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ABSTRACT

The project is titled as “Development of an embedded controller for High-Power LED
Rope Light application”. In this project, the embedded controller developed is based on ATMEL
ATMega 168 prototype board. This project is to design and develop the changing color patterns
and LED characteristic. Instead of using assembly language to compile, this controller will use
Arduino which use C programming language to develop the algorithm. The goal of the project is to
design and develop a laboratory scale functioning prototype in order to demonstrate the
interfacing between the controller and phase angle power control module. The ATMEL
ATMegal68 controller is able to generate pulse wave signal(PWM). The desired pulse wave signal
generated is an input signal for phase angle power control module as the input to thyristor gate
terminal in order to control the color changing patterns and LED characteristic. The major
hardware implementation in this project is ATMEL ATMega 168 prototype board. ATMEL ATMega
168 is chosen due to its specification features of high speed, easy-design hardware system and

low power consumption.
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ABSTRAK

Projek ini adalah berjudul “Pembangunan pengawal tersirat untuk aplikasi penggunaan
lampu bersambung LED kuasa tinggi”. Dalam projek ini, pengawal tersirat maju adalah diasaskan
oleh ATMEL ATMega 168, ia merupakan sebuah prototaip lembaga. Projek ini adalah mereka
bentuk dan membangunkan corak-corak warna berubah-ubah dan cirri-ciri LED. Sebaliknya
menggunakan bahasa perhimpunan untuk mengumpul, pengawal ini akan menggunakan Arduino
yang mengunakan bahasa pengaturcaraan C untuk membangunkan algoritma. Matlamat projek
adalah mereka bentuk dan membangunkan satu skala makmal berfungsi prototaip teratur untuk
menunjukkan pengantaramukaan antara pengawal dengan modul sudut penembakan kuasa
kawalan. Pengawal ATMEL ATMegal68 berkeupayaan menjana gelombang nadi isyarat.
Gelombang nadi terhasrat isyarat dijana adalah satu isyarat input untuk modul sudut
penembakan kuasa kawalan sebagai input untuk tiristor pangkalan pintu pagar untuk mengawal
perubahan corak-corak warna dan ciri-ciri LED. Pelaksanaan perkakasan utama dalam projek ini
adalah ATMEL ATMega 168 prototaip lembaga. ATMEL ATMega 168 dipilih disebabkan oleh
spesifikasinya ciri-ciri kelajuan tinggi, mudah reka bentuk sistem perkakasan dan penggunaan

kuasa rendah.
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CHAPTER 1

INTRODUCTION

This project is titled as “Development of an Embedded Controller for High
Power LED Rope Light Application”. The purpose of this project is to develop an
embedded controller that able to control the LED characteristic changing patterns such
as blinking, dimming and so on. This project is divided into two parts; hardware

implementation and software part.

In the hardware part, a circuit that be able to turn on the thyristor and direct
interface with the ATMega 168 microcontroller from ATMEL’s product as well as to
connect with the LED rope light will be designed. The thyristor firing angle circuit
control circuit or module is to control the degree of firing angle and to synchronize the
currents and voltages between the controller so that the thyristor will fire at the same
phase angle. The pulse generated by the ATMega 168 microcontroller will trigger the
gate terminal of the thyristor so that the thyristor starts to conducts. As the thyristor is

on, the LED rope light (load) will on according to the desired lighting.

In the software part, the programming using Arduino 0008 software will be
developed by using C language, a kind of high level programming language, instead of
assembly language. As the result, the ATMEL controller developed is able to provide
precise PWM signal in order to drive the thyristor to turn on the circuit. Then, the
embedded controller will be interfaced to the thyristor firing angle control/ module

developed to run in real time and debug.
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1.1 Objective

e Develop an embedded controller that is able to control the LED characteristic

changing patterns such as blinking, dimming and so on.

1.2 Scope of project

e To develop a controller that able to control the changing patterns and the LED
characteristic.
e To interfacing between the controller and the thyristor to switch ‘on’ the circuit

to turn on the LED rope light.

1.3 Problem Statement

In the present world, LED rope light is already in the market. It is easy to turn
on the LED rope light but the problem is to control the color changing pattern of LED
rope light and characteristic of LED such as blinking, dimming or control the
brightness. The drawbacks of the conventional LED rope lights are limited functions,
patterns, operating length, low energy efficiency and flexibility. The operating length
is about 100 meter per controller. In order to control a long LED rope light more than
100 meter, many controller need to be use depending on the length of LED rope light.
Besides, it is hard to synchronize the pattern of lighting of LED rope light if many
controllers is used. The traditional AC/DC power converter using bulky current
transformer control circuit waste energy because of the large reversing currents

required to sense polarity shifts through the switching devices.

In the software part, it is difficult to develop PWM (Pulse Width Modulation).
It is also difficult to write a program that is able to change the patterns of colors as
indicated in this project scope. The problem also occurs when interface the developed
embedded controller with the thyristor firing angle control circuit/ module. Therefore,
there is necessity to develop a cost-effective and programmable controller that be able

to perform the changing patterns of colors as indicated.
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CHAPTER 2

LITERATURE REVIEW

2.1 Embedded systems and embedded controllers

2.1.1 History

In the earliest years of computers in the 1930-40s, computers were sometimes
dedicated to a single task, but were far too large and expensive for most kinds of tasks
performed by embedded computers of today. Over time however, the concept of
programmable controllers evolved from traditional electromechanical sequencers, via

solid state devices, to the use of computer technology.
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One of the first recognizably modern embedded systems was the Apollo
Guidance Computer, developed by Charles Stark Draper at the MIT Instrumentation
Laboratory. At the project's inception, the Apollo guidance computer was considered
the riskiest item in the Apollo project as it employed the then newly developed
monolithic integrated circuits to reduce the size and weight. An early mass-produced
embedded system was the Autonetics D-17 guidance computer for the Minuteman
missile, released in 1961. It was built from transistor logic and had a hard disk for
main memory. When the Minuteman Il went into production in 1966, the D-17 was
replaced with a new computer that was the first high-volume use of integrated circuits.
This program alone reduced prices on quad NAND gate ICs from $1000/each to

$3/each, permitting their use in commercial products.

Since these early applications in the 1960s, embedded systems have come
down in price and there has been a dramatic rise in processing power and
functionality. The first microprocessor for example, the Intel 4004, was designed for
calculators and other small systems but still required many external memory and
support chips. In 1978 National Engineering Manufacturers Association released a
"standard™ for programmable microcontrollers, including almost any computer-based

controllers, such as single board computers, numerical, and event-based controllers.

As the cost of microprocessors and microcontrollers fell it became feasible to
replace expensive knob-based analog components such as potentiometers and variable
capacitors with up/down buttons or knobs read out by a microprocessor even in some
consumer products. By the mid-1980s, most of the common previously external
system components had been integrated into the same chip as the processor and this
modern form of the microcontroller allowed an even more widespread use, which by
the end of the decade were the norm rather than the exception for almost all electronics

devices.

The integration of microcontrollers has further increased the applications for
which embedded systems are used into areas where traditionally a computer would not
have been considered. A general purpose and comparatively low-cost microcontroller
may often be programmed to fulfill the same role as a large number of separate
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components. Although in this context an embedded system is usually more complex
than a traditional solution, most of the complexity is contained within the
microcontroller itself. There are very few additional components may be needed and
most of the design effort is in the software. The intangible nature of software makes it
much easier to prototype and test new revisions compared with the design and

construction of a new circuit not using an embedded processor. [1]

An embedded system is a special-purpose computer system designed to
perform one or a few dedicated functions, [2] often with real-time computing
constraints. It is usually embedded as part of a complete device including hardware
and mechanical parts. In contrast, a general-purpose computer, such as a personal
computer, can do many different tasks depending on programming. Since the
embedded system is dedicated to specific tasks, design engineers can optimize it,
reducing the size and cost of the product, or increasing the reliability and performance.

Some embedded systems are mass-produced, benefiting from economies of scale.

In general, "embedded system™ is not an exactly defined term, as many systems
have some element of programmability. For example, Handheld computers share some
elements with embedded systems such as the operating systems and microprocessors
which power them but are not truly embedded systems, because they allow different

applications to be loaded and peripherals to be connected.

Figure 2.1: Embedded circuit
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