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ABSTRACT

IrDa and Bluetooth have been used widely in many wireless monitoring and controlling devices. Although,
these devices have been replaced the traditional wired systems and contribute in solving the high cost of such
systems, there are drawbacks been emerged. The major disadvantages are the range limitation of Bluetooth
module and the line of sight problem of IrDa device. A ZigBee is low cost and low power consumption wireless
technology. It has a higher connectivity range than Bluetooth and doesn’t have line of sight problem. In this
paper, an application model using ZigBee wireless remote controlling and data acquisition device as well as the
use of internet connection to enable the device to be used worldwide is presented. Such system has several
benefits such as portable, long wireless range, low power consumption, low cost and can be used worldwide
using internet. The test results show its potential to be implemented in small offices and smart homes.
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1. INTRODUCTION K\x

Recent years have witnessed tremendous need
to develop a sensor monitoring and control system
with wireless capabilities to improve Energy
Management Systems (EMS). Besides, EMS were
originally designed for the automated control and
monitoring of those electromechanical facilities in a
building which yield significant energy consumption
such as heating, ventilation and lighting installations
[1]. On the other hand, large variety of applications
where monitoring and control of physical
environmental conditions is required in areas where
wires cannot be placed. These applications are
healthcare, food industries, agricultural greenhouse,
building automation and etc. In healthcare industries.
Year.s before, many traditional wirgd systems come 2. SYSTEM DISCRIPTION
out in markets to overcome these issues. However,
these systems contributed in solving such issues,
there were several drawbacks in such systems been
arisen. For instance; people need to install wiring
system before using them. Besides, these systems are
quite expensive due to the wiring system and may not
affordable for most of medicine companies.

Prinaty Circut Board

Figure 1: Block Diagram Of The Remote
Desktop And Mobile To The Designed System.

The system can wirelessly monitor the
physical environmental conditions such as
temperature and humidity. Although, the system
can maintain optimum environmental conditions by
controlling the electrical appliances automatically,
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it is able to manually control these appliances by
means of wireless communication. There are two
methods used to display these values. In the first
method, Liquid Crystal Display (LCD) is used to
display the temperature and humidity values. While
in the second method, a computer screen is used to
show these values through a Graphical User
interface (GUI). A GUI is a simple and user
friendly interface designed to allow a user to
monitor the temperature and humidity values and to
control the electrical appliances such as light bulb
by simply clicking the ON/OFF button. Besides, if
the recorded temperature exceeds a predefined
value, the control system will start functioning
automatically by switching on a fan to maintain the
desired environmental condition. Moreover, users
able to monitor these environmental conditions and
control these electrical appliances anywhere in the
world by simply doing remote desktop and mobile
connection as shown in figure 1. Therefore, this
system is using a Zigbee Technology to carry out
the wireless communication. It is low cost and low
power consumption technology; it's based on IEEE
802.15.4 standards. Besides, it operates on 2.4 GHz
ISM band, which is nearly available in all over the
world. The range of the system in which the
wireless connectivity can still survive is (10-100)
meters.

3. SYSTEM DESIGN

During the designed hardware boards are
powered up, the master microcontroller will
initialize UART serial communication port and
ADC channel to obtain input signals from sensors.
Thereby, it will start to sense the output voltage
from humidity and LM35 precision centigrade
temperature sensors. It will convert the input analog
signals which come from sensors into digital signal
waveforms. Analog to digital conversion process
(ADC) will be enabled based on comparison of the
input analog voltage with the reference voltage
4.96V. For instance, if an 8-bits conversion is used,
2.5V can be converted to an 8-bits digital data
which is 10000000 (128). After getting the digital
data, the master microcontroller will send out the
digital data to Xbee RF module. Besides, this
module is responsible to transmit and receive the
digital data from the slave microcontroller
wirelessly. Therefore, the secondary
microcontroller is connected to another Xbee RF
module.  This module will enable the
microcontroller to continuously transmit and
receive the digital data from the master
microcontroller. After receiving the digital data, it
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will be further processed and converted to ASCII
characters. These characters will be sent out to
LCD module. Furthermore, the LCD module will
display the temperature and humidity values. The
prototype of the whole system will keep
continuously updating the room temperature and
humidity values. On the other hand, when the
temperature value exceeds a preset value that is, 26
Degrees Celsius, logic 1 will be sent out to the
master microcontroller, this will turn on a fan that
is connected to it. However, a user can monitor the
values of the temperature and humidity on
computer through a simple graphical user interface;
user can manually switch on and off the electrical
appliances such as light bulbs, by simply clicking
the button that appears on the designed GUI.

Figure 2: The primary circuit board.

4. MAIN PROGRAM FLOW

The wireless sensor monitoring and control
system was constructed and was able to measure
the output signals from the sensors, and send them
wirelessly. As well as, it was able to control them,
by assigning them to different tasks. The main
program flow is divided into two parts listed
below:

1. The master microcontroller program

flow as shown in figure .

2. The slave microcontroller program flow

as show in figure .




Journal of Theoretical and Applied Information Technology
20™ December 2014. Vol.70 No.2

© 2005 - 2014 JATIT & LLS. All rights reserved-

" A mm——
ElaV i1}

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

These two main parts of the program flow will
be discussed in details in the following sections.

Figure 3: The Secondary Circuit Board.

4.1 Master Microcontroller Program Flow

The program flow will describe the program
mechanism of  the  primary
microcontroller. Figure 4 illustrates the flow chart
of the program execution of the primary

execution

microcontroller.
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Figure 4: Flowchart Of The Primary Circuit Board.

The flowchart explains the fundamental
operations of the primary microcontroller:

When the master microcontroller is powered up,
it will initialize UART serial communication

port and ADC channel to obtain inputs from
sensors. It will obtain data from temperature and
humidity sensors.

ADC process will start after obtaining the analog
signals from sensors. The mathematical equation
to obtain temperature in degree Celsius and
humidity in percentage are:

Temperature (°C) =
(Voltage value from LM35 X 96 + 288) X
5 +1024 (1)
Humidity(%) = (Voltage value from SNHMD
X 44 — 8896) + 1024
X5 (2)

The master microcontroller will send the digital
data to the Xbee wireless module to be
transmitted  wirelessly to the secondary
microcontroller. If the temperature value is
greater than 26 degrees Celsius, the fan will start
operating automatically. It will keep monitoring
its UART serial communication port. If data is
presented, the master microcontroller will know
that this data is a control signal comes from the
computer to turn on the light bulb and vice versa.

4.2 Slave Microcontroller Program Flow

The program flow will describe the program
execution  mechanism of  the slave
microcontroller. Figure 5 illustrates the flowchart
of the program execution of the slave
microcontroller.

o)

Initialize
UART

Receive input=>=0-

ASCH Character
Converter

JL

Display Temp &
umidity on LCD

JL

Figure 5: Flowchart Of The Secondary Circuit Board.

The flowchart explains the fundamental

operation of the secondary microcontroller:
When slave microcontroller is powered up, it

will initialize UART serial communication port
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and will keep waiting for input signal. If input
signal is presented, it will directly transmit the
received data to the computer using RS232 serial
port. The slave will start converting the received
data to ASCII characters. Temperature and
humidity values will be displayed on LCD

character display. This process will keep
repeating continuously.
5. RESULTS AND DISCUSSIONS

In this section, the hardware

implementation results will be explained as well
as results of the software implementation.
Discussion on the obtained resulted will be
handled in details.

After powering up the circuit boards,
humidity and temperature in a room will be
measured by the primary circuit board.
Furthermore, the primary circuit will transfer the
measured values by means of wireless
communication using Xbee RF module to the
secondary circuit. Besides, the secondary circuit
board will receive the transmitted data wirelessly
by using another Xbee RF module, and display it
on LCD character display. Moreover, if the
measured data exceed a predefined value, the
primary circuit will turn on a fan and humidifier
to control the temperature and humidity
parameters, respectively.

Figure 6: Readings Of Temperature And Humidity
Values.

Figure 6 illustrates the current temperature
and humidity values displayed on LCD character
display; these values are based on real time
measurements. Furthermore, the displayed
values had exceeded the predefined values which
are 26 degrees Celsius and 50% RH, this will
result in operating the fan automatically, that are
attached to the primary circuit board.

Although, a wireless monitoring system for
the temperature and humidity values has been
achieved, a control system built to manage the
temperature and humidity parameters. Therefore,
if the temperature and humidity values exceed
predefined values, that are 26 degrees Celsius
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and 50% RH, a fan and humidifier that are
attached to the primary circuit board will start
operating automatically.

The designed GUI allows user to
communicate between computer and the
designed  circuit boards through serial

communications. Although, the user can monitor
the temperature and humidity values through
GUI, the user can also control the electrical
appliances through computers such light bulbs.
The designed GUI is divided into two parts.
These are Monitoring and .Control subsystem.

A monitoring subsystem is a part from the
designed GUI. It is used to allow users to
monitor the temperature and humidity values.

a5l Monitoring & Control System - E@ﬂ
T — i ———

Select Port
COoM5 v

MONITORING SUB-SYSTEM

Current Temprature :

Current Humidity : 48 %RH

CONTROL SUB-SYSTEM

Figure 7: Current Reading Of Temperature And
Humidity Values.

Figure 7 shows the monitoring subsystem that
contains the current temperature and humidity values,
the measured values are on a real time basis; this is
because the primary microcontroller is sending these
values continuously. The UPDATE button is made to
get the updated values.

The control subsystem is a part from the
designed GUI that allows user to manually control
the electrical appliances such as fan. Therefore, if the
user clicks the FAN button that appears on the
designed GUI, the fan which is attached to the
primary circuit board will start functioning, and the
OFF label will be toggled to ON. Likewise, if the
user clicks the FAN button again, the fan will stop
functioning, and ON label will be toggled to OFF.
Figure 8 and figure 9 illustrate the control subsystem
process.
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Figure 8: Control subsystem.
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Figure 9: Controlling of electrical appliances.

The designed circuit boards are accessible
anywhere in the world using the remote desktop
and mobile connection. Although, users can access
the designed system to monitor the temperature and
humidity values using computers, smart phones and
iPads through internet, they can also control the
electrical appliances by simply clicking the
ON/OFF button, while they are away from the
place where the designed circuit boards are placed.

6. CONCLUSION

A wireless sensor monitoring and control
system through internet has been successfully
designed and developed. The basic operation of the
system is to monitor the physical environmental
conditions such as temperature and humidity
parameters wirelessly. Furthermore, the system is
able to control environmental conditions
automatically by controlling the electrical devices
such as fan and humidifier. LCD display is used to
display the values of the temperature and humidity.
Along with wireless technique that has been added
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to the system, user can place this system in areas
where wires cannot be placed. The range of this
system in order to operate wirelessly is 10 meters
indoor and 100 meters outdoor. From the test
results, it can be concluded that all the objectives of
this project has been fulfilled. Apart from the basic
functions of this system, three enhancements were
successfully added to the systems which are:
designing a simple Graphical User Interface (GUI),
remote monitoring and control through internet by
using computers and smart phones as well.
However, users can monitor the temperature and
humidity values through the designed GUI; they
can manually control the electrical appliances by
simply clicking the ON/OFF button that appears on
it. Besides, wusers able to monitor these
environmental conditions and control these
electrical appliances anywhere in the world by
simply doing remote computer and mobile
connections. There are many advantages can be
obtained from the designed system. Firstly, the
system can be used to monitor as well as to control
the environmental conditions by means of wireless
communications. Secondly, the designed system
can be used to save power usage by controlling the
electrical appliances manually and automatically.
Lastly, the system can be accessed anywhere using
internet; this gives freedom to users who wants to
use this system anywhere in the world.
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