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Abstract

This paper presents the method of monitoring and controlling the smart devices in a smart home using
dual-tone multi-frequency (DTMF) signal and Zigbee wireless communication. Today most of homes
are equipped with relatively prefect phone lines. Thus, DTMF is very helpful in decreasing the cost of
smart homes. DTMF is a signal used in the telephone network in calling with numbers. If this is used,
not only can we control the smart terminal devices, but we can also do the state checkups, thus it is
very appropriate for the smart home. Smart devices used in smart homes are various and distributed in
some areas and therefore it is easy to set up the system combining with short range wireless
communication such as Zigbee. This paper suggests constructing the system using gateway with DTMF
generating and decoding abilities, and smart terminal devices with many functions. The components
use Zigbee wireless communication. The main objective of using DTMF signal and Zigbee wireless
communication in a smart home is to reduce the cost of the whole system setup and develop more
effective system than before. This paper implemented the smart home system consisting of gateway and
smart terminal devices such as smart connector, fire alarm, and door monitor and analyzed its
operating accuracy through the test. The results show that the smart home system with DTMF and
Zigbee wireless communication uses the telephone line that is firm in the substructure foundation so
the original installation costs are significantly reduced and it also provides more effective performance
for smart homes.

Keywords: Dual-tone multi-frequency (DTMF), Zigbee, smart home, gateway, wireless
communication

INTRODUCTION

The rapid development of electronic automation technology and information technology (IT) has
made it possible to realize the requirements of the people who want to live a more comfortable and
civilized life. Today people are introducing the advanced information technology, providing the suitable
interior and exterior environment and controlling all
the home appliances conveniently as they please.
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the smart home into practice, one needs to build the integrated control system combined with equipment
managing system, information install system, IT application system, and security system [4-12].

Equipment managing system controls all kinds of equipment at home by putting safe management
and energy saving into practice. Equipment managing system is composed of terminal sensors or drive
components such as heating, plumbing and electrical systems, a controller, a projector and a computer,
etc. The most important thing here is the information network technology. All the components and
systems are united through the private network [13].

Information install system is the IT system infrastructure for information processing such as
acceptance, exchange, transfer, storing, retrieval and displaying of all kinds of information of the inside
and outside of the building, in accordance with the habitants [14].

IT application system is composed of all kinds of information terminal devices and application
programs such as a computer and a telephone etc., for home tasks and management.

Security system of the building is a system which protects the people’s lives and properties. It
provides alarms and effective measures to deal with fire, robbery, natural disasters, and other accidents.
For example, the robbery alarm system uses the infrared body sensors or door open-close identifiers
and informs the user or certain members.

The most important thing in smart home formation is providing effective communication between
the habitants and the smart devices. Modern wireless communication technology, such as LoRa, Wi-Fi
and LTE-A etc. are widely used. But these long-range transmission technologies take up a lot of
expenses in primary formation. It is because it needs communication infrastructure such as LoRa Station,
Wi-Fi AP and 4G Station etc. In cities which have these infrastructures, it might be effective but in
places without it, there are some limitations in application.

However, if dual-tone multi-frequency (DTMF) is used instead of these technologies, the installation
costs are reduced much more. In most of the areas such as the cities and countryside, wire telephone line
is set up completely. Appliance of DTMF does not require special communication infrastructure,
therefore, reduces the smart home installation costs drastically. DTMF is a signal used in the telephone
network in calling with numbers. If this is used, not only can we control the smart devices, but we can
also do the state checkups, thus it is very appropriate for the smart home. The types and numbers of the
smart devices are various according to the smart homes and the devices are all spread to different rooms,
so if we properly combine the short-range wireless communication network technologies, we can form
a more effective system.

RELATED WORKS

Since the appearance of the concept of smart homes there have been many research studies for system
construction using various wire and wireless communication technology. In smart homes, the habitant
uses information terminal devices such as a computer and a telephone etc. to control and check-up the
states of home smart devices. For information exchange between these information terminal devices
and smart devices, long-range communication technologies such as wired Ethernet, Wi-Fi, LoRa and
LTE etc. and short-range communication technologies such as Zigbee wireless communication and
Bluetooth are used.

A study [15] discussed the smart home health care system, using Wi-Fi/3G/4G communication
technology, Zigbee, and Bluetooth communication technology. Zighee and Bluetooth are used to
connect terminal servers and home server. Wi-Fi or Bluetooth is used to connect mobile and home
server. Wi-Fi and 3G/4G communication technology is used to connect home server with data center
and data center with physician’s terminal device. As one can see, to accomplish this system, Wi-Fi and
3G/4G communication infrastructure is required [16].
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A study [17] discussed home automation using Wi-Fi wireless communication technology and speech
recognition. In this system, the user’s speech command is transmitted through Wi-Fi wireless
communication and individual terminal devices are controlled according to the command. The speech
command transmitted by the user is sent to the central control device through the Wi-Fi AP, which is
set at homes. The central control device monitors the audio, abstracts the control commands, runs the
corresponding relay modules and controls the smart devices.

Studies [18, 19] have also discussed home energy management system composed of Wi-Fi terminal
devices and Wi-Fi AP and smart home monitoring system. Studies [20, 21] have discussed the NB-loT
and LoRa and Zighee wireless communication of the object internet system, which is similar to smart
home system. In this research, using NB-1oT and LoRa communication technology, we have done long
range transmission or formed the Zigbee AP network and made similar transmission.

In the above research studies, we have solved the long-range transmission problems using 3G/4G,
Wi-Fi, LoRa, etc. and in constructed environments, these could be effective methods. But in some areas,
the necessary communication infrastructure is not constructed, so installing the infrastructure for the
smart home is costly.

However, wire telephones have been researched and introduced since long ago, so it is nearly fully
installed everywhere in the world. If we install a system based on this wire telephone network, then the
installation cost will be reduced a lot. From this, there have been many researches to make home
automation system, using the wire telephone network, especially the DTMF.

Typically, a study [22] researched on home automation system based on DTMF. In this research, we
have used MT8870, the DTMF decoder, to analyze the habitant’s control commands and drive the
corresponding terminal equipment according to the results. Habitants use the mobile or wire telephones
to transmit the control commands of the home terminal equipment and terminal control devices, which
are installed at home, use the DTMF decoder MT8870 to analyze the control commands. Then it
controls the terminal equipment through the relay according to it. This system uses the wire telephone
line and thus the primary installing costs are low. But this system can only control certain equipment
but not analyze their states. That is because DTMF decoder MT8870 can only decode the Dual-tone-
multi-frequency and not generate it. Furthermore, this system drives the relay directly from the terminal
controlling devices carrying DTMF decoder and performs control inputs and blocks of the terminal
equipment, so the controlled equipment must be all connected close by.

A smart home must not only remotely control the home appliances such as TV, heater etc. but it
needs to check certain appliances’ operating state. Importantly, well-timed input of security-related
signals such as fire and burglar alarms mean a lot to the habitants. It not only does DTMF decoding,
but also generates it, so it is important to control and drive the functions. Also, the equipment might not
be all in one place, but is spread to many rooms, and in this case, full control of relays with only one
terminal control device is illogical.

This paper concentrates on these kinds of matters. This paper suggests constructing the system using
gateway with DTMF generating and decoding abilities, and smart terminal devices with many functions.
The components use Zigbee wireless communication [23-25].

DESIGN AND WORKING
Structure and Function of the System
Structure

The suggested structure of the system is shown in Figure 1. As shown in Figure 1, a smart home
system is composed of smart terminal devices, gateway, and wire telephones. Gateway is connected in
parallel with home wire telephones and gateway and smart terminal devices are connected by Zigbee
wireless communication. Gateway decodes the control commands transmitted in DTMF mode using
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mobiles or wire telephones and transmits the corresponding terminal drive commands to the smart
terminal devices in Zighee wireless communication mode. Smart terminal devices receive terminal
drive commands sent by gateway and gives corresponding controls. If alarm signals such as fire alarms
are discovered by the smart terminal devices, it is sent to gateway in Zigbee wireless communication
mode and in gateway the corresponding DTMF signal is generated and sent to the user.

Smart home system with this composition remote control terminal equipment, such as TV, heater,
lights etc. using wire telephones and mobiles from anywhere. And send the operating state and alarm
signals, such as fire and burglar alarms, to the user at the right time.

Function
The system shown in Figure 2 includes the following functions:

e Remote control and state survey function: The user can use the mobile and wire telephone in any
place to power on/off control the terminal equipment at home. If it is necessary, it can also survey
the operating state of the equipment.

e Alarm sending function: If the alarm goes off from the alarm devices such as fire alarm, door
monitor and infrared body sensors, then it generates DTMF signals and sends the note at the right
time by calling the user’s phone.

e Setting function: Necessary control commands and state reports can be put in DTMF code
according to the needs of the user, according to the types of the equipment to be controlled and
monitored.

e Security function: Using the user’s password, it prevents illegal control and monitoring of an
unauthorized user. Here, the user’s password is also sent in DTMF mode.

Home Network

Wired Phone

Smart Device

\

Figure 1. Structure of the system.
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Figure 2. Gateway’s device composition.
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Setting and Appliance

The setting and appliance manual is as follows.

First, the gateway is connected in parallel with the wire telephone or directly to the telephone
line at home.

Next, the smart terminal devices are set in an appropriate place at home. Especially, smart adapter
for remote controlling must be installed where TV, heater etc. are and certain home equipment
cords are plugged in the smart adapter. In this way, the installation of the system is finished.

To use it, first the user must use mobile or wire telephone to call the wire telephone installed at
home. When the wire telephone at home rings for a certain amount of time, (the user can choose
how long it rings) the gateway then changes the telephone line to busy.

Next, the user presses the keys on the mobile or the wire telephone to give control or state survey
commands. Here, the gateway decodes the DTMF signals, received through the telephone line,
generates corresponding terminal drive commands and sends them to certain smart terminal
devices in Zigbee wireless communication mode.

Smart terminal devices drive the relay and turns on or off the certain equipment, according to the
drive commands sent from the gateway.

When the smart terminal devices get fire alarm signal, they send it to the gateway through Zigbee
wireless communication method. So, the gateway generates DTMF signal, sends it through the
telephone line and calls the set phone number. The user knows about the alarm state at the right
time through the telephone line.

Gateway

The gateway in a smart home decodes the DTMF signals sent by the user through the telephone line,
makes the corresponding terminal drive commands, and sends them to certain smart terminal devices
or vice versa.

As one can see in Figure 3, the gateway has the PIC 18F452 for the main controller and uses MT
8880 to receive or send DTMF signals. It uses CC2530-SZ2 to perform Zigbee communication. The
MT8880 is a monolithic DTMF transceiver with call progress filter. Figure 3 shows MT8880 interface
circuit, the important part in the gateway.

Figure 4 shows the operating algorithm of gateway. As one can see in Figure 5, the gateway
distinguishes the source if data receiving event is detected.

U4 -

1

1 20
23 IN+ VDD
TONE IN || Rd4 3 10
”W:wm{ - - STGT e cn
—1 3 - 18 1 1]
—100k L) EeL e 300k I
4| 17 0.1nF
VREF D3 —— Ly
c20 5 | vss Dy |16 RD2 100pF
[] A = -
2I?!pl_' CJ_ | GND § | osci Dy | RD1 GND
b ?e_f?%hﬂiz il o Do |14 RDO =5
” _ TONE, 8 | ToNE RQ L2 RBO -
22, ‘ 73 é
(;E]] pF fltail? RB6 ¢ RAW @ 12 RB4
RB7 10 | g Reo |1 RBS
GND
MTS380

Figure 3. MT8880 interface circuit.
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Figure 5. Terminal drive circuit of the 1-channel connector.

If an alarm signal is received using Zigbee communication, it is analyzed and then the corresponding
DTMEF signal is generated and transmitted so the user telephone is called and its state is reported. If a
control command is received through phone line, DTMF signal is decoded and according to it the
command is generated and transmitted to the smart terminal devices using Zigbee communication. If
the command is a survey command, it is on standby until the response is received. After the response is
received, DTMF signal is generated according to it and is delivered to the user by transmitting through

the phone line.
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Smart Terminal Device

Four kinds of smart terminal devices are designed for the smart home system suggested in the paper-
smart connector, fire alarm, door monitor, and infrared body sensor. Smart terminal devices exchange
information through the gateway and Zighee communication mode.

Smart Connector

Smart connector receives terminal drive command transmitted from gateway through Zigbee wireless
communication and offers the function of switching on and off home electrical appliances such as TV,
heater, lights, and so on.

It has to satisfy the following requirements:
e First, it has to receive the terminal drive command from gateway and switch on and off according
to the command.
e Second, it has to save the operating state information of the corresponding equipment so that it
could be restored to the former state even if the device is switched off and on again.

From these requirements terminal controller is consisted of Zigbee communication module, a
terminal drive module and a main controller. Especially the main controller has to be equipped with
EEPROM memory to store the operating state information.

PIC16F877A is used as the main controller of the smart connector. PIC16F877A has UART module
that can transmit data to CC2530-SZ2, Zighee communication module, in series and 256-byte EEPROM.
Thus, it can satisfy the above requirements.

A smart connector is divided into a 1-channel connector and a 4-channel connector according to the
number of channels providing on/off control.

Figure 5 shows the terminal drive circuit of the 1-channel connector. As one can see in Figure 5,
photocoupler (PC817) is used to insulate the power level of the device (5 V) from the relay drive voltage
level (12 V). JZC-23F is used as a relay.

A 4-channel connector is only different from 1-channel connector in its number of channels. The
operating algorithm of smart connector is shown in Figure 6.

In Figure 6, the smart connector receives the control command transmitted from gateway using
Zighee wireless communication and analyzes the command type. If it is the device control command,
the corresponding drive on/off signal is transmitted and then its state is stored in EEPROM memory. If
it is the state survey command, the response command is generated from the state information and
transmitted to gateway.

Fire Alarm

Fire alarm performs the function of transmitting the fire information to the user via gateway in case
of fire at home. Figure 7 shows its device composition. For the physical realization of a fire alarm,
optical fire alarm module, SS-168 and Zighee communication module, CC2530-SZ2 is used.

SS-168 uses DC 9-V battery as a power source and detects the fire from the light signal caused by
the fire. In case of fire, SS-168 can report the information using indicator light and the speaker.
Therefore, if SS-168 is used, it can perform the function of both fire sensor and alarm signal driver at a
time. A 9-V battery can be used as a device power source as it is.

CC2530-SZ2 is equipped with 8051 processor so fire sensor information is received and transmitted
to gateway through Zigbee transmitter using the processor. The operating algorithm of a fire alarm is
quite simple and it is not necessary to be described here.
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Door Monitor

The door monitor detects open-close state of the door or the window of home and transmits its
warning to gateway. Especially if it detects the door-open-state, it has to transmit that information to
the user via gateway.

The door monitor also uses 8051 processor equipped in CC2530-SZ2 as the main processor as well
as the fire alarm. Zigbee transmission method is the same as above but only the open-state sensor circuit
of the door is added. The circuit and algorithm of the door monitor is too simple to describe.
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CONCLUSION

This paper realized the smart home system consisted of gateway, smart connector, fire alarm and
door monitor described above and analyzed its operating accuracy through the test. For the test all
devices are set up in their given positions as described above.

First of all, home wire telephone was called by mobile phone. Gateway connected to the wire
telephone in parallel detected the phone call signal exactly and switched the line to the busy state. After
that, when DTMF signal was generated using the keypad in the mobile phone, the command was
correctly transmitted to the gateway and on/off control was given according to it.

When the state survey command was transmitted, the message about the given state was sent to the
mobile phone by DTMF signal. When the fire alarm and door-open-state alarm worked, its signal was
transmitted to the gateway and the gateway called the user’s mobile phone by generating DTMF signal.
The user could check if there was any alarm from the mobile phone.

As described so far, the smart home system with DTMF and Zigbee wireless communication uses
the telephone line that is firm in the substructure foundation so the original installation costs are
significantly reduced and it also provides more effective performance.
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