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ABSTRACT

The home monitoring system is an effective way to prevent
many household accidents that may occur whether we are
aware or not. There are a lot of home control devices which
were developed in the past. Take fire hazards for example,
there are a lot of ways for a house fire to occur like
overheating appliances. Fire imposes a big hazard in our
homes but there is a device that was built to lessen the
probability of this from occurring or at least lessen the damage
done. The fire alarm works whenever there is enough smoke
that goes in the detector. It will automatically make a sound to
alarm the people inside the house, some home systems have a
built-in sprinkler that work when the fire alarm activates
preventing further property destruction. There are a lot of
ways of designing a home control system but at these times,
the design must be adaptable and adaptive to most people.
Global System for Mobile Communication (GSM) is a means
of wireless communication between people. It can also be
used to communicate with devices such that it functions even
if a user is not physically present in the vicinity of the device.
GSM is the most adaptable medium since it has a further
range of communication compared to Bluetooth and infrared.
Moreover, it is also more accessible than Wi-Fi since it is
more widely available. A home monitoring system interfaced
with GSM poses a great advantage and convenience to the
public. The user can be updated regarding the status (ON or
OFF) of his appliances which can prevent future damage. It
will also be able to alarm the user of any irregular activities of
the appliances immediately even if the user is at another place.

Key words: Global System for Mobile Communication, GUI,
Home monitoring system, SMS.

1. INTRODUCTION

It is possible for people to leave their homes without
remembering to turn off the appliances [1]. Over time, these
appliances may overheat which may pose problems and cause
accidents such as fire [2]. Therefore, the group proposes a
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thesis that will be a solution to this problem by building a
device that will serve as a remote control for appliances. A
GUI-based SMS network in a handheld device enables the
user to double check the appliance’s status, whenever the
users go if there is a signal. Furthermore, to add more features
aside from only getting the status of the appliances, the GUI
has the capability to warn the user how long the appliances are
on and if a short circuit occurs [3]. The maximum number of
appliances that will be controlled is five and further
specifications or restrictions will be explained in the scope
and delimitations.

The GUI will be programmed as an application on a maobile
phone. GUI, short for the graphical user interface, is a
two-dimensional display that allows interaction between the
electronic device and the user using images rather than text
commands like in the research in: [4] . SMS will be used for
sending and receiving of information. The GUI will be the
platform for the device’s status such that it comprises both the
visual composition (design) and the codes for commands. The
software is the most important part because it is the
human-computer interaction and should be completely
efficient to run the stored program [5]. The whole system will
be further discussed in the description of the project.

There are numerous incidents of house fires that have
happened these past few years and overheating of appliances
is one of the main causes of fire accidents according to the
Bureau of Fire Protection in the Philippines. Appliances
overheat when people tend to leave the appliances turned on
for a long time and this is inevitable for all of us to suddenly
forget things. The main problem, aside from forgetting to turn
off the appliances, is that there is no device in the market that
enables to check its condition and gives alarm in case it is left
“on” [6] . Although there are remote controls for appliances,
but these can only be used within the premises and are
restricted only for a short range [7].

As a solution to these problems, the group has decided to build
a device that can be controlled via mobile phone that monitors



the appliances and sends alarms to the users. The main
purpose of developing this project is to remove the chance of a
fire accident happening due to overheating appliances.

The study will be focused on programming an
application-based graphical user interface (GUI) for appliance
remote control. The application will be placed on a mobile
phone using an Android Operating System like in the studies
[8,9]. The application can control up to five appliances: flat
iron, television set, electric fan, an incandescent lamp, and a
cell phone charger. Aside from controlling the on/off state of
the appliances, the application will monitor the status of the
said appliances. Unlike the other related applications, the
commands and control of the application will be transmitted
via the GSM network.

The GUI-based Short Messaging Service (SMS) network
between handheld devices develops another useful
application with the mobile device [10]. It is a cost-effective
solution for monitoring common home appliances because
mobile phones are already a staple in society’s daily living. In
the Philippines, the number of mobile telephone subscribers
has grown by more than 90 million according to the Mobile
Communications — Market Overview and Forecasts report,
and around 1.8 billion SMS messages are being sent every day
in the Philippines. Generally, the group interfaced an
application in a mobile phone to be able to have a wireless
communication between the user and the appliance, and the
group uses graphical user interface (GUI) over SMS to create
and present information to and from mobile devices. It utilizes
a programming language with SMS technology in everyday
appliances [11]. Aside from the advancement, it brings to the
current technology, it also benefits society. It makes use of a
single device to operate five different devices which add
comfort to the user, especially at times when the user is not at
home [12]. It could prevent the overheating of appliances
once left opened, which when not informed, could lead to a
fire [13]

2. DESIGN CONSIDERATIONS
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Figure 1: System Block Diagram

Figure 1 is the block diagram of the whole system. There are
three blocks which comprise the system. These are namely the
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communications block, the processing block, and the output
block. Its database design is like in the research of: [14]

The communication between the handheld device and the
GSM Modem happens in the communications block. The GUI
app installed within the handheld device has the capability of
sending a message to the GSM Modem. The GSM Modem is
able to receive the message because inside the modem, there
is a SIM card holder. The selections in the GUI App will be
programmed to send a distinct character to the number of the
SIM card in the GSM Modem. These characters will have
different functions depending on the program on the PIC
microcontroller. The connection with the GSM Modem to the
PIC microcontroller will be via UART communication using
RS-232 cables. GSM Modems have built-in DB-9 pins that
will be used to interface with the PIC18F4620. Here is the
pin-out for the DB-9.

Fn1
Dath CRlr

Detact (T

Fns

Roxgueas &

Send (ATS s 1o Send

Figure 2: DB-9 Male Pin-out

Here, the processing of message received by the GSM Modem
to readable data form for the PIC18F4620 happens. Each
selection in the GUI App sends a specific character to the
GSM Modem and is then sent to the PIC18F4620. These
characters will then be stored in the PIC then read with a little
delay, but the PIC is also capable of immediately reading the
message received from the GSM Modem but storing the
character first is a more effective method because when
simultaneous messages occur, the PIC will be unable to read
that fast and thus having the chance for the system to fail.
Through storing the messages first, the PIC will output the
commands one at a time. The MAX232 IC can convert
TTL/CMOS logic level into RS232 logic level, which is
important since RS232 serial cable will be used for the
communication of the GSM Modem and the PIC18F4620.
Figure 2 shows a simple connection of the GSM Modem to
the MAX232 IC. For Optimization purposes the Rough Set
Theory can be used just like in the researches of: [15,16,17].
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Figure 3: MAX232 IC to DB-9 Connection

The MAX232 IC pin Rx and Tx are connected to the Tx and
Rx pin of the PIC18F4620. When the MAX232 IC is to
transmit data, it is to be received by the PIC18F4620. Same
goes when the PIC18F4620 is the one to transmit data, the
MAX232IC will be receiving it. Here is a sample DB-9 to
MAX232 to PIC18F4620 connection. In this connection the
Logic Scoring of Preference can be used [18] but the database
configuration of [19,20] must be followed.
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Figure 4: DB-9 to PIC18F4620 Interface using RS232 Serial Cable
and MAX232IC

Here is where the data are properly sent and processed into
commands executed by the PIC18F4620. The output block
does what it is programmed to do. The output block consists
of the appliances plugged in the sockets where relays will be
used to determine which socket will be supplied and which are
not. The relays are normally open so no current will flow to
the appliance when they are initially plugged in but when the
relays are supplied with sufficient voltage, they will close and
thus, letting current flow into the sockets and up to the
appliances. The relay supplies will be coming from the output
ports of the PIC18F4620. For network security the researches
in [21,22,23] can be used.
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3. DATA AND RESULTS
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Figure 5: Output Android GUI Screenshot

Figure 5 shows the Android application menu options. The
checkbox, when clicked, will send a corresponding SMS
message to the GSM modem, either turning on or off any
appliance. The ALL ON/. ALL OFF button will send a
command that will turn on or turn off all the appliances at the
same time. The status button, when clicked, will send an SMS
message that will ask the microcontroller on which
appliance/s is turned on and which is turned off. At the right
side of every checkbox, there the Enabled/Disabled button,
which will activate or deactivate the timer sequence for
overheating. For this type of configuration Clustering
Methods and Fuzzy Logic can be used [24,25] and so is
Spatial Imaging algorithms and ANN [26,27].

Table 1: Android Application and Corresponding Message

Android App Selection | Corresponding Message
ON OFF | TURNALLON | TURNALLOFF
Appliance 1 A F K L
Appliance 2 B G K L
Appliance 3 C | K L
Appliance 4 D I K L
Appliance § E ) K L




Table 1. shows the Android application menu options and its
corresponding message to be sent to the GSM module when
the option, which is in form of a checkbox, has been ticked.
Each option and function has a specific letter to be sent to
avoid further confusion in the reading and flow of the GSM
Modem.

Table 2: PIC18F4620 Output in Pins

Message Read Output Voltage Pin Number
A 5V 34
B 5V 3
© 5V 36
D 5V 37
E 5V 38
F ov 34
G oV 35
H ov 36
I ov 37
J Y 38
K 5V Pins 34 - 38
il o Pins 34 - 38

Table 2 shows the response of the PIC18F4620 when the
message from the Android app is received. The corresponding
pins and output voltages at the pins are also indicated for
convenience.

Table 3: Extension cord — Relay Circuit Output Comparison

Relay Outlet Relay Outlet

Voltage Voltage

Comparison

ON B0Vae | ON 230 Vac
OFF T09Vac | OFF .08 Vac
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Table 3 shows the comparison of the logic high and low of a
regular extension line and the prototype. Both the prototype
and the extension line produced 230Vac when at logic high
but in logic low, the regular extension line, which is
considered the ideal, produced a lower value than what the
prototype has produced. The group observed the difference in
the logic low voltage in the wire used to connect the
step-down transformer (220Vac to 12 Vdc) and to the relay
circuit board. The resistivity of the wire was taken into action
but as much as the group wanted to meet the ideal case, the
wire will have to be too short to move the board around the
prototype or too thin for the 220Vac to flow.

Table 4: Reliability Testing with respect to Distance

Distmce Testmg | UNDERHIGH | UNDERLOW
RECEPTION (34 | RECEPTION (0-2
bars) hars)
Distance Time Before Time Before
Message Recerved | Message Received
v ()
Bestde Prototype 148 §L.3
m 161 03.3
10m 185 512
15 206 108.7
Am 212 5L
Average Time = 1798 7295

Table 4 shows the distance testing and reliability testing under
different receptions of the GSM Module. It can be observed
that under high reception, the distance is just a minor factor in
the time before receiving the message, just like in regular
SMS conversation. Some distances may be greater, but the
time difference is not significantly large. Under low reception,
the GSM Module had a hard time receiving the message.
Some messages were not even able to be received. This just
shows that the prototype may likely be unreliable under a low
reception area.



Table 5: Outlet 1 Appliance (Charger) Testing

Outlet 1 Testing Charger
Outlet 1 Testing |~ Charger
ON Condition | OFF Condition
(IAI) (IFI)
Trials Time (secs) | Time(secs)
l 132 5.2
| 157 5.1
3 144 5.6
4 151 3
5 135 5.6
6 122 5.8
7 16.7 71
\ 142 6.5
9 146 59
10 15.6 6.0
Table 6: Outlet 1 Appliance (Lamp) Testing
Outlet Lamp
Testing
ON Condition | OFF Condition
(4) (F)
Trials Time (secs) Time(secs)
l 142 6.1
2 134 52
3 15.6 5.
4 141 5.6
) 16.7 5.1
6 15. 6.7
i 146 6.1
§ 128 6.6
g 130 56
10 165 6.7
Average Time 146 5
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Table 7: Outlet 1 Appliance (Flat Iron) Testing

Outlet I Testing Iron
ON Condition | OFF Condition
(4) (F)
Trials Time (secs) |  Time(secs)
I 145 50
2 142 50
3 132 54
4 135 5.6
5 133 57
6 145 51
7 16.1 6.1
8 158 6.2
9 131 32
10 16.2 5.1
Average Time 145 55

Table 8: Outlet 1 Appliance (Electric Fan) Testing

Outlet 1 Testing

Electric Fan

ON Condition | OFF Condition
(4) (F)
Trials Time (secs) Time(secs)

l 14.1 5.6

2 134 5.7

3 151 5.1

4 145 W:

5 132 5l

6 13.6 5.

7 16.1 0.0

8 147 6.1

9 13.9 W;
10 15.1 5.0
Average Time 144 543
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Table 9: Outlet 1 Appliance (Television) Testing

¥ f 139 6.l
Outlet 1 Television |
Testing ! 125 6.
ON Condition | OFF Condition : m ]
(4) (F) .
Trials Time (secs) Time(secs) g 148 S0
1 i = T
2 146 51
3 140 A/ Average Tine 143 33
4 151 0.1
] 132 57
6 137 56 Table 11: Outlet 2 Appliance (Lamp) Testing
7 151 50 Ouflet2Testng | Lamp
\ 146 i ON Condition | OFF Condition
g 128 52 (B) (@)
10 139 51 Trials Time (secs) Time(secs)
Average Time 14 54 l 136 3
Tables 1 up to 9 shows the time it takes for OUTLET1 to turn L 146 35
ON and OFF. The interfacing initialization process was taken } 148 53

into consideration under the ON condition. The -
OFF-condition time is taken when the outlet has turned ON 4 142 A
beforehand. It was tested ten times to ensure reliability ¢ il 50
between the interfacing of the devices. Variable power i il i
consuming appliances were used for testing whether the 138 6.1

132 o

b

device can withstand and turn it ON despite the difference in 7

iron). Appliance current testing can replicate the test of these 3 14] 51
)

the supply it requires. (Charger consumes less power than flat
3 papers [28,29,30].

16.2 36

Table 10: Outlet 2 Appliance (Charger) Testing _

- — ' 9 3
Outlet 2 Testing | Charger l : I b
| . Average Time 146 54
ON Condition | OFF Condition
(B) (G)
Trals Time (secs) Time(secs) Tables 10 and 11 shows the Outlet 2 Appliance (Charger)
- - Testing and Outlet 2 Appliance (Lamp) Testing. Final test of
| 138 56 this lamp can be replicated using the papers: [31,32].
2 151 5l
] 143 57
4 147 ||
\ 151 59
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4. CONCLUSION AND RECOMMENDATIONS

Being able to successfully construct the hardware and create
the software, the group was able to achieve their objectives.
The device was tested to run for several hours without causing
any problems to both the hardware and the software. The
group concludes that interfacing the hardware and the
software together is the key in the thesis. The project relies on
the way they communicate with one another. Although that
was one of the hardest parts that the group had encountered,
the results turned out to be exemplary. The PIC
microcontroller was able to accept the message coming from
the user and send a logic 0 (0V) or a logic 1 (5V) that switched
the relays. From the gathered data, it takes less than a minute
to control the appliances, whether to switch it off or on.
Furthermore, the time it takes for the device to switch the
appliances merely depends on the distance. The factor that
delays the system’s coverage of the signal of the GSM and the
handheld device. Under low reception circumstance, the GSM
module either receives the message from the mobile
application later than the usual time or never receives it at all.
When the message is received later, the sequencing of the
time delay in the program gets messed up thus the program
may not run properly.

There are lots of recommendations regarding on how to
improve the thesis’s hardware and software. For the hardware,
it is better to create a more portable or handy prototype to be
less bulky and heavy. Though constructing a smaller device
requires a smaller circuit design. Hence, as much as possible,
simplify the circuit connections and contain all the PCBs
including the GSM in only one module. Also, adding more
outlets in the device means more appliances can be controlled
therefore it is more effective. Aside from the outlets, the
device can further be improved by adding switches where the
user can manually switch the appliances without using SMS
or pulling out the plugs. Another recommendation is to add
the ability of the user to check how many hours a certain
appliance has been running for them to check the possibility
of high electric consumption. We also recommend for the
integration of our application to another operating system
such as for Apple and for Windows phones. Also, another
recommendation is to enable multiple users connecting to the
same appliances in a home. It can be an advantage for parents
who want to look after their child left at home. For the
software, it is recommended to add Wi-fi connectivity to the
application since signal reception is not always strong and/or
available, though Wi-fi is also not always available by adding
both, it can increase the application’s reliability. For both
hardware and software, it is recommended to use a device that
can control the intensity of the appliance useful for electric
fans, air conditioning units, refrigerators and some light bulbs
without tampering in any of the appliances’ circuitry.
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