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ABSTRACT

This thesis presents a development of remote control receiver that should be
able to display the respected signal wave of each individual control. Five different
type of remote control displayed through this receiver and the data should be able to
be used to control the appliance. Different types of modulation techniques that being
used by individual remote control have been presented.
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ABSTRAK

Tesis ini membentangkan tentang pembangunan sebuah penerima alat
kawalan jauh yang boleh memaparkan gelombang isyarat bagi setiap alat kawalan
jauh yang digunakan. Lima jenis gelombang isyarat alat kawalan jauh yang
berlainan dipaparkan menerusi pengesan ini dan data yang diperolehi boleh
digunakan untuk mengawal peralatan lain. Beberapa teknik modulasi yang
digunakan oleh alat kawalan jauh individu juga turut dibentangkan dalam tesis ini.

© Universiti Teknikal Malaysia Melaka



TABLE OF CONTENTS

CHAPTER TITLE PAGE
PROJECT TITLE i
REPORT STATUS VERIFICATION FORM ii
DECLARATION i
SUPERVISOR VERIFICATION iv
DEDICATION v
ACKNOWLEDGEMENT vi
ABSTRACT vii
ABSTRAK viii
TABLE OF CONTENTS ix
LIST OF TABLE xii
LIST OF FIGURE xiii
LIST OF ABBREVIATION XV

I INTRODUCTION
1.1 Overview 1
1.2 Types of infrared modulation 2

1.2.1 Amplitude Shift Keying 3
1.2.2 Phase Shift Keying 3

1.3  Infrared application 4

1 OBJECTIVE
2.1 Objective 5
2.2 Problem statement 5

© Universiti Teknikal Malaysia Melaka

ix



11

v

2.3 Scope of work
LITERATURE REVIEW
3.1 Introduction
3.2  Infrared remote control modulation detector
3.2.1 Circuit operation
3.2.2 Advantages and disadvantages
3.3  Infrared remote toggle switch
3.3.1 Circuit operation
3.3.2 Advantages and disadvantages
3.4  Infrared signal repeaters
3.4.1 Circuit operation
3.4.2 Advantages and disadvantages
3.5 Infrared Widget
3.5.1 Circuit operation
3.5.2 Advantages and disadvantages
3.6  Conclusion
3.7  Infrared remote control waveform and modulation
3.7.1 Pulse modulation
3.7.2 Infrared remote signal analysis
3.7.2.1 Pulse width-coded signals
3.7.2.2 Space-coded signals
3.7.2.3 Shift-coded signals
3.7.3 Decoding infrared signal
RESEARCH METHODOLOGY
4.1 Introduction
42  Project methodology
4.2.1 Block diagram of infrared detector
4.3  Hardware construction

© Universiti Teknikal Malaysia Melaka

24
24
25
26



4.3.1 Circuit operation 27

4.3.2 12 stage binary ripple counters 28
4.3.3 Infrared receiver 29
4.3.4 8-bit parallel-in/serial-out registers 30
44  Design issues 31
44.1 Oscillator circuit 31
4.4.2 Infrared receiver 33
4.5  Printed Circuit Board (PCB) 34
46 IR Scope 37
DESIGN AND ANALYSIS
5.1  Introduction 40
5.2  Results analysis 40
5.2.1 Results captured for Astro decoder remote
control 43

5.2.2 Results captured for Cambridge Soundworks

remote control 44
5.2.3 Results captured for car CD player remote

control 45
5.2.4 Results captured for DVD Player remote

control 46

5.2.5 Results captured for Aiwa TV remote control 47

CONCLUSION

6.1 Conclusion 48
6.2 Future works 48
REFERENCE 50
APPENDIX 52

© Universiti Teknikal Malaysia Melaka



NO

4.1
42
4.3

LIST OF TABLE

TITLE

Component list
Variation of frequency with voltage supplied

Types of receiver available for different frequencies in the series

© Universiti Teknikal Malaysia Melaka

Xii

PAGE

27
31
33



NO

1.1
1.2
1.3
1.4
3.1
3.2
33
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
313
3.14
3.15
3.16
3.17
3.18
3.19
4.1

LIST OF FIGURE

TITLE

Illustration of carrier wave, digital signal and ASK implementation

Example of Amplitude Shift Keying technique
Example of Phase Shift Keying technique
Line following robot

Block diagram of infrared remote control modulation detector
Schematic for infrared remote control modulation detector

Block diagram of infrared remote toggle switch
Infrared remote toggle switch

Block diagram of infrared signal repeater
Infrared signal repeaters circuit

Application of infrared signal repeaters
Infrared demodulated signal

Infrared Widget using microcontroller
Infrared Widget using CMOS chips

Block diagram of the Infrared Widget detector
Infrared signal blinking ON and OFF

Pulses and spaces

Pulse-coded signal

Space-coded signal

Shift-coded signal

Remote control operation

Infrared LED replays modulated infrared signal.
Cutting IR signal into once sequence and repeat sequence

Project flow chart

© Universiti Teknikal Malaysia Melaka

PAGE

Xiii



4.2
43
44
4.5
4.6
4.7
4.8
49
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
3.1
3.2
5.3
54
5.5
5.6
2.
5.8
39
5.10
5.11
.12

Block diagram of infrared detector

Infrared Widget detector

Functional diagram of 74HC4040

Logic diagram of 74HC4040

TSOP series of receiver

Block diagram of the receiver

Pin configuration and logic symbol of 74HC165
10MHz Oscillator circuit

Square wave oscillator circuit

Layout of the circuit

Negative layout of the circuit

Positive layout of the circuit

Component placement on the circuit layout
The other side of the circuit

IR Scope implementation steps

Main window of IR Scope

Error notification

Error notification 2

Explanation on the result

Signal representation

First signal recorded (Astro)

Second signal recorded (Astro)

First signal recorded (Cambridge Soundworks)
Second signal recorded (Cambridge Soundworks)
First signal recorded (car CD player)

Second signal recorded (car CD player)

First signal recorded (DVD Player)

Second signal recorded (DVD Player)

First signal recorded (Aiwa TV)

Second signal recorded (Aiwa TV)

© Universiti Teknikal Malaysia Melaka

26
26
28
28
29
29
30
31
32
34
35
35
36
36
37
38
38
39
41
42
43

Il S

45
46
46
47
47

Xiv



ASK -
CMOS -
IC -
IR -
LED -
PC -
PCB -
PM -
TTL -

LIST OF ABBREVIATION

Amplitude Shift Keying

Complimentary Metal Oxide Semiconductor
Integrated Chip

Infrared Radiation

Light Emitting Diode

Personal Computer

Printed Circuit Board

Pulse Modulation

Transistor-Transistor Logic

© Universiti Teknikal Malaysia Melaka

XV



CHAPTER1

INTRODUCTION

1.1 Overview

Nowadays, infrared technologies have assimilates into our life without
realizing it. These technologies actually have improved and simplified our way of
living in many different aspects. Researchers keep contributing their efforts by
continuously studies and propose new invention in order to implement the
technologies and make life even simpler. There are different types of infrared
detection circuits available which are built for different purposes [1]. In this project,
the purpose of studies is to get the carrier frequency of the signal transmitted by
typical remote controllers. Infrared serial communication is seen most frequently in
remote controls and short message beaming from cell phones and other handheld
devices. Infrared communication requires a line of sight between the transmitter and
the receiver [2]. It is suitable for applications where a person has to point at an object
to activate it. Some of infrared modulation techniques and simple applications of
infrared which are chosen to be reviewed will be explained below.
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1.2  Types of infrared modulation.

Infrared is modulated by rapidly turning the emitter “on” and “off”. The
resulting pulsed signal is then detected by a demodulator that is tuned to the
particular frequency of the modulation. The detector has to sense several “on” flashes
in a row so that the decoder can determine its frequency and decode it [3]. Most of
infrared remote controllers for electronic appliances use modulation to make sure the
transmitted signals get to the receiver without errors. There are several modulation
techniques which are commonly used to code the signals of controller such as
amplitude shift keying (ASK) and phase shift keying (PSK). Figure 1.1 illustrates the
carrier wave, data signal and ASK implementation.

AL AR LA LA A ARAAL]
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Figure 1.1: Illustration of carrier wave, digital signal and ASK implementation
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1.2.1 Amplitude Shift Keying

Amplitude shift keying is a form of a modulation that represents digital data
as variations in the amplitude of a carrier wave. The amplitude of an analog carrier
signal varies in accordance with the bit stream (modulating signal) keeping the
frequency and phase constant. The level of amplitude can be used to represent binary
logic Os and 1s [4]. Figure 1.2 shows the example of an amplitude shift keying
modulation technique.

Figure 1.2: Example of Amplitude Shift Keying technique

1.2.2 Phase Shift Keying

Phase shift keying is a digital modulation scheme that conveys data by
changing or modulating the phase of a reference signal which is the carrier wave. It
uses a finite number of phases with each of them is assigned a unique pattern of
binary bits. Each pattern of bits forms the symbol that is represented by the particular
phase. The demodulator which is design specifically for the symbol-set used by the
demodulator, determines the phase of the received signal and maps it back to the
symbols it represents, thus recovering the original data [4]. Figure 1.3 shows the
example of the phase shift keying modulation technique.
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Figure 1.3: Example of Phase Shift Keying technique

1.3  Infrared application

Infrared applications can be seen mostly on products for consumer such as
remote controller, infrared audio system and data transmission for handheld mobile.
Other application field of infrared also can be seen on simple robot development
where it is used to detect a line or the distance between the robot and an object such
as a wall [5]. An example of a robot that used infrared is a line following robot.
Infrared LED is used to continuously transmit the infrared pulses to the floor.
Reflected infrared will be detected by a receiver next to the transmitter. Infrared
cannot be reflected by dark surface or line. So, if any infrared signal is detected by
the receiver, it will trigger the microcontroller on the robot to drive the motor
according to the command programmed by the user on the microcontroller unit.
Figure 1.4 shows the line following robot transmitting and detecting the infrared
signal

Transmitted signal
Line

Figure 1.4: Line following robot
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CHAPTER 11

OBJECTIVE

2.1  Objective

The objective of this project is to build a circuit that is able to detect infrared
signal from typical remote controls and display the respected carrier frequency of the
signal on a computer. The signal received will be analyzed to evaluate the
possibilities of interfacing it with personal computer as an input to any application
such as home appliances or the software on the computer itself.

e e Problem statement

Applications using infrared transmission include television, video recorder,
computer peripherals and medical equipments can be seen anywhere [6]. These also
results in increasing number of manufacturers implementing the infrared technology
in their devices. Therefore, a medium which can controlled all of these devices such
as a personal computer is preferred by most users since all of those devices bought
normally come with a remote control. Thus, at the end of this project, a circuit which
is able to detect and analyze the signal of typical remote control will be built. The
circuit should be able to display the carrier frequencies of the signals used by
different remote control and manufacturers. The signals will be analyzed on the

possibilities to interface it to a personal computer as an input for any application.
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2.3  Scope of work

The main scope of this project is to design and fabricate a circuit which will
be able to detect any signal transmitted from typical infrared remote control and
display its respected carrier frequency. The output display unit also will be designed
to display the waveform of the signal detected and its carrier frequency.
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CHAPTER 111

LITERATURE REVIEW

3.1 Introduction

In this chapter, the circuits and data collected through research that have been
studied and tested during experimental process will be explained. The description
and the operation of each circuit will be explained.

3.2 IR remote control modulation detector

Figure 3.1 shows the block diagram representing the operation of the circuit
designed by Andy Collision from Massachusetts Institute of Technology [7]. The
circuit is designed to measure and extracts the modulated carrier of an infrared
remote control. When signal is transmitted to the circuit, it amplifies the complete
signal received in order to enable the signal to be displayed either on an oscilloscope
or a frequency counter. The circuit is said to be able to measure frequencies in a
range of 1 kHz to several Megahertz which would be enough to measure a remote
control signal.
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Figure 3.1: Block diagram of infrared remote control modulation detector

3.2.1 Circuit operation

This circuit in Figure 3.2 operates using a photodiode called TIL100 which is
manufactured by Fairchild Semiconductor [8]. The photodiode is reversed biased by
the 22kQQ resistor and will produces small changes in current when it is stroke by
light which is in the infrared spectrum. The input signal which is from the
photodiode is capacitively coupled to the first BC549C amplifier stage via a 10nF
capacitor. The function is to stop the ambient light from passing and change the light
intensity received. The high current gain of the transistor (BC549C) and a resistor
will produce a voltage waveform that may be suitable to be displayed on the
oscilloscope. The magnitude of the voltage waveform may vary with the proximity
of the light source with the detector and the type of the remote control used. The
output of the second transistor is used to display the frequency of the received signal
on a frequency counter. The transistor will be on when a positive peak arrives and off
for a negative peak. Normal infrared remote control operates in a range of 36 to 40
kHz of carrier frequency. However, control pulses of a typical remote control are
long and this fact only allows a few waveforms to be capture and measured on the

oscilloscope or frequency counter.
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Figure 3.2: Schematic for infrared remote control modulation detector

3.2.2 Advantages and disadvantages

The advantage of this circuit is that it is able to display the waveform of the
signal when a signal is transmitted. It is also able to display the nearest frequency of
the signal when connected to a frequency counter. The range of frequency specified
for the remote control to be measured is also suitable since typical remote control
nowadays uses by consumers are below 1 MHz [7].

However, the drawback of this system is that it cannot give an accurate
measurement of the signal since when measured by using an oscilloscope, a manual
trigger is required as the signal is continually being modulated. Another disadvantage
of this circuit is that when the signal is measured by using a frequency counter, there
will be some phase shift from the input to output since the transistor is on only when
the positive peak arrives. This method also caused the sinusoidal waveform of the
signal turned to be a digital one. Although the phase shift occurred, the period of the
wave still can be measured and extra calculation can be done to obtain the carrier
frequency of the signal. As the conclusion, this circuit is not suitable for this project
since the main objective is to display the respected carrier frequency of the signal
transmitted.
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