our Fritzing diagram and wire up the 330 Ohm resistor. Using female-to-
male jumper wires, connect the Raspberry Pi to our breadboard.

3. Refer to our Raspberry Pi GPIO diagram to find GPIO 18 and GND on the
Raspberry Pi board.
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It is a good practice to have the Raspberry Pi powered off when
connecting jumpers to the GPIO.

As you can see in the following image, the complete circuit resembles our Fritzing
diagram (only our breadboard and Raspberry Pi are turned sideways):

4. Connect the Raspberry Pi back up to the monitor, power supply, keyboard, and
mouse.

We are now ready to program our first real GPIO circuit.
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Hello LED

We will jump right into the code:

1. Create a new file in Thonny, and call it Hel1o LED.py or something similar.

2. Type in the following code and run it:

from gpiozero import LED

led = LED(18)
led.blink(1,1,10)

Blink LED using gpiozero

If we wired up our circuit and typed in our code correctly, we should see our LED blink for
10 seconds in 1 second intervals. The blink function in the gpiozero LED object allows us
to set on_time (the length of time in seconds that the LED stays on), off_t ime (the length
of time in seconds that the LED is turned off for), n or the number of times the LED blinks,
and background (set to True to allow other code to run while the LED is flashing).

The blink function call with its default parameters looks like this:
blink (on_time=1, off_time=1, n=none, background=True)

Without parameters passed into the function, the LED will blink non-stop at 1 second
intervals. Notice how we do not need to import the t ime library like we did when we used
the RPi.GPI0 package for accessing the GPIO. We simply pass a number into the blink
function to represent the time in seconds we want the LED on or off.

Morse code weather data

In chapter 2, Writing Python Programs Using Raspberry Pi, we wrote code that simulates
calls to a web service that supplies weather information. Taking what we learned in this
chapter, let's revisit that code and give it a physical computing upgrade. We will use our
LED to flash a Morse code representation of our weather data.
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Many of us believe that the world only started to become connected in the
1990s with the World Wide Web. Little do we realize that we already had
such a world beginning in the 19th century with the introduction of the
telegraph and trans-world telegraph cables. The language of this so-called
Victorian Internet was Morse code, with the Morse code operator as its
gate keeper.

The following are the steps for flashing Morse code representation of our weather data:
1. We will first start by creating a MorseCodeGenerator class:

from gpiozero import LED
from time import sleep

class MorseCodeGenerator:
led = LED(18)
dot_duration = 0.3
dash_duration = dot_duration * 3
word_spacing_duration = dot_duration * 7
MORSE_CODE = {

At "=, "B 'L, 'Cr e Tl

'D': '-..', 'E': '.', 'F': '..-.',

'‘G': '——.', 'H': 'oLoo0', "I oLt

AR - @ A MRy
'M': '—', 'N': '-.', 'O': '"——=",

'P': '.—.", 'Q': '——.=", 'R': '".-.",
'S': 'S, W: '-', 'U': '.,.-',

Wi tLao=t, W' oto--t, X' oT-L -,
'Y': '—.—'", 'Z': '"——..', '0': '————— 'y
M WS, 20 -, 3T L,
e T A T R R
W .., 8 ——— L, 9T e,

LI B B |

}
def transmit_message (self, message):
for letter in message:
morse_code_letter = self.MORSE_CODE[letter.upper ()]
for dash_dot in morse_code_letter:
if dash_dot == '.':
self.dot ()
elif dash_dot
self.dash (
elif dash_dot
self.word_spacing()
self.letter_spacing()
def dot (self):
self.led.blink (self.dot_duration,self.dot_duration, 1l,False)

- r_.

N
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def dash (self):
self.led.blink (self.dash_duration, self.dot_duration,1,False)
def letter_spacing(self):
sleep(self.dot_duration)
def word_spacing(self):
sleep(self.word_spacing_duration-self.dot_duration)

if name == "_ _main_ ":

morse_code_generator = MorseCodeGenerator ()
morse_code_generator.transmit_message ('SOS"')

2. After importing the gpiozero and time libraries into our
MorseCodeGenerator class, we define GPIO 18 as our LED with the line
led=LED (18)

3. We set the duration of how long a dot lasts with the line dot _duration = 0.3

4. We then define the duration of the dash and spacing between words based on
the dot_duration

5. To speed up or slow down our Morse code transmutation, we may adjust
dot_duration accordingly

6. We use a Python dictionary with the name MORSE_CODE. We use this dictionary
to translate letters to Morse code

7. Our transmit_message function steps through each letter of the message, and
then each character in the Morse code, which is equivalent to using the
dash_dot variable

8. The magic of our class happens in the dot and dash methods by using the b1ink
function from the gpiozero library:

def dot (self):
self.led.blink (self.dot_duration,
self.dot_duration, 1l,False)

In the dot method, we can see that we turn the LED on for the duration set in
dot_duration, and then we turn it off for the same amount of time. We only blink it once
as set it by the number 1 in the b1ink method call. We also set the background parameter
to False.
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This last parameter is very important, as if we leave it to the default of True, the code will
continue to run before the LED has a chance to blink on and off. Basically, the code won't
work unless the background parameter is set to False.

We forgo the usual Hello World for our test message and instead use the standard sos,
which is familiar to the most casual of Morse code enthusiasts. We may test our class by
clicking on the Run button and, if all is set up correctly, we will see the LED blink SOS in
Morse code.

Now, let's revisit our CurrentWeather class from chapter 2, Writing Python Programs
Using Raspberry Pi. We will make a few minor modifications:

from MorseCodeGenerator import MorseCodeGenerator

class CurrentWeather:
weather_data={

'Toronto':['13"', '"partly sunny','8 NW'],
'Montreal':['16"', 'mostly sunny','22 W'],
'Vancouver':['18', '"thunder showers','10 NE'],
'New York':['17', 'mostly cloudy','5S SE'],
'Los Angeles':['28','sunny','4 SW'],
'London':['12"', 'mostly cloudy','8 NW'],
'Mumbai':['33"', 'humid and foggy','2 S']

}
def __init__ (self, city):

self.city = city
def getTemperature (self):

return self.weather_data[self.city] [0]
def getWeatherConditions (self):

return self.weather_data[self.city][1]
def getWindSpeed (self) :

return self.weather_data[self.city] [2]
def getCity(self):

return self.city

if __name_ == "__main_ ":

current_weather = CurrentWeather ('Toronto')
morse_code_generator = MorseCodeGenerator ()
morse_code_generator.transmit_message (current_weather.
getWeatherConditions ())
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We start by importing our MorseCodeGenerator class (make sure that both files are in the
same directory). As we do not have a Morse code equivalent of /, we take out the km/h in
the weather_data data set. The rest of the class remains the same as it did in chapter 2,
Writing Python Programs Using Raspberry Pi. In our test section, we instantiate both a
CurrentWeather class and a MorseCodeGenerator class. Using the CurrentWeather
class, we pass the weather conditions for Toronto into the MorseCodeGenerator class.

If there aren't any mistakes made in entering the code, we should see our LED blink
partly sunny in Morse code.

Summary

A lot was covered in this chapter. By the end of it, you should be feeling pretty good about
developing applications on the Raspberry Pi.

The picamera, Pillow, and sense-hat libraries make it easy to communicate with the
outside world with your Raspberry Pi. Using the Raspberry Pi camera module and
picamera, we open up a whole new world of possibilities with our Pi. We only touched on
a small part of what picamera can do. Additionally, we only scratched the surface of
image processing with the Pillow library. The Sense HAT emulator allowed us to save
spending money on buying the actual HAT and test out our code. With sense-hat and the
Raspberry Pi Sense HAT, we truly expand our reach into the physical world.

The inexpensive Pibrella HAT provided an easy way to jump into the physical computing
world. By installing the pibrella library, we are giving our Python code access to an
assortment of LEDs, a speaker, and a button, all neatly packaged into a Raspberry Pi HAT.

However, the true ultimate goal with physical computing is to build electronic circuits that

bridge the gap between our Raspberry Pi and the outside world. We started our journey of

building electronic circuits with the Fritzing circuit builder, available from the Raspberry Pi
store. From there, we built our first circuit on a breadboard with an LED and resistor.
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We concluded this chapter by creating a Morse code generator with our Raspberry Pi and
LED circuit. In a twist of old meets new, we were able to transmit weather data in Morse
code via a blinking LED.

In chapter 4, Subscribing to Web Services, we will incorporate web services into our code,
thereby connecting the internet world with the real world in a concept called the Internet of

Things.

Questions

1.

W

O X NG

10.
11.
12.

13.

14.

15.

What is the name of the Python package that allows you access to the Raspberry
Pi camera module?

True or false? A Raspberry Pi with code written by students was deployed on the
international space station.

What are the sensors included with Sense HAT?

True or false? We do not need to buy a Raspberry Pi Sense HAT for
development, as an emulator of this HAT exists in Raspbian.

How many ground pins are there on the GPIO?

True or false? Raspberry Pi's GPIO has pins that supply both 5V and 3.3V.

What is a Pibrella?

True or false? You may only use a Pibrella on early Raspberry Pi computers.
What does BCM mode mean?

True or false? BOARD is the alternative to BCM.

What does the Zero in gpiozero refer to?

True or false? Using Fritzing, we are able to design a GPIO circuit for our
Raspberry Pi.

What is the default background parameter in the gpiozero LED blink function
set to?

True or false? It is far easier to use the gpiozero library to access the GPIO than
it is to use the RP1i.GPIO library.

What is the Victorian Internet?
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Further reading

A lot of concepts were covered in this chapter, with the assumption that the skills needed
were not beyond the average developer and tinkerer. To further solidify understanding of
these concepts, please Google the following;:

¢ How to install the Raspberry Pi camera module
¢ How to use a breadboard
An introduction to the Fritzing circuit design software

Python dictionaries

For those of you that are as fascinated about technology of the past as I am, the following is
a great book to read on the age of the Victorian Internet: The Victorian Internet, by Tom

Standage.
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Many of us take the technologies that the internet is built on top of for granted. When we
visit our favorite websites, we care little that the web pages we are viewing are crafted for
our eyes. However, lying underneath is the internet protocol suite of communication
protocols. Machines can also take advantage of these protocols and communicate machine
to machine through web services.

In this chapter, we will continue our journey toward connecting devices through the
Internet of Things (IoT). We will explore web services and the various technologies behind
them. We will conclude our chapter with some Python code where we call a live weather
service and extract information in real time.

The following topics will be covered in this chapter:

¢ Cloud services for IoT
e Writing a Python program to extract live weather data

Prerequisites

The reader should have a working knowledge of the Python programming language to
complete this chapter as well as an understanding of basic object-oriented programming.
This will serve the reader well, as we will be separating our code into objects.
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Project overview

In this project, we will explore the various web services that are available and touch on
their core strengths. We will then write code that calls the Yahoo! Weather web service. We
will conclude by having a "ticker" display of real-time weather data using the Raspberry Pi
Sense HAT emulator.

This chapter should take a morning or afternoon to complete.

Getting started

To complete this project, the following will be required:

¢ A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor (with HDMI support)

A USB keyboard

A USB mouse

Internet access

Cloud services for loT

There are many cloud services that we may use for IoT development. Some of the biggest
companies in technology have thrown their weight behind IoT and in particular IoT with
artificial intelligence.

The following are the details of some of these services.

Amazon Web Services loT

The Amazon Web Services IoT is a cloud platform that allows connected devices to securely
interact with other devices or cloud applications. These are offered as pay-as-you-go
services without the need for a server, thereby simplifying deployment and scalability.
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Amazon Web Services (AWS) services that may be used by the AWS IoT Core are as
follows:

¢ AWS Lambda

¢ Amazon Kinesis

e Amazon S3

e Amazon Machine Learning

e Amazon DynamoDB

¢ Amazon CloudWatch

o AWS CloudTrail

¢ Amazon Elasticsearch Service

AWS IoT Core applications allow for the gathering, processing, and analysis of data
generated by connected devices without the need to manage infrastructure. Pricing is per
messages sent and received.

The following is a diagram of how AWS IoT may be used. In this scenario, road conditions
data from a car is sent to the cloud and stored within an S3 Cloud Storage service. The AWS
service broadcasts this data to other cars, warning them of potential hazardous road
conditions:

S3 Cloud

— Storage

Data such as
road conditions
collected by vehicle

and sent to AWS loT /
Road conditions

o o data shared with Q
other vehicles

Data collected
and stored for future
analysis
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IBM Watson platform

IBM Watson is a system capable of answering questions posted in natural language.
Originally designed to compete on the TV game show Jeopardy!, Watson was named after
IBM's first CEO, Thomas J. Watson. In 2011, Watson took on Jeopardy! champions Brad
Rutter and Ken Jennings and won.

Applications using the IBM Watson Developer Cloud may be created with API calls. The
potential for processing IoT information with Watson is immense.

To put it bluntly, Watson is a supercomputer from IBM that may be accessed over the web
through API calls.

One such use of Watson with IoT is the IBM Watson Assistant for Automotive, an
integrated solution provided to manufacturers for use in cars. Through this technology, the
driver and passengers may interact with the outside world for such things as booking
reservations at restaurants and checking on appointments in their calendars. Sensors in the
car may be integrated, providing IBM Watson Assistant with information on the state of the
car such as tire pressure. The following is a diagram illustrating a scenario where Watson
warns the driver of low tire pressure, suggests having it fixed, and then books an
appointment at the garage:

2. Driver is warned of low
tire pressure and driver is

advised to have it fixed
1. Tire pressure sensor

indicates low tire pressure
IBM Watson Assistant for Automotive is sold as a white-label service so that manufacturers
may label it to suit their needs. The success of IBM Watson Assistant for Automotive will
depend on how well it competes with other Al assistant services such as Amazon's Alexa
and Google's Al assistant. Integration with popular services such as Spotify for music and
Amazon for shopping will also play a role in future success.

IBM Cloud
Services

.

3. Garage is contacted
and an appointment is made
to fix the car.
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Google Cloud platform

Although not as extensive and well-documented as AWS IoT, Google is taking on IoT with
a lot of interest. A developer may take advantage of Google's processing, analytics, and
machine intelligence technologies through the use of Google Cloud Services.

The following is a list of some of the services offered through Google Cloud Services:

e App engine: Application hosting service

e BigQuery: Large-scale database analytics service

¢ Bigtable: Scalable database service

¢ Cloud AutoML: Machine learning services that allow developers access to
Google's Neural Architecture Search technology

¢ Cloud machine learning engine: Machine learning service for TensorFlow
models

¢ Google video intelligence: Service to analyze videos and create metadata

¢ Cloud Vision API: Service to return data on images through the use of machine
learning

The following is a diagram of how the Google Cloud Vision API may be used. An image of
a dog standing next to an upside-down flowerpot is passed to the service through the APL
The image is scanned and, using machine learning, objects are identified in the photo. The

returning JSON file contains the results in percentages:

RESULTS

Vision API Dog-ga%
Flower Pot - 75%

Pom-a-poo breed - 80%

Google Cloud

1. Image is passed
to the Google Cloud
Vision API

2. Based on extensive library
of scanned images service returns
results indicating that the picture
contains an image of a dog and a flower
pot.

Google's focus on keeping things easy and fast gives developers access to Google's own
private global network. Pricing for the Google Cloud Platform is lower than AWS IoT.
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Microsoft Azure

Microsoft Azure (known formerly as Windows Azure) is a cloud-based service from
Microsoft that allows developers to build, test, deploy, and manage applications using
Microsoft's vast array of data centers. It supports many different programming languages,
which are both Microsoft-specific and from outside third parties.

Azure Sphere, part of the Microsoft Azure framework, was launched in April of 2018 and is
Azure's IoT solution. The following is a scenario where Azure Sphere (or Azure IoT, as
shown in the diagram) may be used. In this scenario, a robot arm located in a remote
factory is monitored and controlled by a cellphone app somewhere else:

Azure loT
Cloud

\

/

Progress and status

Robot Arm
located in remote of the Robot Arm is maonitored
factory and managed through a cell

phone app

You may have noticed that the previous examples could be set up with any of the
competing cloud services, and that really is the point. By competing with each other, the
services become better and cheaper, and as a result, more accessible.

With these large companies such as IBM, Amazon, Google, and Microsoft taking on the
processing of IoT data, the future of IoT is boundless.

Weather Underground

Although not heavyweight like the Googles and IBMs of the world, Weather Underground
offers a web service of weather information that developers may tie their applications into.
Through the use of a developer account, IoT applications utilizing current weather
conditions may be built.

[75]
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At the time of writing this chapter, the Weather Underground network
offered APIs for developers to use to access weather information. An end-
of-service notice has been posted to the Weather Underground API site
since. To keep up to date on the state of this service, visit https://www.

wunderground.com/weather/api/.

A basic Python program to pull data from
the cloud

In chapter 2, Writing Python Programs Using Raspberry Pi, we introduced a package called
weather-api that allows us to access the Yahoo! Weather web service. In this section, we
will wrap up the Weather object from the weather-api package in our own class. We will
reuse the name CurrentWeather for our class. After testing out our CurrentWeather
class, we will utilize the Sense Hat Emulator in Raspbian and build a weather information
ticker.

Accessing the web service

We will start out by modifying our CurrentWeather class to make web service calls to
Yahoo! Weather through the weather-api package:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE.

2. Click on the New icon to create a new file.
3. Type the following:

from weather import Weather, Unit

class CurrentWeather:
temperature = "'
weather_conditions = "'
wind_speed = "'
city = "'

def __init__ (self, city):
self.city = city
weather = Weather (unit = Unit.CELSIUS)
lookup = weather.lookup_by_location(self.city)
self.temperature = lookup.condition.temp
self.weather_conditions = lookup.condition.text
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self.wind_speed = lookup.wind.speed

def getTemperature (self) :
return self.temperature

def getWeatherConditions (self):
return self.weather_conditions

def getWindSpeed(self) :
return self.wind_speed

def getCity(self):
return self.city

if _ name_ =="_ _main_ ":

current_weather = CurrentWeather ('Montreal')
print ("$s %sC %s wind speed %s km/h"

% (current_weather.getCity (),
current_weather.getTemperature (),
current_weather.getWeatherConditions (),
current_weather.getWindSpeed()))

4. Save the file as CurrentWeather.py.
5. Run the code.

6. You should see weather information from the web service printed to the shell in
Thonny. When I ran the program, I saw the following:

Toronto 12.0C Clear wind speed 0 km/h

7. Now, let's take a closer look at the code to see what is going on. We start off by
importing the resources from packages we need for our program:

from weather import Weather, Unit

8. We then define our class name, CurrentWeather, and set the class variables
(temperature, weather_conditions, wind_speed, and city) to initial values:

class CurrentWeather:
temperature = "'
weather_conditions = "'
wind_speed = "'
city = "'
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9. In the init method, we set our class variables based on the city that is passed
into the method. We do this by instantiating a variable we call weather as a
Weather object with the unit set to CELSIUS. The lookup variable is created
based on the city name we pass in. From there, it is a simple matter of setting
our class variables (temperature, weather_conditions, and wind_speed)
from values we extract from lookup. The weather-api does all of the heavy

lifting for us as we are able to access values with dot notation. There is no need
for us to parse XML or JSON data:

def __init__ (self, city):
self.city = city
weather = Weather (unit = Unit.CELSIUS)
lookup = weather.lookup_by_location(self.city)
self.temperature = lookup.condition.temp
self.weather_conditions = lookup.condition.text
self.wind_speed = lookup.wind.speed

10. With the class variables set in the init method, we use method calls to return
these class variables:

def getTemperature (self):
return self.temperature

def getWeatherConditions (self):
return self.weather_ conditions

def getWindSpeed(self):
return self.wind_speed

def getCity(self):
return self.city

11. Since we are running CurrentWeather.py as a program in Thonny, we are able
tousethe if _ name_ =="__main__ " method and utilize the
CurrentWeather class. Note that the if _ name_ =="__ _main__ " method has
the same indentation as the class name. It would not work if it didn't.

With every module in Python, there is an attribute called __name__. If
you were to check this attribute for a module you have imported into your
program, you would get the name of the module returned. For example, if
we were to put the line print (Weather._ _name__) in the preceding
code, we would get the name Weather returned. Checking for

__name__ in a file we are running returns the __main__ value.
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12. Inthe if _ name_ =="__main__ " method, we create an object called
current_weather of type CurrentWeather, passing in the city name
Montreal. We then print out the values for city, temperature, weather
conditions, and wind speed using the appropriate method calls:

if _ name_ =="__main_ ":
current_weather = CurrentWeather ('Montreal')
print ("$s %sC %s wind speed %s km/h"
% (current_weather.getCity (),
current_weather.getTemperature (),
current_weather.getWeatherConditions (),
current_weather.getWindSpeed()))

Using the Sense HAT Emulator

Now, let's use the Raspberry Pi Sense HAT Emulator to display weather data. We will
utilize the CurrentWeather class we just created. To see weather information displayed in

the Sense HAT Emulator, do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following:

from sense_emu import SenseHat
from CurrentWeather import CurrentWeather

class DisplayWeather:
current_weather =
def _ init_ (self, current_weather):
self.current_weather = current_weather
def display(self):
sense_hat_emulator = SenseHat ()
message = ("%s %sC %s wind speed %s km/h"
% (self.current_weather.getCity (),
self.current_weather.getTemperature(),
self.current_weather.getWeatherConditions (),
self.current_weather.getWindSpeed()))
sense_hat_emulator.show_message (message)

[

if _ name_ == "_ main__
current_weather = CurrentWeather ('Toronto')
display_weather = DisplayWeather (current_weather)
display_weather.display ()
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4. Save the file as DisplayWeather.py

5. Load the Sense HAT Emulator from Application Menu | Programming | Sense

HAT Emulator

6. Position the Sense HAT Emulator so that you can see the display

7. Run the code

You should see a ticker of the weather information for Toronto on the Sense HAT

Emulator display, similar to the following screenshot:

E * @ |"|"},, Troney - themeril |]"_|[u.1 |qs=wueH.KTErmdm
Theinn plsyAEatharpy @ 1732

File Edt View Fun Tools Help

o B 1

py¥% | Displeyweather.oy )

(m)

H from sense amu import SenseHat
2 from CurrentWesther import CurrentwWeather

4 class DisplayWeathar:
currant_weathar = '

def _ init_ (self, current_weather}:
salf.currant_weather = current_weather

def display(self):
sanse_hat_emulator = SenseHat(]

message = [ "%s %sC %s wind speed %s km/h"
14 %({self.current_weather.getCity(),
L self.current weathar.getTemperatura(),
1f self.current_weather.oetWeastherConditions(),
17 salf.currant_weather.getWindSpaad(}))

" it sanse_hat_emulator.show message(massaga)

if _name = "_ main_ ":
Z current_weather = CurrentWeather('Toronto')
23 display_weather = DisplayWeather(current_weather)

display weathar.display()

Sengs AAT Erudent

Temperature Pressies

Screen

shall
>33

Ori=ntation

Hurmudity

Ditch  e—
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So, how did we accomplish this? The init and message methods are at the heart of this
program. We initialize the DisplayWeather class by setting the

class variable current_weather. Once current_weather is set, we extract values from it
in the display method in order to build a message we call message. We then create a
SenseHat emulator object in the display method as well and call it
sense_hat_emulator. We pass in our message to the show_message method of the
SenseHat emulator through the line sense_hat_emulator.show_message (message):

def _ init_ (self, current_weather):
self.current_weather = current_weather
def display(self):
sense_hat_emulator = SenseHat ()
message = ("%s %sC %s wind speed %s km/h"
% (self.current_weather.getCity (),
self.current_weather.getTemperature(),
self.current_weather.getWeatherConditions (),
self.current_weather.getWindSpeed()))
sense_hat_emulator.show_message (message)

Summary

We began this chapter by discussing some of the various web services that are available.
We discussed the work of some of the biggest companies in information technology in the
fields of artificial intelligence and IoT.

Both Amazon and Google are aiming to become the platforms that IoT devices connect
with. Using its vast resources, Amazon, through its Amazon Web Services, provides
significant documentation and support for its offerings. Not to be outdone, Google is also
building a powerful platform for IoT. Which platform wins out remains to be seen.

IBM's foray into artificial intelligence centers on Watson, their Jeopardy! playing champion.
Winning game shows against the best human players is of course not the ultimate goal for
Watson. However, the knowledge and technology built from such pursuits will find its way
into areas we can only imagine today. Watson may prove to be the so-called killer app for
the IoT world.

There is probably nothing that people talk about more than the weather. In this chapter, we
used the weather-api package to build a weather information ticker by utilizing the
Raspberry Pi Sense HAT Emulator that's built into the Raspbian operating system.

In chapter 5, Controlling a Servo with Python, we will explore other ways to communicate
with the outside world by using servo motors to provide an analog display.
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Questions

1.

What is IBM Watson?

2. True or false? Amazon's IoT web services allows access to other cloud-based

-~

services from Amazon.
True or false? Watson is a champion of the game show Jeopardy!
True or false? Google has their own global private network.

True or false? We need to change the names of our functions such as
getTemperature when we introduce web service data.

True or false? It is a good idea to use test code in your classes in order to isolate
the functionality of that class.

What is the purpose of the DisplayWeather class in our code?

Which method of the senseHat object do we use to display weather information
in the Sense HAT Emulator?

Further reading

A Google search on the various web services that are available is a good place to start in
order to expand your knowledge of web services.
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Analog meters and instrumentation were the only ways to display data prior to the rise of
digital technologies. Once the move was made to digital, analog meters fell out of

vogue. Generations that grew up learning to tell the time on an analog clock may suddenly
find this skill to be out of date, as digital displays of time have become the norm.

In this chapter, we will bridge the gap between the digital and analog worlds by changing
the position of a servo motor based on a digital value.

The following topics will be covered in this chapter:

e Wiring up a servo motor to the Raspberry Pi
e Controlling the servo through the command line
e Writing a Python program to control the servo

Knowledge required to complete this
chapter

The reader will need a working knowledge of the Python programming language to
complete this chapter. Knowledge of using a simple breadboard to connect components is
also a must.

Project overview

In this project, we will wire up a servo motor and LED, and control it using the GPI0O Zzero
library. We will start by designing the circuit in Fritzing, and then we will assemb]e it.

We will start controlling the servo using Python shell.
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Finally, we will expand on this knowledge by creating a Python class that will turn the
servo motor based on a percentage amount, and turn on, turn off, or flash the LED based on
a number passed to the class.

This project should take about 2 hours to complete.

Getting started

To complete this project, the following will be required:

e A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor

A USB keyboard

A USB mouse

A small servo motor

A breadboard

A LED (any color)

¢ Jumper wires for the breadboard

Wiring up a servo motor to the Raspberry Pi

This project involves wiring up a servo motor to our Raspberry Pi. Many people confuse
servo motors with stepper and DC motors. Let's take a look at the differences between these
types of motors.

Stepper motors

Stepper motors are brushless DC electrical motors that move a full rotation of equal steps.
The position of the motor is controlled without the use of a feedback system (open-loop
system). This makes stepper motors relatively inexpensive and popular for robotics, 3-D
printers, and CNC-type applications.
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The following is a crude diagram of the internal workings of a stepper motor:

/ -
Mt Coils
Casing

Permanent
Magnet

N

By turning on and off the coils A and B in sequence, the Permanent Magnet (which is
attached to the shaft of the motor) is spun. Precise steps are used, allowing precise control
of the motor, as the number of steps may be controlled easily.

Stepper motors tend to be heavier and bulkier than other types of small motors.

The following photo shows a typical stepper motor used in a 3-D printer:
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DC motors

DC motors are similar to stepper motors, but do not divide motion into equal steps. They
were the first widely used electrical motors, and are in use in electric cars, elevators, and
any other application that does not require precise control of the position of the motor. DC
motors may be brushed or brushless.

Brushed motors are simpler to operate, but have limitations on
revolutions per minute (RPM) and usage life. Brushless motors are more
complicated, and require electronics for control—for example, the
Electronic Speed Controllers (ESCs) used on some drones. Brushless
motors may be operated at a much higher RPM, and have a longer usage
life than brushed motors.

DC motors have a much shorter response time than stepper motors, and tend to be lighter
than comparable stepper motors.

The following is a photo of a typical small brushed DC motor:
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Servo motors

Servo motors use a closed-loop feedback mechanism to provide extremely precise control
of the position of the motor. They are considered a high-performance alternative to stepper
motors. The range can vary depending on the servo, with some servos limited to 180-
degree movement while others can move a full 360 degrees.

Closed-loop control systems, unlike open-loop control systems, maintain
an output by measuring the actual condition of the output, and comparing
it to the desired outcome. Closed-loop control systems are often called
feedback control systems, as it is this feedback that is used to adjust the
condition.

The angle of a servo is determined by pulses passed to the control pin on the servo.
Different brands of servo have different maximum and minimum values to determine the
angle of the servo needle.

The following is a diagram to demonstrate the relationship between pulse width
modulation (PWM) and the position of a 180-degree servo:

o N

Minimum —| —‘ -
Neutral _l —-I A

Maximum | =

X %
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The following is a photo of the small servo motor that we will be using for our circuit. We
are able to connect this servo directly to our Raspberry Pi (this may not be possible with
larger servos):

The following is a chart of servo color codes:

Power / Positive (+) Signal / Data Ground (-)

Yellow

White




CONTROL ENGINEERS
Dedicatad Cantral Engineering Platform
5 Website: v cantralangii it
) Instagram; Scomtralenginers. i
© Telugram: dcomtrolenginars

Controlling a Servo with Python Chapter 5

Connecting the servo motor to our Raspberry Pi

Our circuit will consist of a simple servo and LED.

The following is the Fritzing diagram of the circuit:

ETHERNET

~
)
e
b
-
=
=
=
=

fritzing
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We connect:

e The positive power of the servo to the 5V DC supply, and the ground to GND
¢ The control signal from the servo to GPIO 17
e The positive end of the LED to GPIO 14, and the resistor to GND

Be sure to use a small servo motor, as larger ones may require more power than the
Raspberry Pi is able to supply. The circuit should resemble the following;:
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Control the servo through the command line

Now that our servo is connected to our Raspberry Pj, let's write some code at the command
line to control it. We will use the Raspberry Pi Python library GPIO Zero to do this.

Load up Thonny and click on Shell:

)

| L]
!

2 B % @ [ Troony - <unuies- |
File Edit View Run Tools Help

+uy OBEEE O

=untitded=

Thonny - <untitleds @ 1-1

Shell |

=2 |

Type the following in the shell:
from gpiozero import Servo

After a short delay, the cursor should return. What we have done here is load the servo
object from gpiozero into memory. We will assign pin GPIO 17 with the following

statement:

servo = Servo(17)
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We will now move the servo motor to the minimum (min) position. Type the following into
the command line:

servo.min ()

You should hear the servo motor moving, and the needle will go to its farthest position (if it
is not already there).

Let's move the servo motor to the maximum ( max) position with the following command:
servo.max ()

Now, move the servo to the middle ( mid) position with the following command:
servo.mid ()

The servo motor should move to its middle position.

When you place your hand over the servo motor, you may feel a slight jerking motion. To
temporarily disable control of the servo, type the following into the command line and
press Enter:

servo.detach ()

The jerking motion should stop, and the needle indicator attached to the servo should stay
in its current position.

As we can see, it is very easy to move the servo motor to its minimum, middle, and
maximum values. But what if we want to have more precise control of the servo? For those
instances, we may use the value property of the servo object. A value between -1
(minimum) and 1 (maximum) can be used to move the servo motor.

Type the following into the command line:
servo.value=-1

The servo should move to its minimum position. Now, type the following:
servo.value=1

The servo should now move to its maximum position. Let's use the value property to
indicate weather conditions. Type the following into the command line:

weather_conditions = {'cloudy':-1, 'partly cloudy':-0.5, 'partly sunny':
0.5, 'sunny':1}

[92]
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Test the code in the shell with the following;:
weather_conditions|['partly cloudy']

You should see the following in the shell:

-0.5

With our servo object and our weather_conditions dictionary, we may now use the
servo motor to indicate the weather conditions physically. Type the following into the shell:

servo.value = weather_conditions['cloudy']

The servo motor should move to the minimum position to indicate that the weather
conditions are cloudy. Now, let's try sunny:

servo.value = weather_conditions|['sunny']
The servo should move to the maximum position to indicate sunny weather conditions.

For partly cloudy and partly sunny conditions, use the following:
servo.value = weather_conditions|['partly cloudy']

servo.value = weather_conditions|['partly sunny']

Write a Python program to control the servo

Jerry Seinfeld once joked that all we need to know about the weather is: Should we bring a
coat or not? For the rest of this chapter and the next, we will build an analog meter needle
dashboard to indicate the wardrobe needed for the weather conditions.

We will also add an LED that will turn on to indicate that an umbrella is needed, and flash
to indicate a very bad storm.

Before we can build the dashboard in chapter 6, Working with the Servo Control Code to
Control an Analog Device, we need code to control the servo and LED. We will start by
creating a class to do just that.

This class will set the servo position and LED state on our circuit:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
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3. Type the following:

from gpiozero import Servo
from gpiozero import LED

class WeatherDashboard:

servo_pin = 17

led_pin = 14

def __init_ (self, servo_position=0, led_status=0):
self.servo = Servo(self.servo_pin)

self.led = LED(self.led_pin)
self.move_servo (servo_position)
self.set_led_status(led_status)
def move_servo(self, servo_position=0):
self.servo.value=self.convert_percentage_to_integer
(servo_position)
def set_led_status(self, led_status=0):
if (led_status==0) :
self.led.off ()
elif (led_status==1):
self.led.on()
else:
self.led.blink ()
def convert_percentage_to_integer (self, percentage_amount) :
return (percentage_amount*0.02)-1
if _ name_ =="_main__ ":
weather_dashboard = WeatherDashboard (50, 1)

4. Save the file as WeatherDashboard.py
5. Run the code

6. You should see the servo move to the middle position, and the LED should turn
on

Experiment with other values and see if you can move the servo to 75% and have the LED
blink.

Let's take a look at the code. After defining the class, we set GPIO pin values for the servo
and LED with the following:

servo_pin = 17
led_pin = 14

As you saw in the circuit we built, we connected the servo and LED to GPIO 17 and GPIO
14, respectively. GPIO Zero allows us to assign GPIO values easily without boilerplate
code.
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In our class initialization method, we create Servo and LED objects called servo and led
respectively:

self.servo = Servo(self.servo_pin)
self.led = LED(self.led_pin)

From here, we call the methods in our class that move the servo and set the LED. Let's look
at the first method:

def move_servo(self, servo_position=0):
self.servo.value=self.convert_percentage_to_integer
(servo_position)

In this method, we simply set the value property in servo object. As this property only
accepts values from -1 to 1, and we are passing a value from 0 to 100, we need to convert
our servo_position. We do that with the following method:

def convert_percentage_to_integer (self, percentage_amount) :
return (percentage_amount*0.02)-1

In order to convert a percentage value to a -1 to 1 scale value, we
multiply the percentage value by 0.02, and then subtract 1. It's easy

to verify this math by using the percentage value of 50. The value of 50
represents the middle value in a 0 to 100 scale. Multiplying 50 by 0.02
produces the value of 1. Subtracting 1 from this value produces 0, which
is the middle value in a -1 to 1 scale.

To set the status of the LED (off, on, or blink) we call the following method from our
initialization method:

def set_led_status(self, led_status=0):
if (led_status==0) :
self.led.off ()
elif (led_status==1):
self.led.on()
else:
self.led.blink ()

In set_led_status, we set our LED to off if the value passed in is 0, on if the value is 1,
and blink if it is any other value.

We test out our class with the following code:

if _ name_ =="_ _main_ ":
weather_dashboard = WeatherDashboard (50, 1)
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In chapter ¢, Working with the Servo Control Code to Control an Analog Device, we will use
this class to build our analog weather dashboard.

Summary

As we can see, bridging the gap between the digital and analog worlds for data display is
relatively easy using the Raspberry Pi. Its GPIO port allows for easy connection to various
output devices such as motors and LEDs.

In this chapter, we connected a servo motor and LED, and controlled them using Python
code. We will expand on this in chapter 6, Working with the Servo Control code to
Control an Analog Device, as we build an IoT weather dashboard with an analog meter
display.

Questions

1. True or false? A stepper motor is controlled using an open-loop feedback
system.

N

What type of electric motor would you use if you were building an electric car?

W

True or false? Servo motors are considered a high-performance alternative to
stepper motors.

What controls the angle of the servo motor?

True or false? DC motors have shorter response times than stepper motors.
Which Python package do we use to control our servo?

True or false? We are able to control a servo using the Python shell in Thonny.
Which command is used to move the servo to its maximum position?

o X NS U

True or false? We can only move the servo to its minimum, maximum, and
middle positions.

10. How do we convert percentage values to the corresponding values that the
servo object understands in our code?

Further reading

The GPIO zero documentation gives a complete overview of this amazing Raspberry Pi
Python library. Find out more at https://gpiozero.readthedocs.io/en/stable/.
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Continuing our journey to combine the elegance of an analog meter with the accuracy of
digital data, we will take a look at what we've learned in the previous two chapters and
build an IoT weather dashboard with an analog meter display.

Make sure that you have the circuit from chapter 5, Controlling a Servo with Python, wired
up before you start this chapter.

This dashboard will display wardrobe suggestions based on the outside temperature and
wind speed. We will also use an LED on our dashboard to indicate whether or not we
should take an umbrella with us.

The following topics will be covered in this chapter:

e Accessing weather data from the cloud
e Controlling the servo using weather data
¢ Enhancing our project

Knowledge required to complete this
chapter

You should have a working knowledge of the Python programming language to complete
this chapter. Knowledge of using a simple breadboard that you can connect components to
is also a must.
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A vinyl or craft cutter may be used in this project. Knowledge of how to use a cutter would
be an asset so that you can complete this project.

Project overview

By the end of this chapter, we should have a working IoT analog weather dashboard. We
will modify the code written in Chapter 4, Subscribing to Web Services, and Chapter 5,
Controlling a Servo with Python, to provide data to our dashboard. A backdrop will be
printed and cut out. This backdrop will give our dashboard a cartoon-like look.

We will be using the circuit from chapter 5, Controlling a Servo with Python. The following
is the wiring diagram from this circuit:

.
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This project should take an afternoon to complete.

[981]



@CONTROL ENGINEERS
Dedicatad Cantrol £ a Piatform

Working with the Servo Control Code to Control an Analog Device Chapter 6

Getting started

To complete this project, the following will be required:

e A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor

A USB keyboard

A USB mouse

A small servo motor

An LED (any color)

A breadboard

¢ Jumper wires for the breadboard

A color printer

A vinyl or craft cutter (optional)

Accessing weather data from the cloud

In chapter 4, Subscribing to Web Services, we wrote a Python program to access weather
data from Yahoo! Weather. The class, CurrentWeather, from that program returned the
temperature, weather conditions, and wind speed for the city value that the class was
instantiated with.

We will revisit that code and change the class name to WeatherData. We will also add a
method to return a value from 0-100 to indicate the weather. We will take the temperature
and wind speed into account when determining this number, with 0 being extreme winter-
like conditions and 100 being very hot extreme summer conditions. We will use this
number to control our servo. We will also check to see whether it is raining and update our
LED to indicate whether or not we need an umbrella:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
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3. Type the following into the file:
from weather import Weather, Unit

class WeatherData:
temperature = 0
weather_conditions = "'
wind_speed = 0
city = "'

def __init__ (self, city):
self.city = city

weather = Weather (unit = Unit.CELSIUS)

lookup = weather.lookup_by_location(self.city)
self.temperature = float (lookup.condition.temp)
self.weather_conditions = lookup.condition.text
self.wind_speed = float (lookup.wind.speed)

def getServoValue (self):

temp_factor = (self.temperature*100) /30
wind_factor = (self.wind_speed*100) /20
servo_value = temp_factor-(wind_factor/20)

if (servo_value >= 100):
return 100
elif (servo_value <= 0):
return 0
else:
return servo_value
def getLEDValue (self):

if (self.weather_conditions=='Thunderstorm') :
return 2;

elif (self.weather_conditions=='Raining'):
return 1

else:

return 0
if _ name_ =="__main_ ":
weather = WeatherData ('Paris')
print (weather.getServoValue())
print (weather.getLEDValue ())

4. Save the file as WeatherData.py

The heart of our code is in the getServovalue () and get LEDValue () methods:

def getServoValue (self):
temp_factor = (self.temperature*100) /30
wind_factor (self.wind_speed*100) /20
servo_value = temp_factor-(wind_factor/20)
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if (servo_value >= 100):
return 100

elif (servo_value <= 0):
return 0

else:
return servo_value

In the get Servovalue method, we set the temp_factor and wind_factor variables to a
percentage value based on a minimum of 0 for both of them and a maximum of 30 and 20
for the temperature and wind speeds, respectively. These are arbitrary numbers as we will
consider 30 degrees Celsius to be our extreme hot temperature and 20 kph winds as our
extreme wind speed. The servo value is set by subtracting the wind speed by 5 percent
from the temperature (by dividing it by 20). This, of course, is arbitrary as well. Feel free to
adjust the percentage as desired.

To explain this further, consider a temperature of 10 degrees Celsius and a
wind speed of 5 km/h. The temperature factor (temp_factor) would be
10 multiplied by 100 and then divided by 30 or 33.33. The wind speed
factor (wind_factor) would be 5 multiplied by 100 and then divided by
20 or 25. The value we pass to our servo (servo_value) would be the
temperature factor (33.33) minus the wind speed factor (25) after it has
been divided by 20. The value of servo_value is 32.08 or roughly 32
percent of the maximum servo value.

We then return the value of servo_value and use it to control our servo. Any value below
0 and above 100 will off our scale and will not work with our servo (as we are moving the
servo between 0 and 100 percent). We use an if statement in the get Servovalue method
to correct such conditions.

The get LEDValue method simply checks the weather conditions and returns code based
on whether or not it is raining. Thunderstorm will return a value of 2, Rain and Light
Rain will return a value of 1, and anything else will return a value of 0. We will use this
value to blink the LED in our dashboard if there is a thunderstorm, keep it solid if it is only
raining, and turn it off under all other conditions:

def getLEDValue (self):

if (self.weather_conditions=='Thunderstorm') :
return 2;

elif (self.weather_conditions=='Rain'):
return 1

elif (self.weather_conditions=='Light Rain'):
return 1

else:

return 0
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At the time of writing this book, Thunderstorm, Rain, and Light Rain
were values that were returned during a search of the weather in world
cities. Please feel free to update the if statement to include other
descriptions of extreme precipitation. As an added enhancement, you may
consider using regular expressions in the if statement.

Run the code in Thonny. You should get a value for the servo and LED based on the
weather conditions in Paris. I received the following at the time I ran the code:

73.075
0

Controlling the servo using weather data

We are close to building our IoT weather dashboard. The final steps involve controlling our
servo position based on the weather data returned from the Yahoo! Weather web service
and physically building a backdrop for our servo needle.

Correcting for servo range

As some of you may have noticed, your servo motor does not move a full 180 degrees from
minimum to maximum. This is due to the minimum and maximum pulse widths of 1 ms
and 2 ms set in GPIO Zero. To account for this difference, we must adjust the
min_pulse_width and max_pulse_width properties accordingly when we instantiate a
Servo object.

The following code does just that. The variable, servoCorrection, adds to and subtracts
from the min_pulse_width and max_pulse_width values. The following code moves the
servo to the minimum position and then the maximum position after 5 seconds:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE.

2. Click on the New icon to create a new file.
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3. Type the following into the file:

from gpiozero import Servo
from time import sleep
servoPin=17

servoCorrection=0.5
maxPW=(2.0+servoCorrection) /1000
minPW=(1.0-servoCorrection) /1000

servo=Servo (servoPin, min_pulse_width=minPW,
max_pulse_width=maxPW)

servo.min ()
sleep (5)
servo.max ()
sleep (5)
servo.min ()
sleep (5)
servo.max ()
sleep (5)
servo.min ()
sleep (5)
servo.max ()
sleep (5)

servo.close ()

4. Save the file as servo_correction.py.

5. Run the code to see if the value of servoCorrection fixes the issue with your
servo not turning a full 180 degrees from servo.min to servo.max.

6. Adjust servoCorrection until your servo does move 180 degrees between
servo.min and servo.max. We will use the value of servoCorrection in the
code for our weather dashboard.
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Changing the position of the servo based on
weather data

We are now ready to control the position of our servo based on weather conditions. We will
modify the WeatherDashboard class we created in chapter 5, Controlling a servo with
Python; to do this, perform the following steps:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following into the file:

from gpiozero import Servo

from gpiozero import LED

from time import sleep

from WeatherData import WeatherData

class WeatherDashboard:

servo_pin = 17

led_pin = 14

servoCorrection=0.5
maxPW=(2.0+servoCorrection) /1000
minPW=(1.0-servoCorrection) /1000

def __init__ (self, servo_position=0, led_status=0):
self.servo = Servo(self.servo_pin, min_pulse_width=
self.minPW, max_pulse_width=self.maxPW)
self.led = LED(self.led_pin)

self.move_servo (servo_position)
self.set_led_status (led_status)

def move_servo(self, servo_position=0):
self.servo.value = self.convert_percentage_to_integer (
servo_position)

def turnOffServo(self):
sleep (5)
self.servo.close ()

def set_led_status(self, led_status=0):
if (led_status==0):
self.led.off ()
elif (led_status==1):
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self.led.on ()
else:
self.led.blink ()

def convert_percentage_to_integer (self,

percentage_amount) :

#adjust for servos that turn counter clockwise by
default

adjusted_percentage_amount = 100 - percentage_amount

return (adjusted_percentage_amount*0.02)-1
if _ name_ =="__main_ ":
weather_data = WeatherData ('Toronto')
weather_dashboard = WeatherDashboard (
weather_data.getServoValue (),
weather_data.getLEDValue())
weather_dashboard.turnOffServo ()

4. Save the file as WeatherDashboard.py
5. Run the code and observe that the servo position changes

Let's take a look at the code.

We start out by importing the resources we need:

from time import sleep
from WeatherData import WeatherData

We add time to our project as we will be using it as a delay before we close our Servo
object. WeatherData is added to provide the values for our servo and LED based on
weather conditions.

The servoCorrection, maxPW, and minPW variables adjust our servo (if needed), as
explained in our previous servo correction code:

servoCorrection=0.5
maxPW=(2.0+servoCorrection) /1000
minPW=(1.0-servoCorrection) /1000
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The turnoffservo method allows us to close the connection to the servo, stopping any
jerking motion that may occur:

def turnOffServo(self):
sleep (5)
self.servo.close ()

We use the sleep function to delay closing the servo so that it will not be closed prior to
being set to its position.

You may have also noticed a change to the convert_percentage_to_integer method
from the code in chapter 5, Controlling a Servo with Python. The motors tested for this
project had a minimum position on the right. This is the opposite of what we need, so the
code was changed to subtract the percentage_amount from 100 to reverse this behavior
and give us the correct servo position (refer to chapter 5, Controlling a Servo with

Python, for more information on this method and use the
convert_percentage_to_integer from this chapter if need be):

def convert_percentage_to_integer (self, percentage_amount) :
#adjust for servos that turn counter clockwise by default
adjusted_percentage_amount = 100 - percentage_amount
return (adjusted_percentage_amount*0.02)-1

Run the code in Thonny. You should witness the servo motor moving to a position based
on the weather conditions in Toronto, Canada. The LED will either blink, stay solid, or turn
off based on whether or not it is raining in Toronto at the time you run the code.

Now, let's enhance our project by building a physical backdrop for our servo and LED.

Enhancing our project

With our code out of the way, it's now time to add a physical backdrop to our servo. With
this backdrop, we bring the IoT to life for our weather data. Our dashboard will
recommend which wardrobe item we should wear based on the weather.
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Printing out the main graphic

The following is the graphic we will be using for our backdrop:

=

Y A

Using a color printer, print out the graphic on printable vinyl (this image file is available
from our GitHub repository). Cut out the holes under the umbrella and main graphic.

To add support, cut out the back plate on hard card stock with a cutter or by hand with
scissors:
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Peel the backdrop off of the printable vinyl sheet and stick it to the backplate. Use the holes
to align the backdrop with the back plates:

Adding the needle and LED

Insert the LED into the hole under the umbrella:
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Insert the hub of the servo motor through the other hole. Use double-sided foam tape to
secure the servo to the backplate if necessary:

Wire up the LED and servo to the breadboard using jumper wires (see the wiring diagram
at the start of this chapter). The assembly should sit with a slight slant. Before we run the
WeatherDashboard code with our new display, we have to install the needle to the

minimum position:
1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE
2. Click on the New icon to create a new file
3. Type the following into the file:

from gpiozero import Servo
servoPin=17

servoCorrection=<<put in the correction you calculated>>
maxPW=(2.0+servoCorrection) /1000

minPW=(1.0-servoCorrection) /1000

servo=Servo (servoPin, min_pulse_width=minPW,
max_pulse_width=maxPW)

servo.min ()

4. Save the file as servo_minimum.py
5. Run the code to have the servo position itself to the minimum value
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Install the needle so that it points to the left if the servo motor turns counter-clockwise to its
minimum, and to the right if the servo motor turns clockwise to its minimum (this will
make more sense once you start physically working with the servo).

Run the WeatherDashboard code again. The servo should move according to the weather
data, indicating a wardrobe option. If it is raining, the LED should light up. A
thunderstorm will flash the LED. Otherwise, the LED will stay off.

In the following picture, the dashboard is recommending a short sleeve shirt for Toronto,
Canada. An umbrella is not required for the outside weather conditions:

Congratulations! You've just built an IoT weather dashboard.

Summary

In this project, we used the power of the Raspberry Pi to create an IoT analog weather
dashboard. In this case, this involved an internet-controlled servo used as an analog meter.
It's not too hard to imagine how we may alter our code to display data other than weather
data. Picture an analog meter displaying the tank level from a distant factory, where the
level data is communicated over the internet.
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The intuitive nature of analog meters makes them perfect for applications where a glance of
the data is all that is required. Combining analog meters with data from the internet creates
a whole new world of data display.

In chapter 7, Setting Up a Raspberry Pi Web Server, we will take a step away from the analog

world and explore how we may use the Raspberry Pi as a web server and build a web
based dashboard.

Questions

1.

True or false? A servo may be used as an IoT device.

2. True or false? Changing the minimum and maximum pulse width values on the

0 »®» N

Servo object modifies the range of the servo.

Why do we add a delay before calling the close () method of the Servo object?
True or false? We do not need a get Temperature () method in our
WeatherData class.

True or false? A flashing LED on our dashboard indicates a clear and cloudless
day.

What do we use a pair of shorts on our dashboard to indicate?

Where would you use a regular expression in our code?

Why do we import time in our code?

True or false? An IoT-enabled servo can only be used to indicate weather data.

Further reading

In order to enhance our code, regular expressions may be used. Any documentation on
Python and regular expressions is invaluable in developing strong coding skills.
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We will begin our journey to create an IoT home security dashboard by learning how to use
the CherryPy web server framework. Our chapter will start by introducing CherryPy. We
will go through a few examples before we create an HTML weather dashboard using a
modified version of our CurrentWeather class from chapter 4, Subscribing to Web Services.

The following topics will be covered in this chapter:

e Introducing CherryPy—a minimalist Python Web framework
¢ Creating a simple web page using CherryPy

Knowledge required to complete this
chapter

The reader should have a working knowledge of Python in order to complete this chapter.
A basic understanding of HTML, including CSS, is also required to complete the project in
this chapter.

Project overview

In this chapter, we will build an HTML weather dashboard using the CherryPy and
Bootstrap frameworks. Intimate knowledge of these frameworks is not required to
complete the project.

This project should take a couple of hours to complete.
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Getting started

To complete this project, the following will be required:

e A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor
A USB keyboard
A USB mouse

Introducing CherryPy — a minimalist Python
web framework

For our project, we will use the CherryPy Python library (be aware that it is CherryPy with

n_mn nen

a"y", not CherryPi with an "i").

What is CherryPy?

According to their website, CherryPy is a Pythonic, object-oriented web framework.
CherryPy gives developers the power to build web applications as if they were building
any object-oriented Python program. In true Python style, CherryPy programs have less
code and are developed in less time than other web frameworks.

Who uses CherryPy?

Some of the companies that use CherryPy include the following;:

e Netflix: Netflix uses CherryPy in its infrastructure through RESTful API calls.
Other Python libraries used by Netflix include Bottle and SciPy.

¢ Hulu: CherryPy is used for some of Hulu's projects.

¢ Indigo Domotics: Indigo Domotics is a home automation company that uses the
CherryPy framework.
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Installing CherryPy

We will use Python's pip3 package management system to install CherryPy.

A package management system is a program that helps install and
configure applications. It can also carry out upgrades and uninstalls.

To do this, open up a Terminal window and type in the following;:

sudo pip3 install cherrypy

Hit Enter. You should see the following in the Terminal:

File Edit Tabs Help

ing tempor

Downloading https
bodeg841abb561f58Fh6
Collecting backport

Downloading http

364deeed9b6451F

-none-any

llecting more-itertool

Downloading http /
250cBlch5abac5390d5

. porten
Domnloqdlng http 5. Py ed.org .
467ca245baedf6feb6 -7451a: -5606b120T2/pytz- 291”.

100% | I | 512K8 450kB/s
Installing collected packages: six, pytz, tempora, portend, backports.functools-
lru-cache, more-itertoo he !

Succ ullF installed hqcl-portr functools-lru-cache-1.5 cheroot-6.2.4 cherrypy-
2.0 more-itertools-4.1.0 portend-2.2 pytz-2018.4 1.11.0 temporq 1.11
spberrypi: [ |
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In Thonny, go to Tools | Manage Packages. You should see that CherryPy is now installed,
as shown here:

2050 ¢

) ",::J ..._ E % 9 ! T Thonny - <untitied> i [T Manage packages for.. X 7T | 2N

File Edit View Run Tools Help

sy OE EEE O

<untitleds Vanzbles

Marage packages for /usr/bin/pythond 5

& ChermryPy
+ Installed version: 1420
Latest stable version: 1500
Summary: Dbjec-Crienied HTTP famenok
| Author: ChemyFy Team

PyPl page: [

Shell X

itsdangsous

jedi Eon

Creating a simple web page using CherryPy

To get started, let's build the most basic of programs with CherryPy. By this, I mean, of
course, the ubiquitous Hello World program that we will use to say Hello Raspberry
Pi!. We will work through a few examples before we build a dashboard to display weather
data using a modified version of the CurrentWeather class from chapter 4, Subscribing to
Web Services.

Hello Raspberry Pi!

To build the Hello Raspberry Pi! web page, do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE.

2. Click on the New icon to create a new file.
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3. Type the following:
import cherrypy

class HelloWorld():
@cherrypy.expose
def index(self):
return "Hello Raspberry Pil!"
cherrypy.quickstart (HelloWorld())

4. Ensure that the line, cherrypy.quickstart (HelloWorld () ), is inline with the
import and class statements.

5. Save the file as Hel1oRaspberryPi.py.
6. Run the file by clicking on the green Run current script button.
7. You should see the CherryPy web server starting up as indicated in the shell:

Helloworld py | | variables |

| m

¥

import cherrypy
class HelloWorld():
@cherrypy.expose

def index{self):
return "Hello Raspberry Pi!'"

cherrypy.quickstart (HelloWorld())

Bl

1]

Listening Tor SIGTERM,
E Listzning for SIGUSRL,
Listening Tor SIGHUP.
58] ENGINE Bus STARTING

her:
ation mounted at '' has an empty config.

arted monitor thresd ‘autoreloader’,
ng on hELp:/ff127.6.8,1:8680
STARTED

/ 201E:-13:49: B"I' ENGINE
[11/Hay/2838:13:49:56] ENGINE B

4l
L]
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8. From the output to the shell you should be able to observe the ip address and
port that CherryPy is running on, http://127.0.0.1:8080. You may
recognize the ip address as the loopback address. CherryPy uses the port 8080.

9. Open a web browser on your Raspberry Pi and type in the address from the
previous step:

@ B % O | T monny - momerpi/. :|Tc:"12?_n_0_1303n-u1m_| B % 0 [[ss] 1350
127.0.0.1 8080 - Chromium

of 127.0.0.18080 x
&« C | @ 1270018 * 0 9

Hello Raspberry Pil

Congratulations, you have just turned your humble Raspberry Pi into a web server.

If you are like me, you probably didn't think a web server could be created with such little
code. CherryPy basically focuses on one task, which is to take in an HTTP request and turn
it into a Python method.

So how does it work? The decorator in our HelloWorld class,

@cherrypy.expose, exposes the method index that happens to correspond to the root of
the web server. When we load our web page using the loopback address (127.0.0.1) and
port that CherryPy is running on (8080), the index method is served up as the page. In our
code we simply return the string Hello Raspberry Pi! which is then displayed as our
web page.

The loopback address is an IP number used as the software loopback
interface of a machine. This number is generally 127.0.0. 1. This address
is not physically connected to a network and is used often to test the
installation of a web server installed on the same machine.

Say hello to myFriend

So what happens if we expose another method in our Python code? We can check that
easily by using the decorator before a method. Let's write some code to do this:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE.

2. Click on the New icon to create a new file.
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3. Type the following:
import cherrypy
class HelloWorld():

@cherrypy.expose
def index(self):
return "Hello Raspberry Pi!"

@cherrypy.expose
def sayHello(self, myFriend=" my friend"):
return "Hello " + myFriend

cherrypy.quickstart (HelloWorld())

4. Save the file as SayHello.py.

5. Stop and start the CherryPy server by clicking on the Interrupt/Reset button, and
then the Run current script button.

6. Now, type the following into your browser's address bar and press
Enter: http://127.0.0.1:8080/sayHello

7. You should see the following;:

® @ B0 T momy - momespir. ||6‘ 127.0.0.18080/sayH. | 3 5 0| 2] o

127.0.0.1.80807sayHello - Chromium

o 127.0018080/s5: x
& | @ 127.00.18080/s5yHelc @ 9

Hello my friend

So what did we do differently this time? For starters, we didn't just access the root of our
server. We added /sayHello to our URL. Usually, when we do that on a web server, we
are directed to a subfolder. In this case, we are taken to the method in our HelloWorld
class, called sayHello ().

If we look closely at the sayHello () method, we can see that it takes a parameter called
myFriend:
@cherrypy.expose

def sayHello(self, myFriend=" my friend"):
return "Hello " + myFriend

[118]



CONTROL ENGINEERS
Dedicatad Contral B ering Platform

Setting Up a Raspberry Pi Web Server Chapter 7

We can see that the myFriend parameter has a default value of my Friend.So, when we
run CherryPy and navigate to the URL at http://127.0.0.1:8080/sayHello, the
sayHello method is called and the "Hello " + my friend string is returned.

Now, type the following into the the address box and hit
Enter: http://127.0.0.1:8080/sayHello?myFriend=Raspberry%20Pi

In this URL, we set the value of myFriend to Raspberry$%20Pi (the $20 is used instead of
a space). We should get the same result as our first example.

As we can see, it is very easy to connect Python methods to an HTML output.

What about static pages?

Static pages were at one time ubiquitous with the internet. Simple links between static
pages made up what was considered a web site at the time. A lot has changed since then,
however, being able to serve up a simple HTML page is still a basic requirement of a web
server framework.

So, how would we would do that with CherryPy? It's pretty simple actually. We simply
open a static HTML page in a method and return it. Let's have CherryPy serve up a static
page by doing the following:
1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE.
2. Click on the New icon to create a new file.
3. Type the following:
<html>
<body>
This is a static HTML page.
</body>
</html>
4. Save the file as static.html.

5. In Thonny click on the New icon to create a new file in the same directory as
static.html.

6. Type the following:
import cherrypy

class StaticPage() :
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@cherrypy.expose
def index (self):
return open('static.html')

cherrypy.quickstart (StaticPage ())

7. Save the file as StaticPage.py.
8. If CherryPy is still running stop it by clicking on the red button.
9. Run the file StaticPage.py to start CherryPy.

10. You should see CherryPy starting up as indicated in the shell.

11. To view our new static web page, open up a web browser on the Raspberry Pi
and type the following into the address bar: http://127.0.0.1:8080

12. You should see the static page displayed:

.,' 127.0.0,7:8080 b 4
&« C | ® 127.0.0.1:8080 w H ©

This is a static HTML page.

So what did we do here? We changed our index method so that it returned an open
static.html file with the line return open ('static.html').This opened up
static.html in our browser as our index (or http://127.0.0.1:8080/index). Note
that trying to type in the page name static.html in the url
(http://127.0.0.1:8080/static.html) will not work. CherryPy serves up the content
based on the method name. In this case the method name is index, which is the default.

HTML weather dashboard

Now it's time to add what we learned from the previous chapters. Let's revisit the
CurrentWeather class from chapter 4, Subscribing to Web Services. We will rename it
WeatherData, as this name is more appropriate for this project, and change it a little bit.

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
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3. Type the following:

from weather import Weather, Unit
import time

class WeatherData:

if

temperature = 0
weather_conditions = "'
wind_speed = 0
city = "'
def __init__ (self, city):
self.city = city
weather = Weather (unit = Unit.CELSIUS)
lookup = weather.lookup_by_location(self.city)
self.temperature = lookup.condition.temp
self.weather_conditions = lookup.condition.text
self.wind_speed = lookup.wind.speed
def getTemperature (self):
return self.temperature + " C"
def getWeatherConditions (self):
return self.weather_ conditions
def getWindSpeed(self):
return self.wind_speed + " kph"
def getCity(self):
return self.city
def getTime (self):
return time.ctime ()
__name__ == "_ _main__ ":
current_weather = WeatherData ('London')
print (current_weather.getTemperature())
print (current_weather.getWeatherConditions () )
print (current_weather.getTime ())

4. Save the file as WeatherData.py
5. Run the code
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6. You should see the weather for London, England printed in the following shell:

File Edit View Run Tools Help

*un OB o

WeatherData.py 3 | StaticPage.py 2 | WeatherDashboardHTML py 3£ |

from weather import Weather, Unit
import time

class WeatherData:

temperature = 0@
weather conditions =
wind speed = 0

city ="'

12 def _init_ (self, city):
5 self.city = city

weather = Weather{unit = Unit.CELSIUS)
lookup = weather.lookup_by location(self.city)

self.temperature = lookup.condition.temp
self.weather conditions = lookup.condition.text
self.wind speed = lookup.wind.speed

(ET | I

4]

Shell

>»>
12 €
Partly Cloudy
wed Oct 24 01:40:47 2018

55>

x]

[+

Let's take a look at the code. Basically weatherData.py is exactly the same as

CurrentWeather.py from Chapter 4, Subscribing to Web Services, but with an extra

method called get Time:

def getTime (self):
return time.ctime ()

We use this method to return the time when the call is made to the weather web service for

use in our web page.
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We will now use CherryPy and the Bootstrap framework to create our dashboard. To do
this do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following (pay particular attention to the quotation marks):

import cherrypy
from WeatherData import WeatherData

class WeatherDashboardHTML:
def _ _init__ (self, currentWeather):
self.currentWeather = currentWeather
@cherrypy.expose
def index(self):
return """
<!DOCTYPE html>
<html lang="en">

<head>
<title>Weather Dashboard</title>
<meta charset="utf-8">
<meta name="viewport" content="width=device-
width, initial-scale=1">
<link rel="stylesheet"
href="https://maxcdn.bootstrapcdn.com/bootstrap/4.1.0/css/bootstrap
.min.css">
<script
src="https://ajax.googleapis.com/ajax/libs/jquery/3.3.1/jquery.min.
js"></script>
<script
src="https://cdnjs.cloudflare.com/ajax/libs/popper.js/1.14.0/umd/po
pper.min.js"></script>
<script
src="https://maxcdn.bootstrapcdn.com/bootstrap/4.1.0/js/bootstrap.m
in.js"></script>
<style>
.element-box {
border-radius: 10px;
border: 2px solid #C8C8CS8;
padding: 20px;

.card {
width: 600px;
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.col {
margin: 10px;
}
</style>
</head>

<body>
<div class="container">
<br/>
<div class="card">
<div class="card-header">
<h3>Weather Conditions for """ +
self.currentWeather.getCity () + """
</h3></div>
<div class="card-body">
<div class="row">
<div class="col element-box">
<h5>Temperature</h5>
<p>""" 4+
self.currentWeather.getTemperature() + """</p>
</div>
<div class="col element-box">
<h5>Conditions</h5>
<p>""" +
self.currentWeather.getWeatherConditions () + """</p>
</div>
<div class="col element-box">
<h5>Wind Speed</h5>

<p>ll nn +
self.currentWeather.getWindSpeed () + """</p>
</div>
</div>
</div>
<div class="card-footer"><p>""" +
self.currentWeather.getTime () + """</p></div>
</div>
</div>
</body>
</html>
nmmn
if _ name_ =="_ _main__ ":

currentWeather = WeatherData ('Paris')
cherrypy.quickstart (WeatherDashboardHTML (currentWeather))

4. Save the file as WeatherDashboardHIML.py

[124]



CONTROL ENGINEERS

Engineering Piatform

i

W Instagran —
© Telugram:dicomtralenginers

Setting Up a Raspberry Pi Web Server Chapter 7

This may look like a whole lot of code—and it is. If we break it down, though, it's
not really that complicated. Basically, we are using CherryPy to return an HTML string,
which will be served up in the root of our URL through the index method.

Before we can do that, we instantiate the WeatherDashboardHTML class by passing in
a WeatherData object. We give this WeatherData object the name currentWeather, as
shown in the init (class constructor) method:

def _ _init__ (self, currentWeather):
self.currentWeather = currentWeather

CherryPy serves up the index method by printing out an HTML string that is sprinkled
with parameters from our currentWeather object. We are using the Bootstrap component
library in our HTML code. We add it by incorporating the standard Bootstrap boilerplate
code:

<link rel="stylesheet"href="https://maxcdn.bootstrapcdn.com
/bootstrap/4.1.0/css/bootstrap.min.css">

<script
src="https://ajax.googleapis.com/ajax/libs/jquery/3.3.1/jquery.min.js"></sc
ript>

<script
src="https://cdnjs.cloudflare.com/ajax/libs/popper.js/1.14.0/umd/popper.min
.Jjs"></script>

<script
src="https://maxcdn.bootstrapcdn.com/bootstrap/4.1.0/js/bootstrap.min.js"><
/script>

We use the Bootstrap card component as our content container. card allows us to create a
header, body, and footer:

<div class="card">
<div class="card-header">

The header section of the card component features the name of the city. We use the
getCity method from our currentWeather object to get the name of the city:

<div class="card-header">

<h3>Weather Conditions for """ + self.currentWeather.getCity () +
nn ll</h3>
</div>
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In the body section of the card component, we create a row with three columns. Each
column contains a title (<h5>), as well as data pulled from our WeatherData object, called

currentWeather. You can see the title, Temperature, with the temperature value pulled
from the currentWeather method, get Temperature:

<div class="card-body">
<div class="row">
<div class="col element-box">
<h5>Temperature</h5>
<p>""" + self.currentWeather.getTemperature() + """</p>

For the footer we simply return the instantiation time of the currentWeather object. We
will take this time as the time the weather information was checked from our program.

<div class="card-footer">

<p>""" + self.currentWeather.getTime () + """</p>
</div>

Our style section at the top allows us to customize the look of our dashboard. We create a
CSS class, called element-box, in order to create a silver (#C8C8C8) rounded corner box
around our weather parameters. We also limit the width of the card (and thus the

dashboard) to 600px. Lastly, we put a margin of 10px around the columns, so that the
rounded boxes do not touch each other:

<style>
.element-box {
border-radius: 10px;
border: 2px solid #C8C8CS8;
padding: 20px;
}
.card {
width: 600px;
}
.col {
margin: 10px;
}
</style>
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Our main method at the bottom instantiates a WeatherData class as an object, called
currentWeather. In our example, we are using data from the city of Paris. Our code then
passes the currentWeather object to the cherrypy.quickstart () method, as shown
here:

if _ name_ =="__main_ ":
currentWeather = WeatherData ('Paris')
cherrypy.quickstart (WeatherDashboardHTML (currentWeather))

Stop and start the CherryPy server while on the WeatherDashboardHIML. py file. If you do
not have any errors in your code, you should see something similar to the following:

o))

Y '::f} _ E by § @ iﬂ Thonny - /home/pi/ .- :|@Weaﬁ1gr[)ashboard-_.| *

! [L‘ 1447

Weather Bashboard - Chromium

i Weather Dashboz x

& C | @ 127001808 « B 9

Weather Conditions for London

Temperature Conditions Wind Speed

532F(l18C) Rain From the WNW at
1.2 MPH Gusting
to 2.5 MPH

Last Updated on May 12, 7:36 PM BST

Summary

In this chapter, we turned our Raspberry Pi into a web server using the CherryPy HTTP
framework. With its minimalist architecture, CherryPy allows the developer to set up a
web-enabled Python program in a very short time.

We started this chapter by installing CherryPy on our Raspberry Pi. After a few simple
examples, we built an HTML weather dashboard by modifying and utilizing the web
service code that we wrote in Chapter 4, Subscribing to Web Services.

In the coming chapters, we will use the knowledge we gained in this chapter to build an
IoT home security dashboard.
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Questions

® NSOl

10.

True or false? It's CherryPi, not CherryPy.

True or false? CherryPy is used by Netflix.

How do we tell CherryPy that we want to expose a method?

True or false? CherryPy requires many lines of boilerplate code.
Why do we rename our CurrentWeather class to WeatherData?
True or false? The default port used by CherryPy is 8888.

Why do we add a margin to our col CSS class?

Which method from our WeatherData class do we use to get the image URL of
the current weather conditions?

Which Bootstrap component do we use as our content container?
True or false? In our example, it is sunny and hot in London.

Further reading

In this chapter, we only scratched the surface of the CherryPy and Bootstrap frameworks.
Further reading can be found at the CherryPy website, available at www.cherrypy.org, and
Bootstrap's site, at https://getbootstrap.com. This is recommended to improve the
developer's knowledge of these powerful frameworks.
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Reading Raspberry Pi GPIO
Sensor Data Using Python

In chapter 7, Setting Up a Raspberry Pi Web Server, we used the GPIO Zero library to turn
on servos and light up LEDs. In this chapter, we will use GPIO Zero to read inputs from the
GPIO port. First, we will start with a simple button, before moving on to Passive Infrared
(PIR) motion sensors and buzzers.

Having the ability to read sensory data from the GPIO will allow us to build our IoT home
security dashboard. By the end of this chapter, we should become very familiar with
programming the Raspberry Pi with components connected to the GPIO.

The following topics will be covered in this chapter:

¢ Reading the state of a button
¢ Reading the state from an infrared motion sensor
e Modifying Hello LED using an infrared sensor

Project overview

In this chapter, we will create two different types of alarm system. We will start by learning
how to read GPIO sensory data from a push-button. We will then learn how to interact
with a PIR sensor and distance sensor. Lastly, we will learn how to hook up an active
buzzer.

This chapter should take about 3 hours to complete.
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Getting started

To complete this project, the following will be required:

e A Raspberry Pi Model 3 (2015 model or newer)
e A USB power supply

e A computer monitor

¢ A USB keyboard

e A USB mouse

¢ A breadboard

e Jumper wires

¢ A PIR sensor

¢ A distance sensor

¢ A active buzzer

e AnLED

¢ A push-button (momentary)
¢ A push-button (latching)

¢ A key switch (optional)

Reading the state of a button

Button, from the GPIO Zzero library, gives us an easy way to interact with a typical button
connected to the GPIO. We will cover the following in this section:

¢ Using GPIO Zero with a button
¢ Using the Sense HAT emulator and GPIO Zero button together
¢ Toggling an LED with a long button press

Using GPIO Zero with a button

Connecting a push-button is relatively easy with the GPIO. The following is the connection
diagram showing the process:

[130]



CONTROL ENGINEERS

Dedicatad Cantral Engineering Platform

) Instagam: dcontraleaginers. it
© Telugram: disomiraisnginars

Reading Raspberry Pi GPIO Sensor Data Using Python Chapter 8
LR - LR LR B LA L] L LR A
L L] L] LA B L B S R L AL B B B

ETHERNET

-
el
=
~
=
=
m
=
p =

fritzing

Connect the push-button so that one end is connected to ground using a jumper. Connect
the other end to GPIO 4 on the Raspberry Pi.
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In Thonny, create a new file and call it button_press.py. Then, type following into the
file and run it:

from gpiozero import Button
from time import sleep

button = Button (4)
while True:
if button.is_pressed:
print ("The Button on GPIO 4 has been pressed")
sleep (1)

You should now see the message "The Button on GPIO 4 has been pressed" inthe
shell whenever you push the button. The code will run continuously until you click on the
Reset button.

Let's take a look at the code. We start by importing Button from GPIO Zero, and sleep
from the t ime library:

from gpiozero import Button
from time import sleep

We then create a new button object and assign it to GPIO pin 4 with the following code:

button = Button (4)

Our continuous loop checks to see whether the button is currently pressed, and prints out a
statement to our shell if it is:

while True:
if button.is_pressed:
print ("The Button on GPIO 4 has been pressed")
sleep (1)

Using the Sense HAT emulator and GPIO Zero
button together

We use push-buttons every day, whether that be in selecting a floor in an elevator or
starting our car. Modern technology allows us to separate the push-button from the
physical device that it controls. In other words, pushing a button can set in motion many
different events that really have nothing to do with the button. We can emulate this
detachment with our push-button and the Sense HAT emulator.
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I can just picture some of you wondering what separating a button from
what it is controlling actually means. To help you visualize it, picture a
latching push-button that controls a light. When the button is pressed
down, the circuit is completed and electricity runs through the leads on
the push-button. With the use of controllers and computers such as the
Raspberry Pj, all that the push-button is required to do is change its state.
The controller or computer takes that state and performs actions that are
completely separated from the push-button itself.

Load the Sense HAT emulator from the Programming menu in Raspbian. Create a new
Python file in Thonny and call it sense-button.py. Enter the following code into the file,
and then click on the Run icon when done:

File Edit View Run Tools Help

$rn OB EEE O

from gpiozero import Button
from sense_emu import SenseHat

- from time import slesp
'ﬂ
& button = Button(4] =
sense = SenseHat|)
‘.. e —ules | def display_x mark[rate=1) :
Senise HAT Emutator | sense.clear(]
: L I X = (255.0,8]
File Edi Halp i 0 = (255,255,255]
Screen Temperature  Pressurs Hurmidity Grien | +* ik = [x P
Vaw = [e 0,x,0,0,0,0,%,0,
15 0,0.%.0.0,%,0,0,
: 1f 0,0,0,%,%,0,0,0,
Fitchi= |17 0,0,0,X,%,0,0,0,
i 0.0:4,0,0,4.0.0, o
Aol = Ay i |
; Shell
| . e =
s ‘
v 9 o b 5.0°C 451 Joy =

from gpiozero import Button
from sense_emu import SenseHat
from time import sleep

button = Button (4)
sense = SenseHat ()

def display_x_mark (rate=1):
sense.clear ()
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X = (255,0,0)

O = (255,255,255)

x_mark = [
X,0,0,0,0,0,0,%,
0,%,0,0,0,0,%,0,
0,0,X%X,0,0,%X,0,0,
0,0,0,X%X,X,0,0,0,
0,0,0,X%X,X,0,0,0,
0,0,X%X,0,0,%,0,0,
0,X%,0,0,0,0,%,0,
X,0,0,0,0,0,0,X

~
~
~
~
~
~
~

1
sense.set_pixels (x_mark)
while True:

if button.is_pressed:
display_x_mark ()
sleep (1)

else:
sense.clear ()

If you do not have any errors in your code, you should see that the display on the Sense
HAT emulator changes to a red x on a white background when you press the button:

Let's explain the preceding code a bit. We start off by importing the libraries we need for

our code:

from gpiozero import Button
from sense_emu import SenseHat
from time import sleep

We then create new button and Sense HAT emulator objects. Our button is once again

connected to GPIO pin 4:

button = Button (4)
sense = SenseHat ()

The display_x_mark method creates an X in the display by using the senseHat method

set_pixels:

def display_x_mark (rate=1):
sense.clear ()
X = (255,0,0)
O = (255,255,255)
x_mark = [
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]

sense.set_pixels (x_mark)

The x and 0 variables are used to hold color codes, with (255, 0, 0) being red, and
(255,255, 255) as white. The variable x_mark creates an 8 x 8 pattern that matches the
resolution of the Sense HAT emulator screen. x_mark is passed into the set_pixels
method of the SenseHAT object.

Our continuous loop checks the is_pressed status of the button and calls the
display_x_mark method if the status returns t rue. This method then prints a red x
against a white background.

The display is cleared with sense.clear () when the button is not in the pressed state:

while True:
if button.is_pressed:
display_x_mark ()
sleep (1)
else:
sense.clear ()

Toggling an LED with a long button press

With the GPIO Zzero library, we can not only detect when a button has been pressed, but
can also detect how long it has been pressed for. We will use the hold_t ime property and
the when_held method to determine whether the button has been pressed for a certain
duration. If this duration time has been exceeded, then we will turn an LED on and off.
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The following is the circuit diagram for our program. Keep the push-button wired to GPIO

pin 4. Use GPIO pin 17 for the LED, as shown here:
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Create a new file in Thonny and call it buttonheld-1led.py. Type in the following and
click on Run:

from gpiozero import LED
from gpiozero import Button

led = LED(17)
button = Button (4)
button.hold_time=5

while True:
button.when_held = lambda: led.toggle ()

Hold down the push-button for 5 seconds. You should see the LED toggle on. Now hold it
again for another 5 seconds. The LED should toggle off.

We've covered the first four lines of the code in previous examples. Let's look at where the
hold time for the button is set:

button.hold_time=5

This line sets the hold time for the button at 5 seconds. The when_held method is called in
our continuous loop:

button.when_held = lambda: led.toggle ()

Using lambda, we are able to create an anonymous function so that we may call toggle ()
on the LED object, 1ed. This toggles the LED both on and off.

Reading the state from an infrared motion
sensor

Alarm systems using motion sensors are a ubiquitous part of our society. With our
Raspberry Pi, they are incredibly easy to build. We will cover the following in this section:

e What is a PIR sensor?
e Using the GPIO buzzer class
¢ Building a basic alarm system
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What is a PIR sensor?

PIR sensors, a type of motion sensor, are used to detect motion. Applications for PIR
sensors are pretty much based on detecting motion for security systems. PIR stands for
passive infrared, and PIR sensors contain a crystal that detects low-level radiation. PIR
sensors are actually constructed in two halves, as it is the difference between the halves that
detects motion. The following is a photo of an inexpensive PIR sensor:

In the preceding photo, we can see the positive (+), negative (-), and signal
(S) pins. This particular PIR sensor sits well on a breadboard.

The following is the wiring diagram of our PIR circuit. The positive pin connects to the 5 V
DC output on the Raspberry Pi. The negative pin connects to ground (GND), and the signal
connects to GPIO pin 4:
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Create a new Python file in Thonny and call it mot ion-sensor.py. Type in the following
code and run it:

from gpiozero import MotionSensor
from time import sleep

motion_sensor = MotionSensor (4)

while True:
if motion_sensor.motion_detected:
print ('Detected Motion!')
sleep(2)
else:
print ('No Motion Detected!')
sleep(2)

You should see a message reading Detected Motion! when you get close to the PIR
sensor. Try staying still and see whether you can get the message No Motion Detected!
to display in the shell.

Our code begins by importing the Mot ionSensor class from the GPIO Zero library:
from gpiozero import MotionSensor

After importing the s1eep class, we create a new Mot ionSensor object, called
motion_sensor, with the number 4 appended in order to make our program look for the
signal on GPIO pin 4:

motion_sensor = MotionSensor (4)
In our continuous loop, we check the motion_sensor for motion with this line:
if motion_sensor.motion_detected:

From here on in the code, we define the messages to print to the shell.
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Using the GPIO Zero buzzer class

Generally, there are two types of electronic buzzers: active and passive. An active buzzer
has an internal oscillator and will make a sound when a direct current, or DC, is applied to
it. A passive buzzer requires an alternating current, or AC, in order for it to make a sound.
Passive buzzers are basically small electromagnetic speakers. The easiest way to tell the
difference is to apply a DC supply and listen for a sound. For the purposes of our code, we
will be using an active buzzer, as shown in the following photo:
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There is a buzzer class in the GPIO Zero library. We will use this class to generate a

piercing alarm sound with our active buzzer. Configure the circuit as shown in the

following diagram. The positive wire on the active buzzer connects to GPIO pin 17:

VU3V 183

ETHERNET

fritzing

Create a new Python file in Thonny and call it buzzer-test1.py. Type in the following

code and run it:

from gpiozero import Buzzer
from time import sleep

buzzer = Buzzer (17)
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while True:
buzzer.on ()
sleep(2)
buzzer.off ()
sleep(2)

Depending on the active buzzer you chose, you should hear a piercing sound for two
seconds followed by 2 seconds of silence. The following line turns on the buzzer:

buzzer.on ()

Likewise, this line in the preceding code turns off the buzzer:

buzzer.off ()

The code may be simplified by using the toggle method on the buzzer object. Create a
new Python file in Thonny. Call it buzzer-test2.py. Type in the following and run it:

from gpiozero import Buzzer
from time import sleep

buzzer = Buzzer (17)

while True:
buzzer.toggle ()
sleep(2)

You should get the same results. A third way to do the same thing would be to use the
beep method from the buzzer object. Create a new Python file in Thonny. Call it buzzer-
test3.py. Type in the following and run it:

from gpiozero import Buzzer
buzzer = Buzzer (17)

while True:
buzzer.beep(2,2,10,False)

The buzzer should turn on for 2 seconds, and then off for 2 seconds, and repeat this for a
total of 10 times. The beep method takes the following four parameters:

e on_time: This is the number of seconds the sound is on. The default is 1 second.

e off_time: This is the number of seconds the sound is off. The default is 1
second.

¢ n: This is the number of times the process will run. The default is None, which
means forever.
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¢ background: This determines whether or not to start a background thread to run
the process. A True value runs the process in a background thread and returns
right away. When set to False, return does not happen until the process is
finished (please note that when n is None, the method never returns).

Building a basic alarm system

Now let's build a basic alarm system around the buzzer. Hook up the PIR sensor to GPIO
pin 4, and a latching push-button to GPIO pin 8. The following is the circuit diagram for

our system:

Bz

fritzing
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Create a new file in Thonny and call it basic-alarm-system.py. Type in the following
and click on Run:

from gpiozero import MotionSensor
from gpiozero import Buzzer

from gpiozero import Button

from time import sleep

buzzer = Buzzer (17)
motion_sensor = MotionSensor (4)
switch = Button (8)

while True:
if switch.is_pressed:
if motion_sensor.motion_detected:
buzzer.beep(0.5,0.5, None, True)
print ('Intruder Alert')
sleep (1)
else:
buzzer.off ()
print ('Quiet')
sleep (1)
else:
buzzer.off ()
sleep (1)
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What we have done here is create an alarm system with our components. We are using a
latching push-button to turn the alarm system on and off. We could easily replace the
latching push-button with a key switch. The following picture shows this change:

I (\ WA

s q L !
P

This circuit can easily be transferred to a project box for use as an alarm system.

Modifying Hello LED using infrared sensor

We will continue our exploration of sensors by modifying our original Hello LED code.In

this project, we will combine a distance sensor with our PIR sensor, and flash an LED based
on the values of these sensors. This circuit will not only tell us that someone is approaching,
but will also give us an indication of how close they are.

We will cover the following in this section:

¢ Configuring a distance sensor
e Taking Hello LED to another level
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Configuring a distance sensor

We will start by configuring the distance sensor and running some code. The following is a
circuit diagram of our distance sensor circuit:
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The following are the connections to be made:

e VCC from the motion sensor connects to the 5 V DC output from the Raspberry
Pi

e GPIO pin 17 connects to Trig on the distance sensor

¢ Echo on the distance sensor connects to a 330 Ohm resistor

¢ GND on the distance sensor connects to GND on the Raspberry Pi and a 470
Ohm resistor

e The other end of the 330 Ohm resistor, from the echo pin on the distance sensor,
connects to the 470 Ohm resistor (the two resistors create a voltage divider
circuit)

¢ GPIO pin 18 from the Raspberry Pi connects to the intersection of the resistors

Of note in this circuit is the voltage divider that is created by the two resistors. We use this
divider to connect GPIO pin 18.

Create a new Python file in Thonny and call it distance-sensor-test.py. Type in the
following code and run it:

from gpiozero import DistanceSensor
from time import sleep

distance_sensor = DistanceSensor (echo=18, trigger=17)
while True:
print ('Distance: ', distance_sensor.distance*100)
sleep (1)

You should see an output similar to following screenshot. As you place your hand, or any
other object, in front of the distance sensor, the value printed to the Shell should change, as
shown here:
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Be sure to have the distance sensor on a secure, non-moving surface, such
as a breadboard.

Taking Hello LED to another level

Our original Hello LED! system was a simple circuit, which involved making an LED,
connected to the GPIO port, blink on and off. We have covered so much more since creating
that circuit. We will take what we've learned and create a new Hello LED circuit. With this
circuit, we will create an alarm system where the distance from the alarm is indicated by
the blinking frequency of the LED.
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The following is the circuit diagram for our new Hello LED system:
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This may look a little complex, with wires going every which way; however, it is quite a
simple circuit. The distance sensor part is the same as it was previously. For the other
components, connect as follows:

¢ The PIR sensor's positive pin connects to 5V DC on the breadboard
The PIR sensor's negative pin connects to GND on the breadboard

The PIR sensor's signal pin connects to GPIO pin 4
The LED's positive pin connects to GPIO pin 21 through a 220 Ohm resistor
e The LED's negative pin connects to GND on the breadboard

Create a new Python file in Thonny and call it hello-1led.py. Type in the following code
and run it:

from gpiozero import DistanceSensor
from gpiozero import MotionSensor
from gpiozero import LED

from time import sleep

distance_sensor = DistanceSensor (echo=18, trigger=17)
motion_sensor = MotionSensor (4)
led = LED(21)

while True:
if (motion_sensor.motion_detected) :
blink_time=distance_sensor.distance
led.blink (blink_time,blink_time, None, True)
sleep(2)

The LED should start blinking as soon as motion is detected. The frequency of the LED's
blinking will speed up as you place your hand closer and closer to the distance sensor.

Summary

We should now be quite familiar with interacting with sensors and our Raspberry Pi. This
chapter should be considered an exercise in creating sensory circuits using our Raspberry
Pi with ease.

We will use this knowledge in chapter 9, Building a Home Security Dashboard, where we
will create an IoT home security dashboard.

[151]



CONTROL ENGINEERS
Dedicatad Cantral Enginsering Platform

Reading Raspberry Pi GPIO Sensor Data Using Python Chapter 8

Questions

1.

What is the difference between an active buzzer and a passive buzzer?

2. True or false? We check the button. is_pressed parameter to confirm whether

10.

or not our push-button has been pressed.

True or false? We require a voltage divider circuit in order to connect our PIR
Sensor.

What are the three different methods we can use to have our active buzzer beep
on and off?

True or false? Push-buttons must connect directly to a circuit in order to be
useful.

Which DistanceSensor parameter do we use to check the distance of an object
from the distance sensor?

Which method from the Sense HAT emulator do we use to print pixels to the
screen?

How would we set up our Mot ionSensor to read from GPIO pin 4?

True or false? Basic alarm systems are far too complicated for our Raspberry Pi to
create.

True or false? The Sense HAT emulator may be used to interact with outside
sensors connected to the GPIO.

Further reading

Consult the GPIO Zero documentation https://gpiozero.readthedocs.io/en/stable/ for
further information on using this library.
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Building a Home Security
Dashboard

In chapter 7, Setting Up a Raspberry Pi Web Server, we were introduced to the web
framework CherryPy. Using CherryPy, we are able to turn our Raspberry Pi into a web
server. In chapter 8, Reading Raspberry Pi GPIO Sensor Data Using Python, we learned how
to read sensory data from the GPIO.

In this chapter, we will take the lessons that we learned from the previous two and create a
home security dashboard.

The following topics will be covered in this chapter:

e Creating our dashboard using CherryPy
¢ Displaying sensory data on our dashboard

Knowledge required to complete this
chapter

The reader will need a working knowledge of the Python programming language to
complete this chapter. A basic understanding of HTML, including CSS, is also required.

Project overview

We will build two different home security dashboards in this chapter. The first one will
involve the use of a temperature and humidity sensor, and the next one will involve an
active buzzer.

This project should take a couple of hours to complete.
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Getting started

To complete this project, the following will be required:

e A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor
A USB keyboard

A USB mouse

A breadboard

A DHT11 temperature sensor

A latching push-button, switch, or key switch
A PIR sensor
An active buzzer

A Raspberry Pi camera module

Creating our dashboard using CherryPy

To create our home security dashboard, we will modify the code we wrote in Chapter 7,
Setting Up a Raspberry Pi Web Server. These modifications include adding sensory data from
the GPIO—something we became very good at by the end of chapter 8, Reading Raspberry
Pi GPIO Sensor Data Using Python.

Two of the inputs, the temperature and humidity sensor and the Pi camera, will require
additional steps so that we can integrate them into our dashboard.

Using the DHT11 to find temperature and
humidity
The DHT11 temperature and humidity sensor is a low-cost hobbyist-grade sensor, capable

of providing basic measurements. The DHT11 comes in two different versions, the four-pin
model and the three-pin model.
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We will be using the three-pin model for our project (see the following picture):

The library we will be using to read DHT11 data, the Adafruit DHT library, does not come
pre-installed on Raspbian (as of the time of writing). To install it, we will clone the library's
GitHub project and build it from the source.

Open up a Terminal window, and type the following command to use git and download
the source code (at the time of writing, git came pre-installed with Raspbian):

git clone https://github.com/adafruit/Adafruit_Python_DHT.git

You should see the progress of the code downloading. Now, change directories by using
the following command:

cd Adafruit_Python_ DHT
You will be in the source code directory.

Build the project with the following command:

sudo python3 setup.py install
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You should see the progress displayed in the Terminal:

File Edit Tabs Help

ruit_DHT

If you do not receive any errors, the Adafruit DHT library should now be installed on
your Raspberry Pi. To verify this, open up Thonny and check the packages:

=

| Search

<INSTALL> = Adafruit-DHT
Adafruit-DHT
automationhat
blinker

blinkt
buttonshim
Caplxxx
chardet

click

colorama
cryptography

| drumhat
envirophat
ExplorerHAT = —

Installed version: 132
Could not find the package from PyPl.
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Now, let's wire up the circuit. Connect the DHT11 sensor to the Raspberry Pi as follows:

e GND from DHT11 to GND on the Raspberry Pi
e VCC on DHT11 to 5V DC on the Raspberry Pi
e Signal on the DHT11 to GPIO pin 19

See the following Fritzing diagram for more information:
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Once the DHT11 is wired up, it is time to write some code:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
3. Type the following into the file:

import Adafruit_DHT

dht_sensor = Adafruit_ DHT.DHT11
pin = 19
humidity, temperature = Adafruit_DHT.read_retry(dht_sensor, pin)

print (humidity)
print (temperature)
4. Save the file as dht-test .py
5. Run the code
6. You should see something similar to the following:

Thonny - MhomadpifGheptar rdht-test oy @ 91

File Edit View Run Tools Help

dur OB EEE O

dht-test py ™

| import Adefruit DHT 1
| dnt_sensor = Adafruit DHT.OHTL]

pin = |9

| humidity, temperature = Adafrult_DHT.read_retry{dht_sensar, pinl

| print [humidity)
| print [temperatura|
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Let's take a look at the code. We will start by importing the Adafruit_DHT library. We then
create a new DHT11 object, and call it dht_sensor. The humidity and temperature are
set from the read_retry method on the Adafruit_DHT class.

We then print out the values of humidity and temperature to the shell.

Using the Pi camera to take a photo

In chapter 3, Using the GPIO to Connect to the Outside World, we tried out the special
Raspberry Pi camera module and wrote code to turn on a camera preview. It's time to put
the camera to use.

Install a Raspberry Pi camera module onto the Raspberry Pi through the CSI camera port
(be sure to enable the camera in the Raspberry Pi Configuration screen, if it's not already
enabled). Let's write some code:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
3. Type the following into the file:

from picamera import PiCamera
from time import sleep

pi_cam = PiCamera ()
pi_cam.start_preview ()

sleep (5)

pi_cam.capture ('/home/pi/myimage.png')

pi_cam.stop

4. Save the file as pi-camera-test.py
5. Run the code

This program imports PiCamera and sleeps before creating a new piCamera object called
pi_cam. The start_preview method shows us what the camera sees in a full screen.

The capture method creates a new image file called myimage .png, and stores it in the
default directory /home/pi.

We have 5 seconds to position our camera before a photo is taken.
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The following is a picture of my work area, taken with the Raspberry Pi camera:

Creating our dashboard using CherryPy

In chapter 7, Setting Up a Raspberry Pi Web Server, we created a weather dashboard using
the Bootstrap framework with the WeatherDashboardHTML. py file. We will revisit that
code and modify it for our home security dashboard.

To create our home security dashboard, do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
3. Type the following into the file:

import cherrypy
from SecurityData import SecurityData

class SecurityDashboard:
def __init_ (self, securityData):
self.securityData = securityData
@cherrypy.expose
def index(self):
return """
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<!DOCTYPE html>
<html lang="en">

<head>
<title>Home Security Dashboard</title>
<meta charset="utf-8">
<meta name="viewport"
content="width=device-width,
initial-scale=1">

<meta http-equiv="refresh" content="30">

<link rel="stylesheet"
href="https://maxcdn.bootstrapcdn.com
/bootstrap/4.1.0/css/bootstrap.min.css">

<link rel="stylesheet" href="led.css">

<script src="https://ajax.googleapis.com
/ajax/libs/jquery/3.3.1/jquery.min.js">
</script>

<script src="https://cdnjs.cloudflare.com
/ajax/libs/popper.js/1.14.0
/umd/popper.min. js">

</script>

<script src="https://maxcdn.bootstrapcdn.com
/bootstrap/4.1.0/js/bootstrap.min.js">
</script>

<style>
.element-box {
border-radius: 10px;
border: 2px solid #C8C8CS8;
padding: 20px;

.card {
width: 600px;

.col {
margin: 10px;
}
</style>
</head>

[161]



CONTROL ENGINEERS
Dedicatad Cantral Engineering Platform
2 Wotasite: v cantralanginss i
) Instagram; Scomtralenginers. i
© Telugram: dcomtrolenginars

Building a Home Security Dashboard Chapter 9

<body>
<div class="container">
<br/>
<div class="card">
<div class="card-header">
<h3>Home Security Dashboard</h3>
</div>
<div class="card-body">
<div class="row">
<div class="col element-box">
<h6>Armed</h6>
<div class = """ +
self.securityData
.getArmedStatus () +
LA
</div>
</div>
<div class="col element-box">
<h6>Temp / Humidity</h6>

<p>""" + self.securityData
.getRoomConditions ()
+ "ll"</p>
</div>

<div class="col element-box">
<h6>Last Check:</h6>

<p>""" + self
.securityData.getTime ()
+ "< /p>
</div>
</div>
</div>

<div class="card-footer"
align="center">

<img src=""" + self.securityData
.getSecurityImage () + """/>
<p>""" + self.securityData
.getDetectedMessage () + """</p>
</div>
</div>
</div>
</body>
</html>
nmmn
if _ name_ =="_ _main_ ":
securityData = SecurityData ()

conf = {
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'/led.css':{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi/styles/led.css’

by
'/intruder.png':{
'tools.staticfile.on': True,
'tools.staticfile.filename':
'/home/pi/images/intruder.png'
by
'/all-clear.png' :{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi/images
/all-clear.png'
by
'/not-armed.png' :{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi
/images/not-armed.png'

}
cherrypy.quickstart (SecurityDashboard (securityData),'/"', conf)

4. Save the file as security-dashboard.py
Do not run the code yet, as we still have to create the SecurityData class.

As you can see, we've made a few changes to WeatherDashboardHTML.py in order to
create security-dashboard.py. Before we run the code, let's point out a few of the
changes.

The most obvious change is the use of the SecurityData class. As you can imagine, this
class will be used to obtain data for our dashboard:

from SecurityData import SecurityData

We use the following line to automatically refresh our page every 30 seconds (we did not
automatically refresh our weather dashboard, as weather data does not change often):

<meta http-equiv="refresh" content="30">

For our home security dashboard, we use a bit of CSS magic to represent a blinking LED.
This is accomplished by the adding the 1led.css file:

<link rel="stylesheet" href="led.css">
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For the data fields, we will access methods from our SecurityData object. We will go into

more detail on these methods in the upcoming section. For our main section, we will create
a dictionary called conf:

if _ name_ =="_main__ ":
securityData = SecurityData ()
conf = {

'/led.css':{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi/styles/led.css'
}I
'/intruder.png' :{
'tools.staticfile.on': True,
'tools.staticfile.filename':
'/home/pi/images/intruder.png'
}I
'/all-clear.png':{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi/images
/all-clear.png'
}I
'/not-armed.png' :{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi
/images/not-armed.png'

}
cherrypy.quickstart (SecurityDashboard (securityData),'/"',conf)

We use the conf dictionary to pass configuration data to the cherrypy
quickstart method. This configuration data allows us to use the static files 1ed.css,
intruder.png, all-clear.png, and not-armed.png with our CherryPy server.

The CSS file 1ed.css was mentioned previously. The other three files are self-described
images that are used in our dashboard.

In order to use static files or directories with CherryPy, you must create
and then pass in configuration information. An absolute path (as opposed
to a relative path) must be part of the configuration information.
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The configuration information states that the CSS and image files are located in
the directories named styles and images, respectively. These directories are both located
in the /home/pi directory.

The following is a screenshot of the files in the images directory (be sure to place your files
in the correct directories):

images = )
File Edit View Sort Go Tools

(8] & 4P | /nomejpifimages | v
. i

= / — B
H & & @
- [@&] pi al-clearpng arespng  intruderpng  not-
7 [ | Chapter 7 armed.png
# [ ] Chapter 8
# [ _|Chapter g
+ (] Desktop
7 [_-_'—IDocumean
i [#]Downloads
<No subfolders>
7 [J3] Music
i [Joldconffiles
+ [&] Pictures
+ ['] Public
# (] python_games
' |__—|styfes

+ | = | Templates

o<l (=1 L 8 pes

4 items Free space: 1014.0 MiB (Total: 5.5 GiB)

Displaying sensory data on our dashboard

To provide our dashboard data, we will create a new Python file called securityData.py
where we will store the SecurityData class. Before we do that, let's build our circuit.
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Home security dashboard with a temperature
sensor

We will build our first version of the home security dashboard with a DHT11 temperature
and humidity sensor, a PIR sensor, and a latching button (or key switch). The following is
the Fritzing diagram for our home security dashboard:

" e e
LU B
LRI B
LR B
R

il
=
e
w
=
=

fritzing
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The circuit connects as follows:

e GND from DHT11 to GND

VCC on DHT11 to 5V DC

Signal on the DHT11 to GPIO pin 19

GND from PIR sensor to GND

VCC on PIR sensor to 5V DC

Signal on PIR sensor to GPIO pin4

One end of the latching button to GPIO pin 8
The other end of the latching button to GND
e Pi camera module to CSI port (not shown)

Following is a photo of our circuit. One thing to note is the separate breadboard for our
DHT11 sensor (easier to fit on a micro breadboard), as well as the key switch in place of a
latching button:

Now it's time to write the code:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
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3. Type the following into the file:

from gpiozero import MotionSensor
from gpiozero import Button

from datetime import datetime
from picamera import PiCamera
import Adafruit_DHT

class SecurityData:
humidity=""
temperature=""
detected_message=""

dht_pin = 19
dht_sensor = Adafruit_DHT.DHT11
switch = Button (8)
motion_sensor = MotionSensor (4)
pi_cam = PiCamera()
def getRoomConditions (self):
humidity, temperature = Adafruit_DHT
.read_retry (self.dht_sensor, self.dht_pin)

return str (temperature) + 'C / ' + str(humidity) + '$&'
def getDetectedMessage (self):
return self.detected_message
def getArmedStatus (self):
if self.switch.is_pressed:
return "on"
else:
return "off"

def getSecurityImage (self):
if not (self.switch.is_pressed):
self.detected_message = "'
return "/not-armed.png"
elif self.motion_sensor.motion_detected:

self.pi_cam.resolution = (500, 375)
self.pi_cam.capture (" /home/pi/images/intruder.png")
self.detected_message = "Detected at: " +

self.getTime ()
return "/intruder.png"

else:
self.detected_message = ''
return "/all-clear.png"
def getTime (self):
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return datetime.now () .strftime('$Y-%m-%d %$H:%M:%S"')
if _ name_ == "_ _main_ ":
while True:
security_data = SecurityData/()

print (security_data.getRoomConditions())
print (security_data.getArmedStatus())
print (security_data.getTime ())

4. Save the file as SecurityData.py
5. Run the code

You should get an output to the shell indicating the temperature and humidity level in
the room, an on or off indicating the position of the switch, and the current time. Try
turning the switch on and off to see if the value changes in the output.

Before we run the dashboard code (security-dashboard.py), let's review the
SecurityData class. As we can see, the first part of the code is standard boilerplate code
that we have already become familiar with. The getRoomConditions and
getDetectedMessage methods are either self-explanatory or something we have already
covered.

Our getArmedStatus method does a little trick to keep our code simple and compact:

def getArmedStatus (self):
if self.switch.is_pressed:
return "on"
else:
return "off"

We can see that get ArmedStatus returns either on or of f, not True or False as most
methods with a binary return do. We do this for the armed section of our dashboard code.

Here is the HTML-generated code from the index method of the Securitybashboard
class:

<div class="col element-box">
<h6>Armed</h6>
<div class = """ + self.securityData.getArmedStatus() + """>
</div>

</div>

As we can see, the get ArmedStatus method is called during the construction of the a div
tag in place of the CSS class name. The words on and off refer to CSS classes in our
led.css file. When on is returned, we get a blinking red LED-type graphic. When off is
returned, we get a black dot.
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Thus, the position of the latching switch (or key switch) determines whether or not the div
tag has a CSS class name of on or a CSS class name of off through the
getArmedStatus method of the SecurityData class.

Our code gets really interesting with the get SecurityImage method:

def getSecurityImage (self):
if not(self.switch.is_pressed):
self.detected_message = ''
return "/not-armed.png"
elif self.motion_sensor.motion_detected:

self.pi_cam.resolution = (500, 375)
self.pi_cam.capture ("/home/pi/images/intruder.png")
self.detected_message = "Detected at: " +

self.getTime ()
return "/intruder.png"

else:
self.detected_message = ''
return "/all-clear.png"

Our first conditional statement checks to see whether the circuit is armed (switch is in the
on position). If it's not armed, then all that we need to do is set the detected message to
nothing, and return a reference to the not-armed. png file (/not-armed. png was defined
in the configuration information that we set up in the security-dashboard.py file).

If we take a look at the code in the SecurityDashboard class (security-dashboard.py
file), we can see that the get SecurityImage method is called near the bottom of the
generated HTML code:

<div class="card-footer" align="center">

<img src=""" + self.securityData.getSecurityImage() + """/>
<p>""" + self.securityData.getDetectedMessage () + """</p>
</div>

If the switch in our circuit is not on, we will get the following in our dashboard footer with
no description after it (blank detected_message value):
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The second conditional statement in our code is reached when the switch is on and motion
has been detected. In this case, we set the resolution of our Pi camera and then take a photo.

We probably could have set the resolution of the Pi camera during the
instantiation of the class, and this would probably have made more sense.
However, putting this line here makes it easier to adjust the resolution
prior to completing the code, as the line exists in the method we are
focusing on.

We call the file intruder.png and store it in the location where the configuration code in
the security-dashboard.py file can find it.

We also create a detected_message value based on the current time. This message will
provide a timestamp to the image we acquire from the Pi camera.

The final else: statement is where we return /all-clear.png. By the time our code has
reached this point, we know that the switch is on and there hasn't been any motion
detected. The image we will see at the footer of our dashboard will be the following:

AL
CLEAR

As with the NOT ARMED message, there won't be a description after ALL CLEAR. We will
only see this graphic when the switch is on and the PIR sensor did not pick up any motion
(motion_detectedis false).

Now, let's run the dashboard code. If you haven't done so already, stop the SecurityData
program by clicking on the red button. Click on the tab for the security-dashboard.py
file, and click Run. Wait a few seconds in order to let CherryPy get running.

Open up a web browser, and navigate to the following address:

http://127.0.0.1:8080
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With the switch in the of £ position, you should see the following dashboard screen:

Home Security Dashboard - Chromium

€ Home Security D= x

e X |@ 127001 80RO {( e

Home Security Dashboard

Armmed Temp ! Humidity Last Check:
. 30.0C /390% 2018-05-24
20:30:50
NOT
ARMED

As we can see, the LED under the Armed section is black, and we get a NOT ARMED
message in the footer. We can also see that temperature and humidity are displayed,
even though the system is not armed.

The Last Check box shows us when the code last checked the status of the switch. If you
wait 30 seconds, you should see the page refresh with the same information.
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Now, turn on the switch, and stand back so that the PIR sensor does not detect you. You
should see a screen similar to the following;:

Hame Security Dashboard - Ehromium

/ © Homea Security Dz x |

& X | @ 1z7.001:8080

Home Security Dashboard

Amed Temp / Humidity Last Check:
) 30.0C /39.0% 2018-05-24
20:31:21
ALL
CLEA

You will notice that the LED in the Armed section now turns to a flashing red, the
temperature and humidity readings are either the same or slightly different, the Last

Check has been updated to the current time, and the ALL CLEAR message appears in the
footer.
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Let's see if we can capture an intruder. Point the Pi camera to a doorway, and wait for the

PIR sensor to trigger:

< X | @ 127.0.0.1:8080

Armed

/7 Home Security D2 x

Home Secunty Dashboard - Chramium:

Home Security Dashboard

Temp / Humidity Last Check:
0,
30.0C /39.0% Siiiassd
20:32:59

Detected at: 2018-05-24 20:32:59

It appears that we have caught our intruder!
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Home security dashboard with quick response

You may have noticed that it takes a really long time for our page to refresh. This is due to
the 30-second refresh time, of course, as well as the long time it takes for the DHT11 to read
a value.

Let's change our code to make it quicker, and give it a buzzer to scare away an intruders.

Replace the DHT11 with a buzzer connected to GPIO pin 17 (we shouldn't need a Fritzing
diagram for this simple change).

We will start by creating the SecuritybataQuick data class:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
3. Type the following into the file:

from gpiozero import MotionSensor
from gpiozero import Button

from datetime import datetime
from picamera import PiCamera
from gpiozero import Buzzer

from time import sleep

class SecurityData:
alarm_status=""
detected_message=""
switch = Button (8)

motion_sensor = MotionSensor (4)
pi_cam = PiCamera()
buzzer = Buzzer (17)

def sound_alarm(self):
self.buzzer.beep(0.5,0.5, 5, True)
sleep (1)
def getAlarmStatus (self):
if not (self.switch.is_pressed):
self.alarm_status = 'not—-armed'
return "Not Armed"
elif self.motion_sensor.motion_detected:
self.alarm_status = 'motion-detected’
self.sound_alarm()
return "Motion Detected"

else:
self.alarm_status = 'all-clear'
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return "All Clear"
def getDetectedMessage (self):
return self.detected_message
def getArmedStatus (self):
if self.switch.is_pressed:
return "on"
else:
return "off"

def getSecurityImage (self):
if self.alarm_status=='not-armed':
self.detected_message = ''
return "/not-armed.png"
elif self.alarm_status=='motion-detected':
self.pi_cam.resolution = (500, 375)
self.pi_cam.capture ("/home/pi/images/intruder.png")

self.detected_message = "Detected at: " +
self.getTime ()

return "/intruder.png"

else:
self.detected_message = ''
return "/all-clear.png"
def getTime (self):
return datetime.now () .strftime ('$Y-%m-%d %$H:%M:%S"')

if _ name_ == "_ main_ ":
while True:
security_data = SecurityData()

print (security_data.getArmedStatus())
print (security_data.getTime ())

4. Save the file as SecurityDataQuick.py
5. Run the code

In our shell, we should see the values of the switch and current time. Stop the program by
clicking on the red button.

As we can see, there have been a few changes. One change we did not make was changing
the class name. Keeping it as SecurityData means fewer changes for our dashboard code
later on.

We added the library for the GPIO zZero buzzer, and have removed any code relating to
the DHT11 sensor. We have also created a new method called sound_buzzer, which we
will call in the event that an intruder is detected.
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A new variable called alarm_status has been added, with a corresponding
getAlarmStatus method. We have moved the core logic of our class to this method (away
from get SecurityImage), as it is here where we check on the status of our switch and PIR
sensor. The variable, alarm_status, is used elsewhere to determine if a photo is to be
taken. We also sound the alarm in this method if an intruder is detected.

As a result of adding the new method, we change get SecurityImage. By using
alarm_status in the get SecurityImage method, we do not need to check the status of
the sensors. We may now use getSecurityImage for its intended use—taking a photo if
an intruder has been detected.

It's now time to change the dashboard code:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on New to create a new file
3. Type the following into the file:

import cherrypy
from SecurityDataQuick import SecurityData

class SecurityDashboard:

def __ _init_ (self, securityData):
self.securityData = securityData

@cherrypy.expose
def index(self):
return nmmwn
<!DOCTYPE html>
<html lang="en">

<head>
<title>Home Security Dashboard</title>
<meta charset="utf-8">

<meta name="viewport" content="width=device-
width, initial-scale=1">

<meta http-equiv="refresh" content="2">
<link rel="stylesheet"

href="https://maxcdn.bootstrapcdn.com
/bootstrap/4.1.0/css/bootstrap.min.css">
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<link rel="stylesheet" href="led.css">

<script src="https://ajax.googleapis.com
/ajax/libs/jquery/3.3.1/jquery.min.js">
</script>

<script src="https://cdnjs.cloudflare.com
/ajax/libs/popper.js/1.14.0
/umd/popper.min. js">

</script>

<script src="https://maxcdn.bootstrapcdn.com
/bootstrap/4.1.0/js/bootstrap.min.js">
</script>

<style>
.element-box {
border-radius: 10px;
border: 2px solid #C8C8CS8;
padding: 20px;

.card {
width: 600px;

.col {
margin: 10px;
}
</style>
</head>

<body>
<div class="container">
<br />
<div class="card">
<div class="card-header">
<h3>Home Security Dashboard</h3>
</div>
<div class="card-body">
<div class="row">
<div class="col element-box">

<h4>Armed</h4>

<div class=""" + self
.securityData
.getArmedStatus ()
+ nw l|>
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</div>
</div>

<div class="col element-box">
<h4>Status</h4>
<p>""" + self.securityData
.getAlarmStatus ()
4+ mn v|</p>
</div>

<div class="col element-box">
<h4>Last Check:</h4>

<p>""" + self.securityData
.getTime () + """
</p>
</div>
</div>
</div>

<div class="card-footer"
<img SrC=" nn

align="center">

+ self.securityData

.getSecurityImage () + """ />
<p>""" + self.securityData
.getDetectedMessage () + """</p>
</div>
</div>
</div>
</body>
</html>
nmmwn
if _ name_ =="__main_ ":
securityData = SecurityData ()
conf = {
'/led.css':{
'tools.staticfile.on': True,

'tools.staticfile.filename':

}l
'/intruder.png' :{
'tools.staticfile.

on': True,

'tools.staticfile.filename':

/images/intruder.png'
}’
'/all-clear.png':{

'tools.staticfile.on': True,

'tools.staticfile.filename':

/images/all-clear.png'

'/home/pi/styles/led.css'

' /home/pi

' /home/pi
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}I
'/not-armed.png' :{
'tools.staticfile.on': True,
'tools.staticfile.filename': '/home/pi
/images/not-armed.png'
}
}
cherrypy.quickstart (SecurityDashboard (securityData),'/", conf)

4. Save the file as SecurityDataQuick.py
5. Run the code
6. Navigate back to your web browser and refresh the dashboard page

Our dashboard should now match the following screenshots:

Homie Secunty Dashboard - Chramium

* Home Security De. =

Home Security Dashboard

Armed Status Last Check:
o Not Armad 2016-05-24
20:33:12
NOT
ARMED
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Home Szeunty Dashboard - Chromium

/ of Home Secunty Da x

¢ G |® 1270018080 | H 9

Home Security Dashboard

Armed Status Last Check:
i} All Clear 2016-0524
20:32:53
AL
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Home Security Dashboard - Chromium
' Home Secunty D=

“ ¥ | @ 127.000:8080 “ @ ¢

Home Security Dashboard

Armed Status Last Check:
. Motion Detected 2018-05-24
20:32:59

Detected at: 2018-05-24 20:32:59

Our dashboard should refresh every two seconds instead of 30, and a buzzer should sound
when motion is detected in armed mode.

Let's take a look at the code. The changes to our dashboard are pretty self-explanatory. Of
note, however, is the change to the middle box on our dashboard:

<div class="col element-box">

<h4>Status</h4>
<p>""" + self.securityData.getAlarmStatus() + """</p>
</div>
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We replaced room temperature and humidity with the status of the switch and PIR
sensor through the getAlarmStatus method. With this change, we are able to use the
getAlarmStatus method asour initialization method where we set the status of the
SecurityData class variable alarm_status.

If we really wanted to be sticklers about it, we could change our code so
that we initialize the SecurityData class with the values of the switch
and PIR sensor. As it stands, SecurityData is more of a utility type class
where certain methods must be called before others. We'll let it slide for
Nnow.

Summary

As we can see, building a security application with the Raspberry Pi is pretty easy.
Although we our viewing our dashboard and hosting our sensors on the same Raspberry
Pi, it is not too difficult to set up the Raspberry Pi to serve up the dashboard to other
computers in your network (or even the internet). In Chapter 10, Publishing to Web Services,
we will take our interaction with

sensory data a step further and publish it to the internet.

Questions

1. True or false? The DHT11 sensor is an expensive and highly accurate sensor for
temperature and humidity.

True or false? The DHT11 sensor can detect UV rays from the sun.

True or false? Code needed to run the DHT11 comes pre-installed with
Raspbian.

w N

How do you set the resolution of the Pi camera module?

How do you set up CherryPy so that it can access local static files?

How do you set up an automatic refresh for a web page?

True or false? Through the use of CSS, we are able to simulate a flashing LED.
What is the purpose of the SecuritybData class?

O © N O

Who or what did we find as our intruder?
10. If we wanted to be sticklers, how would we change our SecurityData class?
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Further reading

The refresh method used in our code is effective, but a little clunky. Our dashboards may
be improved through the use of AJAX code, where the fields are updated but not the page.

Please consult the CherryPy documentation for further information.
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Publishing to Web Services

At the heart of the IoT are web services that allow interaction with physical devices. In this
chapter, we will explore the use of web services for the purposes of displaying sensory data
from our Raspberry Pi. We will also look into Twilio, a text messaging service, and how we
can use this service to send ourselves a text message from our Raspberry Pi.

The following topics will be covered in this chapter:

e Publishing sensory data to cloud-based services
e Setting up an account for text message transmission

Project overview

In this chapter, we will write code to display our sensory data to an IoT dashboard. As well
as this, we will also explore Twilio, a text messaging service. We will then put these two
concepts together to enhance the home security dashboard that we built in chapter 9,
Building a Home Security Dashboard.

Getting started

To complete this project, the following will be required:

¢ A Raspberry Pi Model 3 (2015 model or newer)
A USB power supply

A computer monitor

A USB keyboard

A USB mouse
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A breadboard
¢ Jumper wires

A DHT-11 temperature sensor
A PIR sensor

A push-button (latching)

A key switch (optional)

Publishing sensory data to cloud-based
services

In this section, we will publish sensory data to an online dashboard using the MQTT
protocol. This will involve setting up an account with the ThingsBoard website and making
use of the demo environment.

Install the MQTT library

We will use the MQTT protocol in order to communicate with the dashboard in
ThingsBoard. To set up the library on the Raspberry Pi, do the following:

1. Open a Terminal appliance from the main tool bar
2. Type sudo pip3 install pho-mgtt
3. You should see the library install

Set up an account and create a device

To start, navigate to the ThingsBoard website at www.thingsboard.io:

1. Click on the TRY IT NOW button at the top of the screen. Scroll down and click
on the LIVE DEMO button under the Thing Board Community Edition section:

INSTALL

LIVE DEMO
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2. You will be presented with a sign-up window. Enter the appropriate information
to set up an account. Once your account has been successfully set up, you will
see a dialog showing the following;:

Account successfully activated!

Congratulations!
Your ThingsBoard account has been activated.
Now you can login to your ThingsBoard space.

LOGIN

3. Click on LOGIN to get into the app. After this, you should see a menu at the left-
hand side of the screen:

lc’iﬁ\iéc,ThingsBoard

A HOME

PLUGINS
RULES

CUSTOMERS

ASSETS

DEVICES

WIDGETS LIBRARY

DASHBOARDS

AUDIT LOGS
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4. Click on DEVICES. Look for a round orange graphic with a plus sign at the
bottom right-hand side of the screen, as follows:

5. Click on this orange circle to add a new device. Type Room Conditions for the

Name* and select default for the Device type* in the Add Device dialog. Do not
select Is gateway. Click on ADD:

Add Device

Name *

Room Conditions

Device type ™
default

|:] Is gateway

ADD CANCEL
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6. You should see a new box under your Devices, named Room Conditions:

[J Room Conditions
DEFAULT

< B 9

7. Click on this box and a menu should slide from the right. Click on the COPY

ACCESS TOKEN button to copy this token to your clipboard:

a COPY ACCESS TOKEN

What we have done here is set up a ThingsBoard account and a new device inside

ThingsBoard. We will use this device to retrieve sensory information from our Raspberry Pi
and make a dashboard of these values.

Reading sensory data and publishing to

ThingsBoard

It's now time to create our circuit and code. Install the DHT-11 sensor using GPIO pin 19
(refer to chapter 9, Building a Home Security Dashboard, if you are unsure of how to connect
the DHT-11 sensor to the Raspberry Pi):

1. Open up Thonny and create a new file called dht11-mgtt.py. Type the
following into the file and run it. Be sure to paste in the access token from your

clipboard:

from time import sleep

import Adafruit_DHT

import paho.mgtt.client as mgtt
import json

host = 'demo.thingsboard.io'
access_token = '<<access token>>'
dht_sensor = Adafruit_DHT.DHT11
pin = 19

sensor_data = {'temperature': 0, 'humidity':

0}
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client = mgtt.Client ()
client.username_pw_set (access_token)

while True:
humidity, temperature = Adafruit_DHT
.read_retry (dht_sensor, pin)

print (u"Temperature: {:g}\u00b0C, Humidity
{:9}%".format (temperature, humidity))

sensor_datal['temperature'] = temperature

sensor_data['humidity'] = humidity

client.connect (host, 1883, 20)

client.publish('vl/devices/me/telemetry’,
json.dumps (sensor_data), 1)

client.disconnect ()

sleep (10)

2. You should see an output in the shell similar to the following screenshot:

Shell |

22>

Temperature: 3@°C, Humidity: 58%
Temperature: 3@8°C, Humidity: 58%

3. There should be a new line every 10 seconds. As you can see, it's pretty hot and
humid in the room.

Let's take a closer look at the preceding code:

1. Our import statements give us access to the modules needed for our code:

from time import sleep

import Adafruit_DHT

import paho.mgtt.client as mgtt
import json

We are already familiar with sleep, Adafruit_DHT, and json. The Paho
MQTT library gives us access to the client object, which we will use to
publish our sensory data to the dashboard.
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2. The next two lines in the code are used to set variables for the URL of the demo
server and the access token we retrieved from our device previously. We require
both of these values in order to connect to the MQTT server and publish our
sensory data:

host = 'demo.thingsboard.io'
access_token = '<<access token>>'

3. We define the dht_sensor variable as a DHT11 object from the Adafruit
library. And we use pin 19 for the sensor:

dht_sensor = Adafruit_DHT.DHT11
pin = 19

4. We then define a dictionary object to store the sensory data that will be
published to the MQTT server:

sensor_data = {'temperature': 0, 'humidity': 0}

5. We then create a c1ient object of the mgtt Client type. The username and
password is set with the access_token defined previously in the code:

client = mgtt.Client ()
client.username_pw_set (access_token)

6. The continuous while loop contains the code that reads the sensory data, and
then publishes it to the MQTT server. The humidity and temperature are set by
reading from the read_retry method, and we set the corresponding
sensor_data dictionary values as follows:

while True:
humidity, temperature = Adafruit_DHT
.read_retry (dht_sensor, pin)

print (u"Temperature: {:g}\u00b0C, Humidity
{:g}%".format (temperature, humidity))

sensor_datal['temperature'] = temperature
sensor_data['humidity'] = humidity
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7. The following client code is the code responsible for publishing our sensory
data to the MQTT server. We connect using the connect method of the client
object passing in the host value, the port (default port), and a keepalive time of
20 seconds. Unlike many MQTT examples, we do not create a loop and look for a
callback, as we are only interested in publishing the sensory value, and not
subscribing to the topic. In this case, the topic we are publishing to is
vl/devices/me/telemetry, as per the ThingsBoard documentation example
code. We then disconnect from client:

client.connect (host, 1883, 20)

client.publish('vl/devices/me/telemetry’',
json.dumps (sensor_data), 1)

client.disconnect ()

sleep (10)

We will now create a dashboard in ThingsBoard to display the sensory values sent from
our code.

Creating a dashboard in ThingsBoard

The following are the steps to add the humidity value to a dashboard:

1. Navigate back to ThingsBoard and click on Devices, and then ROOM
CONDITIONS. The side menu should slide from the right:

ROOM CONDITIONS

Device details
DETAILS ATTRIBUTES LATEST TELEMETRY ALARMS EVENTS RELATIONS /il
Latest telemetry Q
D Last update time Key 4\ Value
[} 2080602012805 humidity 57.0
[] 2018-06-0201:28:05 temperature 23.0
[+ 1w Row - 1-2
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2. Click on the LATEST TELEMETRY tab.
3. You should see values for humidity and temperature, and the time when these

values were last updated. Select humidity by clicking on the check box to the left.
Now, click on SHOW ON WIDGET:

DETAILS ATTRIBUTES LATEST TELEMETRY ALARMS EVENTS RELATIONsv;_)

Show on widget

1 telemetry unit selected B¢ SHOW ON WIDGET

D Last update time Key /I\ Value

E 2018-06-02 01:39:08 humidity 55.0

4. Select the Current bundle to Analogue gauges and cycle through the gauges
until you get to the humidity dial widget. Click on the ADD TO DASHBOARD

button:

Current bundle Analogue gauges System = BE ADD TO DASHBOARD X

La
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5. Select Create new dashboard and type in Room Conditions as the name:

Add widget to dashboard X

O Select existing dashboard

@ Create new dashboard

New dashboard title ™
Room Conditions!

[ ] open dashboard ADD CANCEL

6. Do not select the Open dashboard checkbox. Click on the ADD button.

7. Repeat the previous steps for the temperature value. Select a temperature widget,
and add your widget to the Room Conditions dashboard. This time, select Open
dashboard before clicking on ADD:

[194 ]



CONTROL ENGINEERS
Dedicatad Contral Enginsering Platform
2 Wotasite: v cantralanginss i
) Instagmam; oomiralenginers i
© Telugram: dcomtrolenginars

Publishing to Web Services Chapter 10

Room Conditions

You should now see a dashboard with the humidity and temperature values shown in
analogue dials.

Sharing your dashboard with a friend

If you would like to make this dashboard public, so that others may see it, you need to do
the following:

1. Navigate to the dashboards screen by clicking on DASHBOARDS:

BE DASHBOARDS
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2. Click on the Make dashboard public option:

[J Room Conditions

. _
s/ ¥ < A §

3. You will see the dialog reading Dashboard is now public, as shown in the
following screenshot. You may copy and paste the URL, or share it via social
media:

Dashboard is now public X

Your dashboard Room Conditions is now public and accessible via next public link:

https://demo.thingsboard.io/dashboards/a552cf00-6629-11e8-bee0-c3ibl86e30863?publicId=674b91! a

Note: Do not forget to make related devices public in order to access their data.

0000

0K

Setting up an account for text message
transmission

In this section, we will connect to a text message transmission service and send a text
message from our Raspberry Pi to our phone. We will use this information, and what we've
learned so far about publishing sensory information, to create an enhancement to our
security dashboard in chapter 9, Building a Home Security Dashboard.
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Setting up a Twilio account

Twilio is a service that gives software developers the ability to create and receive text and
phone calls programmatically through the use of its web service APIs. Let's start by setting

up a Twilio account:

1. In a web browser, navigate to www.twilio.com
2. Click on the red sign up at the top-right corner of the page

3. Enter the appropriate personal information and a password, and then
select SMS, Arrival Alerts, and Python for the fields below the password:

Sign up for free

SMS R
LB
Arrival Alerts ~
Pﬁh{)ﬂ LV
™
I'm not a robot
roCAPTCHA
Privacy - Terns

Get Started By clicking the bulton, you egree to our legal policies

_
k
1=
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4. Provide a phone number to receive an authorization code via SMS, as follows:

@ CONSOLE

We need to verify you're a human.

We will send a verification code via SMS to number above

Or, we call you instead.

The phone number you provide will be used for authentication when you login to
Twilio Conzole. A Twilio onboarding specialist may alzo use this numberte reach
out with free onboarding support. If you do not want to be contacted at this
phone number, please check this box.
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5. Enter the authorization code you receive, as shown here:

@ CONSOLE

We need to verify you're a human

Please enter the verification code we sent to your phone. If you didn't

receive a code, you can try again
Submit

6. The next step is to name the project that you will be working on. We will name
it Doorbell. Enter the name and click Continue:

COMNSOLE pocs v Colin Dow

Give your project a name

You can make changes later if you need to.

PROJECT NAME

Doarbel|
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7. We need a phone number for our account in order to be able to interact with it.
Click on Get a Number:

Build with Programmable SMS

b aTrial Account >

First let's get a Twilio phone number

Inarder to make calls or send messages through the Twilic APl you need toget a T

wilio phone nurmber
Arrival Alerks w
Get Started with Arrival Alerts
How it works: Text your customers from your software to keep them up te date and happy

Here's the high level scope of what we're building

Keep these handy when you build
our language of choice

o ﬁ Your Server Deblgeer: Aa tracking system of a
Customer ~

entials: 2 Your Account SI0 and Auth Token

W errors your app produces.

8. A number will be presented to you. If this number works for you, click on
Choose this number:

Your first Twilio Phone Number

Don't like this one? Search for a different number

I#l This Canada phone number has the following capabilities:
. Woice: This number can receive incoming calls and make outgoing calls.
, SMS: This number can send and receive text messages to and frem mobile numbers,

MMS: This number can send and receive multi media messages to and from mobile numbers.

Choose this Number
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9. You are now set up and ready to use Twilio:

Congratulations!

Your new Phone Number is

For help building your Twilio application, check out the resources on the getting started page.
Once you've built your application, you can configure this phone number to send and receive calls and messages.

Done

Twilio is a paid service. You will be given an initial amount to work with. Please check the
costs of using this service before creating your apps.

Installing Twilio on our Raspberry Pi

To access Twilio from Python, we need to install the twilio library. Open up a Terminal
and type in the following:

pip3 install twilio

You should see the progress of Twilio being installed in the Terminal.

Sending a text through Twilio

Before sending a text, we need to get credentials. In your Twilio account, click on Settings |
General, and scroll down to API Credentials:

AP| Credentials

LIVE Credentials Learn about REST API Credentials » TEST Credentials Learn about Test Credentials »
ACCODUNT SID TEST ACCOUNT 51D

Used to exercise the REST AP Used to exercise the REST AP|

ALUTH TOKEN TEST AUTHTOKEN

(Grssssssssssssssssssnsssnss Trew SEsEBESEGERRRERBBOR O

Request a Secondary Token
Keep this somewhere safe and secure

Keep this somewhere safe and secure

[201]
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We will use both the LIVE Credentials and TEST Credentials values. Open up Thonny
and create a new file called twilio-test.py. Type the following code into the file and run
it. Be sure to paste in the LIVE Credentials (please note that your account will be charged
for sending a text):

from twilio.rest import Client

account_sid = '<<your account_sid>>"
auth_token = '<<your auth_token>>"
client = Client (account_sid, auth_token)

message = client.messages.create (
body='Twilio says hello!’',
from_='<<your Twilio number>>"',
to='<<your cell phone number>>"

print (message.sid)

You should get a text on your cell phone, with the message Twilio says hello!.

Creating a new home security dashboard

In chapter 9, Building a Home Security Dashboard, we created a home security dashboard
using CherryPy. The power behind the IoT is the ability to build an application with
devices, located anywhere in the world, that are connected to each other. We will take this
idea to our home security dashboard. If not already assembled, build the home security
dashboard with the temperature sensor from chapter 9, Building a Home Security
Dashboard:

1. We will start our code by encapsulating our sensory data in a class container.
Open up Thonny and create a new file called sensorybata.py:

from gpiozero import MotionSensor
import Adafruit_DHT

class SensoryData:
humidity=""
temperature=""
detected_motion=""
dht_pin = 19
dht_sensor = Adafruit_ DHT.DHT11
motion_sensor = MotionSensor (4)
def _ init__ (self):
self.humidity, self.temperature = Adafruit_DHT
.read_retry(self.dht_sensor,
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self.dht_pin)

self.motion_detected =
self.motion_sensor.motion_detected
def getTemperature (self):
return self.temperature
def getHumidity (self):
return self.humidity
def getMotionDetected(self):
return self.motion_detected

if _ name_ == "_ _main_ ":
while True:
sensory_data = SensoryData ()

print (sensory_data.getTemperature ())
print (sensory_data.getHumidity ())
print (sensory_data.getMotionDetected())

2. Run the program to test our sensors. There isn't anything here we haven't
covered already. We are basically just testing out our circuit and sensors. You
should see the sensory data print out in the shell.

3. Now, let's create our sensory dashboard. Open up Thonny and create a new file
called sensoryDashboard.py. The code is as follows:

import paho.mgtt.client as mqgtt
import json

from SensoryData import SensoryData
from time import sleep

class SensoryDashboard:
host = 'demo.thingsboard.io'
access_token = '<<your access_token>>"
client = mgtt.Client ()
client.username_pw_set (access_token)
sensory_data = "'
def __init__ (self, sensoryData):
self.sensoryData = sensoryData
def publishSensoryData (self):
sensor_data = {'temperature': 0, 'humidity': O,
'Motion Detected':False}

sensor_datal['temperature'] = self.sensoryData
.getTemperature ()

sensor_data[ 'humidity'] =
self.sensoryData.getHumidity ()

Chapter 10
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sensor_datal['Motion Detected'] = self.sensoryData
.getMotionDetected ()
self.client.connect (self.host, 1883, 20)
self.client.publish('vl/devices/me/telemetry’,
json.dumps (sensor_data), 1)
self.client.disconnect ()
return sensor_data['Motion Detected']

if _ name_ =="_ _main_ ":
while True:
sensoryData = SensoryData ()

sensory_dashboard = SensoryDashboard (sensoryData)

print ("Motion Detected: " +
str (sensory_dashboard.publishSensoryData()))

sleep (10)

What we've done here is encapsulate the dht-mgtt . py file, from the previous code, in a
class container. We instantiate our object with a SensoryData object in order to obtain
data from our sensors. The publishSensoryData () method sends the sensory data to our
MQTT dashboard. Notice how it returns the state of the motion sensor? We use this return
value in our main loop to print out the value of the motion sensor. However, this return
value will be more useful in our future code.

Let's add the motion sensor to our ThingsBoard dashboard:

Open up ThingsBoard in a browser

Click on the Devices menu

Click on the Room Conditions device

Select LATEST TELEMETRY

Select the Motion Detected value

Click on SHOW ON WIDGET

Under Cards, find the widget made up of a big orange square, as shown here:

NSk N
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ROOM CONDITIONS

D ails

DETAILS ATTRIBUTES LATEST TELEMETRY ALARMS EVENTS RELATIONS .

Current bundle Cards System W B ADD TO DASHBOARD

Motion Detecte:E

false

8. Click on ADD TO DASHBOARD

9. Select the existing Room Conditions dashboard
10. Check off Open Dashboard
11. Click Add
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You should see the new widget added to the Room Conditions dashboard. By clicking on
the orange pencil icon at the bottom-right of the page, you are able to move and resize the
widgets. Edit the widgets so they look like the following screenshot:

What we have done here is recreate the first version of the home security dashboard from
Chapter 9, Building a Home Security Dashboard, with a more distributed architecture. No
longer are we relying on our Raspberry Pi to serve up the sensory information via a
CherryPy web page. We are able to reduce the role of our Raspberry Pi to a source of

sensory information. As you can imagine, it is quite easy to use multiple Raspberry Pis with
the same dashboard.
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Test out this new dashboard by moving near the PIR sensor. See if you can get the Motion
Detected widget to change to true.

To make our new home security dashboard even more distributed, let's add the ability to
send a text message whenever the PIR motion sensor is activated. Open up Thonny and
create a new file called SecurityDashboardDist.py. The following is the code to insert
into the file:

from twilio.rest import Client

from SensoryData import SensoryData

from SensoryDashboard import SensoryDashboard
from gpiozero import Button

from time import time, sleep

class SecurityDashboardDist:
account_sid = "'
auth_token = ''

time_sent = 0

test_env = True

switch = Button (8)

def __init__ (self, test_env = True):
self.test_env = self.setEnvironment (test_env)

def setEnvironment (self, test_env):
if test_env:

self.account_sid = '<<your Twilio test account_sid>>"
self.auth_token = '<<your Twilio test auth_token>>'
return True

else:
self.account_sid = '<<your Twilio live account_sid>>"
self.auth_token = '<<your Twilio live auth_token>>'

return False
def update_dashboard(self, sensoryDashboard):

self.sensoryDashboard = sensoryDashboard
motion_detected = self
.sensoryDashboard
.publishSensoryData ()

if motion_detected:
return self.send_alert ()
else:
return 'Alarm not triggered'
def send_alert (self):
if self.switch.is_pressed:
return self.sendTextMessage ()
else:
return "Alarm triggered but Not Armed"
def sendTextMessage (self) :
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message_interval = round(time() - self.time_sent)
if message_interval > 600:
twilio_client = Client (self.account_sid,

self.auth_token)
if self.test_env:
message = twilio_client.messages.create (
body="'Intruder Alert',
from_= '+15005550006",
to='<<your cell number>>"

else:
message = twilio_client.messages.create (
body="'Intruder Alert',
from_= '<<your Twilio number>>',
to='<<your cell number>>"
)

self.time_sent=round (time ())

return 'Alarm triggered and text message sent - '
+ message.sid
else:
return 'Alarm triggered and text
message sent less than 10 minutes ago'
if _ name_ =="__main_ ":
security_dashboard = SecurityDashboardDist ()
while True:
sensory_data = SensoryData ()
sensory_dashboard = SensoryDashboard (sensory_data)
print (security_dashboard.update_dashboard(
sensory_dashboard))
sleep (5)

Utilizing the first version of the home security dashboard circuit from chapter 9, Building a
Home Security Dashboard, this code uses the key switch in order to arm the call to send out a
text message if the motion sensor detects motion. With the key switch in the off position,
you will get a message, reading Alarm triggered but Not Armed, whenever the
motion sensor detects motion.

If not already turned on, turn on the key switch to arm the circuit. Activate the motion
sensor by moving around. You should get a notification that a text message was sent. The
SID of the message should show as well. You may have noticed that you didn't actually get
a text message. This is due to the fact that the code defaults to the Twilio test environment.
Before we turn on the live environment, let's go over the code.
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We start out by importing the libraries we need for our code:

from twilio.rest import Client

from SensoryData import SensoryData

from SensoryDashboard import SensoryDashboard
from gpiozero import Button

from time import time, sleep

There's not too much here that we haven't seen before; however, take note of the
SensoryData and SensoryDashboard imports. As we have encapsulated the code to read
sensory data, we can now just look at it as a black box. We know we need sensory data for
our security dashboard, but we don't care how we get this data and where it will be
displayed. sensoryData gives us access to the sensory data we need, and
SensoryDashboard sends it off to a dashboard somewhere. We don't have to concern
ourselves with these details in our SecurityDashboardDist .py code.

We create a class called SecurityDashboardDist for our distributed security dashboard.
It is important to distinguish our classes by their names, and to pick names that describe
what the class is:

class SecurityDashboardDist:

After declaring some class variables that are accessible throughout the class, we then come
to our class initialization method:

account_sid = "'

auth_token = "'

time_sent = 0

test_env = True

switch = Button (8)

def _ _init_ (self, test_env = True):
self.test_env = self.setEnvironment (test_env)

In the initialization method, we set our class scoped test_env variable (for the test
environment). The default is True, meaning we have to conscientiously override the
default in order to run the dashboard live. We use the setEnvironment () method to set
test_env:

def setEnvironment (self, test_env):
if test_env:

self.account_sid = '<<your Twilio test account_sid>>"
self.auth_token = '<<your Twilio test auth_token>>'
return True

else:
self.account_sid = '<<your Twilio live account_sid>>"
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self.auth_token = '<<your Twilio live auth_token>>"
return False

The setEnvironment () method sets up the class scoped account_id and auth_token
values to either the test environment, or the live environment, depending on the value of
test_env. We are basically just passing back the state of test_env with the
setEnvironment () method, while setting up the variables we need to enable a test or live
text message environment.

The update_dashboard () method makes the call to the sensors and sensory dashboard
through the use of the Sensorybashboard object that we pass into the method. This here is
the beauty of the object-oriented approach we have taken, as we do not need to concern
ourselves with how the sensors are read or how the dashboard is updated. We only need to
pass in a SensoryDashboard object to get this done:

def update_dashboard(self, sensoryDashboard):
self.sensoryDashboard = sensoryDashboard

motion_detected = self
.sensoryDashboard
.publishSensoryData ()
if motion_detected:
return self.send_alert ()
else:
return 'Alarm not triggered'

The update_dashboard method is also responsible for determining whether or not a text
message will be sent, by checking on the status of the motion sensor. Do you remember
how we returned the state of the motion sensor when we called the

publishSensoryData () method on our SensoryDashboard class? This is where it comes
in really handy. We can use this return value to determine whether or not we should send
an alert. We don't have to check on the state of the motion sensor in our class at all, as it is
easily available from the SensoryDashboard class.

The send_alert () method checks on the state of the switch in order to determine whether
a text message should be sent:

def send_alert (self):
if self.switch.is_pressed:
return self.sendTextMessage ()
else:
return "Alarm triggered but Not Armed"
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You may be wondering why we are checking on the state of a sensor (a switch, in this case)
here, as opposed to checking it from the SsensorybDashboard class. The answer? We are
building a home security dashboard by encapsulating a sensory data dashboard. There is
no need for a switch in the SensorDashboard class, as it is not concerned with turning on
and off the reading and transmitting of sensory data from the GPIO to the MQTT
dashboard. The switch is the domain of a security system; in this case, the
SecurityDashboardDist class.

The heart of the SecurityDasboardDist class is the sendTextMessage () method,
outlined here:

def sendTextMessage (self) :

message_interval = round(time() - self.time_sent)
if message_interval > 600:
twilio_client = Client (self.account_sid,

self.auth_token)
if self.test_env:

message = twilio_client.messages.create (
body='Intruder Alert',
from_= '+15005550006"',

to="'<<your cell number>>"'

else:
message = twilio_client.messages.create (
body='Intruder Alert',
from_= '<<your Twilio number>>"',

to='<<your cell number>>"'

)

self.time_sent=round (time ())

return 'Alarm triggered and text message sent - '
+ message.sid
else:
return 'Alarm triggered and text
message sent less than 10 minutes ago'

We use the message_interval method variable to set the duration of time between texts.
We do not want to send a text message every time the motion sensor has detected motion.
In our case, the minimum time left between texts is 600 seconds, or 10 minutes.
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If this is the first time, or if it has been more than 10 minutes since the time that a text
message was last sent, then the code sends the text message in either the test environment,
or simply live. Take note of how the 15005550006 phone number is used for the test
environment. Your Twilio number is required for the live environment, and your own
phone number for the to field. For both the test and live environments, the Alarm
triggered and text message sent message is returned, followed by the SID of the
message. The difference is that you will not actually receive a text message (although there
is a call to Twilio from the code).

If it has been less than 10 minutes since the last time a text message was sent, then the
message will read Alarm triggered and text message sent less than 10
minutes ago.

In our main function, we create a SecurityDashboardDist object and call it
security_dashboard. By not passing in anything, we allow the dashboard to be set up for
the test environment by default:

if _ name_ =="__main_ ":

security_dashboard = SecurityDashboardDist ()

while True:
sensory_data = SensoryData ()
sensory_dashboard = SensoryDashboard (sensory_data)
print (security_dashboard.update_dashboard (

sensory_dashboard))

sleep (5)

The continuous loop that follows creates a SensoryData and SensoryDashboard object
every 5 seconds. The sensoryData object (sensory_data) is used to instantiate a
SensoryDashboard object (sensory_dashboard), as it is the former that gives us the
current sensory data, and the latter that creates the sensory dashboard.

By naming our classes according to what they are, and our methods by what they do, the
code becomes pretty self-explanatory.

We then pass this SensorybDashboard object (sensory_dashboard) to the
update_dashboard method of the SecurityDashboard (security_dashboard). As the
update_dashboard method returns a string, we are able to use it to print to our shell, and
thus, see the status of our dashboard printed every 5 seconds. We keep the instantiation of
the SsecuritybDashboardDist object out of the loop, as we only need to set the
environment once.
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Now that we understand the code, it's time to run it in the live Twilio environment. Please
note that the only part of the code that changes when we switch to live is the actual sending
of text messages. To turn our dashboard into a live text-sending machine, simply change
the first line of the main method to the following:

security_dashboard = SecurityDashboardDist (True)

Summary

After completing this chapter, we should be very familiar with publishing sensory data to
an IoT dashboard. We should also be familiar with sending text messages from our
Raspberry Pi using the Twilio web service.

We will take a look at Bluetooth libraries in chapter 11, Creating a Doorbell Button Using
Bluetooth, before putting that information and the information we acquired in this chapter
together to make an IoT doorbell.

Questions

1. What is the name of the service we used to send text messages from our
Raspberry Pi?
2. True or false? We use a PIR sensor to read temperature and humidity values.

®

How do you create a dashboard in ThingsBoard?

4. True or false? We built our enhanced security dashboard by using a sensory
dashboard.

5. What is the name of the library we use to read temperature and humidity
sensory data?

6. True or false? The library that we require to send text messages comes pre-
installed with Raspbian.

7. When naming classes in our code, what do we try to do?
8. True or false? In order to change our environment from test to live, do we have to
rewrite the entire code in our enhanced home security dashboard.
9. True or false? The account_sid number for our Twilio account is the same for
the live environment as it is for the test environment.
10. Where do we create a SecurityDashboardDist objectin
our SecurityDashboardDist .py code?
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Further reading
To further your understanding of the technologies behind Twilio and ThingsBoard, please
refer to the following links:

¢ The Twilio documentation:
https://www.twilio.com/docs/quickstart

e The documentation for ThingsBoard:
https://thingsboard.io/docs/
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Creating a Doorbell Button
Using Bluetooth

In this chapter, we will turn our focus to Bluetooth. Bluetooth is a wireless technology used
in the exchange of data over short distances. It operates in the 2.4 to 2.485 GHz frequency
band, and generally has a range of up to 10 meters.

We will be utilizing the Blue Dot app on Android for the projects in this chapter, in which
we will build a simple Bluetooth doorbell, before building a more advanced one that
accepts secret swiping gestures.

The following topics will be covered in this chapter:

e Introducing Blue Dot
e What is an RGB LED?
e Reading our button state using Bluetooth and Python

Project overview

In this chapter, we will build a Bluetooth-enabled doorbell using our Raspberry Pi and an
Android phone or tablet. We will use an app on our Android phone or tablet, called Blue
Dot, which is designed to work with Raspberry Pi projects.
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We will start off by looking at RGB LEDs, wherein we will write a small program to cycle
through these three colors. We will then create an alarm using a RGB LED and an active
buzzer. We will test out the alarm with Python code.

We will write Python code to read button information from Blue Dot. We will then
incorporate the code from both the alarm and Blue Dot to create a Bluetooth doorbell
system.

The projects in this chapter should take a morning or afternoon to complete.

Getting started

The following is required to complete this project:

e Raspberry Pi Model 3 (2015 model or newer)
e USB power supply

e Computer monitor

¢ USB keyboard

e USB mouse

¢ Breadboard

¢ Jumper wires

¢ 330 Ohm resistors (3 of them)
e RGB LED

e Active buzzer

¢ Android phone or tablet

Introducing Blue Dot

Blue Dot is an Android app available in the Google Play Store. It works as a Bluetooth
remote for the Raspberry Pi. When loaded into your Android phone or tablet, it is basically
a big blue dot that you press to send a signal to the Raspberry Pi. The following is a picture
of the Blue Dot app loaded onto a tablet:
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It may be used as a Bluetooth joystick of sorts, as positional, slider, and rotational data may
be sent from the app to your Raspberry Pi, depending on how you interact with the dot on
the screen. We will add some of this functionality to our doorbell application by creating
custom rings based on how the Blue Dot is pressed. To install Blue Dot on your Android
phone or tablet, visit the Google Play Store and search for Blue Dot.
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Installing the bluedot library on the Raspberry Pi

To install the bluedot library on the Raspberry Pi, do the following;:

1. Open up a Terminal app
2. Type the following into the Terminal:

sudo pip3 install bluedot

3. Press Enter to install the library

Pairing Blue Dot with your Raspberry Pi

In order to make use of the Blue Dot app, you must pair it to your Raspberry Pi. To do that,
follow these steps:

1. From the top-right corner of the Raspbian desktop client, click on the Bluetooth
symbol:

2. If Bluetooth is not on, click on the Bluetooth icon and select Turn on Bluetooth
3. Select the Make Discoverable option from the Bluetooth drop-down menu

4. On your Android phone or tablet, go to the Bluetooth settings (this may be in
different places depending on the particular OS on the phone or tablet)

5. You should be able to see the Raspberry Pi in the Available Devices list
6. Click on it to pair your device to the Raspberry Pi

7. You should get a message on the Raspberry Pi, reading something like Device
'Galaxy Tab E' has requested a pairing. Do you accept the
request?

8. Click OK to accept
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9. Youmay get a connection failed message. I was able to ignore this message
and still have the Blue Dot app work with my Raspberry Pi, so don't worry too
much

10. Load the Blue Dot app onto your Android phone or tablet
11. You should see a list with the Raspberry Pi as an item

12. Click on the Raspberry Pi item to connect the Blue Dot application to the
Raspberry Pi

To test our connection, do the following;:

1. Open up Thonny by following Application Menu | Programming | Thonny
Python IDE

2. Click on the New icon to create a new file
3. Type the following into the file:

from bluedot import BlueDot

bd = BlueDot ()

bd.wait_for_press()
print ("Thank you for pressing the Blue Dot!")

4. Save the file as bluest-test .py and run it

5. You should get a message in the Thonny shell, reading Server started, followed
by the Bluetooth address of the Raspberry Pi

6. You should then get a message reading Waiting for connection

7. If your Blue Dot app disconnected from the Raspberry Pi, connect it again by
selecting the Raspberry Pi item in the list

8. Once the Blue Dot app is connected to the Raspberry Pi, you will get the message
Client connected, followed by the Bluetooth address of your phone or tablet

9. Press the big Blue Dot

10. The Thonny shell should now print the following message: Thank you for
pressing the Blue Dot!

Wiring up our circuit

We will create a doorbell circuit using an active buzzer and an RGB LED. Since we have not
discussed RGB LEDs before, we will take a quick look at this amazing little electronic
component. We then write a simple test program, using our Raspberry Pi, that will light up
the RGB LED and sound the active buzzer.
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What is an RGB LED?

An RGB LED is really just three LEDs in one unit: a red one, a green one, and a blue one.
Almost any color may be achieved by applying electric current at varying power levels
across the selection of input pins. The following is a diagram of such an LED:

N

BLUE

RED

~0

(-)

As you can see there are red, green, and blue pins, plus a negative pin (-) . When an RGB
LED has a negative pin (-), it is said to have a common cathode. Some RGB LEDs have a
common positive pin (+), and, as such, are referred to as having a common anode. For our
circuit, we will use an RGB LED with a common cathode. Both the common cathode and
common anode have the longest pins of the RGB LED, and are identified by this
characteristic.

Testing our RGB LED

We will now build a circuit with which we can test our RGB LED. The following is a wiring
diagram of our circuit:
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To build the circuit as shown in the diagram, do the following:

1. Using a breadboard, insert the RGB LED into the breadboard, such that the
common cathode is inserted into the second slot from the left

2. Connect a 330 Ohm resistor to the red, green, and blue pins across the central gap
on the breadboard
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3. Connect a female-to-male jumper wire from GPIO pin 17 to the first slot on the
left of the breadboard

4. Connect a female-to-male jumper wire from GPIO GND to the cathode pin of the
RGB LED (the second from the left)

5. Connect a female-to-male jumper wire from GPIO pin 27 to the third slot on the

left of the breadboard

6. Connect a female-to-male jumper wire from GPIO pin 22 to the fourth slot on the
left of the breadboard

7. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

8. Click on the New icon to create a new file
9. Type the following into the file:

from gpiozero import RGBLED
from time import sleep

led = RGBLED (red=17, green=27, blue=22)

while True:

led.color=(1,0,0)
sleep(2)
led.color=(0,1,0)
sleep(2)
led.color=(0,0,1)
sleep(2)
led.off ()
sleep(2)

10. Save the file as RGB-LED-test .py and run it

You should see the RGB LED light up in red for 2 seconds. The RGB LED should then light
up green for 2 seconds, before turning blue for 2 seconds. It will then turn off for 2 seconds,
before starting the sequence again.

In the code, we start off by importing RGBLED from the GPIO Zero library. We then set up a
variable, called 1ed, by assigning it the pin numbers for the red, green, and blue colors of
the RGB LED. From there, we simply turn on each color using the 1ed.color property. It's
easy to see that assigning a value of 1, 0, 0 tothe led.color property turns on the red
LED and turns off the green and blue LEDs. The 1ed. of £ method turns off the RGB LED.

Try experimenting with different values for 1ed.color. You may even put in a value that
is less than 1 to vary the intensity of the color (the range is any value between 0 and 1). If
you look closely, you may be able to see the different LEDs lighting up inside the RGB LED.
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Completing our doorbell circuit

Now let's add an active buzzer to our circuit to complete the construction of our doorbell
system. The following is the diagram for our doorbell circuit:

ETHERNET

CYYIWVD) ISD

fritzing
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To build the circuit, follow these steps:

1.

Using our existing circuit, insert an active buzzer into the opposite end of the
breadboard

Connect a female-to-male jumper wire from GPIO pin 26 to the positive pin of
the active buzzer

Connect a female-to-male jumper wire from GPIO GND to the negative pin of
the active buzzer

Open up Thonny from Application Menu | Programming | Thonny Python
IDE

Click on the New icon to create a new file
Type the following into the file:

from gpiozero import RGBLED
from gpiozero import Buzzer
from time import sleep

class DoorbellAlarm:
led = RGBLED (red=17, green=22, blue=27)
buzzer = Buzzer (26)
num_of_times = 0
def _ init_ (self, num_of_times):
self.num_of times = num_of_ times
def play_sequence (self):
num = 0
while num < self.num_of_ times:
self.buzzer.on()
self.light_show ()
sleep(0.5)
self.buzzer.off ()
sleep(0.5)
num += 1
def light_show (self):
self.led.color=(1,0,0)

sleep(0.1)
self.led.color=(0,1,0)
sleep(0.1)
self.led.color=(0,0,1)
sleep(0.1)

self.led.off ()

if name__=="__main__":

doorbell_alarm = DoorbellAlarm(5)
doorbell_alarm.play_sequence ()
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7. Save the file as DoorbellAlarm.py and run it

8. You should hear the buzzer go off five times, as well as see the RGB LED go
through its light sequence the same number of times

Let's take a look at the code:

1. We start off by importing the libraries that we need, as follows:

from gpiozero import RGBLED
from gpiozero import Buzzer
from time import sleep

2. After that, we create our class with the DoorbellAlarm classname, before setting
initial values:

led = RGBLED (red=17, green=22, blue=27)
buzzer = Buzzer (26)
num_of times = 0

3. The class initialization sets the number of times that the alarm sequence will
play, using the num_of_times class variable:

def _ init_ (self, num_of_times):
self.num_of_times = num_of_times

4. The 1ight_show method simply flashes each color in the RGB LED in
sequence for 0. 1 seconds:

def light_show (self):
self.led.color=(1,0,0)

sleep(0.1)
self.led.color=(0,1,0)
sleep(0.1)
self.led.color=(0,0,1)
sleep(0.1)

self.led.off ()

5. The play_sequence method turns the buzzer on and off for the number of times
set when the DoorbellAlarm class is initialized. It also runs through the RGB
LED 1light_show function every time the buzzer is sounded:

def play_sequence (self):
num = 0
while num < self.num_of_times:
self.buzzer.on ()
self.light_show ()
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sleep(0.5)
self.buzzer.off ()
sleep(0.5)

num += 1

6. We test out our code by instantiating the DoorbellAlarm class with a value of 5,
and assigning it to the doorbell_alarm variable. We then play the sequence by
calling the play_sequence method:

if name__=="__main__ ":

doorbell alarm = DoorbellAlarm(5)
doorbell_alarm.play_sequence ()

Reading our button state using Bluetooth
and Python

As mentioned previously, we are able to interact with the Blue Dot app in more ways than
just a simple button press. The Blue Dot app can interpret where on the button a user
presses, as well as detect double presses and swipes. In the following code, we will read
from the Blue Dot app using Python.

Reading button information using Python
Do the following :

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following into the file:

from bluedot import BlueDot
from signal import pause

class BlueDotButton:
def swiped(swipe) :
if swipe.up:
print ("Blue Dot Swiped Up")
elif swipe.down:
print ("Blue Dot Swiped Down")
elif swipe.left:
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print ("Blue Dot Swiped Left")
elif swipe.right:
print ("Blue Dot Swiped Right")
def pressed(pos):
if pos.top:
print ("Blue Dot Pressed from Top")
elif pos.bottom:
print ("Blue Dot Pressed from Bottom")
elif pos.left:
print ("Blue Dot Pressed from Left")
elif pos.right:
print ("Blue Dot Pressed from Right")
elif pos.middle:
print ("Blue Dot Pressed from Middle")
def double_pressed():
print ("Blue Dot Double Pressed")
blue_dot = BlueDot ()
blue_dot.when_swiped = swiped
blue_dot .when_pressed = pressed
blue_dot .when_double_pressed = double_pressed
if _ name_ =="__main_ ":
blue_dot_button = BlueDotButton ()
pause ()

4. Save the file as BlueDotButton.py and run it

You may have to connect the Blue Dot app to your Raspberry Pi each time you run this
program (simply select it from the list in the Blue Dot app). Try pressing the Blue Dot in the
middle, on the top, on the left, and so on. You should see messages in the shell that tell you
where you've pressed. Now try swiping and double-pressing. The messages in the shell
should indicate these gestures as well.

So, what have we done here? Let's take a look at the code:
1. We start off by importing the libraries that we need:

from bluedot import BlueDot
from signal import pause

We obviously need BlueDot, and we also need pause. We use pause to pause
the program and wait for a signal from the Blue Dot app. Since we are using the
when_pressed, when_swiped, and when_double_swiped events, we need to
pause and wait (as opposed to other methods, such as wait_for_press). 1
believe using when-instead of wait-type events makes the code a little cleaner.
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2. At the heart of our program is the instantiation of a BLueDot object and its
related call back definitions:

blue_dot = BlueDot ()

blue_dot.when_swiped = swiped
blue_dot.when_pressed = pressed
blue_dot.when_double_pressed = double_pressed

Please note that these callback definitions have to be put after the methods they are
referring to, or you will get an error.

3. The methods themselves are pretty straightforward. The following is the swiped
method:

def swiped (swipe) :

if swipe.up:

print ("Blue Dot Swiped Up")
elif swipe.down:

print ("Blue Dot Swiped Down")
elif swipe.left:

print ("Blue Dot Swiped Left")
elif swipe.right:

print ("Blue Dot Swiped Right")

4. We define this method with a variable called swipe inside the method signature.
Note that we do not have to use self inside the method signature, as we are not
using class variables inside our methods.

Creating a Bluetooth doorbell

Now that we know how to read button information from Blue Dot, we can build a
Bluetooth doorbell button. We will rewrite our DoorbellAlarm class, and use a simple
button press from Blue Dot to activate the alarm, as follows:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following into the file:
from gpiozero import RGBLED

from gpiozero import Buzzer
from time import sleep

class DoorbellAlarmAdvanced:
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led = RGBLED (red=17, green=22, blue=27)
buzzer = Buzzer (26)

num_of_times = 0

delay = 0

def __init__ (self, num_of_times, delay):
self.num_of _times = num_of_times

self.delay = delay

def play_sequence (self) :

num = 0

while num < self.num_of_times:
self.buzzer.on ()
self.light_show ()
sleep(self.delay)
self.buzzer.off ()
sleep(self.delay)
num += 1

def light_show (self):
self.led.color=(1,0,0)

sleep(0.1)
self.led.color=(0,1,0)
sleep(0.1)
self.led.color=(0,0,1)
sleep(0.1)

self.led.off ()

if name__ =="__main_ ":

doorbell_alarm = DoorbellAlarmAdvanced (5,1)

doorbell_alarm.play_sequence ()

4. Save the file as DoorbellAlarmAdvanced.py

Our new class, DoorbellAlarmAdvanced, is a modified version of the DoorbellAlarm
class. What we have done is basically add a new class property that we call delay. This
class property will be used to change the delay time between buzzer rings. As you can see
in the code, the two methods modified for the change are __init__ and play_sequence.
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Now that we have the changes in place for our alarm, let's create a simple doorbell program
as follows:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following into the file:
from bluedot import BlueDot

from signal import pause
from DoorbellAlarmAdvanced import DoorbellAlarmAdvanced

class SimpleDoorbell:

def pressed():
doorbell_alarm = DoorbellAlarmAdvanced (5, 1)
doorbell_alarm.play_sequence ()

blue_dot = BlueDot ()
blue_dot.when_pressed = pressed

if name__=="__main__ ":

doorbell_alarm = SimpleDoorbell ()
pause ()

4. Save the file as SimpleDoorbell.py and run it

5. Connect the Blue Dot app to the Raspberry Pij, if it is not already connected
6. Push the big blue dot

You should hear five rings, each lasting one second, from the buzzer in one-second
intervals. You will also see that the RGB LED went through a short light show. As you can
see, the code is pretty straightforward. We import our new DoorbellAlarmAdvanced
class, and then call the play_sequence method after we initialize the class with

the doorbell_alarm variable in the pressed method.

The changes we made in creating the DoorbellAlarmAdvanced class are utilized in our
code to allow us to set the delay time between rings.
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Creating a secret Bluetooth doorbell

Wouldn't it be nice to know who is at the door before we answer it? We can take advantage
of the swiping capabilities of the Blue Dot app. To create a secret Bluetooth doorbell (the
secret being the way in which we interact with the doorbell, not a secret location for the

doorbell), do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python

IDE

2. Click on the New icon to create a new file

3. Type the following into the file:

from bluedot import BlueDot
from signal import pause
from DoorbellAlarmAdvanced import DoorbellAlarmAdvanced

class SecretDoorbell:

def swiped(swipe) :

if swipe.up:

doorbell_alarm = DoorbellAlarmAdvanced (5, 0.5)
doorbell_alarm.play_sequence ()
elif swipe.down:
doorbell_alarm = DoorbellAlarmAdvanced (3, 2)
doorbell_alarm.play_sequence ()
elif swipe.left:
doorbell_alarm = DoorbellAlarmAdvanced (1, 5)
doorbell_alarm.play_sequence ()
elif swipe.right:
doorbell_alarm = DoorbellAlarmAdvanced (1, 0.5)
doorbell_alarm.play_sequence ()
blue_dot = BlueDot ()
blue_dot.when_swiped = swiped

if name__ == main__ ":

doorbell = SecretDoorbell ()

pause ()

4. Save the file as SecretDoorbell.py and run it
5. Connect the Blue Dot app to the Raspberry Pij, if it is not already connected
6. Swipe in the up direction on the Blue Dot
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You should hear five short rings, as well as seeing the RGB LED light show. Try swiping in
the down, left, and right directions. You should get a different ring sequence each time.

So, what did we do here? Basically, we attached a callback to the when_swiped event, and
through if statements, we created new DoorbellAlarmAdvanced objects with varying
initial values.

With this project we can now know who is at the door, as we can assign various swipe
gestures to our different friends.

Summary

In this chapter, we created a Bluetooth doorbell application using the Raspberry Pi and the
Blue Dot Android app. We started out by learning a little bit about RGB LEDs, before
incorporating one in an alarm circuit with an active buzzer.

With the Blue Dot app, we learned how to connect a Bluetooth button to our Raspberry Pi.
We also learned how to use some of the Blue Dot gestures, and created a doorbell
application with various ring durations.

In chapter 12, Enhancing Our IoT Doorbell, we will extend the functionality of our doorbell,
and have a text message sent whenever someone presses the button.

Questions

How does an RGB LED differ from a regular LED?

True or false? The Blue Dot app is found in the Google Play store.

What is a common anode?

True or false? The three colors inside the RGB LED are red, green, and yellow.
How do you pair the Blue Dot application with the Raspberry Pi?

S Gk W=

True or false? Bluetooth is a communication technology built for extremely long
distances.

7. What is the difference between DoorbellAlarm and DoorbellAlarmAdvanced?

o

True or false? The GPIO Zero library contains a class named RGBLED.
9. True or false? The Blue Dot app may be used to record swipe gestures.

10. What is the difference between the SimpleDoorbell and SecretDoorbell
classes?
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Further reading

To find out more about the Blue Dot Android app, visit the documentation page at https:/

/bluedot.readthedocs.io.
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Enhancing Our loT Doorbell

In chapter 10, Publishing to Web Services, we explored web services. We then introduced
Bluetooth in chapter 11, Creating a Doorbell Button Using Bluetooth, and built a Bluetooth
doorbell using the Android app Blue Dot and our Raspberry Pi.

In this chapter, we will enhance our Bluetooth doorbell by adding the ability to send
messages when someone is at the door. We will take what we've learned, and apply it to
add text message functionality using the Twilio account we set up in Chapter 10, Publishing
to Web Services.

The following topics will be be covered in this chapter:

¢ Sending a text message when someone is at the door
¢ Creating a secret doorbell application with text messaging
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Project overview

For the two projects in this chapter, we will use the circuit from chapter 11, Creating a
Doorbell Button Using Bluetooth. We will also make use of the Blue Dot app for Android
devices as described in chapter 11, Creating a Doorbell Button Using Bluetooth. The
following is a diagram of the application we will create in this chapter:

Blue Dot app
connected to
Raspberry Pi
through Bluetoaoth
Twilio Cloud

o

Cell Phone to

receive text

= Raspberry Pi with messages
Doorbell circuit

We will create two versions of this application. The first version of our application will be a

simple Bluetooth doorbell, where pressing the blue dot fires off the buzzer and RGB LED

light show. After the alarm has been triggered, a text message will be sent using Twilio

Cloud Services.

=
=
=
=5

An altered version of the application will use swiping gestures on the Blue Dot app to
indicate particular visitors. Each of the four potential visitors will have their own unique
swiping gesture with the blue dot. After the custom buzzer ring and RGB LED light show, a
text message will be sent informing the recipient of who is at the door. The Twilio Cloud

will be used for this as well.

Both projects should take a morning or afternoon to complete.
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Getting started

The following is required to complete this project:

e Raspberry Pi Model 3 (2015 model or newer)
e USB power supply

e Computer monitor

¢ USB keyboard

e USB mouse

¢ Breadboard

e Jumper wires

¢ 330 Ohm resistors (3 of them)
e RGB LED

e Active buzzer

e Android device (phone/tablet)

Sending a text message when someone is at
the door

In chapter 10, Publishing to Web Services, we created text messages using a technology
called Twilio. In that instance, we used Twilio to send text messages when an intruder was
detected. In chapter 11, Creating a Doorbell Button Using Bluetooth, we created a Bluetooth
doorbell using the Blue Dot app on an Android phone or tablet. The doorbell sounded a
buzzer and gave a little light show on an RGB LED.

For this project, we will combine Twilio with the Bluetooth doorbell, and have a text
message sent when someone pushes the Blue Dot doorbell (refer to chapter 10, Publishing
to Web Services, and chapter 11, Creating a Doorbell Button Using Bluetooth, to familiarize
yourself with these technologies).
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Creating a simple doorbell application with text
messaging
To create our simple doorbell application do the following:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following:

from twilio.rest import Client
from gpiozero import RGBLED
from gpiozero import Buzzer
from bluedot import BlueDot
from signal import pause

from time import sleep

class Doorbell:
account_sid = "'
auth_token = "'
from_phonenumber=""
test_env = True
led = RGBLED (red=17, green=22, blue=27)
buzzer = Buzzer (26)

num_of_rings = 0

ring_delay = 0

msg = "'

def _ init_ (self,
num_of_rings = 1,
ring_delay = 1,
message = 'ring',
test_env = True):

self.num_of_rings = num_of_rings

self.ring_delay = ring_delay

self.message = message

self.test_env = self.setEnvironment (test_env)
def setEnvironment (self, test_env):

if test_env:

self.account_sid = '<<test account_sid>>"
self.auth_token = '<<test auth_token>>"
return True

else:
self.account_sid = '<<live account_sid>>"
self.auth_token = '<<live auth_token>>"

return False
def doorbell_sequence (self):
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num = 0
while num < self.num_of_rings:
self.buzzer.on ()
self.light_show ()
sleep(self.ring_delay)
self.buzzer.off ()
sleep(self.ring_delay)
num += 1
return self.sendTextMessage ()
def sendTextMessage (self) :
twilio_client = Client (self.account_sid,
self.auth_token)
if self.test_env:
message = twilio_client.messages.create (
body=self.message,
from_= '+15005550006",
to="'<<your phone number>>"
)
else:
message = twilio_client.messages.create (
body=self.message,
from_ = '<<your twilio number>>",
to="'<<your phone number>>"
)
return 'Doorbell text message sent - ' + message.sid
def light_show (self):
self.led.color=(1,0,0)

sleep(0.5)
self.led.color=(0,1,0)
sleep(0.5)
self.led.color=(0,0,1)
sleep(0.5)

self.led.off ()
def pressed() :
doorbell = Doorbell (2, 0.5, 'There is someone at the door')
print (doorbell.doorbell_sequence ())

blue_dot = BlueDot ()

blue_dot .when_pressed = pressed

if _ name_ =="__main_ ":
pause ()

4. Save the file as Doorbell.py and run it
5. Open up the Blue Dot app on your Android device

6. Connect to the Raspberry Pi
7. Push the big blue dot
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You should hear the ring and see the light sequence cycle twice, with a short delay between
rings. You should get something similar to the following printed in the shell:

Server started B8:27:EB:12:77:4F

Waiting for connection

Client connected F4:0E:22:EB:31:CA

Doorbell text message sent — SM5cfll125acad44016840a6b76£99b3624

The first three lines indicate that the Blue Dot app has connected to our Raspberry Pi
through our Python program. The last line indicates that a text message was sent. As we are
using the test environment, an actual text message was not sent, but the Twilio service was
called.

Let's take a look at the code. We start by defining our class and giving it the name
Doorbell. This is a good name for our class, as we have written our code such that
everything to do with a doorbell is contained in Doorbell . py file. This file holds both

the Doorbell class, used to alert a user, as well as the Blue Dot code, used to trigger the
doorbell. The Blue Dot code actually sits outside of the Doorbel1l class definition, as we
view it as part of the Blue Dot app, not the doorbell itself. We certainly could have designed
our code such that the Doorbell class contains code to trigger the alarm; however, this
separation of the alarm from the alarm trigger makes it easier to reuse the Doorbell class
as an alerting mechanism in the future.

Choosing class names can be tricky. However, it is very important to
choose the correct class name, as it will make it easier to build your
application with class names that fit the purpose they are intended for.
Class names are usually nouns, and the methods inside the classes are
verbs. Generally, it is better to have a class represent one thing or idea. For
example, we named our class Doorbell, as we have designed it to
encapsulate what a doorbell does: alert the user that someone is at the
door. Taking that idea into account, it makes sense that the Doorbell
class would contain code to light up an LED, sound a buzzer, and send a
text message, as those three actions fall under the idea of alerting a user.

After we define our class, we create class variables that are used in our class as follows:

class Doorbell:
account_sid = "'
auth_token = ''
from_phonenumber=""
test_env = True
led = RGBLED (red=17, green=22, blue=27)
buzzer = Buzzer (26)
num_of_rings = 0
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ring_delay = 0
msg = "'

The init and setEnvironment methods set the variables we use in our class.
The test_env variable determines whether we use the Twilio test or live environments in
our code. The test environment is used by default:

def _ _init__ (self,
num_of_rings = 1,
ring_delay = 1,
message = 'ring',
test_env = True) :
self.num_of_rings = num_of_rings
self.ring_delay = ring_delay
self.message = message
self.test_env = self.setEnvironment (test_env)

def setEnvironment (self, test_env):
if test_env:

self.account_sid = '<<test account sid>>'
self.auth_token = '<<test auth token>>'
return True

else:
self.account_sid = '<<live account sid>>"'
self.auth_token = '<<auth_token>>"

return False

The doorbell_sequence, sendTextMessage, and 1ight_show methods are similar to
methods we've covered previously in this book. It is through these three methods that we
alert a user that someone is at the door. Of note here is the return value sent from the
sendTextMessage method: return 'Doorbell text message sent - ' +
message . sid. By having this in the code, we are able to use

the sendTextMessage method to provide a printed confirmation in our shell that a text
message has been sent.

As mentioned previously, the Blue Dot portion of our code sits outside of the class
definition:

def pressed():
doorbell = Doorbell (2, 0.5, 'There is someone at the door')
print (doorbell.doorbell_sequence())

blue_dot = BlueDot ()
blue_dot.when_pressed = pressed
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The previous code is something we've seen before. We define the pressed method, where
we instantiate a new doorbell object, and then call the doorbell_sequence method of
doorbell. The blue_dot variable is a BlueDot object, where we are only concerned with
the when_pressed event.

Of note here is the line containing the doorbell = Doorbell(2, 0.5, 'There is
someone at the door') statement. In this line, we instantiate a Doorbell object, which
we call doorbell, with num_of_rings equal to 2; ring_delay (or duration) equal to 0. 5;
and a message equal to There is someone at the door. We donot passinatest_env
environment value. Thus, the default setting of True is used to set our doorbell object to
use the Twilio test environment, where no text message is sent. To change it so that a text
message will be sent, change the statement to this:

doorbell = Doorbell (2, 0.5, 'There is someone at the door', False)

Make sure that you set up the Twilio account parameters accordingly. You should get a text
message on your cell phone telling you that someone is at the door. The following is the
message I received on my iPhone:

wll Rogers Wi-Fi & 3:07 PM 00%, -
< )
Sent from your Twilio trial
account - There is someone at
the door
-
+ © 0 I s X =)
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Creating a secret doorbell application with text
messaging

Now that we have the ability to send a text message whenever someone pushes the big blue
button on our Android device, let's make it a bit more complicated. We will modify the
SecretDoorbell class we created in Chapter 11, Creating a Doorbell Button Using Bluetooth,

and give it the ability to send text messages telling us who is at the door. Like we did
previously, we will put all our code into one file to keep it compact:

1. Open up Thonny from Application Menu | Programming | Thonny Python
IDE

2. Click on the New icon to create a new file
3. Type the following:

from twilio.rest import Client
from gpiozero import RGBLED
from gpiozero import Buzzer
from bluedot import BlueDot
from signal import pause

from time import sleep

class Doorbell:
account_sid = "'
auth_token = "'
from_phonenumber=""

test_env = True

led = RGBLED (red=17, green=22, blue=27)

buzzer = Buzzer (26)

num_of_rings = 0

ring_delay = 0

msg = ''

def _ init_ (self,
num_of_rings = 1,
ring_delay = 1,
message = 'ring',
test_env = True):

self.num_of_rings = num_of_rings

self.ring_delay = ring_delay

self.message = message

self.test_env = self.setEnvironment (test_env)

def setEnvironment (self, test_env):

if test_env:
self.account_sid = '<<test account_sid>>"
self.auth_token = '<<test auth_token>>"
return True
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else:
self.account_sid = '<<live account_sid>>"
self.auth_token = '<<live auth_token>>"
return False
def doorbell_sequence (self):
num = 0
while num < self.num_of_rings:
self.buzzer.on()
self.light_show ()
sleep(self.ring_delay)
self.buzzer.off ()
sleep(self.ring_delay)
num += 1
return self.sendTextMessage ()
def sendTextMessage (self) :
twilio_client = Client (self.account_sid,
self.auth_token)
if self.test_env:
message = twilio_client.messages.create (
body=self.message,
from_= '+15005550006",
to="'<<your phone number>>"
)
else:
message = twilio_client.messages.create (
body=self.message,
from_= '<<your twilio number>>",
to='<<your phone number>>"
)
return 'Doorbell text message sent - ' + message.sid
def light_show(self):
self.led.color=(1,0,0)

sleep(0.5)
self.led.color=(0,1,0)
sleep(0.5)
self.led.color=(0,0,1)
sleep(0.5)

self.led.off ()

class SecretDoorbell (Doorbell) :
names=[['Bob', 4, 0.5],
['Josephine', 1, 3],
['Ares', 6, 0.27,
['Constance', 2, 111
message = ' is at the door!'
def __init__ (self, person_num, test_env = True):
Doorbell.__init__ (self,
self.names[person_num] [1],
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self.names[person_num] [2],
self.names[person_num] [0] +
self.message,
test_env)
def swiped(swipe) :
if swipe.up:
doorbell = SecretDoorbell (0)
print (doorbell.doorbell_sequence())
elif swipe.down:
doorbell = SecretDoorbell (1)
print (doorbell.doorbell_sequence())
elif swipe.left:
doorbell = SecretDoorbell (2)
print (doorbell.doorbell_sequence())
elif swipe.right:
doorbell = SecretDoorbell (3)
print (doorbell.doorbell_sequence())
blue_dot = BlueDot ()
blue_dot .when_swiped = swiped
if _ name_ =="__main_ ":
pause ()

Save the file as SecretDoorbell.py and run it
Open up the Blue Dot app on your Android device
Connect to the Raspberry Pi

Swipe the blue dot downwards from the top position

You should hear the buzzer sound once for about three seconds, and see the RGB
LED perform its light show once. Something similar to the following will be
displayed at the bottom of the shell:

® NS U

Server started B8:27:EB:12:77:4F

Waiting for connection

Client connected F4:0E:22:EB:31:CA

Doorbell text message sent — SM62680586b32ad42bdacaff4200e0fed78

9. As in the previous project, we will get a message indicating that a text message
was sent, but we will not actually receive a text message, due to being in the
Twilio test environment

Before we get our application to send us a text message that will tell us who is at the door
based on how they swiped, let's take a look at the code.
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Our SecretDoorbell.py file is exactly the same as our Doorbell.py file, with the
exception of the following code:

class SecretDoorbell (Doorbell) :
names=[['Bob', 4, 0.5],
['Josephine', 1, 3],
['Ares', 6, 0.27,
['Constance', 2, 1]]
message = ' is at the door!'
def __init__ (self, person_num, test_env = True):
Doorbell._ init__ (self,
self.names[person_num] [1],
self.names[person_num] [2],
self.names[person_num] [0] +
self.message,
test_env)
def swiped(swipe) :
if swipe.up:
doorbell = SecretDoorbell (0)
print (doorbell.doorbell_sequence())
elif swipe.down:
doorbell = SecretDoorbell (1)
print (doorbell.doorbell_sequence())
elif swipe.left:
doorbell = SecretDoorbell (2)
print (doorbell.doorbell_sequence())
elif swipe.right:
doorbell = SecretDoorbell (3)
print (doorbell.doorbell_sequence())
blue_dot = BlueDot ()
blue_dot .when_swiped = swiped

The class, SecretDoorbell, is created as a subclass of Doorbell, thereby inheriting the
methods from Doorbell. The names array that we created stores the names and ring
properties associated with the names in the array. So, for example, the first element has the
name of Bob, a num_of_rings value of 4, and a ring_delay (duration) value of 0. 5.
When this record is used in a live Twilio environment, you should hear the buzzer and see
the RGB LED light show cycle four times, with a short delay between the the rings. The
init method of SecretDoorbell collects person_num (or, basically, position information
in the names array) and uses it to instantiate the Doorbell parent class. The test_env
value is defaulted to True, meaning we can only turn on the live Twilio environment by
specifically overriding this value. This keeps us from accidentally using up our Twilio
account balance before we are ready to actually deploy the application.
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The Blue Dot code in our file sits outside of the SecretDoorbell class definition. We did
the same in the previous project, as it allows us to keep the doorbell functionality separate
from the doorbell trigger (the Blue Dot app on our Android device).

In our Blue Dot code, we instantiate a BlueDot object that we call blue_dot, before
assigning the when_swiped event to swiped. In swiped, we instantiate a
SecretDoorbell object with the value of 0 for the swipe . up gesture, 1 for swipe.down,
2 for swipe.left, and 3 for swipe.right. These values correspond to the array positions
in the names array of the SecretDoorbell class. We do not pass in a value for test_env
when we instantiate a SecretDoorbell object for any of the gestures, thus a text message
is not sent. Just as in the previous project, we print to the shell the successful result of
running the doorbell_sequence method.

To have a text message sent, we only have to override the default test_env value with

the False value. We do this when we instantiate a SecretDoorbell object for our swipe
gestures in the swiped method. Our code is designed in such a way that we can have a text
message sent for one or many gestures. Modify the following e1if statement in swiped:

elif swipe.down:
doorbell = SecretDoorbell (1, False)
print (doorbell.doorbell_sequence())

What we have done here, is turn on the live Twilio environment for the swipe.down
gesture by overriding the test_env variable. The 1 value, which we instantiate

our SecretDoorbell object with, corresponds to the second element in the names array in
SecretDoorbell.
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Thus, when you run the app and swipe from top to bottom on the blue dot, you should
receive a text message from Twilio saying that Josephine is at the door, as follows:

ol Rogers Wi-Fi =

<

door!

(O A)

3:07 PM

9

Today 2:40 PM

Sent from your Twilio trial
account - Josephine is at the

*+ OO0 0O -

100% (=

00O
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Summary

In this chapter, we learned how to add text messaging to our doorbell application. This
creates a doorbell fit for the age of the Internet of Things. It's easy to see how the concept of
the IoT Bluetooth doorbell could be expanded—imagine turning on the porch lights when
someone pushes the doorbell.

We can also see how the Blue Dot app could be utilized in other ways as well. We could
program a certain swiping sequence with our Blue Dot app, perhaps to unlock the door.
Imagine not having to carry around keys!

This is the last chapter before we introduce our robot car. In the following chapters, we will
take the concepts we have learned so far and apply them to a robot that we control through
the internet.

Questions

1. How does the Blue Dot app connect to our Raspberry Pi?

2. True or false? Running a message through the Twilio test environment creates a
text message that is sent to your phone.

3. What is the name of the service we use to send text messages?

4. True or false? We create our SecretDoorbell class as a subclass of the
Doorbell class.

5. What are the four Blue Dot gestures we use in our second application?

6. True or false? Naming a class in a way that describes what it does makes coding
easier.

7. What is the difference between Doorbell and SecretDoorbell?
8. True or false? Josephine's ring pattern involves one long buzzer sound.

9. True or false? You need to use an Android phone in order to receive text
messages from our applications.

10. How should Constance swipe the blue dot, so we know that it's her at the door?

Further reading

We touched a little on the Twilio service. However, there is still more to
learn—visit https://www.twilio.com/docs/tutorials for more information.
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Introducing the Raspberry Pi
Robot Car

I would like to introduce you to T.A.R.A.S, the robot car. T.A.R.A.S is actually a backronym;
I took the name from a business mentor of mine who helped me get started. After
scratching my head trying to come up with something, I finally figured out how to turn my
friend Taras into T.A.R.A.S, this Amazing Raspberry-Pi Automated Security agent. As you
can probably tell from the name, T.A.R.A.S will monitor things for us and act as an
automated security guard.

T.A.R.A.S will use Raspberry Pi for a brain and motor driver boards to control both the
movement of its camera gimbal and wheels. T.A.R.A.S will also have sensory inputs as well
as LED and buzzer outputs. T.A.R.A.S will be an aggregation of the skills we have acquired
throughout this book.

We will spend this chapter building T.A.R.A.S and writing code to control it.
The following topics will be covered in this chapter:

e The parts of the robot car
¢ Building the robot car
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The parts of the robot car

I designed T.A.R.A.S to be as simple to put together as possible. T.A.R.A.S consists of a
laser cut hardboard chassis, 3D printed wheel, and camera mount parts (there is an option
to use laser cut wheel mounts, too). In order for you to build T.A.R.A.S, I have provided
SVG files for the chassis and STL files for the 3D printed parts. All other parts may be
purchased online. The following is a photo of T.A.R.A.S. before assembly:
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Servo camera mount (shown assembled)—search www.aliexpress.com for a
camera platform anti-vibration camera mount

3D printed bracket (camera brace)

DC motors for wheels (shown with motor wires and extension wires
attached)—search www.aliexpress.com for a smart car robot plastic tire wheel

Wheel mounts (3D printed)

. LEDs
. LED holders—search www.aliexpress.com for alamp LED holder black clip

Camera mount brace (laser cut)

. Active buzzer—search www.aliexpress.com for a 5V active buzzer
. Distance sensor (HC-SR04)—search www.aliexpress.com for an HC-SR04
10.

Alternative wheel mounts (laser cut)
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11.

12.
13.
14.
15.

16.
17.

18.
19.

20.

21.
22.

23.

24.

25.

26.

27.

Raspberry Pi camera (long lens version, shown without

cable)—search www.aliexpress.com

Motor driver plate (laser cut)

Wheels—search www.aliexpress.com for a smart car robot plastic tire wheel
Robot car chassis (laser cut)

Motor driver board—search www.aliexpress.com for an L298N motor driver
board module

DC barrel jack (shown with wires attached)—www.aliexpress.com

Adafruit 16-Channel PWM/Servo HAT—nhttps://www.adafruit.com/product/
2327

Raspberry Pi

40-pin single-row male pin header connector strip (not
shown)—www.aliexpress.com

Various loose wires and breadboard jumper wires (not shown)—it's a good idea
to buy many different wires and breadboard jumper wires; you can search
www.aliexpress.com for breadboard jumper wires

Heat shrink (not shown)

7.4V rechargeable battery with DC jack (not shown)—search
www.aliexpress.com for a 7.4V 18650 Li-ion lithium ion rechargeable battery
pack (be sure to pick one that fits with the DC barrel jack in 16)

Alternatively to part 22, you may use an AA sized power battery storage case
box instead of parts 16 and 22—www.aliexpress.com

Mini breadboard (not shown)—search www.aliexpress.com for an SYB-170 mini
solderless prototype experiment test breadboard

Various standoffs (not shown)—it should be able to have a standoff height of at
least 40 mm; it's a good idea to have as many standoffs as you can as they always
seem to come in handy, and you can search www.aliexpress.com for standoffs in
electronics

330 and 470 Ohm resistors (not shown)—it's a good idea to buy many resistors as
they do indeed come in handy; search www.aliexpress.com for a resistor pack
Portable USB power pack (not shown)—this type is used to charge cell phones on
the go; we will use this power pack to power the Raspberry Pi
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Building the robot car

The following are the steps to build T.A.R.A.S, our robot car. Your version of T.A.R.A.S
may be built close to the one used in this book or you may make modifications as desired.
For one thing, I am using a Raspberry Pi camera module with a longer lens (night-vision
models have longer lenses). I am also using the Adafruit 16-Channel PWM/Servo HAT to
drive the servos for the camera mount. You may choose to use another board or forgo the
servos altogether and mount the camera in a fixed position.

One of my favorite robot backronyms is Vincent from the 1980s Disney
movie The Black Hole. Vincent, or more accurately, V.L.N.CENT, stands for
Vital Information Necessary Centralized. If you know the movie, you will
know that V.LN.CENT is quite clever and very polite. V.ILN.CENT is also
a bit of a know-it-all and can be a little irritating at times.

I have included two different ways to mount the wheel motors: using a 3D printed wheel
mount or using a laser cut wheel mount. I prefer the 3D printed brace as it allows for the
screws to be countersunk, thereby providing more space between the chassis and the
wheel.

If you are 3D printing the wheel mounts and camera brace yourself, you
may use whichever solid filament type you desire. Personally, I used
PETG as I like the way it bends without breaking. PLA is fine as well. Be
sure to 3D print the wheel mounts on their sides so that they print wide
and not high. This will result in a print that may be a little messy around
the holes (for PETG, at least), but it will be a much stronger part. I
managed to print a single wheel mount in 30 minutes and the camera
brace in about 90 minutes.

Building the robot car should take an afternoon of your time.

Step 1 — Adafruit 16-Channel PWM/Servo HAT for
Raspberry Pi

If you haven't heard of it, there is this amazing company in New York City that caters to
electronics hobbyists around the world called Adafruit. Adafruit creates many HATs
(Hardware Added on Top) for Raspberry Pi, including the one we will use for our robot,
the Adafruit 16-Channel PWM/Servo HAT.

With this HAT, the repetitive time pulses needed to control servos are offloaded from
Raspberry Pi and onto the HAT. With this HAT, you may control up to 16 servos.
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The following is a photo of the HAT and the headers that come with it:
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For our purposes, we need to solder headers onto the board:

1. As we are only using two servos, solder two of the 3 pin servo headers to the
board.

2. Solder the 2 X 20 pin header. A good way to hold the board and pins in place
while soldering is to use some Play-Doh! (make sure you don't go too close to the
Play-Doh! with the hot soldering iron while soldering):
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3. As we will be using wires from our motor board to power the servo board, solder
the power header onto the board.

4. We need to access GPIO pins from Raspberry Pi, so another pin row must be

added. Break off 25 pins from a 40-pin pin header connector. Solder the pins onto
the board:

2 12C ﬂddress 88000
k3 QEEQQ 00000
z -:‘, 00000

/Closed=1 OOQQO
00000

fl 16 x 12-pit pun S ' 00000!
'Ef‘ Servo/DNﬂ Pi HAT! t 00000
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=
=
=
=

wy 00000
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Step 2 - Wiring up the motors

We need to wire up the motors so that two always spin at the same time and in the same
direction:

1. Cut eight equal pieces of wire and strip a little insulation off both ends of all
pieces:
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2. Solder an end to each terminal on the motors:

3. Apply heat shrink to the terminal to insulate it:
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4. Group and connect the wires from each motor so that the wire on the top of one
motor connects to the wire on the bottom of the other motor (see photo for
clarity):

5. For extra strength and protection, you may use heat shrink to keep the wires
together (in the previous photo, a yellow heat shrink is used).

6. Extension wires may be added to the ends (I have chosen to do this for my build
as the wire length was a little short). The blue labeling tape added to the ends
will help out later one when wiring the motors up to the motor driver board:
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Step 3 — Assembling the servo camera mount

With our servo camera mount, T.A.R.A.S has the ability to move its head side to side and
up and down. This will come in handy for our project in chapter 14, Controlling the Robot
Car Using Python. When you pour the pieces of the servo camera mount onto the table, it
may seem a little daunting as to how you are going to assemble it into something useful.

The following is a photo of the parts of the servo camera mount,. Rather than try to name
the parts, I'll just put letters down and refer to the letters for assembly:
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To assemble the servo camera mount do the following;:

1. Place part E inside of part A so that the protruding cylinder from part E is facing
up:

2. Flip over and screw part E to part A by using the smallest screws in the pack:
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3. Screw a servo into part D using small screws (see the following photo):

4. Place part B over the servo and insert part F into the groove made for it. Screw
part F into place. The servo should be able to move freely up and down while
attached to parts B and F:
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5. Flip the assembled part over and insert the other servo into part B:
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7. Flip the assembled part over and screw parts B and C together:

8. Insert the assembled part into part E:
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9. Screw part A to the bottom of the assembled part:

Step 4 - Attaching the head

Let's face it. A robot just isn't a robot unless it has a face of some sort (with apologies to
R2D2). In this step, we will attach the parts to build the head and face of T.A.R.A.S.

According to Rodney Brooks, founder of Rethink Robotics, robots do not
have faces just to make them friendly. Faces on robots are used as visual
cues for humans to pick up on. For example, if a robot moves its head in a
certain direction, we can safely assume that the robot is analyzing
something in that direction. When we move the head of T.A.R.A.S, we are
giving cues to those around us that T.A.R.A.S is looking that way.
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The following is a photo of the parts needed to complete the head:

We will now assemble the head of T.A.R.A.S. The following is a list of the parts:

A: Raspberry Pi camera module
B: Camera mount brace

C: Assembled camera mount with servos
D: 3D printed bracket
E: Distance sensor

F: Screw
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To assemble the head, do the following:

1. Apply small pieces of double-sided foam tape to the Raspberry Pi camera
module and distance sensor:
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2. Stick the Raspberry Pi camera module and distance sensor in place in the
appropriate places on the 3D printed bracket (see the following photo for
clarification):
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3. Slide the assembly into place on the assembled camera mount and screw it into
place (see the following photo for clarification):

4. Add female-to-female jumpers to the distance sensor's pins. Here,  have used a
four-pin connector to 4 individual pins. You may use separate jumpers instead:
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5. Turn the assembled piece around and apply the sticker for teeth:

Step 5 — Assembling the DC motor plate

The DC motor plate is at the back of T.A.R.A.S and houses the DC motor driver that moves
the wheels. The DC Barrel Jack and tail light LEDs also sit on the DC motor plate. We will
start this step by creating the tail light LEDs.

The following photo shows the parts that are needed to make the tail light LEDs:
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The following is a list of the parts:

¢ A: Red jumper wires (one end must be female)

e B: Brown jumper wires (one end must be female)
e C:Red LED

e D: Green LED

e E: 330 Ohm resistors

¢ F: Heat shrink

The following are the steps to create the LED tail lights:

1. Solder a 330 Ohm resistor to the anode (longer leg) of the LED.
2. Apply heat shrink to the connection to provide strength and insulation.

3. Strip one end of a red jumper wire (make sure that the other end is female) and
solder it to the end of the resistor. This is the positive end of the assembly:
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4. Apply heat shrink over the entire resistor:

5. Solder a brown wire to the cathode and apply heat shrink (in this photo, we
show a red LED with an extended brown wire). This is the negative end of the
assembly:
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6. Now that we have completed the assembly of the two tail lights, let's put the DC
motor board together. The following is a photo of the pieces we need to put the
DC motor board together:

The following is a list of the parts:

® A:Red tail light

¢ B: Green tail light

C: Short power wire

D: Motor driver board

E: DC motor plate (laser cut)
F: LED holders

G: DC barrel jack

H: 40 mm standoffs

Eight M3X10 bolts (not shown)
Four M3 nuts (not shown)

Zip ties (not shown)
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Let's start putting it together:

1. Screw the 40 mm standoffs (H) to E using four 10 mm M3 bolts. Refer to the
following photo for the proper orientation:

2. Screw the motor driver board (D) to E using four 10 mm M3 bolts and nuts. Refer
to the following photo for the proper orientation:
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Here is the side view:

3. Attach wire C to the DC barrel jack (G) ports. Make sure that the red wire goes to
positive and that the black goes to negative. Attach the other end of wire C into
the motor driver board (D). Make sure that the red wire goes to VCC and that the
black wire goes to GND. Secure the DC barrel jack (G) to the DC motor plate (E)
with zip ties. See the following photo for clarification:
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Here is the wiring diagram:

L298N
H-Bridge

fritzi ng

4. Alternatively, you may use an AA battery four-pack for power. Be sure to follow
the same wiring with the red wire connected to VCC and the black wire
connected to GND:
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5. Thread the tail light (B) through the LED holes and through an LED holder (F):

6. Push the LED holder (F) into place. If the hole is too tight, use a small file to make
the hole a little bigger (the LED holder should fit in tight). Repeat for the red tail
light:
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Step 6 — Attaching the motors and wheels

In this step, we will begin attaching parts to the chassis. We will start by securing the wheel
mounts, followed by the motors. The wheel mounts we will use in this step are the 3D
printed ones.

The parts needed for this step are shown in the following photo:

The following is a list of the parts:

A: Wheels

B: Motors

C: Alternative wheel mounts (laser cut)
D: Wheel mounts (3D printed)

E: Robot car chassis (laser cut)

Eight M3 10 mm bolts (not shown)
Eight M3 30 mm bolts (not shown)

16 M3 nuts (not shown)
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Let's start putting it together:

1. Using the 10 mm M3 bolts and nuts, attach each wheel mount (D) to the chassis
(E) so that the head of the bolt sinks flat into the wheel mount (D). Refer to the
following photo for clarification:

2. Using 30 mm M3 bolts and M3 nuts, mount the motors (B) onto the chassis (E) by
using the wheel mount (D). Ensure that the head of the bolt is sunk flat. Refer to
the following photo for clarification:
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3. Alternatively, you may use part C instead of part D to mount the wheels. See the
following photo for clarification:

Step 7 — Wiring up the motors
Next, we will attach the motor drive plate assembly and wire up the wheel motors:

1. Start by securing the DC motor plate assembly from step 5 to the top of the
chassis using four M3 10 mm bolts. Be sure to thread the wires from th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>