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ABSTRAK 

Di dalam sesebuah masyarakat yang moden, sistem automasi pejabat dan 

kediaman merupakan satu elemen yang penting dan semakin diberi perhatian. 

Ianya memberikan kelebihan dalam pengurusan masa, serta memudahkan 

kawalan perantaraan dari pejabat ke rumah dan sebaliknya. Sistem automasi 

ini meningkatkan kualiti kehidupan apabila diaplikasi pada peralatan dan 

kelengkapan kediaman seperti peralatan pencahayaan, audio visual, 

kelengkapan komputer, sistem keselamatan rumah dan sebagainya. Projek ini 

menerangkan kaedah automasi tempat kediaman yang menggunakan sistem 

telefon Dual Tone Multi Frequency (DTMF) yang terdapat di Malaysia. Sistem 

yang direkabentuk ini membolehkan pengguna mengawal peralatan dan 

kelengkapan tempat kediaman melalui panggilan telefon dari suatu lokasi yang 

jauh. Litar yang dipasang pada sistem telefon akan berfungsi berdasarkan kod- 

kod arahan yang diberikan dan seterusnya mengawal peralatan dan 

kelengkapan yang terdapat di dalam tempat kediaman pengguna tersebut. 



ABSTRACT 

In modern society, homes and offices automation have become increasingly 

interesting and important. They not only provide better ways to transfer 

information within and between homes and offices, they also provide better time 

management too. Home and office automation improves quality of our lives by 

the automation of some of the electrical home appliances such as light sources, 

audio/video (A/V) equipments, computers and security devices, to name a few. 

This project describe methods of implementing home automation systems by 

manipulating Dual Tone Multi Frequency (DTMF) telephone systems that are 

currently available in our country. The home automation system designed in this 

project allows users to control their home appliances from a distant remote 

location by making telephone calls to their home telephone. The additional 

circuitry connected to their home telephone will detect their call and activated 

after receiving security access codes and instructions by DTMF signal decoding. 

The circuitry will also drive other applications that are connected to it. 
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CHAPTER ONE 

INTRODUCTION 

1.1 INTRODUCTION TO HOME AUTOMATION SYSTEM 

Home automation system is another upcoming technology in these recent 

days. In today's advances of modern society, home and office automation have 

become an interesting and money-saving system for controlling appliances and 

monitoring surrounding premises. 

Computer programs may control equipments such as heaters, air- 

conditioners, lights and other household appliances automatically. This is done by 

connecting these appliances to a central controller, usually in a form of a dedicated 

PC for the purpose. The PC is equipped with specially designed software that 

enables users to set when they want each appliances of their home to be functioning. 

For example, users can set their home lighting to switch on in the evening, 

dim at late nights and switch off by the morning. They could also program their 



coffee maker to prepare coffee in the morning and their oven to warm up by the end 

of office hours so that they could start cooking when they are back home. 

Another method used is by the manipulation of telephone lines with specially 

designed circuitry to control the mentioned functions. This is a cheaper method that 

enables the control of home or office equipments by making a call using touch-tone 

phones from any distant locations. 

1.2 DEFINITION OF HOME AUTOMATION SYSTEM 

Whenever discussion about automation is concern, it is usually related to the 

industrial sector. Automation is commonly applied in high technology product 

assembly and manufacturing. Engineers in these sectors apply automation 

technology in order to reduce the number of manpower required to perform routine 

assembly and parts preparation tasks. 

Automation is referred as a system with high precision and reliability that 

performs continuous tasks effectively with reducing the need of human skills 

requirements. Automation system replaces human workers in many tasks such as in 

parts movement and orientation, assembly and also in high skills tasks such as in 

spot welding, paint spraying and many more. 

The use of automation systems in production and manufacturing has proven 

to meet time reduction in performing tasks, higher output of production and thus 

increases profits of production. However, automation is not limited only for 
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industrial purposes. It also can be applied in many fields to change the way of doing 

things. An interesting application of automation can be realized if the technology is 

applied in our homes and offices. This project will however be focused only on the 

automation of home appliances and equipments. 

Home automation can be defined as the system that automates the operation 

of various applications and appliances within a home. Home automation is the 

technology of automatically performing daily routine tasks in a home that would be 

done by the individuals themselves. 

Some examples of routine tasks at homes that could be automated are 

switching on the electric kettle and the air-conditioner, setting up the home security 

system, switching on the garden lights at night and many more. 

1.3 DEVELOPMENT OF HOME AUTOMATION SYSTEM 

In Malaysia, home automation is not widely used. Peoples of our country have 

not been introduced well enough to the advantages of home automation systems. 

This results in lack of knowledge of how the system can bring simplicity and 

modernization into their lives. However, the scenario is totally different in most 

modern countries such as Japan and the United States. 

People in these modern countries have well developed their homes into smart 

homes, or in other words, applied home automation system into their homes. Home 
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automation system and technology have been developed singe the early 1980s from 

small electronics home hobby to a complex and advanced system today. 

In modernized countries, home automation has turned into an industry where 

companies provide automated system installation for their customers. Home 

automation has already been an option for homebuilders in designing houses and it 

is up to the customers to decide if they would want this technology in their homes. 

In Malaysia, home automation is still very new among its people and there 

are possibilities that this technology will be very popular within the next decade. A 

starting point of this technology is the development of smart-houses in Cyberjaya 

that has Internet links via fiber optic cables. These smart-houses are equipped with 

online facilities where housewives can do their groceries shopping online, direct from 

their kitchen to the nearest shopping mall. 

However, the idea of home automation is not to equipt homes with Internet 

access and doing shopping online, but more to the controlling of appliances and 

equipments of homes by interfacing them to a controller. This controller can be 

controlled by a user software or, from a remote location via mediums such as 

telephone lines. 

1.4 METHODS OF HOME AUTOMATION SYSTEM 

Mainly there are two major ways or methods of achieving automated control 

of home appliances and equipments. The first method of home automation is the 
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"fully-automated home" as described earlier, consisting of a dedicated PC with a user 

software to control the home appliances and equipments. 

The second method is the "semi-automated home" which enables users to 

control their home appliances and equipments only while they are away. This second 

method differs from the first, as it does not require any dedicated PC or software for 

controlling purposes. Instead, it makes use of the telephone lines, additional 

circuitry installations to the home telephone and some drivers to activate the desired 

home appliances and equipments. This method is relatively lower in cost compared 

to the usage of PCs. 

1.5 PROJECT OVERVIEW 

This project is based on the second method of achieving home automation. It 

allow users to practice "semi-automatic" home automation functions, where it make 

use of telephone lines as an interface for the user to control their household 

appliances from a different, remote places. This project of home automation is chosen 

because of its reduced cost compared to the development of automation based on 

PCs. It contains a circuit tapped into a normal dual tone home telephone that will 

detect Dual Tone Multi-Frequency (DTMF) signals from the telephones. Finally, it 

will drive the home appliances and equipments connected to it. 

This project involves the design and fabrication of hardware that includes the 

circuitry connected to the telephone line and also the development of software for the 

main controller unit (MCU). The hardware circuit is basically divided into three 
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different parts, which are the ring detector circuit, DTMF receiver and the main 

controller unit (MCU). 

1.6 PROJECT OBJECTIVE 

The objective of the project is to enable users to control their home appliances 

and equipments through a dual-tone telephone. The so-called home automation that 

is applied in this project is simply the ability to control home appliances from remote 

distant location, while no one is at home. 

If the objectives are met, users can dial their home telephones while they are 

away to control any appliances or equipments they desire by using DTMF tones. 

This will allow users to remotely control appliances such as their home security 

system, electrical oven, television, and others from distant locations if they forgot to 

switch it on or off on their way out. 

This project provides a solution for most busy individuals nowadays and 

would be a handy application to implement in their houses. In addition, users can 

also operate their appliances at home while they are still in the office or driving back 

home. In this case the users can control the air-conditioner or lights so that it will 

already be switched on when they arrive home. They could also heat up their oven on 

their way back home so that they could start cooking early. 

With some further adjustments and more complex system upgrading, the 

function of this project could be varied widely. This project could also be linked to 
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other purposes that is not limited for home appliances and equipments only. As an 

example, this system could also be used for water spraying in agriculture field. A 

part time farmer who lives distance away from his farm could benefit this project by 

connecting a water sprinkler controller to a telephone line in his farm and enjoy the 

ability to water his crops just by a telephone call. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 INTRODUCTION TO DTMF TELEPHONE SYSTEM 

DTMF telephone system is most widely used in today's telephone 

communications. The previous system before the introduction of DTMF systems uses 

a pulse-sequence method. These telephones can be identified by their different 

keypad number as the DTMF system phones use touch-tone keys while the pulse- 

sequence system phones use a circle number dial. Figure 2.1.1 below shows these 

differences. 

Pulse-sequence 
System keypad 

Dual-Tone 
System keypad 

Fig. 2.1.1 - Differences between Pulse-Sequence and Dual Tone 
telephone keypad. 
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In DTMF telephone systems, different numbers are sent through telephone 

lines using different frequencies of audio tones. Pressing a key of a dual tone 

telephone generates two tones simultaneously in low and high tones group. These 

two tones are generated and received by a DTMF IC, normally the M-8870 series in 

operation of each standard dual tone telephone. Table 2.1.1 shows the established 

Bell system standards of high and low tones: 

Low Group tones 
High Group Tones 
Low Group tones 697Hz 770Hz 852Hz 941Hz 

High Gro u Tones 1209Hz 1336Hz 1477Hz 1633Hz 
Table 2.1.1- The Bell standards of low and high group tones 

Based on the Bell standard, the frequency tolerance for each tone is 1.5% ±2 

Hz with an amplitude range of -24dBm <a< +64dBm. Figure 2.1.2 indicates the 

standard keypad for a dual tone telephone and it's high and low frequency group 

indications. 
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Extended 
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Fig. 2.1.2 - Keypad of a dual tone telephone and its assigned frequency 

In general, there are many advantages of DTMF dialing system compared to 

sequence-pulse dialing. DTMF dialing decreases dialing time since numbers are 

697Hz 
1209Hz 

770Hz 
1336Hz 

852Hz 
1477Hz 
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identified by short dual-tones compared to long sequence of pulses in the former 

sequence-pulse systems. This system also uses solid-state electronic circuit that 

introduces the capability of end-to-end signaling after a call is connected. This 

capability makes low-speed data transmission possible. 

2.2 FUNDAMENTAL PRINCIPAL OF PROJECT 

The objective of this project is to control household appliances from remote 

locations via telephone lines. The circuit is based on DTMF telephone system and is 

attached to the local telephone set (home telephone). It contains three main parts, 

the line interface and ring detector, DTMF receiver and the main controller unit 

(MCU). Figure 2.2.1 illustrates the project operational flow. 

Home or 
Office 

ý----ýý 
Decodes dual tone 
signals into 4-bit 

outputs representing 0- 

ý---- -- 

Home 
Telephone 

Fig. 2.2.1 - Operational flow of the project 
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The user of this system will call their own home number from a remote 

location while there is no one at home. The reason is that if someone answers the 

call, the system will not operate. 

The call that is made will pass through normal telephone lines that are 

widely available throughout the country. This availability gives users the ability to 

access their home automation system from anywhere in the country or even from 

anywhere in the world by making international calls. Telephone companies will 

allow this kind of call as the system is very well compatible with telephone 

standards and it acts like a normal telephone that answers and hook-down a call. 

As the call reaches the home telephone, the home telephone will ring as its 

normal function. As there is no one home, no one will answer the phone and the 

system will detect the incoming calls by its ringing signals. The system can be 

programmed to wait for several ringing tones before activation. 

For normal application the system waits for six ringing tones before initiating 

activation. This normal application can be set for condition where there might be 

someone at home, but the person could not answer the phone at the moment. 

As an example, a working mother coming home from the office wants to heat 

up the oven and calls his son to do it for her. However, during the call her son is 

outdoors playing with his friends. This system would replace her son in heating up 

the oven for her. The setting of the system that waits for six ringing tones gives the 

chance for the son to answer the phone if he is at home. 
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The system could also be programmed to activate spontaneously to a can as it 

detects a ringing tone. This setting could be used when the whole family is not at 

home or on a holiday trip. This will save the user's time, as he will not have to wait 

for six tones before accessing the system. 

The user can use this application to switch on and off lights, audio 

equipments and security systems to make as if there is someone at home while they 

are away. This could hinder the user's house from burglars and thieves, as they 

would think that there are people at home. 

The overall block diagram consisting the three parts of Line Interface & Ring 

Detector, DTMF Receiver and the main controller unit (MCU) is shown in Fig 2.2.2. 

TELEPHONE 
I IINF 

i 
LINE 

INTERFACE 

ENERGY 

T 

F--ýi MCU 

A- A 
au. 

.. " 
 " 

L- 

POWER 
SUPPLY 

DTMF DECODER & 
RECEIVER 

ý- ºý 

Fig. 2.2.2 - Overall block diagram of the project 

f -ýº 

ý 

The telephone line interface block acts as a coupler between the digital 

hardware circuitry and the telephone line. This coupler, inductively or capacitively 

isolates the other parts of low power circuitries from the effects of high ring signal 

12 



voltages in the telephone line. Besides than being an isolator, the interface also 

channels the received DTMF tones from the telephone line into the DTMF Decoder. 

As the DTMF Decoder receives the tone, it will decode the tone into a form of 

4-bits output. This is done by means of using a DTMF decoder IC. The detailed 

method of DTMF tone decoding will be explained further in section 2.4. The 4-bits 

output from the DTMF decoder will be sent to the micro controller IC, which is 

programmed to verify the system password and then controls the attached home 

appliances as keyed in by the user. 

The output circuitry for this system differs depending on the application to be 

controlled. The micro controller could be designed to drive a Darlington Driver IC for 

stepper motor control, or designed to trigger a Flip-Flop for electrical switching. 

Most common home automation systems also use electrical and mechanical relays to 

initiate an output from the system. 

The main requirement of the output circuitry is to drive the desired 

application. At the same time it enables the controller to control high voltage home 

appliances using small output voltages from the micro controller. The output 

circuitry also must be able to provide isolation for the micro controller and DTMF 

receiver circuitry from the high voltages of the output. 
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2.3 THE LINE INTERFACE AND RING DETECTOR CIRCUIT 

The line interface and ring detector circuit is used to interface the project's 

hardware with the phone line and at the same time detects phone rings or incoming 

calls without interrupting the overall telephone system. 

During a call, the telephone company sends a signal that telephones are able 

to distinguish as rings over the telephone line. This ring signal supplied is 

standardized as a 20Hz signal operating at 140Vrms. The line loss makes this signal 

appear as a 60Vrms to 8OVrms signal at the receiving end depending on the distance 

from the central office. 

Figure 2.3.1 shows the phone line interface circuit suggested to meet 

interfacing requirements for this project. RI, R2 and the DC resistance of the 

transformer Ti are used to meet the DC impedance requirements of the phone 

system. Relay Si is used to close the loop and make it appear as though the phone is 

off the hook (in other words it is as if someone answered the call). 

Fig. 2.3.1 - The phone line interface circuit 
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