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Introduction  
Wireless sensor network popularity is increasing because of 

its unlimited potential. Most common application of WSN is to 

monitor remote environments for low frequency data transfer. 

Other applications are telemedicine, industrial automation, earth 

sensing [1]. WSN is a vast network in physical scenario. This 

network brings several advantages over old wired network. 

WSN‟s primary requirements are sensor node, router and a 

coordinator. This network has to be cost effective because 

deployment of hundreds of sensor nodes will be costly. Next 

best thing of WSN i.e. need of infrastructure is not mandatory 

even a lamp post can be used. When it comes to implementing 

WSN several factors comes into the light like low cost and small 

sensor nodes are preferred, low cost and low power consuming 

hardware are needed. For wireless communication purpose there 

are many standardized protocols [2].Among all the standardized 

wireless communication protocol, Zigbee is widely used in 

measurement equipment‟s because of its capabilities to provide 

easy maintenance, low energy consumption, diverse network 

topologies, easy installation etc. Zigbee standard is very much 

suitable for remote wireless system placed for monitoring 

various surrounding parameters. Zigbee protocol uses are in all 

fields from top class industrial automation to simple home 

appliances. Zigbee standard provides high reliability and 

immunity against interferences [3].  

This paper fully intend to design a hardware wireless system 

with well-coordinated wireless sensor network for monitoring 

and control of AC Motor suitable for industrial automation. The 

designed wireless modules can be installed at almost any place 

because of their compact size. The best part of this 

implementation process i.e., the WSN created can be enlarged 

by constructing more sensing nodes and adding them to the 

parent network. 

Detail of hardware and software 

Hardware and software both are important for smooth 

functioning of a sensor network. Detail of hardware and 

software as given below:  

Hardware  

 Arduino board: Arduino board is a microcontroller board 

based on ATmega328.It has 14 digital input / output pins and 6 

analog pins. It comes with a 16 MHz crystal oscillator, a USB 

cable, a power jack and a reset button .This board has everything 

needed to support a microcontroller. Its operating voltage is 

5volts and input voltage recommend is 7volts to 12 volts. It has 

32 KB flash memory which is reprogrammable.2KB of SRAM 

and 1KB of EEPROM is also present. 

 Xbee RF module: It is embedded RF module which provides 

cost-effective wireless connectivity. It is compact radio module 

which works in Zigbee protocol. This module is immune to 

interference so it helps to build a more coordinated network. It is 

interoperable with other Zigbee standard devices. Its works in 

2.4 GHz frequency band which comes under ISM frequency 

band. It operates at 5 volts. Xbee RF module can be configured 

into a coordinator, a router or end devices. It is facilitated with 

firmware which helps to modify Xbee module into any three 

configurations mentioned earlier.             

 Sensor (as per requirement): Sensors are devices designed 

to be sensitive to some factors. This device detects events or 

changes in that certain factor and also provides corresponding 

output. Henceforth only needed sensors are discussed. 

  DHT 11 Temperature and Humidity Sensor feature a 

temperature & humidity sensor complex with a calibrated digital 

signal output. The exclusive digital-signal-acquisition technique 

and temperature & humidity sensing technology are used in its 

design. It has high reliability and excellent long-term stability. 

This sensor includes a resistive type humidity measurement 

component & a NTC temperature measurement component. The 

single –wire serial interface makes system integration quick and 

easy. Its small size, low power consumption and up-to- 20 meter 

signal transmission making it the best choice for various 

application. DHT11„s power supply is 3-5.5 v DC. It can be 

connected to any type of microcontroller. Current transformer 

used in measurement of current and voltage is usually placed in 

the main circuit basically to step down a high current circuit to 

drive a low current device. It is very useful in measuring or 

monitoring high current, high voltage and high power circuit. 

Current transformers have various applications in electrical 

circuits. There are two winding in a current transformer. One is 

primary winding with high current and another is secondary 

winding with low current. In current transformers regardless of 

what change may be made to secondary winding load, the 

primary winding current is always same as that of the main
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circuit. Precaution must be taken that CT should never be open 

circuited while main current is passing through the primary 

windings.  

Software 

 Arduino Software: Arduino software is the lifeline of 

Arduino board. Since Arduino board is microcontroller based 

and to run it, some algorithms are required. All these algorithms 

are written in Arduino software. This software is user friendly 

and can be downloaded for free from internet.  

 X-CTU software: X-CTU is a graphical windows-based serial 

utility. X-CTU software is used to program and configure 

firmware of Xbee module. X-CTU is designed to function with 

all windows-based computers. X-CTU focuses on modem 

configuration and changing profile on Xbee module. This 

software can either be downloaded from Digi‟s web site or an 

installation CD. This software provides consumers with options 

of selecting desired com port and configure that comport to fit 

the radio setting of hardware module .It also allows customer to 

perform range test between two modules.   

  WSN consists of one wireless module to collect data (as 

coordinator), one router device for routing and smooth flow of 

data and finally end devices (sensor node).All the designed 

module communicates wirelessly using Zigbee standard. Data 

collected are visualized in a display platform may be laptop or 

PC. The general structure of developed Wireless Sensor 

Network is presented in Fig 1. 

 
Fig 1. General diagram of WSN 

Design of Proposed Wireless Sensor Network 

In this section of paper we discuss designing of wireless 

sensor network as well as design of sensing nodes.  For 

designing sensing module a microcontroller, a sensor, power 

supply and a transreceiver is required thereafter all the wireless 

modules are connected to create a Wireless Sensor Network 

using Xbee RF module.  

Coordinator module 

A coordinator device can be used as standalone 

measurement equipment with diverse communication 

capabilities. To facilitate wireless network coordinating 

function, it may be equipped with Zigbee module, GSM/GPRS 

or Ethernet modem for expanding the system over the internet. 

The coordinator device can also be used as data logger. A 

coordinator device is always active and always ready to receive 

data from all the surrounding nodes. Failure of coordinator will 

disrupt the whole network.  

Design of coordinator basically consists of a microcontroller 

with low power consumption and some memory .For wireless 

communication one wireless module is necessary. Wireless 

module is powered up via microcontroller. Consumption of 

power has always been an important issue in WSN. The WSN 

created in this implementation process, Coordinator plays a 

strong role of gathering all the data. More detail of working of 

this module is discussed with each component, which is 

connected to construct coordinator.  

 Microcontroller: Its main task is to acquire data which are 

sent from router. It not only receives data but also reads it. It 

gives command to send and print data. Microcontrollers also 

perform control and configuration of all types of communication 

module. Microcontroller of coordinator is supposed to receive 

data from router and not any end devices. And in some cases it 

sends back data to end device via router only. 

 Xbee RF Module: This module is used to facilitate wireless 

connection between other wireless modules of WSN. It is 

controlled standard AT commands over a serial communication 

interface. It has very low power consumption and is suitable for 

battery powered system. Xbee RF module is configured as 

coordinator. All the data are collected here because they all have 

destination address set as address of router. Whereas destination 

address of router is address of a coordinator so all the data sent 

by router is received by coordinator.  

 Real time clock and EEPROM: Real time clock (RTC) 

implements the time synchronization .It also defines the 

measurement interval between two adjacent data sample. 

Whereas EEPROM is for storing data, since in this wireless 

network data collected are immediately sent to display so 

EEPROM is of 1KB. 

 Power supply: In order to implement its full functionality, the 

coordinator device is powered up by 5 volts through power jack 

or USB. Batteries can be used as well. 

Router module 

 A router device is used for networking purpose. Router 

forwards data packets between any two or more than two 

networks. It is connected to two or more data lines from 

different networks. Whenever data reaches a router, router reads 

the address information in the packet and determines its 

immediate destination. It is not allowed to be in a sleep mode or 

off state as continues communication is always necessary 

between different networks. Router makes it easier to add a new 

sensor node into the parent or already existing network. Thus 

creation of an overlay internetwork comes into being. 

 Design of router basically consists of a microcontroller with 

low power consumption and memory is not necessary. Xbee RF 

module for wireless communication is required and configured 

as router. The WSN created in this implementation process, 

router plays a strong role of forwarding all the data to their 

destination. More detail of working of this module is discussed 

with each component, which is connected to construct router. 

 Microcontroller: Its main task is to acquire data which are 

sent by all the end devices and forward that data to the 

coordinator. It only receives the data and forwards it again. It 

gives command to send data to coordinator. Microcontrollers 

also perform control and configuration of communication 

module. Microcontroller of router is supposed to receive data 

from end devices only and in some exceptional cases it receives 

from coordinator but that is rare. Microcontroller also power ups 

the wireless module. 

 Xbee RF Module: Xbee module is configured as router. 

Router collects all the data from more than one end device and 

sends these data to coordinator. This happens because the 

destination address of router is address of coordinator whereas 

destination address of all the end devices is address of router. 

 Real time clock and EEPROM: Real time clock (RTC) 

implements the time synchronization .It also defines the 

measurement interval between two adjacent data sample. 

Whereas EEPROM is for storing data, since in router storing of 

data are not necessary so there is no requirement of EEPROM. 
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 Power supply: In order to implement its full functionality, the 

coordinator device is powered up by 5 volts through power jack 

or USB. Batteries can be used as well. 

End devices (sensor nodes)  

  Wireless Sensor Network is a collection many sensor nodes 

and some routers and coordinators. Sensor nodes or End devices 

are responsible for the size of network and even the extension of 

the network. More the sensor nodes larger will be the network. 

They play a vital role in the network as they are the sensitive 

devices exposed to the area which are chosen for monitoring. 

They are allowed to be in a sleep mode whenever not required. 

Sleep mode of end devices helps in saving power. In this 

implementation process two end devices are designed with 

different kind of sensing parameter. 

 Design of end device basically consists of a microcontroller 

with low power consumption and some memory. Xbee RF 

module for wireless communication is required and configured 

as end device. In the wireless sensor network created in this 

implementation process, end devices are responsible for sensing 

part of network. Special sensors are deployed to sense different 

parameter. End device work is to sense that special parameter 

and keep the changing track of that parameter in the form of 

data. Simultaneously data are sent to the router to reach their 

destination. More detail of working of this module is discussed 

with each component, which is connected to construct end 

device 

 Microcontroller: Its main task is to keep update of sensed 

data coming from sensor and send the sensed data. In this 

implementation process DHT11(Temperature and Humidity 

sensor) and CT(Current transformer) is used in order to sense 

machine‟s temperature and humidity of air around it and to see 

how much voltage and current is present at a particular time 

respectively. It gives command to send data to router. 

Microcontrollers also perform control and configuration of 

communication module. Microcontroller of end device is 

supposed to send data to router only and router forwards it to 

coordinator. Microcontroller also power ups the wireless 

module. 

 Xbee RF Module: This module is configured as end device. 

End device are connected to coordinator only through router. 

End device destination address is the address of the router. So all 

the data send first reaches router. Next, destination address of 

router is the address of coordinator. Finally data reaches 

destination for analysis.  

 Real time clock and EEPROM: Real time clock (RTC) 

implements the time synchronization .It also defines the 

measurement interval between two adjacent data sample. 

EEPROM is for storing data. 

 Power supply: In order to implement its full functionality, the 

end device is powered up by 5 volts through power jack or USB 

.Batteries can be used as well. 

 
Fig 1. DHT11 sensor connected to ATmega328 

 
Fig 2. Circuit diagram for current and voltage Measurement 

using current transformer 

Performance analysis and Results Obtained 

 Since the WSN is well designed and developed, to test the 

ability of the same some parameters of AC motor is measured. 

 Measured parameters of AC motor are temperature, humidity, 

current, voltage. The setup of this design is such that, the end 

device or the sensor node is placed in the same room where 

motor is running whereas coordinator is placed in the adjacent 

room. Router is placed with equal distance from sensor node as 

well as coordinator. The wireless communication is possible 

between them because the Xbee RF module‟s range is 40 meters 

indoor and 120 meters outdoor. Motor is provided with supply. 

Sensor node is already powered up. On the other side 

coordinator is flooded with data. From coordinator, all the values 

for all the parameter are picked and stored for further analysis. 

 After data acquisition process is completed. Analysis is done 

over the acquired data. It is seen from the acquired and graph 

plotted from the same that the temperature of the motor is 

increasing and humidity is decreasing with respect to time. 

 This data is collected from the sensor node where DHT11 

sensor is connected (ref Fig.1 Section III). Initially temperature 

and humidity is constant after motor is powered up temperature 

has increased gradually and humidity is decreased. While 

collecting the required data no interruption was caused in 

communication between wireless modules and no data loss took 

place.  The graph of the same is given below.  

 
Fig 1. Variation of Humidity and Temperature 

 Next for the current and temperature measurement, a circuit 

is designed (ref Fig.2 Section III) .This circuit is designed and 

connected with the motor as shown in the figure. Motor is 

powered up and the readings are taken via analog input of the 

AT mega 328. Collected data are analyzed further and graph is 

plotted for the same. Firstly all the data are acquired from the 

sensor node without interruption and no data loss is there. After 

the data acquisition, data analysis resulted in a graph shown 

below. 
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Fig 2. Current Vs. time 

In the above graph, it is seen that current is increasing with 

the passing time. Autotransformer as the source to the motor, the 

source is fluctuating. According to the source the response of the 

current graph is shown above. It is seen from the graph that at 

some level the current value is constant ,it is so because the 

autotransformer voltage is kept constant for a while to get the 

check whether data that are received are correct or not. After that 

source voltage is increased gradually so the current value. Next 

voltage across the motor is measured. The same circuit is used 

(ref Fig.2 Section III). Motor is powered up and data are 

collected via another analog input. The same process is followed 

as for above. The voltage response graph is given below. 

 
Fig 3. Voltage vs. Time 

The source for the circuit is autotransformer like that of 

current. So the voltage across the motor is increasing as passing 

time. At some points the voltage value is constant as the source 

was kept constant for the same reason to check whether the show 

data are corresponding response to source or not. Finally after 

analyzing all the data, it is seen that response of the sensor node 

was noticeable and so was the whole WSN. Data are corrected 

and giving right response as per motor‟s activities. Thus the four 

parameter of motor will be kept under constant supervision for 

its up to date health. 

Conclusion 

Wireless Sensor Network for remote monitoring of AC 

single phase motor has been designed and described. The 

detailed experimental study confirms the good performance of 

WSN as well as all the other hardware used. Such type of 

research and results obtained can be used for analyzing and 

designing other types of remote monitoring system for various 

purposes. Implementation of WSN was half easier due to Xbee 

RF module. The configuration of modules was using X-CTU 

software. All the sensors and circuit components are of 

reasonable cost as needed for implementation of WSN. 

The evaluations of this implementation process were done. 

All the needed algorithms were developed and analysis of all the 

acquired data has been done and presented. While designing this 

WSN, it has to be kept in mind that cost of the research, since 

WSN are very costly and there are various standards of wireless 

communication. Choosing the suitable hardware will reduced 

configuration and cost problem.  

Thus, this experimental study confirms that checking the 

health of motor (or any other machine) is not tiresome and 

simply by creating WSN, the health of the machine can be 

supervised. Next, there is other more potential research related to 

WSN. This implementation process gives a light on the 

industrial automation field.   
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