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Wind Turbine Class detection Using ANN
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Abstract— Neural computation in expert system is a novel way
to eradicate the drawbacks of current expert system technology.
The current expert system use rigorous if then else
programming and rule based programming logics. If the neuron
is designed at an early phase to weed out various rule conditions
in an expert system, the capability of the system increases
manifold.

This paper uses neural networks to implement Al based expert
system. Our approach uses memory based learning mechanism
in ANN technique and apply the same in devising the conditions
based rules of the expert system. The system is an integration of
ANN technique and KBES.

The research paper uses the roughness length, data of IEC
wind class and turbine details from 3 companies as input and
diagnoses the turbine suitable for a location/site. The paper
eventually devises a prototype for the diagnosis of a turbine for a
location.

Index Terms— Artificial neural Network, expert system,
memory based learning

I. INTRODUCTION

Energy is needed for socio - economic development of any

society. Price of petrol and diesel is increasing at an alarming
rate. Use of fossil fuels is expected to increase the economic
development process of the world population during the next
two decades. Hence, there is a grave need to diagnose ways,
tools and techniques to develop powerful wind turbine power
plants in India.
Yet another reason to promote windmills is to reduce carbon
footprints from the environment. Carbon monoxide (CO) is a
dangerous gas which is impossible to see, taste and smell. It
can kill a person very easily. [1]

Il. EXPERT SYSTEM

Expert systems are Al based system that extracts the
knowledge of a specialist through interviews and discussions
with him for a specific problem domain and write that into a
program code. This code can be linked with other such codes
in different modules and used for answering questions
submitted through a computer.

Normally, an expert systems is made up of 3 parts; a
knowledge base, an Inference engine and an Interface.

A. Knowledge-base

Knowledge-based systems have data needs that are reverse of
these database requirements. An expert system needs
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structured data. Object model is the ideal

representation of data for a knowledge-base.

way of

B. The Inference engine

The inference engine is the program that finds the suitable
knowledge in the knowledge base, and infers new knowledge
by using rules and logic to infer new facts.

C. The User Interface

The user interface is a means of exchange of messages
between a user and the expert systems. It should accept the
queries from users and convert them into working commands
for the expert system. Proper time should be given to the
screen design to make the system ‘user friendly’.
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Fig. 1 Architecture of an Expert System

There are diverse types of expert systems.
Diagnosis types of expert systems are used in medical
sciences, trouble-shoot electronic or mechanical problems or
as a device to rectify the errors. Repair expert systems define
repair strategies. Instructional expert systems are used for
individualised training. Interpretive expert systems analyse
data to determine its importance and utility for future
computations.

The knowledge base systems incorporate models of real
world scenario. These are used in image examination and
speech recognition. Predictive expert systems are used to
forecast the possible outcomes of observed situations. This is
used in weather forecasting and various forecasting
applications. Classification systems are used to classify the
sites in the system by the identification of various features
through pattern matching process. For example, various types
of sites or locations can be classified on the basis of the
geography of the area.
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1.  MEMORY BASED LEARNING

Memory Based Learning (MBL) is a simple function
approximation method. Training a memory based learner
straight away stock up each data point in memory or database.
Making a forecast about the output that will result from input
attributes is done by looking for similar points in database.
Four components describe a memory based learner: a distance
metric, the number of nearest neighbors, a weighting function,
and a local model.

IV. IECWIND CLASS

Turbine wind class is an influential factor which must be well
thought-out during the process of setting up a WPP. Wind
classes make a decision regarding which turbine that whether
it is fit for a wind conditions of a site/location or not. IEC
wind class defined by three parameters listed in the table.

The 3 wind classes for wind turbines are standardised by an
International ~ Electrotechnical ~Commission  standard
(IEC).They are called high, medium and low wind. The wind
speed is measured in m/s.

TABLE 1
IEC WIND CLASS

IEC I IEC II IEC I
Turbine Class | High Medium Low Wind

Wind Wind
Annual 10 8.5 7.5
Average Wind
Speed
Extreme 70 59.5 52.5
50-Year Gust
Turbulence A 18% A 18% A 18%
Classes

B 16% B 16% B 16%

V. TURBINE COMPANIES

A list of wind turbines manufactured by Suzlon, Enercon and
Vestas are used as database. Sample data of Suzlon is taken in
the paper.

SUZLON
Name Rated D:-\;?T:;){er Swept Hgiu?n Cut-In Wind Rated Wind Cut Out Wind Wind
Power (m) Avrea (m?) (mg) Speed (m/s) Speed (m/s) Speed (m/s) Class
s52 -600 kw | 600 kw 52 2124 75 4 13 25 A
s66 mark Il 1.254
-1.95 MW MW 66 3421 74.5 4 12 20 1A
TABLE 2
LIST OF WIND TURBINES
15 Agricultural land with few houses and 8

All the details are stored in a database file which is accessed
through a program.

VI. ROUGHNESS CLASS AND ASSOCIATED LANDSCAPES

In general, the higher the roughness at a site, the more the
wind will be slowed down by the obstacles like trees,
buildings etc.

Metropolitan cities actually slow the wind speed, whereas
solid paved runways in airports will only slow the wind to a
slight extent. Water surfaces have the smoothest surface.Long

grass, shrubs and bushes will slow the wind down
considerably.
TABLE 3
ROUGHNESS CLASS AND ASSOCIATED LANDSCAPES
Roughness | Landscape/location/site
class
0 Ocean and huge undisturbed lakes
0.5 Grass fields, airport runway, highways
without buildings and extremely
smooth surface
1 Open agricultural area  without
boundary wall or fences, very few
scattered houses. Rounded hills
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meter tall hedge rows in a radius of
1250 meters

2 Agricultural land with few houses and 8
meter tall hedge rows in a radius of 500
meters

3 Rural area, small city, agricultural land
with tall hedgerows, forests and

extremely rough and irregular terrain
with uneven heights.

35 Metropolitan cities with multi-storeyed
buildings

VII. A RELATIONSHIP BETWEEN THE ROUGHNESS CLASSES
AND IEC WIND CLASSES

Figure 2 depicts a contrast between the roughness classes and
IEC wind class. This is in general used to classify wind in
Denmark and it shows a relationship between classes and the
IEC wind turbine classes (I to IV) and IEC turbulence
intensity classes (A and B). 2

Figure 2 depicts the relationship between roughness classes

and the IEC wind turbine classes (I to 1V) and IEC turbulence
intensity classes (A and B).

www.erpublication.org



International Journal of Engineering and Technical Research (IJETR)
ISSN: 2321-0869 (O) 2454-4698 (P), Volume-3, Issue-7, July 2015

Localinstallation | DS roughness class versus [EC wind turbine class and trbulence dlass

a D5 roughness class 0 | D roughness class | | DS toughness clags [
E—Inw;x)b Heighth Hesl 150 hedl h=80 h130 h=130
< Skm from the [ECH |IECIB |IECH |[ECIE |EC2A IEC B
North e

> 5km from the [ECHE |IECIE |IECH |[ECE |EC3A [EC 2D
North Sea

Ocean ECIE |ECIB

Fig. 2: A table published in Danish proceedings showing
relationship between roughness class and wind class of a
turbine.

The location can be diagnosed from the roughness class. The
location can the further be queried for hub height. The list of
selected turbines can be selected for the final estimation of
power output.

VIII. ANN TECHNIQUES AND LEARNING METHODS

The questions to check the roughness class and perform
pattern matching are entered as an input in the perceptron.
This perceptron accepts the weighted sum of product of the
parameters and the weights associated to it. The weighted sum
is compared with n i.e. number of inputs in terms of questions.
N is the threshold value. Every question is assigned a weight
as 1 for true and 0 for false. If the weighted sum is 90% of n
then 10% is added as bias and the class is decided for a
particular site.

TABLE 3
Weighted values for questions
Question parameter Weight Vi X Wy
1 1 1 1
2 1 1 1
n 1 1 n
IX. BINARY PERCEPTRON FOR THE EXPERT

SYSTEM DECIDING ROUGHNESS LENGTH

This algorithm is to design a neuron which takes 5 input as
questions and predict the roughness length after pattern
matching. It uses the logic of 0 and 1 to train the neural
network. Hence it is non differentiable. The algorithm is a
modelling of neuron with black box programming logics.

The roughness length can further be used to evaluate the
associated roughness class. These roughness classes can be
further associated to wind turbine classes. Taking the hub
height and the temperature of the site, the air density can be
computed.
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Roughness length

X. CONCLUSIONS

The paper thus devised a novel technique which uses the
roughness length, IEC wind class details and based on the
details, it can deduce the roughness class. The paper can use
the techniques of artificial neural network, memory based
learning, and knowledge based expert system and back
propagation techniques to simulate a novel expert system.
The system can take inputs from the user in term of wind class
and decide upon the IEC wind class. The IEC wind class can
be further used to find the roughness class of a terrain and
sites are applicable for a turbine.
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