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Abstract

The thesis is on HomeAutomation. It covers the area of monitoring and controlling appliances
in home as per users configuration and control. As the automation is performed on Raspberry
Pi device along with Arduino board, it combines the overall benefits from both devices and

thus useful in implementing our tasks.

It primarily focus on safety and then other facilities extended along with it. Services like
knowing temperature reading, lights On/Off condition, fan On/Off and other services are
featured in this HomeAutomation. The Alarm system is also major part in HomeAutomation
which secure the home and update user with right information in right time to avoid accident

and loss.

The controlling section is great importance in HomeAutomation. User will have automatic
settings to control the appliances. Further, this service is good and one of the reliable way to
encapsulate home from internal and external danger. People in job or outside home can work
freely and smartly having control to their home. They can just sit and login browser and see

what is going on in their home in just a second and feel that their home is with them all time.

HomeAutomation is truly one of the needs in today's world. People rely and feel safe and
warmth in their home with their family. HomeAutomation brings more closer and more safer

to them.



Abbreviation

0.S Operating System
DBMS Database Management System

PC Personal Computer

PID Proportional-Integral-Derivative

DB Data Base

LED Light Emitting Diode
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1 Introduction

The Master Thesis is on Home Automation. HomeAutomation is today's one of the growing
needs in people's life. HomeAutomation actually refers to automation of home appliances

which can be viewed from safety, automatic monitoring and controlling view.

1.1 Project Task Description

Information is everything in today's real life. Particularly when these information are prone to
affect their life in close way, information about such things are of great importance. People
are away from home for work or for other reasons and there is always insecure of what's
happening in home and things related to home appliances whether they are operating or
turned On/Off and several other things associated to their house.

HomeAutomation is sought to solve these problems and provide user with the instant
monitoring and controlling of home appliances. There are several devices for such monitoring
and controlling. In this Master Thesis, we are focused on monitoring and controlling the home
appliances with Raspberry Pi in extension with Arduino. As these devices are cheaper and
simpler to use and handle, they are used in co-operation to widen the work and service

functionality and comparatively.

The Thesis is focused on building HomeAutomation which supports basic monitoring and
controlling of lights, Fan and Raspberry Pi Camera. With these tasks to accomplish, the
internal understanding of Database(SQL and MySQL), Programming Languages(PHP), Web-
Server are of equal importance to deal with as these are the internal core on which

HomeAutomation is build upon.

HomeAutomation provides a feel of secure when in/out of house. The system appliances run
automatic. For example: The lights are turned On and Off when there is evening and morning.
Also when away from home these things can be monitored in webpage or application, which
allows to know what are the condition in home, whether light is On or whether fan is Off or
door is locked. And through automatic controlling action we can control the light to On/Off,

fan to On/Off and be in safe zone
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1.2 Goals of the Project

The goals are to complete the tasks and in systematic order finish the given task. The main

goal of the project are listed below:

Log, Monitor and Control appliances in Homes.
Develop PID control for temperature control in Homes.
Develop central Server 'SQL Server'.

Develop 'Dashboard for Lab VIEW' application for control and monitoring

These are the important goals of the project. The Logging, Monitoring and Controlling
of sensors and appliances are done .Temperature are monitored, Lights and Fans are
controlled and logged accordingly. Camera along with Alarm are activated.

Similarly, a PID controller is developed and used for controlling room heater in house.
Depending on temperature sensor data recorded, the input is tuned for constant output
temperature specified at reference point.

These tasks were of interesting , however were time consuming due to beginners in
Raspberry Pi device and programming language. Also devices were not working
according to guidance from reference book. Troubleshooting of such problems took
more time than expected. It was time consuming to find solutions , thus restricting to
go further tasks. Furthermore webpage design and coding is new and took lot of time
in understanding and synchronizing with MySQL Database server.

Dashboard applications tasks and central server tasks i.e SQL server system tasks
were incomplete in the thesis period. Also, Central Server tasks needed more time to
create, it was unfortunately undone. And dashboard application tasks require Central
server tasks to be done. Without it, dashboard application was useless so it was too
undone.

Although the tasks were exciting and was interesting to work with Raspberry device

and Arduino along with sensors and devices.
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2 Theory

2.1 Home Automation

Home Automation is automation of home, housework or household activity. In other words it
refers to use of IT/computer to control home appliances. It integrates electrical devices in a
house with each other. For example: It can include centralized control of lighting, appliances,
security lock of gates & doors to provide improved convenience, comfort, energy, efficiency

and safety.

In today's IT world, home automation is being popular due to easiness, flexible means of
viewing/monitoring and controlling the appliances and other things according to users
comfort and needs. The challenging part lies in simplicity and cost of installing them in home

and varies with increasing number of services to be monitored and controlled.

2.2 Raspberry Pi

Raspberry Pi is credit-card sized single board computer used for programming and designing.
It is operating on Linux-Kernel based Operating System. It function similar to computer
except that it do not have screen monitor, mouse and keyboard. It costs around € 45.00. We
can do most of work in Raspberry Pi like we can browse internet or play video. The only
exception is to program so that it can function and play the video or surf internet.

It consists of CPU, GPU and RAM like that of Computer. The physical outlets consists of
Power plug , Ethernet plug, HDMI, USB, Card Reader, Audio Out, RCA Video Out, GPIO
respectively.[1]

The frontal and back part of Raspberry Pi Circuit board is shown in Figure 2-1 and Figure

2-2 along with the major parts indication.
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The working of Raspberry Pi is explained below:

Raspberry Pi is credit-card sized computer which supports Linux based Operating
System(OS). The foremost thing is to install O.S in the memory card as Raspberry Pi do not
have any Hard-Disk attached by. The O.S can be downloaded from website and installed on
Secure Digital(SD) card. There are different types of Linux based O.S, however choose
'Raspbian Debian Wheezy' O.S to install.[2]

Raspberry Pi have 2 USB ports through which Keyboard and Mouse are plugged in.
Similarly, HDMI port through which Monitor is connected to display and work. There is
Ethernet port to connect the Raspberry Pi in network or Internet. And the GPIO port is used to

connect other physical devices as peripherals.

Now, programming can be done in Linux windows for various simple applications. It can be
used to control, log and monitor several devices by programming and connecting such
devices. Hence, a good knowledge of programming is pros to user who wants to have

knowledge and program to various applications.

Once the installation is completed, the windows opens and desktop contains number of icons
for user facility like web browser, LTX terminal, Control program, games and others. To
connect other devices GPIO pins are used for external connection so that either the data can

be read from them for monitoring or send to them for controlling part.

The user must install necessary software that supports LINUX O.S to program for logging,

monitoring and controlling section.

2.3 Arduino and Arduino IDE

Arduino is open-source hardware, where the programming can be done to control the
electronics devices. Generally, Arduino is used for sensing sensor/devices and controlling
them. There are different types of Arduino such as Arduino Uno, Arduino Mega 2560,
Arduino Mega ADK and so on. Arduino Uno Rev3 Board is available in market and costs
around € 20.00 and Arduino Wi-Fi Shield cost around € 69.00. The one we have used in this
project is Arduino Uno Board.[3]

Arduino consists of microcontroller, Reset switch. The physical outlets consists of Power
plug , USB connector, Analog pins, Digital pins respectively. The frontal view of Arduino
Uno Circuit board is shown in the Figure 2-3 along with the major parts indication. Also,

frontal view of Wi-Fi Shield Arduino is shown in Figure 2-4.
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Arduino is microcontroller controlled hardware for interacting the physical world entities like

pressure, temperature and controlling other devices accordingly. It needs set of instructions to
carry out the tasks which is embedded in microcontroller.
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Arduino have power plug to power up the board. Through USB connector, it is connected to
computer where the programmed instruction is burned into microcontroller. The 6 Analog
input pins receives analog inputs from sensors while 14 Digital input/output pins receive/send

digital signals.

Arduino Wi-Fi shield connects Arduino Uno Board to Internet wirelessly. It can be connected
to wireless network through programming on Arduino Board. It has micro-SD card slot which
can store files. Arduino Wi-Fi shield requires Wi-Fi library function to support wireless
functions. It has open pins at back part which can be insert into Arduino Uno Board and then
the whole Arduino Board acts as Wi-Fi Shield Arduino device. In HomeAutomation, Wi-Fi
Shield Arduino is used so that it can be placed anywhere in house and access information

accordingly.

The programming part is essential in Arduino as it is the brain behind Arduino functioning
the tasks. For programming, Arduino IDE software is installed which is available on Arduino
official site. These set of instructions are programmed by user through Arduino software and

burned in microcontroller.

Arduino IDE is the open-source software for coding and uploading it to the Arduino board. It
can be downloaded from Arduino official website and is free of cost. This software can run
on O.S like Windows, Linux, MAC. This software can be written in any Arduino Board hence
applicable for all. The coding in this software is simple and easy to use. The programming is
relatively simple and easy to understand. The Basic programming model format consists of

two functions:
void setup() {} // We write initialization variable or initial things before main function.

void loop() {} // We write loopable tasks or things to control in this function.

2.4 MySQL Database Server

It is an open-source relational database application that uses structured query languages. It is

one of the widely used database used in web applications.[4]

With MySQL, we can add, access and manage content in database. SQL offers fast
processing, ease, scalable and flexibility in use. Also MySQL is part of open-source PHP
application. It is client-server system that consists of multi threaded SQL server that supports

different client programs, wide range of applications programming interfaces.
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For example, a database name homeautomation2 is created, but we have to be sure for
installing MySQL application prior following below commands on LXTerminal.

SUDO MYSQL -U ROOT -P

ENTER PASSWORD:  (you must enter root password here)

CREATE DATABASE homeautomation2; (create database by giving name)

USE homeautomation2; (use your database now)
CREATE TABLE weather (create table for your database )

(
data INT(11) NOT NULL,

regtime TIMESTAMP

);
INSERT INTO weather (data.regtime)VALUES (150,now()); (Insert data for your table)
SELECT * FROM weather; (display inserted data that is stored in table)

This is the basic commands for creating database and tables in MySQL Database Server.

2.5 Apache-Web server

Apache is one of the most used WebServer software. This application can be downloaded
from Internet and is free of cost. It is available for different O.S such as Linux, Windows,
Unix etc. It supports a variety of features, many implemented as compiled modules which
extend the core functionality. These can range from server-side programming language

support to authentication schemes. [5]

Apache features configurable error messages, DBMS-based authentication databases,
and content negotiation. It is also supported by several graphical user interfaces (GUIs). It

also supports password authentication and digital certificate authentication.

2.6 Database & Database Management Systems

Database is a collection of information that is organized in systematic way. It is organized in a
manner that the stored information can be easily retrieved, updated, analyzed and output as
and when required. The data can be stored in the computer/server in the form of tables, text,

scripts, reports, graphics etc.[6]

Database Management Systems is application/programs enabling user to store, organize,
select and analyse data in a database. Hence, DMS is needed for accessing information from a
database. Some of the DBMSs are MySQL, Microsoft SQL Server, Oracle, IBM DB2 etc.
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There are different types of DBMSs according to the management of database structures.
Some of the types of DBMS are: Hierarchical DBMS, Network DBMS, Relational DBMS,
Object-oriented DBMS.

The most common used is the relational database. In relational database, data are stored in
table form. The table contains list of columns in which related data are entered ,stored and
also retrieve when required. MySQL Database Server uses Relational database model for
managing data.

2.7 PID Controller

PID (Proportional-Integral-Derivative) Controller is a type of controller used for controlling
the process or devices to desired operation value so that output is always fixed. PID
Controller uses feedback mechanism process to minimize the error for desired output. PID
uses 3 parameters called PID where P is Proportional, I is Integral and D is Derivative for

tuning input to desire output.[7]

r(t)
+
,‘ Plant / I y(t)’_ e(t)
Process
ot P Ke(t) I<—
:— | K;J:-G(T)d’?'l{

de(t)
D K. dt

Figure 2-5: Figure of PID Controller working mechanism|[7]

The Figure 2-5 shows the mechanism by which Plant/Process is controlled and
as we can see there is manipulated input to plant process from PID Controller after it detects

error with the reference input to be fed in the Plant/Process for desired output.[26]
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2.8 Putty and Xming/Xlaunch

Putty is free Telnet and SSH open-source terminal software. Putty is developed for both
Windows and Linux. It supports network protocols like SSH, Telnet, RLogin, Serial

connection.[8]

=% Session | Basic options for your PuTTY session
- Logging Specify the destination you want to connect to
- Teminal Host N IP add Port
- Keyboard nst Mame (or IP address) ol
- Bell 22
- Features Connection type:
- Window (JRaw () Telnet () Rlogin (®)SSH () Seral
.gp;iea@nce Load, save or delete a stored session
- Behaviour
- Translation Saved Sessions
- Selection
- Colours ;
Default Settings
= Connection Load
- Data Save
- Proxy
- Telnat Delete
- Rlogin
- 55H
+ Serial Close window on ext: a
(_JMways (_)Never (@ Only on clean ext
oo co

Figure 2-6: Figure of Putty software

The IP address is used for connection to specified network device. In other words, Putty is
program to work on remote machine from other device. We can connect by entering the
hostname of the machine. Figure 2-6 shows the application page of putty software. Xming is
Windows System Server for Micorsoft Windows.[9] Xming allows to connect multiple
windows in host PC. Running Xlaunch application allows features to connect multiple
windows.

In HomeAutomation, both putty and Xlauch/Xming service is necessary as to control
Raspberry Pi via remote PC. It is not always possible to sit in front of Raspberry Pi device
and do work. Putty and Xming/Xlaunch offer us with virtual desktop of Raspberry Pi which
helps us to access Raspberry Pi device at any place and time.
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3 Methods

3.1 Procedure Process

The procedure for basic installing of Raspberry Pi and connection to Arduino is important for
HomeAutomation tasks. We have different sources guidelines to install the Raspberry Pi and
use it to connect Arduino. The most common book reference we used are 'Home Automation

with Raspberry Pi ' and 'Beginning Sensors Network with Arduino and Raspberry Pi ‘. The

screenshot of the respective books to indicate guidelines is shown Figure 3-1 & Figure 3-2.

This Book < Return to Search Results
Raspberry Pi Home
Automation with E @
Arduino

|| 2. Getting Started Part 1 - Setting up Your Raspberry Pi [ort] (@] swow search TeRMs

!i Chapter 2. Getting Started Part 1 — Setting up Your

:,Ms.ea,c., ' Raspberry Pi

v Contents

In this chapter, we will look at setting up the Raspberry Pi. In order to use your device you will need to start by installing an operating
system onto an SD card. Once this is in place, you can then install extra software for writing code and for controlling devices which

¥ 2. Getting Started Part 1 you connect to the GPIO pins

— Setting up Your

Raspberry Pi There are several steps needed to get you up and running:

The SD card - our
Raspberry Pi's storage
device

Pre-installed SD card
versus a blank one

Setting up the SD card

« Deciding whether to purchase an SD card with a pre-installed OS or a blank card
« Formatting the SD card

« Choosing the right version of Linux

« Installing the operating system

* Operating system configuration

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

installing an operating
system
Summary
» 3. Getting Started Part 2 —
Setting up Your Raspberry
Pi to Arduino Bridge Shield

Figure 3-1: Book reference for basic Raspberry Pi installation[10]

BUY EBOOK - NOK267.33

MySQL and Arduino: United at Last!

Get this book in print ¥

0 Reviews
Write review

Beginning Sensor Networks
with Arduino and Raspberry
Pi

By Charles Bell

Go
About this book

» My library

» My History

In previous chapters, | discussed several methods you can use to store sensor data, One of those methods is storing
the data in a database located on your network. If you recall, this has several advantages, not the least of which is that
you do not have to connect your sensor network to the Internet to enable this capability.

This is not difficult to achieve if your sensor nodes are connected to a Raspberry Pi, but how do you do this if
your sensor nodes are connected to an Arduino? The Arduino could be a sensor node itself, with one or more sensors
connected directly to the Arduino I/0 ports; or the Arduino could be a data aggregator, collecting data from other
sensor nodes via a ZigBee wireless network using XBee modules as you saw in Chapter 3. But how do you insert data
into MySQL without using a third-party service like Xively?

This chapter introduces a new database connector library that enables you to send sensor data from your
Arduino to a MySQL database.

Introducing Connector/Arduino

Congratulations! You have just entered a new world of Arduino projects. With a new database connector made
specifically for the Arduino, you can connect your Arduino project directly to a MySQL server without using an
intermediate computer or a web-based service.

Having direct access to a database server means you can store data acquired from your project in a database. You
can also check values stored in tables on the server. The connector allows you to keep your sensor network local to
vour facility—it can even be disconnected from the Internet or any other external network.

Figure 3-2: Book reference for basic Arduino and MySQL connection[20]
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3.1.1 Installation of Operating System and other Programs

The HomeAutomation tasks begin with installing O.S in memory stick card in Raspberry Pi
device. The O.S was downloaded from Internet through home page of Raspberry Pi. The web
page provides a number of O.S and we choose to install 'Raspbian Debian Wheezy' O.S [10].
Since with 'NOOBS' O.S, the output window screen of Raspberry Pi was inverted and also it

was difficult to access from outside using Putty application.

The O.S was successfully installed under guidance from sources from Internet. Later we
installed many features/services in O.S to support other features such as Arduino IDE
software, MySQL Database Server, PHP5, Apache-WebServer and several others program
necessary for our tasks. For such features to install, Internet connection was established in

Raspberry Pi device.

Then, the Raspberry Pi device was ready for use and operation. Depending on programs
requirement and problems faced, necessary software installment can be upgraded and

installed later.
The procedures in steps are pointed as below:

1. Install Raspberry Pi O.S on Raspberry Pi. The O.S downloaded from website is
zip(compressed) file[1]. We unzipped it and transferred the unzipped O.S to
Raspberry Pi SD card. The unzipped folder snapshot is shown in Figure 3-3 :

defaults
oS

s bootcode
BUILD-DATA
INSTRUCTIONS-README
recovery
recovery.cmaolne
recovery.ed
recovery.fs
RECOVERY_FILES_DO_NOT_EDIT
recovery’

& nscos-boot

Figure 3-3: Snapshot of folders and application of Raspberry Pi O.S

2. Thereafter, O.S starts to work in Raspberry Pi device. The outlook of O.S on
screen/monitor is shown in Figure 3-4.
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Figure 3-4: Snapshot of windows screen of Raspberry Pi

3. Now, we look for access to Internet. Raspberry Pi have Ethernet port to support
network communication. By default, Raspberry Pi device has automatic setting for
DHCP network communication. Therefore, when there is network cable connection,
Raspberry pi device assigns Dynamic IP address and there is network connection.

However in many cases, there needs to assign Static IP address to Raspberry Pi
device. This can be done easily by entering command line to make Static IP. For this,
we open LXTerminal command and enter the following commands [11]:

sudo nano /etc/network/interfaces
Then it displays as below:
iface ethO inet dhcp (for dynamic ip address)

To change this dynamic address configuration to static address, Enter following
commands:

#iface ethO inet dhcp (To deactivate dhcp server for static ip, put # in front as shown)
Then type below commands:

auto eth0

auto ethO inet static

address 192.168.0.25 (Give your Static IP address)

netmask 255.255.255.0 (Give your network netmask address)

Next, edit resolv.conf file by entering following commands.
sudo nano /etc/resolv.conf

Then enter commands as below:

nameserver 8.8.8.8
nameserver 8.8.4.4
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Then save it by pressing ctrl-o and Enter followed by ctrl-x. Now we restart the
networking service to activate Static IP address that we have just entered in command
line. The networking service is restarted by entering commands below:

sudo service networking restart

We can check if the configuration has worked by entering command as below:
ifconfig (displays ip address with full information)

Now, we install necessary software for HomeAutomation project. The software are
installed by entering respective commands on LXTerminal. The software installation
begins with WebServer-Apache installation, MySQL Database Server, PHP
installation, Arduino IDE installation and others. It should be noted that while
installing the software the network(Internet) connection must be established otherwise
the installation halts.

Installation of WebServer -Apache Server.[12] This software application is necessary
for establishing web server in Raspberry Pi device. Enter the following commands on
LXTerminal to install it:

Stepl: sudo apt-get update && apt-get upgrade
Step2: sudo apt-get install apache2 -y
Step3: sudo reboot

Then, test the WebServer running on Raspberry Pi by browsing on local browser as
http://localhost/. The webpage responds to WebServer as shown in Figure 3-5

fﬂ"l Back l_’.‘ u httpilocalhost)

It works!

This is the default web page for this server.

The web server software is running but no content has been added, yet.

Figure 3-5: Screenshot of browser showing WebServer working in Raspberry Pi

Installation of MySQL Server[13]. This software application is necessary for local
server database in Raspberry Pi device for HomeAutomation. Enter the following
commands on LXTerminal to install it:

Stepl: sudo apt-get update && apt-get upgrade
Step2: sudo apt-get install mysql-server --fix-missing
Step3: sudo apt-get install mysql-client php5-mysql
Step4: sudo reboot
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7. Installation of Arduino IDE.[14] This software application is necessary for coding
Arduino code and uploading code in Arduino device. Enter the following command on
LXTerminal to install it:

Stepl: sudo apt-get update && apt-get upgrade
Step2: sudo apt-get install arduino
Step3: sudo reboot

After installation, the Arduino IDE software appears on Start menu of Raspberry Pi
windows on Electronics-Arduino IDE. Similarly, Sketchbook folder for storing
Arduino files is present in /home/pi.

8. After these installation, we can move on doing main HomeAutomation monitoring,
logging and controlling section.

3.1.2 Database Design and Implementation in MySQL Server
After 3.1.1, we focus on Database implementation in MySQL Server in Raspberry Pi. For
this, the database design was necessary as to construct database tables and their respective

columns and define the relationship that can exist among different tables.

As from task description, HomeAutomation deals with information that has to be logged in
database and monitored through web page on browser through laptop or tabloid, it was
necessary to build the model that fulfill the task requirement and also tie the relationship
between. So, database design was started to link on how these system coordinates and

function together to accomplish task.

The first action done was design of Database model i.e make E/R relationship in Erwin
Software for HomeAutomation. For that, we must download Erwin software from
Internet[15]. The E/R relationship in Erwin features Table with Columns, Primary & Foreign
Key, and other necessary tools. Here, the basic design was developed using Tables &
Columns so to include information to be record and processed. The E/R diagram of
HomeAutomation database design is shown in Figure 3-6:
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Figure 3-6: E/R diagram of Home Automation database

Under this relationship, this database design has to be implemented in MySQL Server in
Raspberry Pi device for HomeAutomation task. Tables were created and columns were added
together with indication of primary key and foreign key relationship based on their link
with each other table. Under table section, several columns were created for the information

to be recorded or managed.

Now the database has to be created in MySQL Server. There are two methods to implement

the database with tables and columns :
a) The first method is by using LXTerminal and entering the command necessary to
create the required database and its table & columns.
b) The second method is to install PhpMyAdmin in Raspberry Pi and create database
along with tables and columns. The second way is preferred as it is much easier and

simpler to use just by browsing link to localhost/PhpMyAdmin/ and creating database
with the list of option available.

3.1.2.1Install PhpMyAdmin in Raspberry Pi to handle administration of
MySQL Database Server

We then install PhpMyAdmin in Raspberry Pi so that we can easily administrate MySQL
Database Server in browser to manage database. This feature enabled to create database

simply by logging on local PhpMyAdmin web page on browser and then click on create
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panel to create new database we desire for. Further, tables and columns can be created, edited
or as well delete and other properties related to implement of database was available. The
feature made more simple to manage MySQL Database Server in Raspberry Pi. The problem
of using command line on LXTerminal to manage database was sorted out, which is great
relief for beginners and with weak PHP coders. Hence, the database for HomeAutomation
was successfully implemented. The Figure 3-7 shows the PhpMyAdmin page in

browser:

9 Stucture [ SQL | Search () Query | [ Export Sl Import 4 Operations =7 Privileges = ® Tracking & Designer

&8 3e0 ¢ Table . Action Rows @ Type Collation Size  Overhead
alarm = Browse 34 Structure [ Search ¥¢ Insert [ff Empty @ Drop @ InnoDB latin1_swedish i 15.8 Kis -
TR & alarmpriority (= Browse ¥ Structure [ Search #¢ Insert [f Empty @ Drop @ InnoDB latin1_swedish ci  15.8 KiB
= alam devices [El Browse 34 Structure % Search 3¢ Insert [ Empty @ Drop 4 1nnoDB latin1_swedish_ci 5.0 kis
=] alarmpriority tag [ Browse 34 Structure % Search 3¢ Insert {3 Empty @ Drop 4 1nnoDB latin1_swedish_ci 5.0 kis
j ?ae;ices tagdata =] Browse 3 Structure % Search 3¢ Insert {j Empty @ Drop 22 |nnoDB latin1_swedish ci  15.8 Kie
g tagita taggroup |5 Browse 4 Structure % Search #¢ Insert {§ Empty @ Drop 5 InnoDB latini_swedish ci  15.8 kie
~ taggroup tagtype =] Browse & Structure % Search #¢ Insert [§ Empty @ Drop 5 InnoDB [atin1_swedish ci 158 ke
7 tagiype user [ Browse 34 Structure % Search 3¢ Insert {3 Empty @ Drop 5 InnoDB latini_swedish ci  15.8 kie
] user userlevel 5] Browse ¢ Structure % Search ¢ Insert (j Empty @ Drop 2 |nnoDB latin1_swedish ci 5.2 ki
H userevel 10tables  Sum 45 |nnoDB latin1_swedish_ci ~169.8 ki8 a8
©) Create table t_ Check All/ Uncheck All With selected: ¥

Figure 3-7: PhpMyAdmin in browser to administer database

The list of Tables created for database 'HomeAutomation' are as shown in Figure 3-7. The list
of tables created for database 'HomeAutomation' are: User, Userlevel, Tag, Tagtype, Tagdata,

Tagroup, Devices Alarm and Alarmpriority.

The snapshots of some of the Tables with Column for HomeAutomation Database is shown
in Figure 3-8, Figure 3-9, Figure 3-10, Figure 3-11, Figure 3-12, Figure 3-13, Figure 3-14.
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7 localhost

@ homeautomation B user

[E Browse | 4 Structure | [ SQL | 4 Search = ¥t Insert = [& Export | [= Import  4” Operations = ® Tracking
# Column  Type Collation Attributes Null Default Extra Action
[ 1 userid int(11) No  None AUTO_INCREMENT 47 Change @ Drop More »
[ | 2 username varchar(30) latin1_swedish_ci No  None & Change @ Drop More w
[ 3 firstname varchar(50) latin1_swedish_ci No  None & Change @ Drop More w
[ | 4 lastname varchar(50) latin1_swedish_ci No None & Change @ Drop More w
(| 5 password varchar(50) latin1_swedish_ci No  None & Change @ Drop More w
[| 6regtime timestamp No CURRENT TIMESTAMP & Change @ Drop More w
[ T userlevelid int(11) No None & Change @ Drop More »

% Check All/ Uncheck All With selected: =] Browse ” Change @ Drop /2 Primary [ Unique 1= Index

£7] localhost

[Z Browse

o
U

B

# Column

Figure 3-8: Snapshot of User Table & Column in PhpMyAdmin

B homeautomation [ usedevel

4 Structure | L] SQL | 4 Search = ¥ Insert [ Export [} Import  4° Operations = ® Tracking

Type Collation

1 userlevelid int(11)

2 types
3 details

varchar(50) latin1_swedish_ci

varchar(50) latin1_swedish_ci

Attributes Null Default Extra Action
No Mone AUTO_INCREMENT 47 Change @ Drop Maore w
No Mone ¢ Change @ Drop More w
No  None & Change @ Drop More v

L Check All/ Uncheck All With selected: |5 Browse &7 Change (=] Drap r_’ﬁ Primary i) Unique 7] Index

Figure 3-9: Snapshot of Userlevel Table & Column in PhpMyAdmin

L1 localhost @ homeautomation [ taggroup
[E Browse = 4 Structure | [ SQL | 4 Search | ¥¢ Insert = [& Export = Import  4° Operations = @ Tracking
# Column Type Collation Attributes Null Default Extra Action
(] 1 aroupid  int(11) Ne Nome AUTO_INCREMENT g7 Change @ Drop More w
[ | 2 groupname varchar(50) latin1_swedish ci Mo  None & Change @ Drop More w
[ 3 details varchar(50) latin1_swedish_ci MNo None & Change @ Drop More w

1 Check All/ Uncheck All With selected”  [5] Browse 7 Change @ Drop ./ Primary (@ Unique 5 Index

Figure 3-10: Snapshot of Tagroup Table in PhpMyAdmin



CH localhost  © homeautomation [ tagtype

[l Browse | 34 Structure L SQL = - Search

# Column Type Collation

[ 1 typeid int(11)

O

2 type varchar(50) latin1_swedish_ci

[ 3 details varchar(50) latin1_swedish_ci

4 Check All / Uncheck All With selected: |=| Browse

¥t Insert  [@ Export S Import = 4” Operations = ® Tracking
Attributes Null Default Extra Action
No MNome AUTO_INCREMENT 47 Change @ Drop More w
No None & Change @ Drop More w
No None & Change @ Drop More w
& Change @ Drop 27 Primary [0 Unique =] Index

Figure 3-11: Snapshot of Tagtype Table & Column in PhpMyAdmin

il localhest 1 homeautomation [ tag

[Z] Browse | 34 Structure | [J SQL | 4 Search = %t Insert [& Export | =} Import = 4¥ Operations = ® Tracking
# Column Type Collation Attributes Null Default Extra Action
] 1 tagid int(11) No Nore AUTO_INCREMENT 7 Change @ Drop More w
|| 2 typeid int(11) No None & Change @ Drop More w
(] 3 groupid int(11) No  None & Change @ Drop More w
|| 4 deviceid int(11) No None & Change @ Drop More w
[ 5 tagname varchar(50) latin1_swedish_ci Mo None & Change @ Drop More »
[ | B details int(50) No None & Change @ Drop More w
[ 7 dateandtime timestamp No CURRENT TIMESTAMP & Change @ Drop More »

+ Check All / Uncheck All With selected:  [=] Browse 47 Change @ Drop 7 Primary [@ Unique 7] Index

Figure 3-12: Snapshot of Tag Table & Column in PhpMyAdmin

CH localhost @ homeautomation B tagdata

[Z Browse = 34 Structure = [f SQL | 4 Search = #¢ Insert = [& Export =} Import = 4° Operations = ® Tracking

# Column Type Collation Attributes Null Default Extra Action
() 1dataid  int(11) No None AUTO_INCREMENT 7 Change @ Drop More w
| 2 datavalue int(11) No MNone & Change @ Drop More w
(| 3 photodata int(11) No  MNone &7 Change @ Drop More w
[| 4 regtime  timestamp No CURRENT TIMESTAMP & Change @ Drop More w
[ 5 tagid int(11) No  MNone &7 Change @ Drop More w

+ Check All [ Uncheck All With selected: =] Browse & Change @ Drop 7 Primary [ Unique =] Index

Figure 3-13: Snapshot of Tagdata Table & Column in PhpMyAdmin



L1l localhost ~ @ homeautomation - B devices

[E Browse | 34 Structure | Lf SQL | 4 Search | ¥t Insert [& Export | [} Import = 4#° Operations | ® Tracking

# Column Type Collation Attributes Null Default Extra Action

1 deviceid int{11) Mo None AUTO_INCREMENT 7 Change @ Drop More w
2 devicename  varchar(50) latin1_swedish_ci Mo  MNone & Change @ Drop More
3 deviceidentity varchar(50) latin1_swedish_ci Mo  None & Change @ Drop More w
4 devicedetails varchar(50) latin1_swedish_ci Mo MNone & Change @ Drop More »

Check All / Uncheck All With selected:  [=] Browse 4 Change @& Drop > Primary [® Unique {5 Index

Figure 3-14: Snapshot of Devices Table & Column in PhpMyAdmin

3.1.3 Install of Apache Web-Server and Design of Webpage

After 3.1.2, the next important and challenging part in HomeAutomation was to monitor and
control the different appliances in house. There has to be medium/platform through which
user can access the information stored in database and monitor them. The webpage can be
such medium where the all the information can be displayed at one place and can be seen

from anywhere in the worlds.

For that, we must install Apache Web-server application in Raspberry Pi[12]. It enables us to
upload designed webpage in WebServer in Raspberry Pi. Using Apache Web-Server, any web
pages that are under it can be accessed globally provided that Raspberry Pi device have
unique static IP address. In Raspberry Pi, this WebServer is located on File Manger-var/www.

The web page design part were more of challenging in the sense that they had to be
programmed, designed beautifully & display the required information from database. For this,
we must install Dreamweaver[16] and Xampp application[17] in our local computer.
Dreamweaver is used to design, create web page and Xampp to create local database and

local WebServer for testing purpose before we finally transfer and implement in Raspberry Pi.
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XAMPP Control Panel v3.2.1 > Gonti

Modules

(@) Netstat

Service Module  PID(s) Port(s) Actions _ Akt
Apache 32% 80, 443 Stop Admin Config Logs B Shell
MySQL 9392 3306 ' Admin Config Logs | Explorer
FileZilla Stat | Admin Config Logs £ Senvices
Mercury Start Admin | Config | | Logs @ Help
Tomcat Start Admin Config Logs [ Quit

09:38:41 [main] Checking for prerequisites A

09:38:42 [main] All prerequisites found

09:38:42 [main] Initializing Modules

09:38:42 [main] Starting Check-Timer

09:36:42 [main] Control Panel Ready

09:38:44 [Apache] Attempting to start Apache app...

09:38:46 [Apache] Status change detected: running

09:39:02 [mysql] Attempting to start MySQL app...

09:39:03 [mysql] Status change detected: running

Figure 3-15: Xampp Sever installed in local computer and run

When installation of XAMPP application in PC is completed, then a file appears as shown in
above Figure 3-15. Here, we have several application that XAMPP supports like Apache web
server, MySQL, FileZilla etc.

As we need only Apache WebServer and MySQL application to test the created web page in
PC, we click on Start option of Apache and MySQL service. There is Admin option next to
Start option as shown in Figure 3-15, through which we can have admin settings of those
services. Hence, through XAMPP which have local WebServer and MySQL service, the web
page which we created/designed can be viewed directly on real-time so that the quick view of
created web page can be done AND also created/designed webpage have access to database
service(via MySQL). As a result of which database information can be dragged and shown in
web page.

Dreamweaver allows us to see the designed web page look in different browser. Also that it is
far more fast and quick to design web page in our local computer than in Raspberry Pi.
Through MySQL service in Xampp, we have feature to access database and implement the
web page we have created.

An example of web page designed in Dreamweaver is shown below in  Figure 3-16:
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DW File Edit View Inset Modfy Format Commands Ste Window Help | | DESIGNER v [ [ ] O cstie g[i'\

loginuser.php X C:\xampp\htdocsitestiloginuser.php - |

testphp  SpryMenuBar.js  SpryMenuBarHorizontal.css T

i | Code Design LiveCode |[=f | LiveView | Inspect | (§), B, Title: | Untitled Document g, i |
i £3 () Address: file:///Cl/xampp/htdocs/test/loginuser.php [, ‘

0 This page may have dynamically-related files that can only be discovered by the server. Discover | Preferences Q

ol 1 <%php A !
-~ 2 require_once('Connections/test.php');
M| 3 session_start():
| 4
:}‘ 5 2> i
+¢| 6 <?php
= B (!function_exists("Ge ValueString")) { H
8

o
* | function GetSQLValueString($theValue, $theType, $theDefinedValue
= "", §theNotDefinedValue = "")

AL ‘ g |
£}| 10 if (PHR_VERSION < 6) { e e
| 11 $theValue = get_magic_quotes_gpc() 2 stripslashes($theValue)
P s s - - - Home Automation is today's ane of the growing needs in people's life.
() ) Home. Automation actually refers to automation of home applionces|

which can be viewed from safety, automatic monitoring and controlling

$theValue = function_exists("mysql_real escape_string") 2

view.
Information is everything in today's real life. Pesple are away from;

= y: 1 tring($theValue) : mysql tri

@“ ]:SC;:.;;, i:)rescape_s FRA ke lue) PRl eacane Seril home for work or for other reasons and there is always insecure of; mﬁ

| e o what's happening in home and things related to home appliances;
)] ” ——— whether they are operating or turned on/off. A @I

16 switch ($theType) { L 2 :
gji 17 case "text": Home Automation solves these problems and provide user with the; Summary for Selection
7; 18 stheValue = ($theValue != "") 2 "'" . stheValue . "'" : o crc jcontraling of Jhome o ba... #FFF
a 13 _ l') eak te.. left
reak; N |

z&‘ 20 case "long": Rules

| 21 case "int": body <body>

$theValue = ($theValue != "") 2 intval($theValue) : "NULL"

i The homeautomation has lots of features in it. Some widely
@ i features ued are monitoring of Tempercture inside room, Lighte 1|
a E ‘on/off detection, Alarm indiacation and Warring, Camera viewing; || properties for "body”
[ 4]0 4 [66% v|8Y background-color [ ] #FFF

SERVER DEBUG | PROPERTIES | FILES | ASSETS text-align left
Title Add Property

[<>Hmv| | Format |none v|  Class | None v| B I
i css D | None v Link viao Target

Figure 3-16: Designing web page called index.php in Dreamweaver for HomeAutomation

Later on, when the overall web pages for HomeAutomation task is completed, it must be
transferred to WebServer of Raspberry Pi device. The transfer of files from our PC to

Raspberry Pi device follows steps as below:

» First, we open localhost/phpmyadmin/ in our local browser in PC. Then we select
database that we have created for HomeAutomation task. The database created is
called homeautomation. Now, we need to transfer two files from PC to Raspberry Pi
device.

These two files are:

a) The folder which contains php web pages designed for HomeAutomation task.
b) The file(.sgl type) which is downloaded by clicking under export as shown in
Figure 3-17:
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phpiVilL

NROE 44 Structure | [ ] sQL 4 Search | Query [& Export [} Import | J° Operations | =: Privileges 43 Routines ¥ More
@0

Recent Favorites
[ @ New k " . "
Lo Exporting tables from "homeautomation” database
+_ 4 cdcol
—_ | homeautomation Export Method:

4 New :
+L 4 alarm ® Quick - display only the minimal options

4L alarmpriority Custom - display all possible options

+_ I devices

+ 1 tag Format:

+_ 4 tagdata saL .
+_ & taggroup
+L 1 tagtype
i-__.r_ user

Go

+_ I userlevel

+.|J information_schema

+._ 5 mysql
+_| 4 performance_schema
i

Figure 3-17: Exporting Tables to MySQL Database in Raspberry Pi

» These two files are transferred to Raspberry Pi device. The first file i.e folder which
contains web pages is transferred to File Manager inside /var/www and saved there.
The next file i.e .sql file is however placed in any folder for some time.

» Then in Raspberry Pi device, we open localhost/phpmyadmin in browser similar to
that we did in PC. We create new database and name it similar to that of PC database.
The database is created under name homeautomation. Under that homeautomation,
we can see import button in right side. Click on it and it will ask to choose file. Then,
direct it to the .sql file in the folder that we saved earlier and click on Go button. The
whole database is saved. The snapshot for showing import procedure is shown in
Figure 3-18:

B8 7 Server: 127.0.0.1 » @ Database: homeautomation

phpMyAdmin
o 3© e | ¥ Structure L[ saQL 4 Search Query l&s Export |=} Import 4° Operations =° Privileges «8 Routines ¥ More
Recent Favorites | . . " . "
8 New Importing into the database "homeautomation
+ () aaaa
I
+.1 4 cdcol
| File to Import:

4+ .| homeautomation

%14 information_schema File may be compressed (gzip, bzip2, zip) or uncompressed
[ - A compressed file's name must end in .[format].[compression]. Example: .sql.zip

I: :;’:::mance_schema Browse your computer: | Choose File | No file chosen (Max: 2,048KiB)
I+_ phpmyadmin Character set of the file: | utf-8

‘It; test

'IL webauth Partial Import:

@ Allow the interruption of an import in case the script detects it is close to the PHP timeout limit. (This might be a good way to import large files, however it can
break transactions.)

Skip this number of queries (for SQL) or lines (for other formats), starting from the first one: 0

Format:

sQL v

Figure 3-18: Importing Tables from PC MySQL Database

» Now the folder which we saved inside WebServer can access to database of MySQL
server and is ready to use.
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The problem still lies in addressing and making the web page look good and systematic. The
reason behind lies in being new to this kind of programming and lots of time is consumed to

know and implement it. The connection php web page files is added in the Appendix,

3.1.4 Putty and Xming

Putty is open software for connecting to other device. In HomeAutomation task, it is used for
remote connecting to Raspberry Pi device. Since, it is not always possible to work in front of
Raspberry Pi device for several reasons, Putty is a good means to connect Raspberry Pi in our
personal computer. We can enter the IP Address of Raspberry Pi in Putty and connect it in
our laptop. But before that we must run the Xlaunch application in our personal computer to

support multiple windows[18].

Select display settings
Choose how ¥ming displays programs.

(@) Multiple windows () Fullscreen
() One window () One window
without titlebar
Display number 0
< Back | Mext = | | Cancel | | Help |

Figure 3-19: Figure of Xluanch starting for multiple windows on PC
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ey PuTTY Configuration H
Categary:
=~ S!assion Basic options for your PuTTY session
+ Logging Specify the destination you want to connect to
[=)- Terminal
Host Mame (or IP address) Port
- Keyboard
. Bel [10.0.0.103 |2 |
- Features Connection type:
=- Window {JRaw () Telnet () Rlogin (@ 55H () Seral
.;;;Eea@nce Load, save or delete a stored session
- Behaviour
. Translation Saved Sessions
- Selection | |
- Colours :
Default Settings
[=- Connection b
.. Diata =
- Proxy
. Telnet Delete
- Rlogin
- 55H
- Senal Clozse window on exit:
(I Aways (I Never (@) Cnly on clean exit

Categony:

- Terminal
- Keyboard
- Eell
- Features
=~ Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours
= Connection

Options controlling S5H X171 forwarding

X171 forwarding

Enable ¥11 forwarding

X display location |
Remote X171 authentication protocaol

(®) MIT-Magic-Cookie-1 () ¥DM-Authorization-1

¥ authority file for local display
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pi@raspberrypi: ~
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Figure 3-20: Snapshot of Putty software step by step instruction to run in PC
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Figure 3-21: Snapshot of Raspberry Pi window on PC window
The list of steps to use this service in remote desktop is given below:
Part I(Procedures for use of Xlaunch application)

e First run Xlaunch application.
e Click on Multiple windows - Next - Start no client - Next- Clipboard -Next- Finish.
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Part I1(Procedure for use of Putty application)

Then run putty application.

Enter Host IP_Address (i.e IP Address of Raspberry Pi as shown in Figure 3-20)
Click on SSH option below IP Address.

Click on SSH option on left side- Click X11

Click on Enable X11 forwarding and Open

A command window appears asking for login name & password.(Enter Raspberry
username and password)

Then at last type Ixsession

e Then virtual window of Raspberry Pi opens on your remote PC.

3.1.5 Arduino - Monitor Sensors/ Control Devices

After 3.1.4, the next major and important task was actual real time monitoring, logging and
controlling appliances. The challenge was to implement in real practice and program code in
Arduino Board to read sensor values from different appliances and send these information to

MySQL Database Server in Raspberry Pi device.

There are different version of Arduino Board available. Arduino Uno Board is used in
HomeAutomation task. Some of the methods used for collecting information using Arduino
Board are :
e Using GPIO pins of Raspberry Pi to connect Serial pins on Arduino Uno Board to
collect information from sensors.

e Using Ethernet Shield Arduino to collect information from sensors
e Using Wi-Fi Shield Arduino to collect information from sensors.

As for Home Automation, we use Wi-Fi Shield Arduino to monitor and control appliances
since there are several places in home where the appliances have to monitored. We can't use
Ethernet based Arduino as there will not be Ethernet plug in every room to connect them.
Besides lots of wire through use of Ethernet shield Arduino in home look bulky and complex.
And almost every house have router supporting Wi-Fi Service, which can be used for network
connection for Wi-Fi shield Arduino. Wi-Fi Arduino facilitates to connect appliances from
any corner of room. With Wi-Fi Shield Arduino, data are send serially through port 3306 of
Raspberry Pi device into MySQL Database Server.

The programming is necessary for addressing sensors input and directing them to appropriate
place. The programming code is written in sketch which is later uploaded to Arduino device
through Arduino IDE. This Arduino IDE is software for writing code and uploading. The

sketch of coding for Wi-Fi is shown below in Figure 3-22.
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File kdit Sketch lools Help

Testwifil §

#include <5PI.h> A
#include <UiFi.h>
#include <shal.h>
#include "mysgl.h"

IPAddress server_addr(l0, 0, 0, 10);
char user[] = "root"™;
char password[] = “raspberry”;

Connector my conn; /4 The Connector/Arduino reference
char ssid[] = "ThomnsonFFCBES™;
char pass[] = "36Dlklon";

void setup() {

WiFi.begin(ssid,pass):
Serial.begin(115200);
while ('Serial):;

< >

Figure 3-22:A part of Arduino code for Wi-Fi Shield Arduino showing mysql connector

code to connect to MySQL Database Server in Raspberry Pi

Both Ethernet Shield Arduino and Wi-Fi Shield Arduino scenarios were tested to read sensor
values and connect to local MySQL Database Server in Raspberry Pi. As shown in Figure
3-22, while programming code for Wi-Fi four libraries function are used which are SPIL.h,
WiFi.h, shal.h and mysqgl.h respectively. Out of these four, we have to download two libraries
function from Internet which are "shal.h™ and "mysql.h" function.[20] These function are
needed to operate the code and function properly. The "mysql.h" function is required to
connect to MySQL Database Server in Raspberry. For Wi-Fi based Arduino, we alter network
changes in mysqgl.h function i.e comment on Ethernet.h library function and comment out
WiFi.h library function as shown in Figure 3-23.[20] The Wi-Fi Shield Arduino code for
HomeAutomation is attached in the Appendix. After that through Webpage, the information
in database are displayed.
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S /#include <Echernet.h> // Uncomment out thi= for use with the Ethernet shield

#define WITH _SELECT // Comment out this for use without SELECT capability
S/ to save space.

$define WIFI S/ Uncomment out this for use with the WiFi shield
finclude <WiFi.h> // Uncomment out thi= for use with the WiFi =shield

Figure 3-23: snapshot of portion of code in MySQL.h function to edit for WiFi Shield Arduino

However, several problems were encountered while connecting Arduino to MySQL Database
in Raspberry Pi device. The very first and important problem was that it could not connect to
port in Raspberry Pi through which data can be transferred to Raspberry Pi from Arduino. The
Arduino code was successfully compiled and uploaded in Arduino chip but still data did

not transmitted[21]. The Serial output in Arduino results displaying Connection fail to Server

as shown in Figure 3-24.

Send

Connected to network

My IP address is: 10.0.0.19
Connecting to MySQOL. ..
Connecticn failed.

Autoscroll Mo line ending -~ 115200 baud

Figure 3-24: Snapshot of failed MySQL connection in Output Monitor while running Arduino
Code

There are number of reasons for Connection fail such as (a) Wrong Server_Address (b)
Wrong Username and Password (c) Raspberry Pi port '3306' not open (d) Wrong tables and
columns. Out of these, port '3306' is the major problem to solve and connect.[21] This can be

identified by going to LXTerminal and typing following command as below:

mysql -u root -p -h IpAddresssOfRaspberryPi --port 3306
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Then we need to enter the Raspberry Pi password and below we can see whether the above
command connects to MySQL Database Server or not. However, in my case it does not
access to MySQL Database Server and indicates ERROR as shown in Figure 3-25:

le Ede Isbs Hep

ERROR 200° HY Dol

Figure 3-25: Snapshot of failed connection to MySQL Database Server in Raspberry Pi from

LXTerminal
This problem can be solved by typing following commands in LXTerminal as below. [21].

Stepl: chown pi /etc/mysqgl/my.cnf
Step2: nano /etc/mysql/my.cnf
Step3: mysqgl -u root -p

Enter password:

Then the commands is re-entered as earlier to see if it connects to MySQL, then it really
worked and connected to MySQL Database Server.

Then it displayed as below in LXTerminal:

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is 47

Server version: 5.5.43-0+deb7ul (Debian)

Copyright (c) 2000, 2015, Oracle and/or its affiliates. All rights reserved.
Oracle is a registered trademark of Oracle Corporation and/or its
affiliates. Other names may be trademarks of their respective

OwWners.

Type 'help;" or "\h' for help. Type \c¢' to clear the current input statement.

mysql> GRANT ALL PRIVILEGES ON *.* TO ‘root'@'%" IDENTIFIED BY
'password’;

Query OK, 0 rows affected (0.00 sec)

In this way, the problem was solved for connecting to MySQL server in Raspberry Pi.
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3.1.6 Raspberry Pi Camera Module

Raspberry Pi Camera Module is a camera module attached to interface in Raspberry Pi to take
still photographs as well as high-definition videos. There are in numerous function in this
Raspberry Pi Camera Module. This camera module weighs only 3 grams and measures
25*20*9 mm and comes with 15cm ribbon cable. This camera sensor is 5SMP and produces
resolution up to 2592*1944 still images. It comes with video support of 1080p at 30fps,720p
at 60fps [22]. The installation process of this camera module is very easy comparative to other

camera module [23]. The installation procedure is explained as below:

I.  First of all open Raspberry Pi Camera Module and attach the silver connectors of
cable of Raspberry Pi Camera Module into Raspberry Pi. The connector lies between
Ethernet and HDMI ports, with silver connectors facing the HDMI port as shown in
Figure 3-26:

Figure 3-26: Snapshot of Raspberry Pi camera module connected to Raspberry Pi

Il.  Then open LXTerminal and enter the following commands as below:

sudo apt-get update (update Raspberry Pi device)
sudo apt-get upgrade -y (upgrade Raspberry Pi device)

1. Then open the raspi-configuration to enable camera module in Raspberry Pi. Type
following command on LXTerminal.

sudo raspi-config
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VI.

Here, a dialogue box will appear as shown in  Figure 3-27 and click under Enable
Camera to enable the Camera settings in Raspberry Pi and finish it.

Figure 3-27: Snapshot of Raspberry Pi Camera Module installation in Raspberry Pi

Now, we are ready for Raspberry Pi Camera Module use. As indicated above,
Raspberry Pi Camera Module can be used for taking still snaps and videos of different
quality. To take picture image, we type the following command on LXTerminal as
below.

This is the basic command line application for capturing image with camera module.

raspistill -o image.jpg (Here o refers to output and image refers to name of image)

Similarly, Raspberry Pi Camera module can be used for recording videos of different
quality and size. The basic command line application for recording videos with
Camera module is shown in below which is later typed on LTX terminal to run.

raspivid -0 -t 10000 songvideo.h264 (Here o refers to output, t refers to video
recording time and songvideo refers to name of video)

Similarly, Raspberry Pi Camera module can be used for live streaming of videos of
different quality, resolution, frame per sec. The basic command line application for
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VII.

live streaming of video from Raspberry Pi Camera module is shown below which is
later typed in LXTerminal to execute.[24]

raspivid -vf -hf -0 --t 0 -n -w 600 -h 400 -fps 12 | cvlc -vvv stream:///dev/stdin --
sout'#standard{access=http,mux=ts,dst=:8080/}":demux=h264
where, -0 is output, -n is nonpreview, -w is width, -h is height,-fps is framepersec

Or, the above command can be written in script file so that it becomes easy to run
simple command on LXTerminal and begin live streaming of video from camera. Let
the script file name is stream. Enter following command below to create script file in
LXTerminal.[28]

Partl(Procedure code for writing script file for video streaming)
Stepl: nano ~/stream
Step2:
#1/bin/bash
while :
do
raspivid -0 - -t 0 -n -w 600 -h 400 -fps 12 | cvlc -vvv stream:///dev/stdin--
sout'#standard{access=http,mux=ts,dst=:8080/}" :demux=h264
sleep 1
done
Step3: chmod +x ~/stream

Part2(Begin and End stream using LXTerminal)

Step4: ~/stream (for begin stream)
Step5: Cntrl+C (to end stream)

Then open VLC media player in computer and under Media-Open Network Stream,
type following commands http://IPAddressOfRaspberryPi:8080 to execute and run
live streaming videos in computer.

OR, we can also view by browsing on browser. Just create a web page and save the
following below commands on the web page. Then run the web page to view the
streaming videos from your browser[24]. The list of codes to save in webpage is
shown below:

<IDOCTYPE html>

<html><body>

<OBJECT classid=""clsid:9BE31822-FDAD-461B-AD51-BE1D1C159921"
codebase=""http://downloads.videolan.org/pub/videolan/vic/latest/win32/axvlc.cab

width="600" height=""400"" id=""vIc" events=""True"">

<param name="'Src"" value=""http:// IpAddressOfRaspberryPi:8080/"" />
<param name=""ShowDisplay"* value=""True" />

<param name=""AutoLoop" value=""False"" />

<param name=""AutoPlay" value=""True" />
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<embed id=""vIcEmb" type=""application/x-google-vic-plugin*
version=""VideoLAN.VLCPlugin.2" autoplay=""yes" loop=""no" width=""640""
height=""480"

target=""http://IpAddressOfRaspberryPi:8080/"* ></embed>

</OBJECT>

</html></body>

Then, view the live streaming from browser in your PC.

VIII.  In normal situation the LED glow red on Raspberry Pi Camera module indicating that
the Camera is On. There are cases when we need to disable the red LED on Raspberry
Pi Camera module for several reasons like reflection problem, power consumption,
security reasons and so on. To solve it, enter following commands to edit config.txt
file on LXTerminal.[27]

sudo nano /boot/config.txt
disable_camera_led=1 (add this line at the last line of config.txt file)

Then, save it by pressing Cntrl+O followed by enter and Cntrl+X to exit. After that
reboot the system by entering sudo reboot on LXTerminal. Incase, we want to enable
red light, just edit disable_camera_led=0 in config.txt file.

IX.  Important thing to know: The camera is operating til the power plug is On. When the
Raspberry Pi device is re-powered on power plug, command to operate camera must
be entered again i.e enter ~/stream on LXTerminal and the camera begins to stream
live video. Also important thing to note is that, while changing IP address of
Raspberry Pi, camera IP address also must be changed. This change is done by
opening php page of camera and changing IP address according to IP address of
Raspberry Pi device.

3.1.7 Sketch Design for Home Automation

The overview diagram of HomeAutomation is important to get quick idea of how Raspberry
Pi, Arduino and sensor/devices work in connection to achieve the tasks of monitoring,
logging and controlling device. The sketch design for HomeAutomation is shown in Figure
3-28.
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Devices/Equipment

Central SOL
Server

WiFi Shield Arduino

Labview/Dashboard

m o W = T3 — W =

MySQL
local
database
server

Raspberry Pi Web
server

Figure 3-28: Block Diagram of Model for HomeAutomation

HomeAutomation deals with automation of devices inside home. All the sensors and devices
are within the peripheral of Home Area. As shown in Figure 3-28, the block diagram is
divided into 3 main parts: Home zone, Central Server and Monitoring Devices. Inside Home,
we have main Raspberry Pi device and Arduino device working in coordinate with
sensors/devices for receiving sensor information and controlling devices accordingly.
Services like MySQL Database Server and WebServer in Raspberry Pi provided access for

Database management and viewing created webpage in browser.

Similarly, the Central Server reflects the Server outside Home, where all the necessary data of
Home are saved and managed. The Lab view features is added to view these data in
Dashboard application so that through use of Tabloid and Iphone, home appliances and

information can be monitored.

The next is monitoring home from electronic devices like Laptop, Ipad etc. By using web
service, the information is monitored on browser screen of these devices and information can

be known from anywhere and anytime.
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Livingroom V «’j

WiFi Shield Arduinol

Monitor/Control througk
Laptop

MNetwork/Internet

Bathroom
WiFi Shield Arduino2

Web-Server

WiFi Shield Arduino3

Kitchen

Figure 3-29: Block Diagram of Multiple Rooms & their connection to Raspberry Pi in Home

As shown in sketch Figure 3-29, we have different rooms in House(Living room, Bed room,
Kitchen etc). And there are different appliances in each room(Air heater, Fan, Lamp etc) that
needs monitoring and control. Hence, we must allocate one Wi-Fi Arduino Shield in each
room to connect appliances. The Wi-Fi Arduino Board connects to Raspberry Pi device

through network connection.

Since, Arduino is Wi-Fi shield and connected to Internet/Network connection, the information
from sensors are send over network to Raspberry Pi device. Arduino Wi-Fi Board and
Raspberry Pi do not have direct physical connection by any means of wire. They transmit data

through network connection.

As shown, Raspberry Pi has MySQL Server and Web Server running on it. These are two
basic and important applications of our Home Automation. Through MySQL server, database
are created and the information from Arduino Wi-Fi Board are managed. Similarly the other

most important thing Web Server contains html/php files that connects database information
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and other information to users via web page. The user can simply connect to that php files and

open in their browser in Tabloid or PC and then monitor/Control the Home appliances.
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4 Results

The HomeAutomation task is to monitor, control and log the data from respective sensors &

devices.

As indicated in Procedures, the first major implementation is done with database model for
linking various parts. The web design is of utmost important in HomeAutomation systems as
it displays the output in structured form for wuser interface. By entering
IP_Address_Of Raspberry Pi/HomeAutomation on browser, we have access to web page of

HomeAutomation that displays list of sensors/devices we keen on to monitor.

The home page of HomeAutomation in browser is as shown in Figure 4-1 that contains
Login, Monitoring, Services and Contact section. Under Login section, we enter username
and password to access inside next web page for managing tag, tagtype, devices and so on.

/\
—

Monitor Contact

Figure 4-1: Snapshot of home page for HomeAutomation

The main important part in HomeAutomation is Monitoring section. In Monitoring section,
we find a number of lists of sensor/devices we like to monitor on. These lists include
Temperature Monitoring, Light Monitoring, Fan Monitoring, Alarm Monitoring and Camera
Monitoring. Figure 4-2 shows the basic list of devices and sensors we like to monitor on.
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Service Monitor ~ Contact

Temperature

Light

Fan

Figure 4-2:Snapshot of list of sensor/devices in Monitoring section

Temperature Monitoring

Values(degree C) Date & Time Status

Bed Room 24 2015-05-27 14:51:13 Normal

Kitchen 21 2015-05-27 14:47:50 Normal
Bath Room 32 2015-05-27 14:51-13 High(30+)

Living Room 23 2015-05-26 08:40:38 Normal

23 2015-05-26 08:10:28 Normal

26 2015-05-26 07:40:15 Normal

22 2015-05-26 07:10:05 Normal

26 2015-05-26 06:39:55 Normal

Figure 4-3: Snapshot of Temperature Monitoring

The first thing we measure is temperature inside room. In Temperature Monitoring, we
monitor the temperature inside all rooms in the house. As there will be number of rooms in
house, we need temperature sensor in each room. Figure 4-3 shows temperature data
information dragged in web page to have clear idea of temperature inside each room.
Bedroom shows temperature of 24, while Kitchen shows 21, Bathroom shows 32 and Living
room shows 23 degree Celsius at latest time. Also there is status to indicate
High/Low/Normal temperature so that user will have information if there is high or low
temperature along with the value.

Light Monitoring
Status(On/Off) Date & Time
Bed Room On 2015-05-27 14:51:13
Kitchen Off 2015-05-27 14:47:50
Bath Room On 2015-05-27 14:51:13
Living Room off 2015-05-26 08:40-38

Figure 4-4: Snapshot of Light Monitoring

49



Similar is the case with Light Monitoring. Depending on LDR sensor sensitivity, light inside
room will be controlled automatically. If enough light falls on LDR sensor, it will have low
resistance, then light inside room will be turned Off and vice-versa. Also, threshold limit and
location of LDR affects Light operation. Threshold limit is defined for each room. Depending
on threshold limit, decisions are made on when to turn light On and Off. We are monitoring
lights in different rooms. As shown in Figure 4-4, Bedroom & Bathroom light is On while
Kitchen & Living room light is Off.

Fan Monitoring

Status(On/Off) Date & Time
Bed Room Off 2015-05-27 14:51:13
Kitchen Off 2015-05-27 14:47:50
Bath Room On 2015-05-27 14:51:13
Living Room Off 2015-05-26 08:40:38

Figure 4-5: Snapshot of Fan Monitoring

Next is Fan Monitoring as shown in Figure 4-5, where the fan inside room is monitored
and controlled automatically depending on temperature inside room. If the temperature sensor
reads high temperature than normal value, then fan will automatically turn On and if
temperature is within normal then fan is turned Off and these information are updated in
database and displayed in browser for user information. As shown in Figure 4-5, fan of
Bedroom, Kitchen and Living room is Off while fan inside Bathroom is On since Bathroom

records a high temperature.

Alarm Monitoring

Tagld TagName TagTvpe TagGroup TagValue(°C) Date Acknowldege
17 LM-35(3) Temperature sensor Bathroom 32 2015-05-27 14:51:13 Acknowledge user

Figure 4-6: Snapshot of Alarm Monitoring

With Alarm Monitoring, we monitor if the temperature inside room is high or low. If the
temperature reading shows high or low value, then alarm will go On. The alarm is an essential

part in HomeAutomation as it secures and provide alert if high or low temperature is recorded
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and user can respond by Acknowledging it. Figure 4-6 shows the high temperature

recorded in Bathroom.

Camera Monitoring (@ current time: 08:00:15 AM

Camera Monitoring @ current time: 08:07:18 AM
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Camera Monitoring (@ current time: 08:30:03 AM

Figure 4-7: Some Snap shots of Camera Monitoring outside house

The next is Camera Monitoring where we monitor video surveillance. Raspberry Pi Camera
module can be kept above main door of house that one can be updated with what is going
outside house. The camera can also be used for Baby monitoring if baby is left alone in house.
Camera Monitoring displays live streaming video, with the help of which user can be updated
with momentary action going in their house. Figure 4-7 shows some snapshots of Camera

Monitoring outside house.

Back Manage User Manage Tags Manage Device

Welcome to Admin Section

Admin 1s the part of the system where the user can interface with the systems and control the core configuration of system. Hence. Admin users
are limited and must be handled by good hands. In the Admin part. we can have diffrent headings where the admin can control the users authroity
access to several webpages and update and delete tag section together with other managing section.

Figure 4-8: Snapshot of Admin section for HomeAutomation system

The very next important thing in HomeAutomation is managing sort of things like Managing
Users, Managing Tags & Devices etc. Since, as a user of this HomeAutomation service, one
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likes to change settings according to his/her preference. To enter into Manage or Admin

section we have to Login from homepage of the website by using username and password.

The Login part is important for managing some of the important features in
HomeAutomation. After one is logged as user, the webpage for Admin opens. Login is
required to enter in Admin web page as wrong use of such Managing settings can make
Raspberry Pi database system crash. The Admin section is for managing users, tags, devices
and so on. As shown in Figure 4-8 Admin section has link to Manage User, Manage Tags,

Manage Device.

Manage User ~ Manage Tags Manage Device

Add use
Welcome fspaiig

Update&Delete

Admin 1s the part of the system where the user can interface with the systems and control the core configuration of system. Hence, Admin users
are limited and must be handled by good hands. In the Admin part. we can have diffrent headings where the admin can control the users authroity
access to several webpages and update and delete tag section together with other managing section.

Add User
First Name:
Last Name:
User Name:
Password:
User Level: select usertype ¥
Register
Manage User
UserName FirstName LastName UserLevel RegdTime Update Delete
ramesh ramesh rameshl Admin Level 2015-05-04 08:43:23 update delete
pratikk123 Kran pran Admin Level 2015-04-15 15:53:20 update delete
pratik1234 Pratik k Prunary Level 2015-04-15 15:52:56 update delete
kishan kishanl kishanl Admin Level 2015-03-27 13:29:36 update  delete
Iekelekekelce Prabhin Khakurel Admin Level 2015-03-23 11:55:20 update delete

Figure 4-9: Snapshot of Manage User (Add, Update,Delete)

The first is Managing Users. Managing Users allows to add, update and delete users. One can
add user, update and delete them. Since, there can be more than one users in home and they

need to monitor and manage the HomeAutomation, it is required that they can be able to
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create such users and monitor the sensor's data and devices. As shown in Figure 4-9, users can
be added by filing & saving the specified columns and later on they can be updated for some

changes or deleted if such users are inactive or unwanted.

Manage User Manage Tags ~ Manage Device

. T:
Welcome to Admin SaSuums

o

Admin is the part of the system whes; Undate&Del and control the core configuration of system. Hence. Admin users
are lmmited and must be handled by g Tagroup pdatedclielete SR headings where the admin can control the users authrosty

access to several webpages and update anu asieie tag secuon together with other managing section.

Figure 4-10: Admin showing Tag,Tagtype and Tagroup

Add TagGroup
Tag Group Name: Example: Storeroom. Garage etc
Tag Group Details:
4
Register
Manage Taggroup
Taggroupid GroupName Detailss Update Delete
1 Bathroom Collects information from Bathroom update delete
9 Living room Collects information from living room update delete
10 Kitchen Collects information from kitchen update delete
11 Bed room Collects information from bed room update delete
12 Store Room Collects information from storeroom update delete

Figure 4-11: Snapshot of Manage Taggroup(Add,Update&Delete)

Here in Admin Section as shown in Figure 4-10, Manage Tags allows to add, update and

delete tag, taggroup and tagtype.

Under Taggroup section for example in a house, we can add group name such as Kitchen,
Bathroom etc etc as group to indicate location of sensors/devices. Later on, changes can be
made with update selection. Similarly, delete option allows to delete such group and create
new one according to user desire. The Figure 4-11 lists some of the added groups in

HomeAutomation.
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Figure 4-12: Manage Tagtype(Add,Update&Delete)

Tagtype allows us to add type of tag. In Tagtype section for example in house, we can add
sensor types i.e Pressure sensor, Temperature sensor, Humidity sensor etc as common name
of sensors so that user can have general idea of what type of sensor is used and what it

measures.

As shown in Figure 4-12, a number of sensor types is added in HomeAutomation. However,
only Temperature sensor type is used in HomeAutomation.

selec‘l tagtype v

selec‘l taggroup ¥

: select devices
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Manage Tag

Tagid TagName TypeName GroupName DeviceName RegdTime Update Delete
15 LM-35(1) Temperature sensor Living room Arduino WiF1 Shieldl 2015-05-06 11:41:09 update delete
16 LM-35(2) Temperature sensor Kitchen Arduino WiF1 Shield2 2015-05-06 11:41:38  update delete
17 LM-35(3) Temperature sensor Bathroom Arduino WiF1 Shield3  2015-05-06 11:44:34  update delete
19 LM-35(4) Temperature sensor Bed room Arduino WiFi Shield4 2015-05-25 15:44:39  update delete

Figure 4-13: Snapshot of Manage Tag(Add, Update,Delete)

Mange Tag allows us to manage tag. In Tag section for example, we can add sensors but in
particular form as TMP36, PT-100 and also link with Tagtype and Tagroup to indicate the
sensors type and location of where the sensor lies. As shown in Figure 4-13, we have option

to choose sensor type in Tagtype and also option of sensor location in Tagroup along with

option to choose kind of devices in Devices option.

Manage User Manage Tags Manage Device~

. ] A.dd d.e 71 o
Welcome to Admin Section =

Update&Delete

Admin 1s the part of the system where the user can interface with the systems and control the core confipuration of system. Hence, Admin users
are limited and must be handled by good hands. In the Adnun part. we can have diffrent headings where the admin can control the users authrosty
access to several webpages and update and delete tag section together with other managing section.

Add Device

Device Name:

Device Identity:

Device Details:

Register

Manage Device

DeviceName

Deviceldentity DeviceDetails Update Delete
Arduino WiFi Shieldl  90-A2-DA-0F-3E-7D It connects Arduino to Internet wirelessly. update  delete
Arduino WiF1 Shield2  90-A2-DA-0F-77-1D It connects Arduino to Internet wirelessly. update  delete
Ardumno WiF1 Shield3  90-A2-DA-0F-1B-3D It connects Arduino to Internet wirelessly. update  delete
Arduino WiFi Shield4d  DE-01-4E-3E-22-1L4 It connects Arduino to Internet wirelessly update delete

Figure 4-14: Snapshot of Manage Devices(Add,Update&Delete)
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Similarly Manage Device allows us to add, update and delete the devices used in our project.
As we can have number of Arduino Wi-Fi Shield working together in monitoring and
controlling process. It is required that adding device information allows users to know which
devices are used and with other supplementary information like location and sensors attached

to that device. The snapshots of Devices webpage is shown in

Figure 4-14.

PID Controller

PID controller is used in controlling room heater in home. It uses general feedback

mechanism to control heater in room.

TEMPERATURE CONTROLLER

// Proportional \ Control
Error >
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Figure 4-15: Temperature controlled heater[25]

As the Figure 4-16 shows the scenario of heater controlled according to temperature measured
by sensor and according to set point. The Temperature sensor LM-35 collects temperature
information from Heater and feeds as input to Process. The PID controller detects error
between input and reference value and is tuned to that degree where any deflection is
minimized and output is almost constant. We have equation as shown in Equation 1 to

describe more on how PID controller works to give constant output.

Equation 1: Mathematical expression for PID controller loop

u(t) = Kpe(t) + k; [ e(t)dt + kg %e(t)
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K, = Proportinal gain
k; = Integral gain
k4 = Derivative gain

e= Error, t= time of instantaneous
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Figure 4-16: Image of Raspberry Pi with Camera

The Wi-Fi shield Arduino, Raspberry Pi and sensors used in HomeAutomation tasks is shown
in Figure 4-16, Figure 4-17, Figure 4-18. As shown in Figure 4-16, the Raspberry Pi device
is powered and connected to Ethernet cable along with Raspberry Pi Camera module. As
Raspberry Pi is connected to network, the web files stored in WebServer of Raspberry Pi can

be accessed by browsing IP_Address_of RaspberryPi along with the file name.

The Camera module in Raspberry Pi can be used for monitoring a place in house. The
Raspberry Pi camera module streams live video. Depending on where the camera needs to be
monitored, live streaming video of that place can be monitored live 24*7.
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Figure 4-17; Snapshot of Wi-Fi Arduino connected to sensors & devices.

Also the Figure 4-17 shows the breadboard consists of Temperature sensor TMP-35, LDR
sensor, Alarm, Different Led connected to Wi-Fi shield Arduino. The TMP-35 sensor collects
temperature data while LDR sensor collects light intensity data. Now we use these
information from sensors and control the devices attached to Wi-Fi Arduino Shield.

The Fan and Alarm depends on temperature sensor for functioning. When the temperature
records high temperature, the Fan device will go On from Off state. Similarly when the
temperature detects very high temperature, an Alarm will go On indicating high temperature
in the room.

Similarly, when the LDR records intensity of different level, the Light device will go On or
Off. Usually in day when there is more brightness, LDR records high analog value and so this
value is used for controlling light devices.
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Figure 4-18: Snapshot of Light used in HomeAutomation

The Figure 4-18 shows light device, which is used in HomeAutomation. The figure shows
light connected to control box which has one main supply and extra 2 wires(red & black ) for
controlling light through Arduino connectors. These red and black pins are connected in
replacement of LED. When the Arduino device is powered, then the devices connected in
replacement of LED output at pin 3 and pin 5 works accordingly as coded and then turn Light
On/Off and fan On/Off accordingly.

Similarly, we can control the room heater in home. The PID Controller used in programming
allows to control the room heater and maintain to specified temperature at all time so that

room can be at constant temperature always.
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5 Discussion

In HomeAutomation, the sensors were used for information and then control devices

accordingly. Information were logged on in local database MySQL in Raspberry Pi device.

In HomeAutomation, Temperature Monitoring recorded temperature inside respective room,
Light Monitoring recorded light status inside respective room, Fan Monitoring recorded fan
status inside respective room, Alarm Monitoring recorded High Alarm status from respective

tag and room. Similarly Camera shows live video monitoring.

As it was new completely on different matters like database, webpage design and so on. The
desire time was much more than expected. Even for small programming and configuring in

Raspberry Pi took lots of time and so could not do lots of things as assigned.

But in future, different features can be extended and make HomeAutomation reliable and safe
and cheaper to use. In this HomeAutomation, there are not sufficient sensors to collect more
information from house such as humidity measurement, door lock/unlock state and more on.
These features can be added on next level. Similarly more devices can be monitored

controlled such as Fan speed, Light Brightness etc.

Also Dashboard application can be built on with LabView software so that through gadgets
like iphone, ipad, smartphones etc , the HomeAutomation can be viewed from these devices.
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6 Conclusion

The Thesis is on HomeAutomation with aim of monitoring, logging and controlling home
appliances. The primary focus is to make safe and secure the home we live in and have

information on status of electronic devices.

As prime target of Thesis, some sensors were monitored and then used the information for
controlling devices. Use of several software's like PhpMyAdmin, Arduino IDE, PHP, Xampp

were integral part in completing the desired monitoring and controlling tasks.

Though it was completely new to certain devices and programming languages, it was exciting
to play with sensors and devices. As due to problems like devices problem, information
problem and as beginners to use of new software, some tasks were left out as there was not
enough time to sort out the rest tasks. Major time were used in troubleshooting devices
problem, coding, webpage design so only the main monitoring, logging and controlling of

sensor/devices was done.

The thesis topic has lots of tasks which are challenging and exciting. In future, more
improvements can be done in monitoring and controlling part. More sensors and devices can
be connected and monitored on. Also, Camera module can be adjusted to different modes
making more option in future work. Controlling manually from webpage can be made so that
user can have more option in controlling device. Central server system could be developed
and through Lab View based dashboard, information can be monitored through gadgets like

Iphone, Ipad etc. These features can be added and improved in future work.
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8 Appendix

8.1 Appendix: Thesis Task Description

Telemark University College
Faculty of Technology

FMHG606 Master’s Thesis
Title: Home Automation
TUC supervizor: Hans-Petter Halvorsen
External partner: National Instruments
Tazk description:
Home antomation has zreatly increased m populanity over the past several years. Home
Antomation may include centralized control of lighting, heating, ventilation and air

conditioning, appliances, security locks of zates and doors and other systems, to provide
mmprovad conventence, comfort, enargy efficiency and secunty.

Home Automation
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The following topics could be investizated in thiz project:

* Study of existing Home Automation Systems and explore the Arduino and the
Raspberry Pi platforms to ze2 how they can be infegrated and used for Home
Automation

* Development of PID control {or other control strategies like MPC) for temperature
control in houses.

* Logzmmg, Monitormgz and Control of typical Data m Homes, e.g., Temperature, atc.

* Creats z Home Automation Prototype based on Ardumo/Raspberry P1 (e.z., with
Temperatura Control, Security Cameras, Alarms, Remote Control, ...)

Adres:: Kjaines ring 56, NO-3518 Porsgramn, Nornay. Phone: 35 57 50 00. Fax: 35 55 75 47,
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4. Using Arduino/Raspberry Pi for Monitoring and Datalogging using Web Services and
“Data Dashboard for LabVIEW™ (App for Smartphones and Tablets)

5. Development of PID control (or other control strategies like MPC) for temperature
control in houses.

6. Create 2 Home Automation Prototype based on Arduino/Raspberry Pi (Temperature
Logging and Control)

7. Explore integration with Apple HomeKit, Android Home Automation or Microsoft
HomeOS. These are frameworks for communicating with and controlling connected
accessories in a user's home.

8. Explore Wireless Communication, such as WiFi, Bluetooth, XBee, RFID together with
Raspberry Pi and Arduino for Publishing and Monitoring Home Data

9, Using OPC UA together with Raspberry Pi

10, Use of ¢.g., the ZigBee Home Automation standard for Sensor Integration

11, Using Arduino within LabVIEW; LabVIEW LINX

Based on the students interest, he should select some of the topics above in collaboration with
the supervisor for further investigation.

. m Homes (in Norwegian): hitp://www dinside.no/93 131 S/smarthjer.-i-kraftig-

¢ The Arduino platform: http//arduino.cc

* The Raspberry Pi platform: hitp://www.raspberrypi.org.
http://www.raspberrypi.org/tag/home-automation/

* Apple HomeKit: MMM

M . ' . ] "
. I.abVlEW LINX (usmg Aninmo vmh the l.abVlEW plafonn)
https://www.labviewhacker.com/doku. php7id=leam:libraries: linx:getting _started
*  Xively: htps:/xively.com

Task background:
Home Automation Systems have been very popular today and many vendors have solutions
within this area. This must also be seen in connection with Interet of Things (loT).

m Arduino is a low cost open-source electronics prototyping platform. The
rdui and digi 5
Arduino has analog and digital 1O

' The Raspberry Pi is 3 low cost, credit-card sized computer that plugs into a

computer monitor or TV, and may be used with a standard keyboard and
mouse.

Student category: SCE students
Practical arrangements: None

Signatures:
Supervisor (date and signature): Z/(» ‘/3’ p\L W k
Students (date and signature): Tune 02,2015 "Xu
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8.2 Appendix : Abstract Page

Telemark University College

Faculty of Technology
M.Sc. Programme

MASTER THESIS ON HOMEAUTOMATION

Students: Pratik Gadtaula

Thesis title: HomeAutomation

Signatures: ... PratiK. . .
Number of pages: <85>

Keywords:

Supervisor: Hans Petter-Halvorsen SION..
2" Supervisor: <name> SION..
Censor: <name> SION..
External partner: <name> SION..
Availability: <Open/Secret>

Archive approval (supervisor signature): sign.: ......... .. .. Date:.............
Abstract:

The thesis is on HomeAutomation. It covers the area of monitoring and controlling appliances in home as per
users configuration and control. As the automation is performed on Raspberry Pi device along with Arduino
board, it combines the overall benefits from both devices and thus useful in implementing our tasks.

It primarily focus on safety and other facilities extended along with it. Services like knowing temperature
reading, lights on/off condition, fan on/off and other services are featured in this HomeAutomation. The Alarm
system is major part in HomeAutomation which secure the home and update user with right information in right
time to avoid accident or loss.

The controlling section is great importance in HomeAutomation. User will have automatic settings to control the
appliances. Further , this service is good and one of the reliable way to encapsulate home from internal and
external danger. People in job or outside home can work freely and smartly having control to their home. They
can sit and just login browser and see what is going on in their home in just a second and feel that their home is
with them all time.

HomeAutomation is truly one of the needs in today's world. People rely and feel safe and warmth in their home
with their family. HomeAutomation brings more closer and safer to them.

Telemark University College accepts no responsibility for results and conclusions presented in this report.
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8.3 Appendix: LM-35 DATASHEET
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Electrical Characteristics: LM35A, LM35CA (continued)
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6.6 Electrical Charactenistics: LM35A, LM35CA
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6.5 HElectrical Characteristics: LM35A, LM35CA Limits
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Cenfigrade Temperstre Sensor. These speciicatons also apply from 2°C o T,,.., 0 the circwit of Figure 14
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LM35
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6.7 Blectrical Characteristics: LM35, LM35C, LM35D Limits
apohy —55°C £ T, £ 150°C for the LM2S snd LMISA: ~40°C 2 T, 2 110°C fr the
LM3EC znd LM35CA: and 0°C £ T, < 100°C for the L3S0 Vo = 5 Vs and Lo

[Uni==s pthenwss noted, these

-

=50 pA, in the dirouit of Full-Range

Cenfigrade Tempersure Sensor. These speciications also apply from 2°C o T, I the circuit of Figure 14
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T Detailed Description

71 Overview

proporiionsl fo the Cenbigrade fempersture. The LM35 device has an advantage over inear tempershure sensors
calibrated in Kehvin, as the user is nof reguired fo subfrect = large constant voltsge from the oufput fo obtsin
conmvenient Centigrade scaling. The LM25 device does nof require sny exiemal calibration or frimming fo provide
typical accurecies of + ¥ “C st room fempershre and + 34 °C over a full -55°C to 150°C fempershure range.
Lower cost is assured by fimming and calibration at the waler level. The low output impedance, inear output.
and precise inherent calibrsBon of the LM35 device mekes interfacing fo resdout or control croutry especially
ezcy. The device is used with single power supplies, or with plus and minus supplies. As the LM35 device draws
only 60 pA from the supply, it has very low seifheafing of less than 0.1°C in sill air. The LM325 device is rated to
operste over 8 —55°C to 150°C tempershure range. while the LIM35C device is rated for 2 ~40°C to 110°C range
|—10F with improved sccurscy). The tempershure-sensing element is comprised of 5 defis-V BE architecture.
The iempershre-sensing element is then buffiered by an ampliier and provided o the WVOUT pin. The ampiifier
has & simple class A oulput stepge with fypical 0.5-0 ouiput impedence s shown in the Funclonal Block
Diagram. Therefore the L35 can only sounce cument and if's sinkang capsbility & imited fo 1 pA

7.2 Functional Block Diagram

LA
Rz
=
7.3 Feature Description

7.3.1 M35 Transfer Function
The sccuracy specificaions of the M35 sre given with respect fo 5 simple Bnesr fransfer funclion:
Vo =10me"FxT
whers
= V- 5 the L35 output voltsge
= Tisthe tempesure in °C ]
74 Device Functional Modes
The only funciional mode of the LM35 is that it has an analog oufput directly proporional fo tfempershure.

Coppight © 15552015, T Insirusesls Inmoporsies Sufnit Docomeniziion Feediact. 13
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8 Application and Implementation

NOTE
informaiion in the following spplicalions sechions B not part of fhe Tl component
speciicafion, and Tl does not wasmant is scourscy or complefieness. TI's cusiomers ane
MHMMdMHMmmM
walidate and test their design implementation to confirm system

8.1 Application Information

The feshwres of the LM35 meke it suitsble for many genersl fempershre sensing spplications. Mulfiple packege

options expand on if's flexdbility.

811 Capacitive Drive Capability

Like mxst micropowes circuits, fhe L35 device has a imied sbility to diive heavy capacitive loads. Alone. the

L35 device is sbie fo drive 50 pF without specisl precaufions. f hesvier loeds are anficipsied, isolafing or

decoupling the koed with & resisior is easy (see Figure 12). The iolerance of capecitence can be improved with =

sefies R-C damper from ouiput fo ground (see Figure 13

Vithen the L35 device i applied with & 2000 load resistor as shown in Figure 16, Figure 17, or Figure 18, the

MEMMBWMMMMWHWMMbm
emvironment,

HEANY CAPACITIVE LOAD, WIRING, ETC.
2k

LIS ETW “ ¥ 70 A HIGHIMPEDANCE LOAD

Figure 12. LM325 with Decoupling from Capacitive Load

HEANTY CAPAITIIVE LI, WWARING, ETC.

-
LM * S HMPERANCE LOAD
001 oF YPASS—— i | —y
OETOMRAL T ™ = =
]
i
1 pF
= T
Figure 12. LM35 with R-C Damper
14 Submit Docomen=ton Feaiack Oy 13550 E Ty ey oo

Product Foider Links" [ 1G5
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Datz pack F

8.4 Appendix: LDR DATASHEET

Issued March 1967 Z32-3816

RS

Data Sheet

Light dependent resistors

MNORP12 RS stock number 651-507
MNSL19-M51 RS stock number 596-141

Two cadminm slphide (0d5) pholocondwctive calls Elecmrical characieristios
with spectral responses aimilar 1o that of the human 7, — 25 2RR4°E un Tt
eye. The cell registance falls with increasing light inten " geten light source
gity. Applications mclude smoke detection, aulomatie | Parametar Conditions | Mm. | Typ. | Max| Umits
lighting controd, batch counting and burglar alarm sys Crll resisne 10D 0 [¥]
lems 10 E i}
Diark resistance 1.0 A
Cuid ihamninati Dark capacilanca a5 n
| i 5o taons L Rise: mme: | 1M X ms
Lngiu:au:n:e Iuminartion (L) 10 18 ms
00 [Falllime 2 100000 he = P
GOW bulb at 1m &0 10 s 120 ms
1'W MES bulb at 0.1m 100 1. Darke b | 100 Ry,
Pusrescent lighting Bog B INXE
Bricht . 0,000 B, = phoiacall reasianoes under grean illaminaiom
Features
Circuit symbal B Wide spesciral résponss
® Low cosl
T & Wide ambienl fempsesratire ranogs.
i
- .
laght memory charactenstics

Light dependent reaistors have a partioular property in
that they remember the lighting conditions m which
they have been stored Thiz memory eflect can be
mimimised by storing the LIRS in light prior bo usa.
Light storage reduces equilibrium time e reach
steady resislance values,

NORP12 (RS stock no. 551-507)

Ab=zclnie maximum ratmos

Voltage, ac or do peak Jaoy
Current THmA
Power disgpalion al 300 ElenWy
Oparatng lamparabure rangea S0 o #TEC

TTEPRTIT ST P PR S
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232-3816
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Z32-3816

Absclute maxmum ratings _ _
Valtage, ac or de pealk oy | DEmensions
Current Bmdi
i i & - S
Mer@ﬂpmmatzs‘ﬂ S0mW /;——\ i
Oparatng lamparahure rangs 28°C +T6C / =
if
| . sk | | T o BET
*Darate linearly from S0mW ar 255C to OW at TEC. }'.'- o el + 1
e
Flecrieal o - — el |
E Ecnditians | ben, NED Tnitz
- T 2% L 0 iy @18 -
Cell resistance: 100 # 0o |kl P
1K1 e 5 K1 Tama
I Sirke ressstaney 10 hux after
1 sac 0 i v
Spemra respooe () ] e ."""l‘_]- o ook :5«'3 1N,
[ Foe e e W e 1 T i L
Fall teme 1 i) ms
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232-3816

Typical application circuits

Figure § Sansithes light oparated relay Figure § Logarithmie law photographic hght metar
T — A
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8.5 Appendix: ARDUINO CODE For HomeAutomation

2 #include <shal.hr
3 #include <5PI.h>

4 #include <WiFi.h»
5 #include <gysgl.n>

7 IPhddress server addr(10,0,0,103);

¢ char user[] = "root";

9  char pazsword[] = "raspberry";

10 Connector my conm; // The Connector/Arduing reference
11 char gzid[] = "ThomsonFFCEBS";

12 char pass[] = "3e***AD4C";

13 ing status = WL_IDLE STATUS;

14 WiFiClient client;

16 jint sensorPin = AQ;
17  jint fanfutput = 5;
18 jnt sensorPinl = Al;
13 jipr lightOutput = 3;
20 jnt alarmCutput =9;
21 jnt threshold = 400;

23 woid gerupi() {

24 pinMode (fanfutput, OUTEBUT):

25  pinMode(lightOutput, OUTEUT);

26 pinMode(alarmlutput, CUIEUT);

27 Serial.begin(115200);

28 while (!Serial};

9 int status = WiFi.begin(ggid, pass):

if ( statug !'= WL CONNECTED) {
Serial.println("Couldn't get a wifi connmection");
while(true);

PRCT  y —

glae {

Serial.println("Connected to network™):
IPhddress jp = WiFi.localIP():
Serial.print ("My IP address is: ");

Serial.printinip);

o Ln

L3 L0 L0 a0 L L L3 L0 L Cax P

Te)
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45  void loop(){

16 inr read = analogRead (sensorPin);
47 float volt = (read/1024.0)#5.0;

8 int t = (volt - 0.5)*100;

49 Serial.printin(t):

50 delay (1000} ;

51 int val = analogRead(3ensorPinl);

52 Serial.printin(yal):

53

o4 if (t<30){

55 digitalWrite (fanCutput, LOW):

56 if (yal < threshold) {

57 digitalWrite (lightCutput, HIGH):

8 if (my _conn.mysgl connect (gerver addr, 3306, user, password)){
59 char puf[128];

60 SPEARLE (buf, "INSERT INTO homeautomation.Lagdaka(datavalus, photedata, fagid) VALUES('d','sd','sd')",t,yak,15);
61 my_conn.cnd query(puf);

62 1

63

64 elase {

65 digitalWrite (lightOutput, LOW);

66 if (my conn.mysql connect (server addr, 3306, user, password)){
67 char puf[128];

62 SRrinLE (byf, "INSERT INTO homeansomation-fagdaka (datavalus, photodata, kagid) VALUES('sd','sd','®d')",t,yal,15);
69 my conn.cmd gquery(buf):

T0 1}

i else if (t»30) {

12 digitalWrite (fanOutput, HIGH):

73 analogWrite (alarmOutput, 20);

14 delay(5000);

15 analogWrite (alarmbutput, 0);

T8 delay(5000);

11 if (yal < threshold) {

18 digitalWrite (lightOutput, HIGH):

79 if (my conn.mysgl connect (server addr, 3306, uger, paszsword))({
80 char ppf[128];

81 sprintE (puf, "INSERT INTO homeautomarion.ragdata(datavalue, photodata, tagid) VALUES('sd','sd','3d')",t,yal,15);
82 my conn.cnd query (puf)

83 H

84

85 elae {

& digitalWrite(lightOutput, LOW);

if (my conn.mysgl connect (server addr, 3306, uger, paszsword))({
88 char puf[128];
89 SREARRE (puf, "INSERT INTO pnomeantonasion. agdasa (dasavabus, PAOR0dasa Ragid) VALUES('sd','sd', 'sd')" ¢, ya}, 1)

80 my_conn.cud_query (huf) ;
. )

92 delay(1800000);

93}
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8.6 Appendix: PID CODE for Room

Heater

LR

6

(%}

1

s

#include <PID vl.h>
censk ink lm35 = AO; // LM-35 input pin

congt ink pot = Al; // Potentiometer input pin
congt ink heater = 9; /{ Heater output pin
double templevel; // Indirectly store the light level

// Tuning parameters
double aggEp=4, aggKi=0.2, aggKd=1;

float Kp = 200; // Proportional gain
float Ki = 50: // Integral gain
float Kd = 0; // Differential gain

// Record the set point as well as the controller input and output
double Setpoint, Input, Cutput;

// Create a controller that is linked to the specified Input, Quput and Setpoint

PID myPID(&Input, &Cutput, &3etpoint, Ep, Ki, Ed, DIRECT):

void setupi) {
tempLevel = analogRead (1m35);

// Read the set point
// Brduing has an analogueRead() resolution of 0-1023 and an analogueWrite ()
Input = map(templevel, 0, 1023, 0, 255); // Scale the input

Setpoint = map (analogRead(pot), 0, 1023, 0, 255); // Scale the set point

Serial .begin (9600} ; // Initialise serial communications at 9600 bps
// Turn on the PID control

myFPID. SetMode (RARUTOMATIC) ;

wvoid loop() {
Setpoint = map (analogRead(pot), 0, 1023, 0, 255); // Continue to read and scale the set point

templevel = analogRead (1m35); // Read the light level

Input = map(templevel, 0, 1023, 0, 255); // Scale the input to the PID

double gap = abs(Jgrpoint-Input); //distance away from ggtpoing

if(gap<10) { //we're close to ggLRRiNL, use conservative tuning parameters

myPID.SetTunings (Kp, Ki, Kd):

else {
J/fwe're far from ggfppint, use aggressive tuning parameters
myPID. SetTunings (ago¥p, aggoEi, aggEd):

myPID.Compute () 7 // Calculates the PID output at a specified sample time
analogWrite (heater, Cutput):; /{ Power the Heater
Serial.print ("tempLevel = ");

Serial.print (tempLevel);
Serial.print ("Setpoint = ")
Serial.print (Sefpoing) ;
Serial.print (" Input = ");
Serial.print (Input);
Serial.print (" Output = "):
Serial.print (Cutput);
Serial.print("\n"};

f{ The tuning parameters can be retrieved by the Arduing from the serial monitor: 0,0.5,0 set Ki to 0.5.
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8.7 Appendix: PHPCODE(MySQL Connection
Procedure)

<php

fhostname_test = "localhost";

jdatabase_test = "homeautomation”;

fusername_test = "root";

$pasgword_test = "raspberry";

$.1:esn: = my3ql_pconnect ($hostname test, Susername test, Spassword test) or trigger error(mysql_error(),E_USER_ERRCR);
7>

1
2
3
4
3
]
1
g
g
0

Py
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