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Abstract: Dueto the stochastic nature of wind speed, accurate
wind power prediction plays a major challenge to power system
operators for unit commitment and load dispatching. To predict
wind power production with great accuracy, wind speed
forecasting in different time horizons is gaining importance
nowadays. This paper explores the application of Adaptive
Neuro-Fuzzy Inference Systems (ANFIS) to forecast the wind
speed in Logan international airport, USA for one year in every
one hour time interval. ANFIS with different structures and
membership functions are trained to find out the best model to do
short term wind forecasting. Simulation with the best model is
performed in MATLAB and the results show that the three input
model with wind speed, direction and air pressure asinputs using
Gaussian bell membership function provides the smallest errors.
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I. INTRODUCTION

As wind is intermittent in nature, Independent Power
Producers (IPP) need to forecast wind power upto a few
hours ahead with reasonable accuracy for proper scheduling
of electrical power in apower system[1]. Accurate prediction
of wind is necessary to help the Load Dispatch Centers to
manage the grid operations in an optimal fashion and power
trading. Because of high penetration of wind energy into
electric grids, bulk intermittent generation affects grid
security, system operation and market economics. Further,
deregulation of electric industry as well as power trading
increase the importance of accurate forecasting. Operation
and maintenance of wind turbine can aso be planned based
on the information of wind data at the specific location.
Different techniques such as statistical methods, persistence
method, numerical weather prediction method, artificia
intelligent methods and hybrid methodg[2] are used for
accurate wind forecasting. This paper focuses on wind speed
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forecasting in Logan international airport by Adaptive
Neuro-Fuzzy Inference Systems (ANFIS)[3], which is a
combination of Artificial Neural Network (ANN) and Fuzzy
Inference System (FIS). ANN has the capability of looking
for patternsin the information presented to it and thus learns
about the system. FIS produces output by analyzing previous
experience. Self decision making capacity mekes FIS
suitable for prediction purpose. Combination of ANN and
Fuzzy logic approaches perform better than individual ANN
and Fuzzy forecasts, and ANN-Fuzzy approach provides
excellent performance. When added with ANN, FIS actsasa
feedback and gains more experience and produces accurate
output[4][5].

II. METHODOLOGY OF PRESENT STUDY

In the present study, wind speed prediction based on fuzzy
logic and artificial neural network is used, which provides
significantly less rule base but also increased estimated wind
speed accuracy when compared to traditional fuzzy logic
aone. It involves the following steps:(i)Data collection (ii)
Data normalizing (iii) ANFIS structure selection (iv) Data
training and (v) Data testing. Fig.1 shows the flow chart of
methodology for the proposed study.

Fig. 1. Flow chart of the methodology.

A. Data Collection

Good Hourly average values of wind speed, wind
direction, air pressure and temperature have been used for the
study from MIT site.

The data was collected from a site that had a weather
monitoring system having sensors for the four parameters.
The hourly average values over a period of one year were
availablefor the study. The annual data obtained from the site
had missing and out of range values to the tune of 22% dueto
poor site conditions and communication errors.
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These deformities have been rectified by manual
extrapolation using the values at the nearest time step and the
refined data are used for generating the FIS system. These
measured data have been averaged for every 30 min interval.

B. Data Normalization

The historical data gathered is then normalized such that
each value fals between 0 and 1 using MATLAB, as FIS
membership function lies between 0 and 1.

C. ANFISstructure selection

The ANFIS modd is flexible and very much capable of
handling random data patterns and can be easily used for
different sites. Any number and shape of Membership
Functions (MFs) can be selected for outputs and inputs. More
number of MF means more accuracy in wind forecasting, but
the fast micro-controller is required for rea time
implementation of wind speed predictor. The required
ANFIS model is constructed in MATLAB by defining the
number of inputs, the number of MFsand their shape, and the
number of training epochs. Here ANFIS model is selected in
such a way that a mean sguare error between output and
target is minimized during training by changing number of
MFs, their shapes and number of epochs for convergence.
Fig. 2 shows the ANFIS membership function editor in
MATLAB.
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Fig. 2. Membership function editor.

D. Training and Testing

The Fuzzy Inference System is developed using Sugeno
type with three bell MF by grid partitioning technique. For
each month, 672 samples are used astrain data. Fig. 3 shows
ANFISGUI and Fig. 4 and Fig. 5 show the results of training
and testing processes of ANFIS. Fig. 6 shows the inputs and
outputs of ANFIS structure. Fig. 7 presents the ruleg[7]
defined between membership functions and normalization
layer for the three inputs of air pressure, wind speed and wind
direction. Fig. 8 shows the structure of the FIS created with
1080 days data.
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Fig. 3. ANFISGUI.
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Fig. 4. Training in ANFIS.
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Fig. 6. Inputs and output of the ANFIS system
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Fig. 8. ANFIS Structure of the system under study.

(1. SIMULATION RESULTS

Forecast error is calculated in different ways, such as (i)
Mean Absolute Percentage Error (MAPE), (ii) Root Mean
Squared Error (RMSE), (iii) Mean Error. MAPE is the most
important measure of error and is the mean of the absolute
values of the errorg[6][8]. MAPE of the wind speed forecast
in Logan airport is found out in the present study. Fig. 9
shows the graphica representation of the sample
results.

Actual v/s Forecasted wind speed

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

wind speed

=4—actual windspeed

=fi—forecasted wind speed

time in hours

Fig. 9. Graphical representation of actual and forecasted
wind speed for the site under study.

IV. CONCLUSION

In this paper, ANFIS is utilized for forecasting the wind
speed in Logan international airport, USA for one year from
the MIT data of wind speed, wind direction, temperature
and pressure. The three inputs model generated by grid
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partitioning using Gaussian bell membership function
provided the smallest errors. The results show that MAPE
varies with different data samples. The average MAPE
obtained is 24.3%. If more years of data are used for ANFIS
training, accuracy can be improved further.
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