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Abstract: Recently, robbery in an empty house that has been left by its owner has been increasing, but the
police and security officers have not yet founded out the solution of this problem. Due to those reasons, in
order to reduce the number of crimes, an online home control system has been made. This system was designed
to monitor empty houses using electrical network as a transmission media and a PC as a Man Machine Tnterface
(MMI). This study explained about moenitoring/controlling a house that used X10 based home appliances,
where those appliances used 50-60 Hz of the electrical power network for communication. Meanwhile, the man
machine interface that was developed using labview can be utilized to monitor/control the appliances from
anywhere within the house. Such as, a motion detector, a door/window sensor, a smoke detector and a light/fan.
This study has shown that X10 protocol and the computer as man machine mterface has the ability for
controlling and monitoring remotely the appliances in the house for the purposes of energy conservation,

security and user friendly operation.
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INTRODUCTION

Recently, robbery m an empty house that has been
left by its owner has been mcreasing, but the police and
security officers have not yet founded out the solution of
this problem. Due to those reasons, i order to reduce the
number of crimes, an online home control system has
been made (Marmitele University, 2001). This system was
designed to momtor empty houses using electrical
network as transmission media and PC as man machine
interface. Other facilities such as telephone, internet,
rented line, personal line, radio frequency, short message
service from mobile phone (Yuwono, 2005) and the
utilization of the X-10 technology to make electrical
appliances easily controllable by Short Messaging
System (SMS), where labview will be used to program the
system with ease (Kubis et al., 2008) are another possible
option as transmission media for home control system,
however, these options will not be discussed.

The home control system was developed for various
kinds of momitoring and controlling appliances that has
been installed by appropriate sensors in a house or a
building (Bucceri, 2003). Usually, the doors and windows
that are opened by unprivileged person, are monitored
due to the presence of moving object, smoke/gas, or flood
in a room. In these cases, the system will send a signal to
the computer, so that the owner can remotely control
activities in the house, such as turning on/off a light, an
alarm, a fan, or any other devices based on necessity,
from various mstalled actuators that send or receive
signal through the electrical power network.

Advanced  technology  has  shown  many
improvements of earlier technology such as X10 home
autornation (Liew, 2003). The combination of X10 and
personal computer makes possible to remotely control
home appliances by using a computer as a man machine
interface (Boone, 1999) with the help of Labview software.
This study intends to study the possibility of combining
the use of X10 and personal computer for the purpose of
energy conservation, security and user friendly operation.
Appropriate X1 0-complying
specifically designed for home automation will be installed
inside the house that will be momitored or controlled.

sensor that 1s

MATERIALS AND METHODS

The X10 is an international industry standard that 1s
used for communicating electromc appliances via
electrical power network, so that can be used for home
automation purposes. The signal transmitted in electrical
power network is superimposed on 50-60 Hz AC
frequency in form of digital signal (SmarthomelJSA.com,
1997-2008).

There are three types of X10 devices, namely a
receiver, a transceiver and a controller (Marmitek
University, 2001). Home appliances that will be monitored
or controlled will be cormected to a receiver. This receiver
will accept command sent from the controller and the
transceiver. The controller will be comnected to the
computer while the transceiver 1s used to communicate
with the RF remote control (Marmitek University, 2001).
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Fig. 1: X-10 signal transmission

Each receiver has an identifier, which consists of house
code’s letter between A and P and device code’s number
between 1 and 16, so that the total number of the devices
is 256 (Boone, 2004).

The X10 communication between receiver and
transmitter (both transceiver and controller) is done by
sending and receiving signal through electrical power
network. Binary 1 is presented by the presence of 120 kHz
signal as long as 1 millisecond. When the 50 Hz AC
crosses the O line a binary O is presented the absence of
the signal. This means that at every 0 point or in other
words every 10 msec of the signal is transmitted as shown
m Fig. 1 (SmarthomeUSA. com, 1997-2008).

A complete X10 transmission consists of 11 power
electrical power cycles. The first 2 cycles define the start
code. The next 4 cycles are the house code and the last
5 cycles define either the device code (1 to 16) or function
code (On, Off, etc.). Bright and dim command are
exceptions and the dim level will be continuously sent
(at least 2 times) without separator between those codes,
as shown in Fig. 2.

As seen m each block, the data 13 sent together with
1ts complement during the next half-cycle. For example, if
one of 1 ms signal is present (meaning binary 1) in the first
half cycle, then there will not be 1 ms signal during the
next half cycle (meaning binary 0), as shown in Fig. 3
(SmarthomeUSA . com, 1997-2008).

In this study, a Man Machine Interface (MMI) is
developed with the help of Labview software from the
national instrument that is used to control appliances,
using X10 protocol. This study was conducted from
October 2008 until March 2009 at Physics Instrumentation
and Optoelectronics Division, Research Centre for
Physics, Indonesian Institute of Sciences, Kompleks
Puspiptek Serpong Tangerang, Indonesia. Labview 1s a
software development tool that applies diagram instead of
written code so that the time required for creating the
program and troubleshooting 1s shorter (Liew, 2003).

An executable program in Labview is called Virtual
Instruments (VI). A VI consists of three main parts:

Power line cycles
1 2 4 5

»l.a »la »la
»|* Ll B Ll Ly

Start House | Number Start House | Number
code code code code code code

Code transmitted when a number button is pressed

F 3

Start House | Function | Start House | Function
code code code code code code

Code transmitted when a function button is pressed

Fig. 2: Transmitted code for selecting a function or a

number
Start code |H1 HijH2 F2{H4 HAIE:HBI«\DI D2 NE\DBE:DM
ANall a

\v \v
11100110100110101001
11100 1 0 0

7

1116 \ouo/ \ 11000

Start code House code A Key numbet Z

Fig. 3: Data and its complement transmitted

¢ A front panel, where the user interacts with VI

* A block diagram, where the program is developed

* A comnector, which comects one VI to another
(Labview, 2003)

Figure 4 shows an example of front panel as an MMTI.
On/off toggle button 1s to start/stop the program. Boolean
indicator will tum on green when monitored appliance 1s
on and will turn on dark when the monitored appliance is
off, meanwhile the string and the output are used for
debugging purposes.

The front panel which is built with controls and
indicators as interactive input and output terminal of the
VI, is the user interface of the VI.

The front panel objects appear as terminals on the
block diagram. Every VI displays an icon, which 1s a
graphical representation of a VT that can contain text,
images or both of them.

The block diagram contains graphical source code
(functions and structures from built-in Labview VI
libraries).

The nodes on the block diagram (control and
indicator terminals, functions and structures) are
comnected by wires (Labview, 2003).

Figure 5 shows the related block diagram of front
panel shown in Fig. 4, where the software developed
using a packet software from Labview.

Labview programming consists of 3 parts. The first
part is the front panel (Labview, 2003). In this window, all
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the man machine interface is drawn. In this program, there
ate a statuslight indicating the current conditi an of each
device and a push button for toggling the status of the
devices. The second part is the block dagram and the
third part is the connector. Actudly, the comnector is a
patt of the tlock dagyam.

Meatvwhile, the actual programming is done in the
block diagram. Labeiew provides a couple of Danctiona
blocks thatis capable of commurdcating with a serial port.
The first one isa serial port indt This iz done o the very
beginning of the program to set the baud rate (4200 bps),
data bits (23, stop kits (1) and parity (none), so that it wdll
match with the setting given by CII11. The second one is
a serial port read. This functionsl HWock is used to read
data from S (Dl armitel Tniveraty, 20010 The example
of this data is an itdetfare ready message from CMIL, a
device status and a check sum of the written data. The last
functional block is a serial port write, which iz used to
sennd command and address code to CRI11. Figare 6
shows the block diagram of 10 grotocol W using
L abrriewr.

At the begitming of the program, the titne in ChI11
will be set. This iz due to the requirement of the CRI11,
when it is firstly turned on, thet needs the current time
from the PC. The CTVI11 will refuse aty comaratid from the
FC until the time has been get. The CIIL L interface will
cortirniously poll the PO owith OxA% through serial pott.
The PC should tespond by issing 0298 through serial
port folloared by the following 6 bytes of informati o

Bitrange Description

0ta7 Currert time (sec)

Btoll Cuarrend time (mitotes ranging from 0 to119)
lato 24 Current titme (hours2, ranging from 0 tol1)
251032 Current year day (bits0 to T

33 Current year day (hit ¥)

34to40 Dy moask (3LITWTEFE

41 to 44 Motdtored house code

45 Fesarved

dé Eattery timer cleat flag

47 Mondtore d status clear flag

48 Timer purge flag

The last 4 bits ae usally set to 0, while all the other
inform ation can be obtained from Labview’s 3econds to
DateTime function. Thenthe program will check for ary
chatges from history adfer. These changes are wsually
coming from other sowce, such as the remote-controlled
ThI13 which can also be used to control the device using
Z10 protocol. When there 15 a recorded change the CM11
interface will continuously poll PO with 0x54 The PC
showdd respond with 0xC3 and read the history bodfer.

Fig 6: Block diagram of Z10 protocol man machine
irterface ith gl eth entation vsing Labeiew

The way the history buffer iz coded iz simdlar to the way
PC sends command to the COI11 (house code-device
code-house code-comtnand code) with first-in-first-out
order (the first instroction received appear first and the
instruction last received appear at the end of history
buffer). The PC can then decode the status of each device
from thiz history boffer. When there is no change
recorded, the program will interrogate the device for its
status. Thiz can be done by first sending the house cods,
the device code the house code again and finally sending
the command code 6F (statas request). The CRLIIL will
then respond by sending Ox5a (history baffer being filled)
ahid PC owrill tespond the same way as it responds to
hdstory baffer change (0203). The Wstory badfer will be
filled writh the house code and 0x6&D if the dewice is onor
0x8E if the device iz off. All of these processes are done
to ensure that the stetus of the dewice reflected in the
cotutrol parel, is really wader its curr et corudit o,

A fter the initializ ation phase finishes, the program will
erter its main loop, The program will first ask for the
cutrenit statue of CIWI11. Tt will then bratich according to
the response from CRILL. If the CRI11 recuests for time,
the program will then set the time. This is the same
procedure done in the begrming of the program. IF ay
chatige ocourred by anythitig other than CT11, it will alsa
update the history bfer and informes the program. Under
this condition, the baffer and the status are needed to bhe
read and updated, respectively. When ChMIL1 shows ready
for command, the program will check for any comimand
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Fig. 7: Flowchart MMI software developed using Labview

recorded from the panel window. This 1s being recorded
by another loop by using global varnable feature n
LabView, so that the program can communicate with
CMI11 and waiting for input at the same time. Then the
CMI11 will instruct the device to change its status,
accordingly. List of available command can be found in
(Smarthome, protocol.txt).

CM11 (Controller) is a device installed between
electrical power network and computer that acts as an
interface between the computer and X10 based receiver
(Marmitek University, 2001). The CM11 sends the data
from computer to the receiver (computer actmg as the one
that sends the command) or take the data from the
receiver and send it to computer (the computer 1s acting
as the one that asks for the status).

TM13 (Transceiver) is an interface that 1s installed in
the electrical power networle (Marmitek University, 2001).
The TMI13 reads the signal from remote control and
sends it to the electrical power network. The computer
can also read the signal transmitted from TMI13
(Marmitek Umiversity, 2001).

One side of the CM11 is connected to the PC through
a serial port so that can communicate with the PC. The
other side of the CMI11 that connected to the electrical
power network, 1s able to send the message to the device
through the X10 protocol.

The flowchart, Fig. 7 shows the sequence or steps
done by the software that developed using Labview to
change personal computer into MMI.
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RESULTS AND DIS CUSSION

This study explained shout monitoringfcontrolling of
a house that used X10 bazed home appliances, those
appliances used 50-60 Hz of the electrical power network
for communication. Meanwhile, the man machine 1nterface
that was developed using Labwiew can be utilized to
monitoricontrol the appliances from anywhere within the
house, the final front panel of 10 protocol MMI
Implementation using Labview shown in Fig 3.

Those appliances are a motion detector, a
doorfwindow sensor, a smoke detector and a light/fan,

This system 15 capable for performing the following
tasks:

*  When there is amowving object, the system will react
by sounding the darm and by changing the display
in the computer

*  When someone is  opening  a  doorfwindow
i(depending where the sensor 15 installed) the system
will also react by sounding the alarm and hy
changing the display in the computer

+  When the smoke 15 detected, the systemn will react hy
sounding the alarm and by changing the display in
the computer

B MMlLvi

+  Bimultaneously, the light/fan can be turn onfoff from
the computer, while the status iz being reflected in
the computer

For example when the doors or windows are opened
by unprivileged person or the presence of smoke, gas or
flood inside a room the system will send signal wia
electrical power network to the personal computer. Owner
can also remotely control the house from histher personal
computer, for example by turning onfoff the light, the
alarm, fan, or other appliances based on necessity and
installed actuator.

When the doors or windows are opened by
unprivileged person or the presence of smoke inside a
room, the system can provide early warning to the owners
and so will significantly minimize cnimes and masimize
security and thus protecting assets by sounding the alarm
and changing the display in the computer.

The turning off of unused electrical appliances
remotely from personal computer just by dicking button
will save time and money for utilities hill.

This system 15 designed to he run on line 24 h but
due to the unrelishle of power supply ih Indonesia, in
which hlackoutis frequent, uninterruptible power supply

must be added.

& {3 IEH 13pt Appication Fork = {lﬁvlif_ﬁv [
B
Lamp Topale Fan Toggle
Fan Toggle
@ Lonpstan: @ ranstatus
N (viphion Debachar
N Soke Detector
= DocrfWindow Sersor
K L

Fig &: Frontpanel of 210 protocol MBI impl ementation using LabView
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In earlier research, a telemetry/telecontrol system
using one of the feature of mobile phone, such as Short
Message Service (SMS) has been made to monitor and
control an empty house, that was left by its owner. The
system that has been developed was capable of doing
different kinds of monitoring and controlling, depending
on the needs, that 1s matched with the installed sensor in
the house or building.

Those experiment has been done, with satisfactory
results depending on the reliability of the service
provider. The time needed for the message to be sent from
MMS (Home Owner’s Mobile Phone) to MRS (home
appliance that is being monitored/controlled) or vice versa
until the acknowledgment from the other part received, is
less than 16 sec (Yuwono, 2006a, b).

Besides locally controlled like what 1s currently used,
the home appliances can also be remotely controlled
using  keypads, frequency and infra-red,
programmable timer and computer mterface (Boone, 2004).
There are many things that can be done by X10, for
example a light can be controlled from more than one
location; alight can be tumed on/off in a pre-set time
so that the presence of person mside the house can be
simulated even though the house 1s empty. The
appliances can be controlled remotely, while the owner is
outside the house via internet or mobile phone. In the
future works the implementation of these proposals will be
conducted.

radio

CONCLUSION

*  Software based on labview has been developed

¢+ This study has shown that X10 protocol and the
computer as MMI has the ability for controlling and
monitoring appliances in the home remotely for the
purposes of the energy conservation, security and
user friendly operation

s In the future studies, the combination between home
control using sms via mobile phone and home control
via electrical power network will be carried out
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