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ABSTRACT

This project is a Smart Universal Remote design project for academic purposes. It will
provide students with the methodology, concept, and design of hardware
implementation. In this project, Raspberry Pi 3 Model B+ is a small CPU as a central
part of the project with Linux Infrared Remote Control (LIRC). LIRC is an open-source
library that allows users to receive and send IR signals with a Linux-based computer
system, Raspberry Pi used in this project. IR receiver and IR LEDs must be
implemented in the hardware circuit to receive an IR signal sent by IR remote control.
Those remote control can be found around the home quickly such as light, fan, TV,
home theatre speaker system, and more home devices. After recorded the IR signals as
the configure files. Python GUI will use to control the home devices that they have
recorded earlier. Then, Ubidots, an IoT platform, is used to make the user control the
home device. Using MQTT within Ubidots so that the device can publish the data to
the connected and subscribed topic. Then, Telegram Bot used as an additional option

to control the IR home devices with a smartphone.
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Chapter 2: Literature Review

Chapter 1: Introduction

1.1 Problem Statement

The project title of this project is “Smart Universal Remote using mobile for home
automation”, this project is consisting the element of which in terms of the Internet of
Things (IoT) and Smart Home. Hence, the problem statement of this project has been
told by the project title already. This project looks for Smart Universal Remote for home
automation to control such as light, fan, TV, home theatre speaker system, and more
home devices. From this example, we know that there are many types of home devices
in a house nowadays controlled by a remote controller. However, many types of home
devices require various remote controls. Therefore, what if we try to construct a
Universal Remote Control to make the remote 3 in 1 or many in 1 to allow people to

control their Universal Remote Control, for example, our smartphone.

1.2 Background

In the 21st century, the Internet of Things, commonly abbreviated as 10T, has become
high-profile and one of the most critical technologies over the past few years. With the
concept of the Internet of Things, cars, home appliances (television, coffee machine,
washing machines) and even baby monitor as long as connected and shared data to the
Internet with embedded devices. Today, we can easily find out that electronic and
electrical appliances have Wi-Fi capability because there was embedded Wi-Fi. Besides
offering smart devices, 10T is crucial to businesses. For example, when we went to
dining, we noticed that the waiter recorded the order from customers by an online app
to avoid a mistake that worsened customer satisfaction. Also, cashless payment
becomes a trend now. Therefore, 10T is essential because it helps people improve their
daily lives to become more innovative and help companies operate their business more

effectively. One of the common ideas that lead from 10T is Smart Home.

According to (Rouse.M 2018), Smart Home is a house that uses internet-connected
devices to enable management and monitoring of home appliances also referred to as
Home Automation. A smart home gives the user control of internet-connected home

1
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Chapter 2: Literature Review

appliances such as smart television, washing machines, rice cookers, etc., from a mobile
device or other networked devices. For example, we can tell a simple command to
Google Home speaker with "Hey Google, turn on all the switches.”. Then, the bulbs
that in Wi-Fi-connected will lights up after the Google Home decoded the voice
command. We can also use Google Home apps to control our home appliances

connected with Wi-Fi by using smartphones.

For example, home automation devices are popular nowadays, for example, electrical
home devices and HVAC systems that abbreviate as heating, ventilation, air-
conditioning, and thermostats. According to (cooking hacks, n.d.), the main objective
of HVAC systems is helping to maintain better indoor air quality through adequate
ventilation with filtration and provide better thermal comfort. We can find any one of
the home devices that are HVAC systems such as A/C, dehumidifier, air filter, or even
fan. Therefore, this is very general that many home devices can control by IR remote

control.

According to (Woofford 2019), IR remote control uses electromagnetic waves to
operate in infrared radiation. However, human eyes cannot detect IR but when can see
it by phone camera. When the remote-control button presses, it will generate a
systematic series of 1/0 infrared pulses, which a binary code. For example, the TV
remote sends ‘11100011° as a signal to allow the TV on and off while sending
‘10011001” to allow TV to change the channel. Also, different manufacturers might
have other codes of the same key. For instance, the power key of Toshiba TV is different
from Samsung TV.
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Chapter 2: Literature Review

1.3 Motivation

If there are many remote-control types in a home, there will be troublesome because
those remote controls might occupy home spaces, and it is difficult to find when the
remote control had hidden or missing somewhere else. Especially, there is no IR
universal remote which can control all the home device by a phone. Therefore, to solve
this problem, there is enough motivation to solve and combine all the IR remote control
found in the home, commonly like a fan, TV, and A/C remote, into a prototype for
testing. Then, use the 10T platform to send those IR signals from the prototype to control

home devices, which can control by phone.

1.4 Objectives
The main objective and sub-objectives of the project are shown below:
1. To design a Universal Remote Control that can be able to control by phone to
communicate with IR-controllable home appliances.
e To build a hardware prototype which able to record and send IR signals
e To receive the IR signal from the IR remote control from the IR remote.
e To learn and store the new IR signal bit pattern from the IR remote control
e To transmit the pre-recorded IR signal from the Universal Remote Control
to IR device to control it
e To control at least three IR home appliances like AC, TV and Fan
e To control the Smart Universal Remote by smartphone via 10T Platform

e To control the Smart Universal Remote by smartphone via phone app

Therefore, IR signals sent by remote controls are our main keys to undergo this project.
If without recording the IR signals of each remote control for controlling the home
devices, this project cannot continue smoothly. Also, this project targets to control the

home devices without using any IR remote controls.
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Chapter 2: Literature Review

1.5 Proposed approach/study

Throughout the project, to solve the problem statement which has mentioned above.
This project needs to design a hardware prototype with an IR receiver and IR transmitter
that can record and save the IR signal data into a file with a library. Then, send and test
the IR signal to the IR home devices by executing the recorded IR signal data. This
project also involves using an 10T platform which able to control by a smartphone via
the Internet. The diagram below is shown a simple system flowchart for the project of
the proposed approach.

Build 2 Hardware
Prototype

l

Record and Decode the
IR signal with IR
receiver and IR
transmitter

l

Send and Test the IR
signal

l

Use IoT platform to
control the IR signal
with phone

l

Test and Control the IR
home device with
smartphone

Figure 1.1 Simple System Flowchart

To make the scope narrow and sharply, we target IR-controllable home appliances and
then target the IR remote control on those common home appliances at least three
examples such as Air Conditional, TV, and Fan. We only target those common and
frequent being use button keys such as the power key, fan speed key. Of course, the

scope would expand to challenge them further.
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1.6 Highlight of what have been achieved

This project is going to benefit the reader who desired to build a Smart Universal
Remote for IR home devices by themselves.

A universal remote control is useful because it can be a combination of infrared remote
control among several home appliances. Otherwise, it is painful for the user to find a
particular remote control to control the appliances. Also, universal remote control able
to save some costs the user must purchase again the replacement original remote control
which costs highly. Hence, a universal remote control has the inventive principle of
merging that has the value to study to let user ease to operate with one universal remote
control. However, this project possible to add more functions, for example, the
hardware prototype can connect a temperature sensor to detect the surrounding
temperature when high temperature, the sensor will be interrupted and send the IR

signal to the A/C for cooling down.

However, many remote controls are still in analog form since IR is a wave of
electromagnetic waves. Thus, this project proposed to digitize the signal of IR which

we get from IR remote control so that it can enable and widen the application.
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Chapter 2: Literature Review

1.7 Report organization

The rest of this report has organized as follows:

Chapter 1: Explain the Smart Universal Remote's introduction and background
Using Mobile for Home Automation project.

Chapter 2: Review and compare some literature the previous works which
similar to this project.

Chapter 3: Describes details of how the project is developed with necessary
information.

Chapter 4: Describes and list the methodology, tools, requirement,
specification.

Chapter 5: Describe the implementation and testing of this project.

Chapter 6: Conclude this project what has done and achieved related to
objectives, discuss the problems encountered and unique idea, and further

improve this project.
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Chapter 2: Literature Review

Chapter 2.1: 10T based Smart IR Device using CC3200

There are different methods used to propose a home automation system.

They investigated the issue of loT-based Smart IR System using the CC3200 device,
according to Chaitanya, Sekhar, and Ramesh (2016, p2). The CC3200 interface is a
wireless microcontroller unit (MCU) with integrated Wi-Fi networking, according to
Texas Instruments (2000, p.4), and it is suitable for use in loT architecture. Their
concept is to create a Smart IR system with a CC3200 as the core component, which is
connected to IR transmitter LEDs and an IR receiver module. The IR receiver's job is
to collect IR bit patterns from different home appliance remote controls. Their concept
is to create a Smart IR system with a CC3200 as the core component, which is
connected to IR transmitter LEDs and an IR receiver module. The IR receiver's job is
to collect IR bit patterns from different home appliance remote controls. As a result,
one of the goals is to create a system that can learn and store some kind of remote bit
pattern from an IR remote control. The concept of the IR receiver circuit architecture is
to receive IR remote bit patterns from the IR remote, as seen in this diagram.

(Omprakash cited in Chaitanya, Sekhar and Ramesh, 2016, p.3)

Raw modulated
IR Signal from

N )
Remote 1) IR [
@ ) . receiver
circuit

Figure 2.1 IR receiver circuit design to receive to IR remote bit patterns from IR

remote.
After the IR receiver has learned the button key and stored the basic remoter bit pattern
from the IR system in the smart IR device, the user must attach it to their home's Wi-Fi
router or a 3G or 4G data link with a smartphone to monitor the corresponding IR device.
Then, on the mobile application that has been saved in the SFLASH of the CC3200,
open it and click the corresponding button. It retrieved the corresponding button code
from SFLASH intermediate and sent it to home appliances including the television and

air conditioner via IR transmitter LEDs.
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Chapter 2: Literature Review

The benefit of this Smart IR interface solution is that it can learn and store remote bit
patterns from an IR remote control in SFLASH of the CC3200. However, due to
increasing advancements in electronic devices from different manufactures, creating a
single IR-based universal remote that can control all IR-based electronic home
appliances is challenging. Furthermore, each home gadget, such as a home radio, air

conditioner, and television, has various functions, making it difficult to control.
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Chapter 2.2: Design of Smart Universal Remote using Mobile for Home

Automation

Next, (Roy J and Roy J.K 2014) researched Design of Smart Universal Remote Using
Mobile for Home Automation with two goals in mind: turning the smartphone into a
true universal remote that can learn new devices and IR protocols, and turning the
smartphone into a true universal remote that can learn new devices and IR protocols.
They found out no or bad self-learning element in many projects they hear about from
other people's work. They suggested methodologies are vulnerable to or fixed to a
certain collection of IR protocols. The key goals of this paper are then listed in the table

below.

Main Objective Explanation

Universal Remote | Different remotes have different bit patterns. Power on button
Control (URC) able | bit pattern will be unlike due to different manufacturers such
to learn new device | as Toshiba and Sony. Thus, the URC have the goal of learning
faster. new bit pattern easily, and it can be used and learn with any

new devices one brings in the home.

Self-adaptive to The format used in various IR remote is different such as there
underlying IR are many available IR formats like Panasonic command, Sony
protocol Code SIRCS, Sharp Data format etc. Even bit logic for these

protocols are unlike, a true URC must not de sensitive and
must be able to control a TV from different manufactures
following any protocol. Also, URC must self-adaptive to that

change if someday a new protocol comes up.

Table 2.1.1 Main objective of on Design of Smart Universal Remote using Mobile for
Home Automation
The instructional module part and the operational module part are the two functional
parts of this article. To begin, URC had to learn a new device and its new IR bit patterns
as part of the teaching module. When we want to implement a new TV remote feature,
we need to teach URC to learn the IR bit code of the corresponding function and send
it to the IR receive circuit. This research is close to the previous one. The IR receiver
circuit can receive an IR signal from the new or any remote, decode it into a bit pattern,

and send it as a microphone input for recording in .war files with PCM. In short, WAV
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Chapter 2: Literature Review

is an audio file format for solid audio bitstreams, while PCM encoding is a technique
for digitally representing sampled analogue signals. Second, the operating module is
played back on the cell phone via the headphone audio out when a user needs to monitor
some pre-learnt unit from URC for that particular purpose. 38KHz frequency is being
used in order to avoid all those sources remote control pulsates its IR signal since there

may have hundreds of tiny IR sources in the room.

They used a Microcontroller MSP430G2231 to modulate the IR Bit patterns with a
carrier frequency of 38KHz before sending them out to the IR transmitter in this mission.
The microcontroller then takes the demodulated IR waves as feedback and produces an
IR wave with a modulation of 38KHz. Finally, the intensified modulated IR wave is
sent out via the IR transmitter. When the IR Receiver decodes the IR signal sent from
the IR transmitter, the computer can perform the procedure if the pre-stored bit pattern
fits the bit pattern. The concept of how the functional module and working module

operate is seen in Figure 2.2, which is abstracted. (Roy J and Roy J.K, 2014,
p77)

Demaodulated IR
Signal 1) Microcontroller 38
—_— .
Andio Out EHz IF. Modulator
Modulated IR
= -
= Y~ 2) IR controlled Fan P — L1 IR
— and Light circuit - IE. Signal ‘_,-'" transoitter

Ly

Figure 2.2 Idea on functional module and operating module.
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Chapter 2: Literature Review

Chapter 2.3 Critical Remarks of previous works

The research article has use of CC3200 and MSP430G2231 to control IR device as a
central device, then this project is also needed to design a Smart Universal Remote to
control the IR device by phone for home automation. We proposed the same method of
articles previously. The IR signals will be recorded by the microcontroller which

connects to the hardware circuit.

We can try to use Raspberry Pi which also a high-performance microcontroller to use
this project. This is due to Arduino and Raspberry Pi is a high-performance
microcontroller because we have more familiar with RPi. Also, Python GUI is used in
this program with RPi have a program called Geany to run the Python code. However,
we will use the LIRC library (Linux Infrared Remote Control) to do this project since

it a powerful library to record the IR signal

11
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Chapter 3: System Design

. _ " IR signal Recording
RES ngtf:j;uratmn Im 'T:;ﬁe‘";ﬁ;m and Sending by Python GUI Phone Control
P P Using LIRC

Figure 3.1 A flowchart of the System Design

The flowchart above shows there are approximate five step to complete of this project.
The explanation will introduce detailly on Chapter 5.

3.1 Top-Down System Diagram

Smart Universal
Remote

RPi Configuration
Hardware
Implementation

v

IR signal Recording

h ) i h ) i h

‘ FAN remote ‘ TV remote ‘ AIC remote ‘

b4 b4 b4

IR signal Recorded IR signal Recorded IR signal Recorded

and testing and testing and testing
hJ i ) hJ i ) hJ
Python GLI for Python GLI for Python GLI for
testing testing testing
¥ . ¥ . ¥ .
(Use loT platform/App | (Use loT platform/App | (Use loT platform/App |
to control the FAN to control the TV to control the A/C

device with device with device with

\___ Smariphone | \___ Smariphone | \___ Smariphone |

Figure 3.2 Top-Down System Diagram

As Figure 3.2 shown above, this is a top-down system diagram of the Smart Universal
Remote Control. From the RPi configuration to IR signal Recording, it will be
introduced in Chapter 5. Thus, there are 3 IR remote parts for the IR signal Recording:

Fan, TV, and A/C, respectively. Each device needs to undergo IR signal testing after
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Chapter 3: System Design

using Python GUI to stimulate the remote-control interface. After doing the Python
GUI testing and familiar control, we implemented an IoT platform to control each

device with a smartphone from the loT dashboard.

3.2 Flowchart of the Fan Control
Start

Execute the Python
script of fan

Execute the fan lircd
configure file

MQTT connected and
subscribed to the
home-automation

topic

Waiting for the repeat
instruction

Determine which buttons had

pressed
SPEED 1is SPEED 2 is SPEED 3 is BE&;-‘EFF
asserted asserted asserted asseried
Send SPEED 1 to Send SPEED 2 to Send SPEED 3 to
Fan Fan Fan Send POWER to Fan
END

Figure 3.3 Flowchart of the Fan Control

Figure 3.3 has shown the flowchart of the Fan Control. After the Python script program
has run and the LIRC remote has configured as a fan remote. Then, the MQTT topic
also connected and subscribed. When one of the 10T platform buttons have pressed, the
data will be published, and then the SPEED 1 command will execute. Lastly, the fan
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device will receive the signal and do the operation based on the signal sent. For example,

the prototype sent the POWER signal from the Universal Remote Control (URC) to the

fan device. The fan will stop rotating until it stops. This operation can be repeated until

the program exit.

3.3 Flowchart of the TV Control

VOLUMEUP
is asserted

Send VOLUMUUP to
TV

Start

Execute the Python
script of tv

Execute the tv lircd
configure file

MQTT connected and
subscribed to the
home-automation

fopic

Waiting for the
instruction

elze

Betermine which buttons had

pressed
VOLUMEDOWN MUTE is
is asserted asserted
Send
VOLUMEDOWN to
TV
END

Figure 3.4 Flowchart of the TV Control

Send MUTE to TV

repeat

Power is
asserted

Send POWER to A/C

Figure 3.4 has shown the flowchart of the TV Control. After the Python script program

has run and the LIRC remote has configured as a TV remote. Then, the MQTT topic

also connected and subscribed. When one of the buttons has pressed the 10T platform,
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the data will be published, and then the VOLUMEUP command will execute. Lastly,
the TV device will receive the signal and do the operation based on the signal sent. For
example, Universal Remote Control sent the POWER signal to the TV device. The

prototype will turn the TV off. This operation can be repeated until the program exit.

3.4 Flowchart of the A/C Control .
‘ Start y

v

Execute the Python
script of A/C

Y

Execute the A/C lircd
configure file

v

MQTT connected and
subscribed to the
home-automation

topic

repeat
» Set a temperature = 22 |
\Waiting for the instruction|

J, else

/">// n\\\»
// - - \~,
_~Determine which buttons had-_|
- pressed =
. =
\\ ’/
T
POWER is TEMPERATUREUP | TEMPERATUREDOWN
asserted ¥ is asserted v v is asserted

Send POWER signal with
the current temperature fo
AIC

temperature =+ 1
Send temperature
increase signal to A/C

temperature =- 1
Send temperature
decrease signal to A/C

\ 4

~

O

‘ END

P

Figure 3.5 Flowchart of the A/C Control
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Figure 3.5 has shown the flowchart of the A/C Control. After the Python script program
has run and the LIRC remote has configured as an A/C remote. Then, the MQTT topic
also connected and subscribed. When one of the buttons has pressed from the loT
platform, the 10T platform will publish the data, and the POWER command will execute.
However, the A/C Control is slightly different to Fan and TV control. The temperature
needs to declare so that the program able to know what the temperature is currently.
Unlike TV, the volume level can observe from the screen but not in A/C. Lastly, the
AJC device will receive the signal and do the operation based on the signal sent. For
example, Universal Remote Control sent the TEMPERATUREUP signal to the A/C
device. The A/C will increase by 1°C for its temperature. This operation can be repeated

until the program exit.
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Chapter 4 Methodology, Tools, Requirement and Specifications

4.1 Methodology

As a Smart Universal Remote Using Mobile for Home Automation, the most important
objectives are to set up the hardware implementation of the circuit with RPi and
software of the RPi. Secondly, the most time-consuming process has used the circuit to
decode IR signals from Remote Controls for home appliances. Although the IR remote
control can easily send the IR signal to the specific home appliances, the most vital part
is to decode a correct signal by the circuit. After the completed decode of the IR signals,
the IR signals will save into lircd.config files to communicate with RPi between those
decoded IR home appliances. The diagram shows below is a general idea to understand

through the project.

RPi send IR signals to Siait Unitverss)

control home devices

Remote designed
with RPi

' RPi record IR signal

Figure 4.1 A general idea of Smart Universal Remote
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After decoding and recording the IR signals of those home devices such as fan, TV and
A/V. We tried to use Ubidots, which is an loT platform to control those home devices.
If those home devices can communicate by smartphone via Ubidots Cloud, this project
has completed the project objective. As Figure 4.2 below is used to introduce
smartphone communication between those home devices while RPi acted as the central

part.

A _.

,“‘\

Send Fan’s IR signal

Fan
& Communicate ﬁ Send TV’s IR signal R g
RPi TV
Send A/C’s IR signal *
AlC

Figure 4.2 Communicate between Smartphone and Home Devices
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4.2 Tool to use

4.2.1 Hardware
e Raspberry Pi 3 Model B+

Figure 4.3 RPi 3 Model B+

Raspberry Pi 3 B+ is used in this project as central part of the design. An ARM
based single-board computer which is running on Linux Operating System. It
can be used to surf the internet and programming. The general specification of
RPi are including boasting a 64-bit quad core processor running at 1.4GHz,
dual-band 2.4GHz and 5GHz wireless LAN, Bluetooth 4.2/BLE, faster Ethernet,
PoE capability via a separate POE HAT and Micro SD format card support.
(raspberrpi, n.d. p.2)
¢ IR remote controls
o Fan remote (Fanco DF-100),
o TV remote (LG AKB74915311)
o AC remote (YORK ECGSO01).
¢ IR Receiver Diode VS1838B
e |[IRLEDs
e Resistor 0.2W
e NPN Transistor 2N333
e Female jumper Wire
e Desktop/Laptop
e Smartphone

e Breadboard

19
Bachelor of Information Technology (Honours) Computer Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 4 Methodology, Tools, Requirement and Specifications

4.2.1 Software
e Python 3 (Geany)

Python is an easy-to-learn programming language. There are some python strengths
which are portable on various platform, increase productivity since no compilation
step, object-oriented, and GUI programming. Raspberry Pi allow the user to code
in Python. The version we use in this project is Python 3. Python has a simple syntax,
and it is had increased the readability which similar to the English language

compared to other programming languages.

e LIRC libraries

LIRC is an abbreviation of Linux Infrared Remote Control. According to
(Bartelmus 2016), ‘A package that allows user to decode and send infra-red signals
of many commonly used remote controls. Recent Linux kernels make it possible to
use some IR remote controls as regular input devices. Using LIRC on Raspberry Pi
is quite popular these days. However, LIRC offers more flexibility and functionality
and is still the right tool in a lot of scenarios. The most important part of LIRC is
the lircd daemon which decodes IR signals received by the device drivers and
provides the information on a socket. It also accepts commands for IR signals to be
sent if the hardware supports this. The user space applications allow you to control

your computer with your remote control.’
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e VNC Viewer
According to Raspberry Pi (n.d.), VNC Connect is included with RPi OS. It
consists of both VNC Server which able the remote access the RPi with a laptop.
To connect with the laptop, the laptop required to download the VNC Viewer
then prompt in the IP address to process the remote access.

Figure 4.4 VNC logo

e Ubidots
According to (Teoh,2019), Ubidots is an 10T platform specialised in connected
hardware and firmware solutions to control remotely, monitor, and automate
processes. It provides powerful real-time dashboards that can be used to control
devices and analyse data. Ubidots API supported sending and retrieving data
from RPi using HTTP, MQTT, TCP, UDP etc. Hence, MQTT is used as
communication protocols in this project.

= isiubidots

My Dashboard (+]

Sensor Data Sensor A Sensor B

2000

0
A A A A e 70
A N A A ‘T*'ﬁ ¢ On average, Sensor
=y \ \ \ Y= | Bwas
\ | \ | A L4 \ g
o0of | MNAAY / I
! | ;} | [ \ \ [ |/ 1 . 2 5

R / [\ [ ‘17— \ 2 "

[ \/ V N \ &

Ty 181 18:13:40 181

g today
nnnnn

Last values table Sensor B Sensor A Sensor 2 ()

Variable Date Last value & 6

Sensor Data
name . K
Sensor  March 292016 at 1999 2 . ®
Data 1
2 March 29 2016 at  4.129758521852203
18:13:49 - lid
° s C Turn O

Figure 4.5 An example of Ubidots dashboard
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e MQTT
According to (Sepalveda 2021), MQTT is beneficial for delivering data to your
computers. It is designed for machine-to-machine communication between two
devices, which means we can control the A/C from smartphone. Likewise, A/C
is telling us what the temperature is setting currently. The computer will "listen”
to the cloud using MQTT and only be alerted when the variable changes.

Then, MQTT is a broker of publishing and subscribe to message transport
protocol. This broker can communicate to those devices that have the same
topics. For example, as in the diagram below, smartphone is subscribing to the
Home Topic to check the light bulb condition whether turn on or off, while the
watering sensor is used to check the soil moisture if it indicates watered means

that the soil still has watered.

Q

Topic: Home

Subscribe
Light Bulb —
Publish
Q Smartphone
) ¢ ¢
Watering

Figure 4.6 A communication of the device between one topic

The communication between the computer and the cloud is kept open in this
manner, but data only moves when it is needed, saving battery life, network

bandwidth, and increasing real-time performance.
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e Telegram
As we all know, Telegram is well-known freeware of instant messaging
software and service to the user which allows communication between their
users. However, in this project, we can use Telegram to control our RPi and
control our home device. This is because Telegram has provided a Bot API to
allow the user to create their bot themselves. Thus, BotFather is used to create
a bot in Telegram, allowing the user to control by using their provided token.
According to (Faris 2017), he has introduced a method to use a Telegram bot
with RPi. Therefore, we can set up a simple bot to communicate with RPi while

running a Python script.

BotFather

@botfather

Figure 4.7 Telegram Bot
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4.3 Requirements

Project Requirement

Descriptions

Functionally

This system is designed for home use or small area use. It can be
used in a large area but needs to move the infrared LED by
pointing at the IR devices to control. This can be used a
smartphone to control remotely. That means it is convenient for

the user to control the IR home devices with their smartphone.

User Interface

This system is designed in a well-looking and well-understand
interface. The interface, even in window-view or phone-view, is
well-looking. Thus, users can easily find out which button

controls which device and what the button does.

consumption

Performance Accuracy
e The accuracy in this program would be ten out of ten
unless the IR LEDs are not pointing at IR detector of the
home devices.
Timing
e The timing is aimed to send the IR signals within 2 to 3
second to make a fast respond.
Cost Approximately RM240 for the RPi
Total cost of this project is RM280 approximately.
Physical Size The size of RPi is 67x56x11.5 mm, so it is light and easy to
and Weight move.
Power 15w

Table 4.3.1 Project Requirement
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Minimum Requirement of PC/laptop

Description Minimum Requirements

Processor Intel i5 or higher with frequency of
3GHz

Operating System 32-bits Window 10

Resolution 1920 x 1080

RAM 8GB or higher

Storage 256GB or more

Table 4.3.2 A minimum requirement of the PC/laptop to process the project
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4.4 Specification

4.4.1 Verification Plan

smartphone

Test | Test Case Expected Results Results
No.
1 VNC  Viewer | Able to remote access with RPi Pass
Remote Access
Configuration
2 IR Receiver test | IR Receiver able to detect IR remote | Pass
controls signal by using the command of
mode2 -d /dev/lircl
3 IR LEDs test IR LEDs can blink by watching the phone | Pass
camera when executing python program
code.
4 LIRCD status | To check the availabilities of LIRC | Fan: Pass
check test configuration files of remote and errors. TV: Pass
AIC: Pass
5 IR Remote | Repeating the recording process once the | Fan: Pass
recording test remote key can be decoded by LIRC as a | TV: Pass
configuration file (lircd.conf) A/C: Pass
6 IR Controlling | To test the decoded lircd.conf with the | Fan: Pass
Test with RPi home device TV: Pass
A/C: Pass
7 IR Controlling | To build a Python GUI program with | Fan: Pass
Test with RPi | Tkinter that able to test recorded lircd.conf | TV/: Pass
GUI to test with home devices. A/C- Pass
8 IR Controlling | To control the home devices with mobile | Fan: Pass
Test on Ubidots | phone on Ubidots Cloud remotely TV: Pass
with A/C: Pass

Bachelor of Information Technology (Honours) Computer Engineering
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smartphone

9 IR Controlling | To control the home devices with mobile | Fan: Pass
Test on | phone on Telegram remotely TV: Pass
Telegram with A/C: Pass

Table 4.4.1 A table of Verification Plan
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Chapter 5: Implementation and Testing
5.1 Implementation

5.1.1 RPi Configuration Setup

First and foremost, connect the RPi with the monitor by using an HDMI cable and start
the initial simple setup. After setting up the time zone and enable the Wi-Fi connection,
run the command sudo raspi-config, go to Interfacing Options > VNC and select Yes.
Navigate the VNC Server, which is located at the right-hand side menu bar and copy
the IP address. After that, download the VNC Viewer on the laptop and finish those
installation instructions. Lastly, open the VNC Viewer application and paste the IP
address to connect.

Note: The username and password would be pi and raspberry respectively by default.
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5.1.2 Hardware Implementation

Next, we need to build a simple and easy hardware circuit with RPi. According to
(Stanton 2017), the website has introduced the way of designing a Universal Remote
with RPi by using LIRC. We followed and modified the circuit that they had mentioned,

and this is a hardware circuit as in the diagram below we built.

Figure 5.1 A hardware drawing of Smart Universal Remote

There are two parts of the hardware implementation as an IR receiver part and IR
transmitter parts. Firstly, IR Receiver Diode VS1838B is used to record the IR signals.
We connected the PIN OUT to GPIO Pin18 from RPi, PIN GND connected to ground,
and VCC pin connected to 3.3V pin from RPi. (Note: Please refer to the appendix
behind)

Secondly, for the IR transmitter part, we installed three IR LEDs on the breadboard.
The reason we need to install more IR LEDs used to strengthen IR signal transmission
between IR home devices. Then, NPN Transistor 2N2222 is used to help drive IR LED
by amplifying the current output. Lastly, a resistor is used to connect between the RPi
GPIO Pin 18 and 2N2222 transistor. (Note: Please refer to the appendix behind)
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5.1.3 IR signals recording and sending with terminal

Referring to Prasanth (n.d.), and Rich (n.d.), the following instructions below are the

methods and procedures to record and control the home devices with RPi

1.

After finished the RPi start-up setup, open terminal window to update the RPi
and install LIRC.

$ sudo apt-get update

$ sudo apt-get install lirc

Type $ sudo nano /etc/lirc/lirc_options.conf and edit the file of

[etc/lirc/lirc_options.conf as the following code below.

driver = default
device = /dev/lircO

device = /dev/lircl

NOTE: According to Leon,2020, device /dev/lircl is used by the IR receiver
and device /dev/lircO is the IR LEDs. Initially, /dev/lircl is used to scan and
record a remote control.

Uncomment the following lines in /boot/confi.txt to allow RPi ‘listening’ on
GPIO Pin 18 and send the signal on GP10 Pin 17
dtoverlay=gpio-ir,gpio_pin=18

dtoverlay=gpio-ir-tx,gpio_pin=17

by typing $ sudo nano /boot/config.txt

Restart LIRC by doing and check whether have errors
$ sudo /etc/init.d/lircd stop

$ sudo /etc/init.d/lircd start

$ sudo /etc/init.d/lircd status

Reboot the system by tying
$ reboot

Check the LIRC driver and IR Receiver by typing the command.
30
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$ sudo /etc/init.d/lircd stop
$ mode2 -d /dev/lircl

7. Record only one key button of the IR remote control and follow the instructions
until lircd.conf file will be generated.
$ sudo irrecord -f -d /dev/lircO ~/lircd.conf
Note: The reason for the recommended record one key first due to it is
depending on luck and environment (e.g. lights) sometimes. It might try several
times until it successfully is written config file. After decoded one key then try
another key button until it is done, copy the second key button raw code into the
first key button configure file.

8. Backup the original lircd.conf
$ sudo mv /etc/lirc/lircd.conf /etc/lirc/lircd_original.conf
$ sudo cp ~/lircd.conf /etc/lirc/lircd.conf
$ sudo /etc/init.d/lircd restart
Note: The name of the lircd.conf file will be different, thus before executing the
command, the name of the target file and destination files need to change.

9. Check the data of signals that recorded in the configure file. E.g:
$ irsend SEND_ONCE <remote_name> KEY_POWER

According to (Aufranc 2017), he introduced how to decode the IR signals of A/C is
slightly different but similar to the instruction above the way of fan and TV. We are
still using step 6 above, which is $ mode2 -m -d /dev/lircl. When the IR signal from
A/C remote is sent to the IR receiver from RPi, we will observe many raw code lines.
The raw code copy and paste into the lircd.config file which able to control the A/C

when the lircd.config file is executing.

Note: Ignore the first “large number” from the raw code; otherwise, the lircd.config file

would not work.
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5.1.4 Python GUI
After completed recording and testing on the terminal window, we used Geany to

program a GUI program to control with Python instead of terminal command. Tkinter
library is the Python interface to the Tk GUI toolkit shipped with Python and used to
create GUI applications. It is easy to use with Python as we only import the Tkinter
module. Also, a button widget is used to simulate and modify as button keys of the IR
remote controls. Next, import the os module and time module when using Python code
to send the IR signal using LIRC and give some second to suspend the execution. For
example, as the code below

os.system(‘sudo /etc/init.d/lircd restart")

time.sleep(1)

os.system(‘irsend SEND_ONCE <remote_name> <power command>")
time.sleep(1)
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5.1.5 Phone Controls
5.1.5.1 Ubidots Implementation

After testing the code, we must register an educational or personal use of Ubidots

account at https://ubidots.com/stem/. This is a free account to register and test with our

project. Ubidots is an loT platform that able to connect hardware and firmware

solutions to control remotely.

First, create devices and variables. According to Maria (2021), a Device in Ubidots is

a virtual representation of a data source. For example, Home Automation is a device

name we used in this project. As the diagrams below have shown, the way to create a

device by clicking the “+” icon and then chose the blank device to proceed.

ses ubidots

Devices

Devices

[l NAME STACTIVIT CREATED AT -

@ Demo No last activity 2021-04-07 23:17:31 +08:00

Figure 5.2 Add a new Device (RED circle)

Figure 5.3 Start from a Blank Device (RED circle)
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Variable in Ubidots is created when a device is created and receiving the data from our
hardware data-source, the data can be represented ad raw or synthetic. we have always
used raw data to represent our remote button. The diagram has shown below the step to

create a variable by clicking the “add variable” and then “raw”.

-------------------------------------

606dcd0b1d847211133917d0 Add Variable

Figure 5.4 Choose a Raw Variable

After that, to insert or add a switch variable in the dashboard, which is shown the

diagram below with Red Circle, go to:
Data > Dashboards > “+” icon > Choose Switch > Click and select the variables

that needed > “v” icon

+ Add Variables

Appearance ~

Name HOME CONTROU

Custom style Add style 0

Figure 5.5 Add Variable (RED circle)

Additional: Ubidots provide a function to custom their dashboards and widgets by

clicking Add styles from Appearances which has shown in the diagram above with a
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Purple circle. For example, change the colour of the header and font, change the size
and weight of the font, etc. This is depending on the creativity of the user to make a

well-looking dashboard and widgets.

Install the Ubidots Python API Client library by typing the statement below in the
terminal.
$ sudo pip3 install ubidots == 1.6.6

Next, the token is a must because it is a unique key that is used to control the Python
program with Ubidots. Thus, go to the APl credentials > copy the default
token. Insert the code as below in the Python script to connect Ubidots.

from ubidots import ApiClient

api = ApiClient(token=°‘your_token’) #copy and paste the token

Also, we need to assign variable as a button widget in Ubidots,
switch_button = api.get variable('variable_id") #copy and paste the

variable 1D from the variable

If we need to get the value of the variable to swith_button, get a single item in the
get_values method as below,

s0 = switch_button.get.values(1)

If the if-else condition of the value is equal to 1(high-asserted of the switch button),
execute the remaining code.
if s0[0][*value’] == 1:

#excute the remaining code statement.
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5.1.5.2 MQTT Implementation
Install Mosquitto and its command line clients by typing the statement in the terminal
below,

$ sudo apt-get install mosquitto mosquitto-clients

$ sudo pip3 install paho-mqtt

5.1.5.3 Publish message with Python
To explain how to use publish messages, the diagram is shown below that of the sample

code of the project. Note: This is just for explanation of the code.

1 |[import paho.mgtt.client as mqtt

2 BROKER_ENDPOINT =

3 MQTT_USERNAME = # Put here your TOKEN
4 TOPIC = #name your topic

5

6 rdef on_connect(mqttc, obj, flags, rc):
7 print( )

8

9 cfdef on_publish(mqttc, obj, mid):

10 print( )

11

12 # Setup MQTT client

13 mgttc = mqtt.Client()
14 mqttc.on_connect = on_connect
15 mqgttc.on_publish = on_publish

17 mqttc.connect (BROKER_ENDPOINT, PORT, 60)
18 Twhile( 1):

mqttc.publish(topic, 0)
Figure 5.6 Publish message sample code

e First, from line 1 to line 4, importing the paho.mqtt.client as mqtt, and define a
broker to things.ubidots.com (educational account). Next, assign the Ubidots
token as a username of MQTT Credentials and name the topic.

e Secondly, for line 13 and line 18, we are telling the MQTT client to connect to
the broker which is things.ubidots.com. If the client has connected to the broker,
the console will indicate [INFO] Connected! (from line 7)

e Lastly, to publish the message, we write a line of code (line 20) to publish the

message in the console.
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5.1.5.4 Subscribe Topic with Python

To explain how to use to subscribe to topic, the diagram is shown below that of the

extracted code of the project. Note: This is just for explanation of the code.

import paho.mqtt.client as mqtt

BROKER_ENDPOINT =

MQTT_USERNAME = # Put here your TOKEN
TOPIC = #name your topic

Tdef on_connect{mqttc, obj, flags, rc):

print(

TdEf on_message(mqttc, obj, msg):

print( .format (float(msg.payload)))

Tdef on_publish(mqttc, obj, mid):

print(

def on_subscribe(mgttc, obj, mid, granted_qos):
print( )

# Setup MQTT client

mgttc = mgtt.Client()
mgttc.on_message = on_message
mqttc.on_connect = on_connect
mgttc.on_publish = on_publish
mqttc.on_subscribe = on_subscribe

mqttc. loop_start()
mgttc.connect (BROKER_ENDPOINT, PORT, &0)

mqttc.subscribe(topic, 0)
mgttc. loop_stop()

Figure 5.7 Subscribe topic sample code
Firstly, the code structure of publish a message and subscribing are similar for
instance, from line 1 to line 4 is the same, as well as line 28 creates a client
connection.
Thus, the difference of the subscribing codes from line 22 to line 25, these
lines of code are used to set up the MQTT client. When line 30 is executed, it
will go to the on_subscribe callback function to print the [INFO]
Subscribe statement to indicate the topic has been subscribed.
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5.1.6 Telegram Implementation

5.1.6.1 BotFather
1. Install and Open Telegram app
2. Go Contacts > Search BotFather

GLOBAL SEARCH

(), MyHomeFan
@Gxfc88_bot

¢ BotFather &
B @BotFather
Figure 5.8 BotFather

3. Type /start to start the BotFather

@ ot Botlrather %
0ot L

[start 11:30 pms

| can help you create and manage
Telegram bots. If you're new to the Bot
API, please see the manual.

You can control me by sending these
commands:

/newbot - create a new bot
/mybots - edit your bots [beta]

Figure 5.9 Start BotFather
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5. Type /newbot to create a new bot by naming the bot and the username and
obtained the token. Note: 3 bots have created for represent to FAN, TV, A/C

respectively.

(@wats Botfither y

[newbot 413 pys

Alright, a new bot. How are we going to
call it? Please choose a name for your
bot.

GXfC77_bOt 4:14 PM

Good. Now let's choose a username for
your bot. It must end in “bot". Like this,
for example: TetrisBot or tetris_bot.

GXfC77_bOt 4:14 PM

Done! Congratulations on your new bot.
You will find it at t.me/Gxfc77 bot. You
can now add a description, about section
and profile picture for your bot, see /help
for a list of commands. By the way, when
you've finished creating your cool bot,
ping our Bot Support if you want a better
username for it. Just make sure the bot is
fully operational before you do this.

Use this token ﬁie HTTP API:

Figure 5.10 Create new bot and Obtain a Token

5.1.6.2 Telegram Bot with Raspberry Pi

1.

Bachelor of Information Technology (Honours) Computer Engineering
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Install telepot in RPi by typing the command in terminal.

$ sudo pip install telepot

Import telepot in Python script

import telepot

Copy and paste to assign the telepot token as bot

bot = telepot.Bot(‘Your_Token’)

Receiving the message form telegram in the handle function

chat_id = msg['chat’]['id"]
Getting text from the user in the handle function

command = msg['text’]
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6. Compare the command with the if-else condition statement, for example as
below, if the user type ‘1’ to the bot, the RPi will receive and execute the
command to send the instruction to fan devices.
if command == ‘1’

bot.sendMessage(chat_id,”SENDING SPEED 1”)
os.system(‘irsend SEND ONCE fan KEY_1°) #send SPEED 1 signal
7. The command shown as below will loop the handle function of the bot while

the program is exit.

bot.message_loop(handle)

Bachelor of Information Technology (Honours) Computer Engineering
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5.2 Testing

1) VNC Viewer Remote Access Configuration

Navigate the VNC Server which is located at the right-hand side menu bar and copy
the IP address.

VNC Server < *
VNC CONNECTt NG Q@ Raspoeny P Eaition - service Mo ® 2
Connectivity Security
P © Identity check
user NG

% in YNC When prampted, connecting users should check for
matching details
©3-17-43-36-de-35-aa- 34

Catchphrase
+ Other ways to connect Calony pairs igloa. Paper reflex mystery

Figure 5.11 A VNC Server window that show the IP address

Open the VNC Viewer application and paste the IP address to connect. After login, RPi

can get control by laptop.

V8 VNC Viewe —

X
VNC® Viewer Ve

VNC Server: | 192.168.0.167 V‘

Encryption: |Let VNC Server choose M

About... Options... Connect

Figure 5.12 A login window of VNC Viewer by entering the IP address

2) Hardware Implementation

This a simple circuit to record and send the IR signal from the RPi that has connected
with RPi GPIO pins.

Figure 5.13 A hardware circuit which connected with RPi
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3) IR Receiver test

After setting up the LIRC configure file, type command of $ mode2 -d /dev/lircl to

testing the IR receiver. The sample output is showing in the image below.

File Edit Tabs Help

Figure 5.14 A terminal window with the command for testing the IR Receiver

4) IR LEDs test
Write a simple code to test IR LEDs whether it will be blinking. NOTE: Try to watch

it by a phone camera because bare eyes cannot see IR ray.

o - . L
Figure 5.15 LEDs is blinking when execute the blinking program code
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5) LIRCD status check test

The result shown as below, when execute the following command:
$ sudo mv /etc/lirc/lircd.conf /etc/lirc/lircd_original.conf
$ sudo cp ~/<filename>.lircd.conf /etc/lirc/lircd.conf
$ sudo /etc/init.d/lircd status

This is used to check the status of LIRC which lircd.config.file it are running.

Using systemd fd

Running as root

urcajagerauilt) ready

Running as root

Lircd(deTault) ready,

Figure 5.16 LIRCD status check for Fan, TV, A/C
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6) IR Remote Recoding Test

These are the raw code results of recorded IR device remote lircd.config.file, by using

the command below:

$ sudo irrecord -f -d /dev/lircO ~/lircd.conf

Note: Listed on sub chapter 5.1.3 at point 7.

Bachelor of Information Technology (Honours) Computer Engineering
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fan.lircd.conf - Mousepad

File Edit Search View Document Help
egin remote

name fan

flags RAW_CODES|CONST_LENGTH
eps 30
aeps 100
gap 54035

begin raw_codes

name KEY_POWER

1322 356 1305 384 460
1305 384 1307 382 459
461 1226 462 1225 488
462 1226 1303 385 460
1307 382 1304 385 461
1305 384 1304 384 460
460 1226 487 1202 462
462 1226 1306 383 461
name KEY_3
1243 437 1242 443 400
1234 441 1247 442 427
426 1292 399 1260 399
1271 417 425 1262 427
1268 411 1275 412 400
1236 444 1274 416 399
421 1262 426 1264 425
1240 442 401 1290 456

1228
1228
1201
7985
1226
1229
1226

1302
1260
1291
8031
1296
1292
1266

Figure 5.17 Fan lircd config file

Igtv_test lircd conf - Mousepad

File Edit Search View Document Help
begin remote

name 1lgtv

flags RAW_CODES|CONST_LENGTH
eps 30

aeps 100

gap 108088

begin raw_codes

name KEY_POWER

8999 4521 501 618 503
503 1751 493 617 503
503 618 503 618 503
504 1741 503 1747 495
502 1740 503 1740 503
498 1747 496 1740 503
504 618 502 618 505
505 617 503 625 497
502 618 502 1740 503
503 1739 504 618 507
503 1738 504 1739 503
501

name KEY_MUTE

8966 4526 491 617 504
501 1738 514 621 490
504 616 504 617 504
504 1745 498 1739 502
500 1736 504 1739 503
504 1738 503 1742 500
5A1 620 501 A16 505

619
618
618
618
1745
618
1737
619
1740
1738
1741

620
617
617
623
1739
1741
1738

Figure 5.18 TV lircd config file
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Note: There is another method to record the raw code of the A/C while have mentioned
on sub chapter 5.1.3 last paragraph. Remember to delete the first “large number” from

the raw code if the value too large; otherwise, the lircd.config file would not work.

begin remote

name acyork

bits 66

flags SPACE_ENC

eps 30

aeps 100

header 9740 9797

one 357 935

zero 357 365

ptrail 357

gap 20151

toggle_bit_mask 0x@

begin raw_codes
name KEY_POWER20C

4621 2461 394 326 433 879
432 893 418 302 407 903
433 301 405 328 406 329
480 253 433 877 407 327
406 326 436 876 406 327
408 329 404 325 410 9206
430 878 431 876 431 301
433 300 431 302 407 905
407 327 436 876 443 289
407 326 409 325 436 297
433 879 408 325 407 327
433 300 439 875 435 887
418 299 408 904 407 327
406 326 433 302 405 326
s80 an1 a1a 20c aazy 220

Figure 5.19 A/C lircd config file

As the Figure 5.20 shown below, this is command to record the IR signal from the
AJC remote with at state of 22°C, AUTO fan speed, AUTO swing and COOLING
mode.

pi@raspberrypi

Figure 5.20 The command of mode2 -m -d /dev/lircl
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6.1) IR Remote recording test
There is an output when has executed the command of $ sudo irrecord -f -d
/dev/lirc0. Do not be worry when saw the output like the diagram below. Lots of

Patients is needed to record the IR signal until its success.

File Edit Tabs Help

Figure 5.21 A terminal shows errors when recording the IR signals from remote

control

7) IR Controlling Test with RPi

Now, test the POWER COMMAND of those devices. Type the following command

in the terminal:
$ irsend SEND_ONCE <remote_name> KEY_POWER
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8) IR Controlling Test with RPi GUI

As the diagrams have shown below, the GUI windows are named FAN REMOTE, A/C
YORK REMOTE. The fan can be remote control pointed by the IR LED of the circuit
when the button on GUI when pressed. Other GUI windows also able to send the IR

signal based on the button has pressed.

File Edit Tabs Help
pi@raspberrypi: Dy
] Restarting Llir

OFF

SPEED 1

SPEED 2

SPEED 3

CURRENT STATE:

YOU'RE CONTROLLING
FANCO DF-100

|
Figure 5.22 FAN REMOTE is working when running the Python program

pi@raspberrypi:

BUTTON PRESSED:

YOU'RE CONTROLLING

AKB74915311

Figure 5.23 TV REMOTE is working when running the Python program
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pi@raspberrypi CURRENT STATE:

22°C

< JCL >

YOU'RE CONTROLLING
YORK ECGS01

Figure 5.24 A/C REMOTE is working when running the Python program

9) IR Controlling Test on Ubidots with smartphone

As the diagram shown below, this is the dashboard from Ubidots. There are 4 four
different colour parts which are FAN, TV, A/C and HOME CONTROL. HOME
CONTROL is used to change which IR home device need to control.

NOTE: Login into Ubidots account with smartphone to control this dashboard.

{33 ubidots

= Home Automation

KiY1 KEY. 2 KEY_3 KEY_POWER_FAN KEY_POWER. TV KEY_VOLUMEDOWN  KEY_VOLUMEUP
(Horme Automation)  (Heme Automation)  (Home Autemation)  (Home Automation (Home Autamation)  (Home Automation)  (Home Automatian)  (He
KEY_POWER_AC KEY_UP KEY_DOWN CONTROL FAN CONTROL_TV CONTROLAC
Home Automation)  (Home Automation]  (Hame Automatien) (Home Automation)  (Home Automation)  (Heme Automation)

Figure 5.25 Dashboard from Ubidots (Web-View)

rrrrrrrrr
ame Autamation)
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sssubidots ea=

= Home Automation >

KEY_1 KEY 2
(Home Automation) (Home Automation)

Off Off

KEY_POWER_TV KEY_VOLUMEDOWN
(Home Automation) (Home Automation)

N

Figure 5.26 Dashboard from Ubidots (Phone View)

10) IR Controlling Test on Telegram with smartphone

As the diagrams have shown below, theses are the bots of the Telegram which are
MyHomeFan, MyHomeTV and MyHomeAC. These have shown the way to control
those IR home devices by using Telegram. For example, type ‘0’ in the chat box, the

prototype will send SPEED1 IR signal to the Fan device: type ‘1’ will send the SPEED
1 command.

(ats MyHomeFan

Key in the following commands
1 for SPEED1

2 for SPEED2

3 for SPEED3

0 for TURN OFF

You are turning OFF

You are sending SPEED1
Figure 5.27 Telegram Bot of MyHomeFan
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(ats MyHomeTV

Key in the following commands
UP for VOLUMEUP

DOWN for VOLUMEDOWN
MUTE for MUTE

POWER for POWER

You are sending VOLUMEUP

Down

You are sending VOLUMEDOWN

Figure 5.28 Telegram Bot of MyHomeTV

(ats MyHomeAC ‘

Key in the following commands
POWER for POWER ON/OFF

UP for TEMPERATURE INCREASE
DOWN for TEMPERATURE DECREASE

Up

You are increasing temperature
CURRRET TEMPERATURE:24°C 5.1, 5

Down

You are decreasing temperature
CURRRET TEMPERATURE:23°C

Power

You are sending POWER ON/OFF
CURRRET TEMPERATURE:23°C

Figure 5.29 Telegram Bot of MyHomeAC
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Chapter 6: Conclusion

Chapter 6: Conclusion

6.1 Project Review and Discussion

From this loT project, a smart universal remote has designed to control the IR home
devices with smartphones by using Ubidots and Telegram. The last process is done in
Project 1 which where the RPi configuration setup has done. It can connect with a laptop
by using VNC Viewer to remote access. The LIRC package installation has been done
successfully and can use for receiving and sending after setting up. The hardware circuit
also runs steadily which IR Receiver can receive the IR signal from IR remote control.
From the past FYP1, we only able to decode and record the IR signal from the fan
remote control into a fan.lircd.config file. After recording successfully, the file can be
executed by sending the raw codes of any fan remote control buttons to control the fan
without any help from IR remote controls. Now, TV and A/C also recorded successfully
into lircd.config file. Thus, the RPi can use this lircd.file to send the recorded button's
raw codes signal to Fan, TV, and A/C. In this process, patience is vital to record, debug

and test. This is a long path to lead to success.

After testing the IR signal using the command in the terminal window on RPi, the
Tkinter library used for creating GUI applications to simulate and build a similar look
to the virtual remote control to control the home device. In the past FYP 1, Fan GUI is
the only one that has designed so far. However, TV and A/C has designed successfully

to control with those IR home devices.

In FYP2, we tried to implement the control on the 10T platform, which is Ubidots. First,
we also tried to implement the fan part as a trial. Hence, the fan part has a lesser IR
signal to control than the TV and A/C. MQTT is used in this project with Ubidots so
that it can push data to the RPi. For instance, when the python script implemented in
Ubidots API is running, the device RPi will be able to listen to the data as the button
was turned on from Ubidots. Then it will publish values to the broker, which means
send a PUBLISH message to the subscribed topic. After the implementation of Ubidots
on the fan have successful, then TV and A/C can start to process. This also a long path
to go on debugging and testing.

Also, we edited the Udidots dashboard into eys-cathing so that user easy to classify

which buttons are used to control which devices.
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After that, we tried to implement Telegram to control the IR home devices. This is an
additional method to control the IR home devices with the smartphone. By using the
Telegram Bot API, we can create a bot to handle the chatbox. When we typed a
command in the chatbox, the bot used it as a command, then executed the instruction
to send the IR signal from RPi to the IR home device. We need to create three bots to
handle the different home device. Otherwise, the Telegram would have an error to

continue.

Furthermore, we can control each home device by using Ubidots and Telegram. We
tried to combine those home device into one to make the universal remote control
become “universal”. Without integrate the Python script, we need to change to run the
Python script manually. We designed a Python script (urc.py) that acted as Universal
Controller that can run another file. For example, when we are running urc.py and
decided to control A/C, we can assert a button from Ubidots which from urc.py. Then,
the program would go to execute another Python script which is ac.py to control by
smartphone. Thus, this is more convenient to use.
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6.2 Novelties and Contributions the project has achieved

Again, this project will benefit the reader who desired to build a Smart Universal
Remote for IR home devices by themselves. The proposed solution has a successful
design to control the fan, TV and A/C IR control signal. With the 10T platform and
Telegram bot, it has not required to build a mobile app to make as URC. Therefore, the
reader can extend this proposed solution to control the IR home devices automatically

by setting their time for operating.

6.3 Future Work

This project can provide many IoT solution for further development. However, due to
the time constraint in 14 weeks, many works still cannot implement it. The proposed
solution can insert several sensors in the projects for making automated universal
remote control. For example, the temperature sensor can detect the surrounding
temperature to increase the surrounding temperature to optimum temperature so that
power consumption can be conserved. Thus, A/C, while the temperature reaches too
cold for the surrounding, RPi can send the IR signal for adjusting. A motion sensor can
implement to control those IR LED bulbs with the same concept for the A/C when

detected by the motion or movement of something.

Next, the signal of the A/C remote control can decode one by one. Since this project
only focused on the increase, decrease temperature and power on/off of A/C. These
functionalities are dull because we know there are still have much other functionality
to control the A/C, such as changing the fan speed of the A/C, swing, or even changing
the A/C mode. Thus, we narrowed the project's scope, and we just targeted to adjust the
temperature and power on/off A/C only. Due to the A/C IR signal containing a lot of
information (dynamic), there is another method to decode the signal. Therefore, to fully
“reverse-engineer” for decoding and analysing the IR signal of A/C, it required a lot of

research and testing.
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Appendices

Appendices
Specifications of Raspberry Pi 3 Model B+

Processor Broadcom BCM2B3TBEO, Cortex-453
&4-bit SoC @ 1.4GHz

Mermaory: 1GBE LPDDR2 SDRAM

Connectivity: B 2 4GHz and 5GHz |IEEE 802.11.b/g/n/ac wireless
LAM, Bluetooth 4.2, BLE
B Gigabit Ethernet over USB 2.0 (maximum throughput
300 Mbps)
N 4= USB 2.0 ports

Access: Extended 40-pin GPID header

Video & sound: B 1 = full size HDMI
B MIPI DS display port
B MIPI CSl camera port
B 4 pole stereo output and composite video port

Multimedia: H.264, MPEG-4 decode (1080p30); H.264 encode
(1080p30); DpenGL ES 1.1, 2.0 graphics

SD card support: Micro SD format for loading operating system and
data storage

Input power: B 5VW/254A DCvia micro USE connector
B 5 DC via GPIO header
BN Power over Ethernet (PoE)-enabled (requires

separate PoE HAT)

Environment: Operating temperature, 0-50°C

Compliance: For a full lict of local and regional product approvale,
please visit www.raspberrypi.org/ products/raspberry -
pi-3-model-b+

Production lifetime: The Raspberry Pi 3 Model B+ will remain in production

until at least January 2023
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2N2222 NPN Transistor

Philips Semiconductors Product specification
I

NPN switching transistors IN2222; 2N2222A

FEATURES PINNING
* High current (max. 800 mA) PIN DESCRIPTION
* Low voltage (max. 40 V). )
- 1 emitter
2 base
APPLICATIONS 3 collector, connected to caze
* Linear amplification and switching.
DESCRIPTION
NPN switching transister in a TO-18 metal package. B ———
PNP complement: 2N2907A. ——— :
1
Figz.1 Simplified outline (TO-18) and symbel.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vi collector-base voltage open emitter
w1 - a0 v
IN2222A - 75 v
v collector-emitter voltage open base
2N2212 - 30 i
IN22I2A - 40 i
L collector current (DC) - 800 mA
P total power diszipation Tamh= 23 *C B 300 mW
b DC current gain Te=10ma; Vo =10V 73 B
fi transition frequency Ie=20mA; Ve =20V; £=100 MHz
N2 250 - MHz
IN2222A 300 - MHz
turn-off time Toee= 150 mA; Inon= 13 mA; lner=—13 mA - 230 ns

Drawings of Equipment
e Fritzing

e Drawio
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Poster

SMART UNIVERSAL REMOTE USING
MOBILE FOR HOME AUTOMATION

INTRODUCTION

THIS PROJECT IS LOOKING FOR SMART UNIVERSAL REMOTE FOR HOME AUTOMATION TO
CONTROL SUCH AS LIGHT, FAN, TV, MORE HOME DEVICES. FROM THIS EXAMPLE, WE KNOW
THAT THERE ARE MANY TYPES OF HOME DEVICES IN A HOUSE NOWADAYS THAT CAN BE
CONTROLLED BY A REMOTE CONTROLLER. THIS PROJECT WILL USE RASPBERRY Pl 3
MODEL B+ TO RECORD THE IR SIGNALS AND SEND IT FROM RASPBERRY Pl TO CONTROL
THE HOME DEVICE WITHOUT USING IR REMOTE CONTROL.

RESEARCH OBJECTIVES
THE MAIN OBJECTIVE AND SUB-OBJECTIVES OF THE PROJECT ARE SHOWN BELOW:
«TO DESIGN A UNIVERSAL REMOTE CONTROL THAT CAN BE ABLE TO
CONTROL BY PHONE TO COMMUNICATE WITH IR-CONTROLLABLE HOME
APPLIANCES.
«TO LEARN AND STORE THE NEW IR SIGNAL BIT PATTERN FROM THE IR
REMOTE CONTROL
« TO TRANSMIT THE PRE-RECORDED IR SIGNAL FROM THE UNIVERSAL REMOTE
CONTROL TO IR DEVICE TO CONTROL IT
«+TO CONTROL THE SMART UNIVERSAL REMOTE BY PHONE VIA WI-FI OR
DATA CONNECTION

SYSTEM FLOWCART

IR signal Recording
RPi Configuration > Hardware N and Sending by > Python GUI Y Phona Conkol
Setup Implementation Using LIRC

PREPARED BY CHONG CHIN MUN
SUPERVISED BY MR TEOH SHEN KHANG

CONCLUSION
WE CAN
CONTROL THE
IR HOME DEVICE
WITH
RASPBERRY Pl
AND
“« M »
— e CONTROL BY
- ain aiie SMARTPHONE
TV AUDIO RADIO
= &3

HELP AV

= = ==
EPG MENU EXIT
S .

BACHELOR OF INFORMATION TECHNOLOGY (HON)
COMPUTER ENGINEERING

FACULTY OF INFORMATION AND COMMUNICATION
TECHNOLOGY(KAMPAR CAMPUS)
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