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Abstract: In power plants, chemical plants and manufacturing industries environmental conditions play great role in quality of the
output. Therefore sensors are placed for monitoring environmental conditions. There are places in industries where human intervention
is not possible, in such places sensors are placed and their data can be monitored on display panels at different locations. This system
can be made wireless by using XBee-PRO RF Module based on the IEEE 802.15.4/Zigbee standards. Zigbee is a low power wireless
transceiver device which in combination with processing unit can be used for sensor data monitoring. A low power microcontroller unit
ATmega8 is used to take sensor data, process it and transfer it to Zigbee to transmit at remote location. At remote location a handheld
device contains another Zigbee receives data packets and transfers to microcontroller. Microcontroller processes the data packets,
calibrate it and display it on LCD (liquid crystal display) for monitoring. In this way, a handheld monitoring unit is created to monitor
real time sensor data remotely.

Keywords: Zigbee, End device, Coordinator, LCD (liquid crystal display), Microcontroller unit, UART (Universal asynchronous receiver
transmitter), ADC (Analog to digital converter).

1. Introduction

2. System Architecture

In industries, deployment of extensive wired sensors [1] in
current nuclear facilities, research reactors, fuel fabrication
plants, etc. is not feasible due to cabling costs and the added
complexity. Even in ancient and historic buildings, the
construction works of the cable layout for wired fire alarm
systems may damage the building architecture and
decoration, which are usually unrecoverable [2]. However,
more sensing points can be placed in wireless technology
which in turn provides more in-depth understanding of the
monitored area or process. By using more number and types
of sensors, both redundancy and diversity are enhanced and
this results in improving the plant reliability. Meanwhile the
wireless technologies are expanding in several ways in the
industrial plants and in near future, it is expected to be more
involved in environmental and equipment condition
monitoring, accident management, safeguards, and security
applications [1]. This infrastructure offers high flexibility in
sensor placement and needs no particular human control and
intervention. A large number of sensor nodes can also be
organized to extend the coverage area [1]–[4]. Zigbee is an
industry alliance which builds a set of rules on top of the
IEEE 802.15.4 standards. It is clear that the feasibility of any
communication technology. Wireless sensor system can be
implemented in various monitoring applications such as
industrial, health, environmental and security [6]. It is good
solution that significantly benefits in reducing cost.
A portable handheld system is proposed to monitor sensor
data from remote location using Zigbee protocol. This
system can take input from almost any kind of environment
sensor. Data is first calibrated and then it displays on LCD
display. Incoming of data packets can be stop by issuing
deactivate command from handheld device which reducing
power consumption and unnecessary data monitoring.

Figure 1: point to point Communication
The system is created by considering point to point
communication. There are following two basic parts in this
system:
1.1 Sensor Node: this node comprises of sensor,
microcontroller unit and Zigbee device. Sensor to sense
environmental condition. Microcontroller unit to
process data and prepare data packets. Zigbee is used to
transmit those data packet to remote device.
1.2 Display handheld device: It works as a co-coordinator.
It comprise of a Zigbee device, a microcontroller and a
LCD. Zigbee device receives data packets and transfer it
to microcontroller unit. Microcontroller processes those
data packets and then performs calibration to display
data in its SI unit. Environmental value in its SI unit is
then display on LCD.
Polling method is used to request data packets. Polling is a
method in which the Coordinator requests node to send
sensor readings back to the Coordinator. The purpose of
polling is to avoid interference from other nodes.

3. Experimental Setup
The experimental setup consists of the following elements:
1.3 Zigbee Device: The XBee-PRO RF Modules were
engineered to meet IEEE 802.15.4 standards and
support the unique needs of low-cost, low-power
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wireless sensor networks. The modules require minimal
power and provide reliable delivery of data between
devices. The modules operate within the ISM 2.4 GHz
frequency band. Its range is 90 m outdoor and 30 m
indoor. Since it supports UART methodology for
communication therefore it is very much compatible
with our MCU ATmega8.
1.4 MCU ATmega8: High-Performance, Low power
Atmel AVR 8-bit Microcontroller. The most important
is its Power Consumption at 4MHz, 3V, 25oC, in active
mode it is 3.6mA, in Idle Mode it is 1.0mA, and In
Power-down Mode it is 0.5μA. This makes it very low
power consumption and popular microcontroller unit
(MCU).

6. Working
The experimental setup consists of ATmega8 MCU PCB
board at sensor node provided with headers to interface
XBee module and sensor. Sensor is interfaced at ADC
channel of MCU where its output is continuously converted
from analog to digital. Then this data is processed and
converted into packets inside MCU. Whenever a command
is issued by coordinator then these packets are transferred to
XBee device as a UART frame shown in Figure 3. Then
XBee send them wirelesses to coordinator using IEEE
802.15.4 standards protocol. The above process is shown in
Figure 2 in flow chart and experimental setup is shown in
Figure 4.

1.5 Sensor: For monitoring temperature, LM35 temperature
sensor is utilized. The voltage change per degree
centigrade for the temperature sensor LM35D is 10 mV
and its full rated temperature is from 0 to 100 degree
centigrade.
1.6 Liquid crystal display: It displays sensor data for
monitoring. A calibrated value of temperature is
displayed on LCD. Microcontroller unit initializes LCD
and perform calibration to display data in proper format
and SI unit.

4. Sensor Data Reading
ATmega8 contains analog to digital converter internally
which can be used to convert any analog signal into its
corresponding digital value with 8 bit precision. To control
it, a control byte is put inside ADC register ADMUX
(Analog to Digital converter multiplexer selection register)
to set internally accurately generated 2.56 volts as a
reference voltage and set ADC0 channel as a input channel.
ADCSRA (Analog to Digital converter status register A)
register is used during ADC operation to check ADC
conversion status like whether ADC conversion completed
or not and it is also used to enable ADC peripheral whenever
ADC conversion is required.

Figure 2: Flow chart of sensor node

Figure 3: UART frame format

Temperature sensor LM35 is connected to the ADC channel
0 (ADC0) of ATmega8 MCU. ADC is configured in 8 bit
mode and reference voltage is set at 2.56 volts so resolution
achieved is 2.56/256 = 10 mV. In LM35D voltage changes
by 10 mV for 1 degree centigrade change in temperature and
it can detect maximum temperature of 100 degree
centigrade; this change can be accurately measured by the
ADC peripheral of MCU.

5. Software Used
A. Code vision AVR compiler is used to compile and
convert code written in embedded C into HEX file. Then
Khazama software is used to burn this HEX file into
MCU ATmega8 using USB asp programmer.
B. X-CTU software is used to configure XBee modules.
This configured XBee module as coordinator and end
device, set source and destination address, set PAN
number for dedicated communication.
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Figure 4: Sensor node
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7. Conclusion
A low power, cost effective sensor data monitoring system is
proposed in this article. Since this system is using ADC to
input sensor data therefore it can be used to read any
environmental parameter like temperature, humidity, light
etc. Sensor node and handheld display device can be placed
90 m apart which enable user to keep him a long distance
away from hazardous monitoring location as in case of
chemical plants and nuclear reactors. User can activate and
deactivate the sensor node as per requirement which reduces
overall power consumption.

8. Future Scope
Figure 5: Flow Chart for handheld device (coordinator)
At the handheld device, whenever user required the readings
of sensor then it activates a command using switches. Then a
command packet is sent to the sensor node device and
requested a sensor data packet. As soon as this sensor data
packet received at coordinator, it is first converted into data
and then calibrated into the SI unit of environmental
parameter i.e. for temperature, SI unit is centigrade. After
that MCU issues some commands to display this
temperature value on LCD.

(a)

(b)
Figure 6: Handheld device (coordinator) (a) device ON, (b)
device OFF.
Whenever it is required to terminate the services of sensor
node device, Coordinator will issue a deactivate command.
In this way, user can active and deactivate sensor node data
monitoring by simply sending command packet, this
improves the efficiency of the system as well as beneficiary
by avoiding unnecessary monitoring of sensor at any
particular instant of time. These ON/OFF commands can be
directly issued using switches on handheld coordinator as
shown in the Figure 6.
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It is a low cost, low power and less space taking system to
monitor sensor data. This system can be upgrade to display
data of multiple sensor nodes at single handheld display
device. This system can also be modified for telemetry
control of devices like monitoring temperature as well as
controlling cooling system by using same system model.
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