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Abstract: Wind is a pure and safe renewable source for generating electricity. Monitoring the parameters of
wind turbine and the data are manually collected which becomes critical. Data acquisition process for large scale
wind turbine is very costly. In recent trends, the low cost sensors are emerged for several technologies. In this
paper a novel approach using the low cost sensors are used to monitor the parameters from wind turbine for
efficient operation.  The  remote  monitoring  applications  are  possible  using  air  communication  channels.
This work is to design and develop a prototype system for monitoring parameters from wind turbine
automatically. The parameters of wind turbine such as Temperature, Humidity, Voltage, Current and Wind
Turbine Speed are monitored and those data is transferred to server PC. The wind turbine by itself has a server
for gathering all the monitored data. The parameters are recorded during abnormal values. This monitoring
system is developed using GSM technology. If the monitored parameters exceed the specified limits, then an
automatic alert message is generated and transmitted to the authorized person’s mobile to protect the circuits
against the fault conditions.
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INTRODUCTION operations.  However  this system has some

Wind power technology is evolved so many years wired devices and despite the circumstance that fiber
ago. There are antique allegations that wind turbines installation costs are tumbling by as much as 60% per
which utilize the power of the wind primeval beyond the year, installing fiber optic cable is still costly and the
time of the antediluvian Egyptians. Avant-grade wind special test equipment is often required. So in order to
turbine generators are highly exclusive machines, taking overcome these limitations; wireless communication
full advantage of ultramodern technology, materials between devices is essential in windmill monitoring [2].
technology and mechanical, led by amendments in Wireless sensor networks avoid lot of wiring and new
aerodynamic and structural design, control engineering, devices can be added at any time. It also has flexibility of
electrical and able to producing several megawatts of physical partitions and can be accessed by centralized
electricity. In the period of 1980's wind power has become monitoring.
an economically enviable option for mercantile electricity In order to overcome the unexpected damages and
generation. Large wind farms or wind power stations have irregular atmospheric level, it is essential to monitor the
become a common sight in many western countries. Wind wind turbine at the regular intervals. There are different
is a clean, safe, renewable form of energy. In order to kinds of technologies to monitor wind turbine and transfer
overcome the drawbacks of wired system, wireless system data to the server remotely. Sensors are play a vital role in
is introduced [1]. In a wired networks, lot of wiring is the monitoring system. In the existing system sensors are
required, it requires less flexibility. Also new devices senses the different parameters of wind turbine at regular
cannot be accommodated easily. The existing technology intervals. Collects all the parameters data and then
in a major part of Europe and India is wired that it uses transmits this data using Zigbee to the remote server. But
fiber optics for controlling and monitoring of windmill it can be transmit the data at a particular distance [3].

disadvantages  as  limit units mobility, does not allow
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Wireless SCADA system which is powerful setup for On server side we get all transmitted parameters readings
monitoring and controlling the various applications.But for wind turbine. If parameters are exceeding the limits;
this system is very costly and it is applicable only for which are already specified, then an automatic alert is
large scale wind turbine [1]. generated to protect the circuits against these fault

The proper collection of wind power electricity mainly conditions. The complete system comprises of ARM 7
depends on the data collecting such as Temperature, microcontroller, these sensors for recording parameters
Humidity, Wind speed, Current, Voltage from Wind such as current, voltage and speed, Temperature,
turbine the and transmission interface and its related Humidity, 16x2 LCD to display results, power supply
system. In this system a prototype is developed for which is obtained using regulator circuit and GSM
monitoring wind turbine. The monitoring data is transmitter module etc., as shown Figure.1. This system is
transferred to the remote server using GSM. This system completely designed around a microcontroller unit, with
is low cost when compare to the other technology for wireless GSM communication that is used to send the
monitoring the wind turbine. A system is designed and data. It can be identified as remote node. The Remote
operates in hostile environments and sends all the data of node will be the node that is typically at remote location
wind Turbine at remote server [4]. to perform the actual data collection or control of sensors

Novel   Approach     in    Wind    Turbine   Monitoring: windmill continuously. These raw data will go through an
The proposed  system  is  constructed  such  that it Analog to Digital conversion (ADC) stage to be
senses different parameters of windmill at regular converted into digital for digital processing. The digitized
intervals. Vital parameters like current, voltage, Turbine signal is then stored in microcontroller and display on
speed, Temperature and Humidity can be measured. LCD as well. Microcontroller collects all the parameters
Sensors at windmill end play a vital role in monitoring of data and put in the form of array and then GSM transmits
parameters. The measured parameters are collected by this data by converting it into packets to server pc/base
microcontroller (ARM7) and converted into digital form. station. The server side has GSM receiver, along with
And collects all the parameters data and put in the form of USB interfacing port to communicate with mobile and
array and then transmits this data by converting it into computer as shown in Figure.1. The Base station will be
packets to remote server via GSM by establishing the the base nodefrom which an operator would normally
wireless communication with  mobile  and  remote  server. monitor or control the wireless network.

in a system. It will sense or collect all the parameters of

Fig. 1: Block Diagram of the proposed Scheme 1.
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System Modeling: The parameters such as current, Hence, E = mas (1)
voltage, wind speed, temperature, Humidity are measured
periodically. The data acquired from the sensor are
transferred to the signal control unit in the
Microcontroller. ARM7 LPC 1768 processor is used in this
research. The measured parameters are collected by
microcontroller (ARM7) and converted into digital form
and collects all the parameters data and put in the form of
array and then transmits this data by converting it into
packets to remote server and mobile via GSM by
establishing the wireless communication with remote
server. The Remote node will sense or collect all the
parameters of windmill continuously. The server side has
GSM receiver, along with USB interfacing port to
communicate with computer and fault messages are
transfer to mobile via GSM as shown in Block diagram.
The Base station will be the base node from which an
operator would normally monitor or control the wireless
network. The Base node will be the one commonly
connected to a server PC for an operator to monitor, send
data and monitor the system.[5,6]

Mathematical Model: Every Wind Turbine in wind farm
should give the expected power and energy output to
calculate its economic viability. The various variable
definitions used in the model as listed in the following
Table 1.

Table 1: Variables and Definitions used in the mathematical model

Variables Definitions

E Kinetic Energy (J)

M Mass (kg) 

R Radius (m) 

Ñ Density (kg/m3) 

P Power (W)

dm/dt Mass flow rate (kg/s)

X distance (m) 

dE/dt Energy Flow Rate (J/s)

T time (s)

Objects kinetic energy having Mass m and Velocity
v, under constant acceleration is eual to the work done W
for displacing object under a force F from rest to a
distance s is given

E = W = Fs

According to Newton’s Law, 

F = ma

Using the third equation of motion: 

 = u  + 2as2 2

a = (  - u )/2s2 2

The object initial velocity is zero, i.e. u = 0, we get:

a = /2s2

Substituting it in equation (1), The kinetic energy of
a mass in motions is obtained as:

(2)

The power in the wind is given by the rate of change
of energy:

(3)

As mass flow rate is:

the rate of change of distance is:

from that: 

Hence, from equation (3), the power is defined as:

(4)

According to the Betz Limit or Betz’ Law wind turbine
cannot convert more than 16/27 (59.3%) of the kinetic
energy into mechanical energy turning a rotor. The
notational maximum power efficiency of all design of wind
turbine is 0.59.This is called the “power coefficient” and
is defined as:
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The Betz Limit values of 0.35-0.45 is common even in The parameters are listed as shown below:
the preeminent planned wind turbines. Hence, the power Temperature (T in °C);
coefficient needs to be factored in equation (4) and the Humidity (H in %)
power from the wind Turbine is given by: Current (C in A)

Wind Speed (S in Km/hr) which is mentioned in Figure.2.
(5)

By using the equation of area of a circle, Swept area based microcontroller for embedded applications
of wind turbine is calculated from the length of the turbine performing a high level of amalgamation and the power
blades. consumption is low. It is a next peer group core which is

(6) features. It operates up to 100 MHz at CPU frequencies.

Algorithm and Flow chart of the proposed scheme: data buses, uses Harvard architecture with separate local
Algorithm: instruction and also a third bus for peripherals. It also
Step 1: Start the program includes an internal prefetching unit that supports
Step 2: Initialize the variables and max value for each hypothetical branching. The peripheral  complement of

parameters the LPC1768 includes Ethernet MAC, up to 512 kB of flash
Step 3: Read the analog pulse from each sensor memory, USB Device/Host/OTG interface, up to 64 kB of
Step 4: Find the digital value by the required formulas. data memory, 4 UARTs, 8-channel general purpose DMA
Step 5: Check the All values of parameters exceed their controller, SPI interface, 2 CAN channels, 2 SSP

limits controllers,  2-input  plus  2-output I2S-bus interface, 3
Step 6: The Result is displayed in the PC I2C-bus interfaces, 10-bit DAC, 8-channel 12-bit ADC,
Step 7: Go to step5.This loop is executed infinitely. motor control PWM, ultra-low power Real-Time Clock
 Step 8: If any of the value exceeds the alert message will (RTC) with separate battery supply, Quadrature Encoder

send to the mobile via GSM. interface, 4 general purpose timers, 6-output general
Step 9: Go to step5. This loop is executed infinitely purpose PWM and 70 general purpose I/O pins. The
Step 10: Stop the Program. LPC1768/66/65/64 is pin-compatible to the 100-pin

Fig. 2: Flow chart representation stored in the server.

Voltage (V in V)

Arm Microcontroller: The LPC1768 is ARM Cortex-M3

providing a system enhancements such as superior debug

The ARMCortex-M3 CPU embraces a 3-stage pipeline,

LPC236x ARM7-based microcontroller series.

Temperature Sensor: Due to High temperature the
internal and external components of wind turbine may get
damaged. So there is necessary to monitor the
temperature of wind turbine. The LM35 is a integrated-
circuit temperature sensor, whose output voltage is
directly proportional to the Celsius temperature. It has an
advantage over linear temperature sensors standardized
in ° Kelvin. It does not require any external measurement
or pruning to afford typical precisions of ± 1/4°C at room
temperature and ±3/4°C over a full -55 to +150°C
temperature range. It has linear output, low output
impedance and precise inherent calibration for control
circuitry and interfacing the electronic devices. It can be
used only with single power supplies (plus or minus).It
has low self-heating and less than 0.1°C in still air. The
range of this temperature sensor is rated as -55° to
+150°C. It senses the temperature of  wind  turbine  and
the analog pulse from LM35 is converted by
microcontroller. The output is displayed in LCD and also
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Humidity Sensor: Plant parts can get   damaged   due   to from  current  transformer  is  converting  in  to DC
cooling of air or changes in weather conditions which current and it is converted from analog to digital value.
moist the air and condensation forms. In switching Then the output stored in the server and also displayed
equipment, electrical and electronic short circuits may in LCD.
occur due to the induced moisture puddles and corrosion
on the equipment. So humidity measurement is required Wind  Turbine  Speed  Measurement:  Wind Turbine
for wind turbine. Here SY-HS-220 Type humidity sensor speed  is  measured  by  using  optical  detection  sensor.
is used. This sensor module converts relative humidity The  metal  is  placed  in  the  turbine  blade  and  the
(30-90%RH) to voltage and can be used in monitoring Optical   detection  sensor  is  placed  perpendicular to
application. This sensor will give the analog output. the  hub of  wind  turbine.  Inductive  analog  sensors
Analog pulse from this sensor is converted by detect  metals  to be  found  within  their  working  range
microcontroller  into  digital  form  and  display  the  result and distance to the object is specified by means of a
in PC. proportional voltage signal from 0 to 10V. Even in

Voltage Measurement: Potential Transformers (PT) are Inductive analog sensors sense distances to metal
electronic devices which is used for measuring voltage objects. Different metals have identical switching
propagating in electrical devices. This is designed to distance.[7-10] A correction factor for this sensor is 1,
regulate the circuitry of high voltages by using accurate when the metal rotates along with the blade of wind
transformation ratio between magnitude and phase. It is turbine it cross the sensor. For one crossing 1 analog
also known as Voltage Transformers. A device used to pulse  will  be  generated.  This  analog  value  will be
transform electrical voltage from one form to another with given  to  the  input  for  arm  it  will  convert  into  digital
a distinctive ratio. PT is used to transform high voltages value and store it in the Server.Figure.3 states that the
to low voltages, so that standard metering equipment can showcase  of  three  parameter   values    for   one   day
be used for measuring the secondary voltage instead of (25  March 2014).
primary voltage on a variety of circuits. High voltage
should reduce by the voltage divider and then  it  is  given GSM Transmission: GSM RS232 Modem is built with
to the microcontroller. ARM has a capacity of measuring SIMCOM Make SIM900 Quad-band GSM engine,
voltage 5.0V. So the Output from wind turbine (120V) is operates with the frequencies such as 1900 MHz, 1800
equated with 5V which is shown in Table2. MHz, 900 MHz and 850 MHz. It is very dense in size and

Table 2: Relationship between Output Voltage from Wind turbine and the

value displayed by using ARM

Output Voltage from wind turbine(V) Displayed in LCD(V)

120 5

96 4

72 3

48 2

24 1

0 0

Current Measurement: A current transformer (CT) is
used  for measuring   alternating   electric   currents.
When current is too high to apply directly to appraising
utensils,  a  current transformer generates a reduced
current linearly proportional to the current in the circuit,
which is properly connected to measuring instruments.
CT segregates the measuring instruments by gauging
very high voltage in the monitored circuit. The AC current

environments  depicted  by  extreme  adulteration,

th

also very easy to plug in GSM Modem. This is designed
with RS232 Level converter circuitry, which consents to
directly interface serial port in PC. The Configuration for
baud rate from 9600-115200 via AT commands. In an Initial
stage Modem is in Auto baud mode. It is suitable for
sending essage as also the data transfer application in
M2M interface. The modem needed only 3 wires (Tx, Rx
and GND) except Power supply to interface with
microcontroller/Host PC. The built in Low Dropout Linear
voltage regulator allows you to connect wide range of
unregulated power supply (4.2V -13V). Using this modem,
you will be able to send & Read SMS, connect to internet
via GPRS through simple AT commands. This GSM is
monitored all the parameter values of wind turbine. If any
of parameter values exceed their set points means one
alert message is generated and send to the authorities of
particular wind turbine [11-15]. The below figure shows
that the monitored parameters value of wind turbine for
past one day.
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Fig. 3: Data collection for Temperature,Humidity and Wind Speed

RESULTS

The interfacing between microcontroller and sensors with the results for parameters of wind turbine are shown from
Figure 4. to Figure 7. In Figure 4. Temperature sensor will sense the temperature and displayed in the LCD. In Figure
5.Humidity sensor sense the Humidity level in the air surrounding of wind turbine. Figure 6 shows the 4 different
parameter values which is sensed by the relevant sensor. Figure 7 shows that the parameters of wind turbine monitored
by those sensors and the result is displayed in LCD

Fig. 4: Temperature Displayed in LCD

Fig. 5: Humidity Displayed in LCD Fig. 7: Interfacing 3 sensors with ARM 

Fig. 6: Voltage Measurement
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Fig. 8: Displayed in PC

Fig. 9: Current Measurement And Figure 8 result is displayed in PC.

Fig. 10: Sensors interface with ARM microcontroller for phenomenon. A possible future directive for the system
different parameters. is to implement the expanded version of this system to

Fig. 11: Displayed in LCD may be added for turbine performance applications. 

Fig. 12: Displayed in PC

In Figure 9. Current Measurement connection is
shown and in Figure 10. Sensors interface with ARM
microcontroller for different parameters are configured. In
Figure 11. the result is displayed in LCD and Figure 12.

CONCLUSIONS

This proposed wireless windmill monitoring system
for monitoring of windmill, that can gather the various
parameter such as current, voltage, speed, temperature,
humidity etc. using sensors or devices and transmit that
recorded data wirelessly to the mobile and base station,
display the transmitted data on a PC and providing alert
message if the system detects an equipment failure, all
without human intervention.

This process is an endless process. It has always a
chance to improve this system as research &
development. This system has no exception to this

monitor the radiological parameters in hostile
environment. Systems can be programmed to send alarms
or report site conditions by calling out to administrator’s
e-mail, computers, radios and pagers. Typical sensors for
wind assessment applications include, but are not limited
to: sonic anemometers, three-cup and propeller
anemometers, wind vanes, temperature sensors (air, water
and equipment), barometric pressure, wetness and solar
radiation. Monitoring electrical wattage, stress and torque
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