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Abstract
Owing to the growing environmental concern harnessing renewable energy sources became absolutely necessary like solar, wind etc.
Wind energy is more sensitive to variations with topography and wind patterns compared to solar energy. The wind energy
distribution is the basis for the assessment of wind energy potential needed for the design of wind farms. Accurate wind speed
modeling is critical in estimating wind energy potential for harvesting wind power effectively. The quality of wind speed assessment
depends on the capability of chosen pdf to describe the measured wind speed frequency. The objective of this study is to describe
(model) wind speed characteristics using proposed generalized skew logistic distribution . In order to decide the most suitable site for
installing a wind farm as well as to select a fitting wind turbine model it is necessary to carry out a careful wind energy resource
evaluation. In this study we propose the generalized skew logistic distribution for the description of wind speed distribution. This
distribution is flexible enough to accommodate the shape of wind speed data and include some well known distribution as special
cases, also we evaluate the performance of this distribution by using wind speed data at Mupandal (1) at kanya kumari in India.

Results show that this generalized skew logistic distribution is a better fit followed by WW pdf.
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1. INTRODUCTION

In recent years it has been investigated that the fitting of
specific distribution to wind speed is required for use in
practical application as air pollution modeling, estimation of
wind loads on building and wind power analysis. So a model
is required for wind speed distribution. Extensive literature
search indicates that various parametric distribution models
have been presented to estimate wind speed distributions,
which are used in a variety of applications such as wind farm
planning, long term strategy of wind generators, and reliability
evaluation of wind resources. These parametric distribution
models include Weibull, Rayleigh, Lognormal, inverse
Gaussian , Gamma, Erlang, Burr, Skew t , Skew logistic,
Mixture distributions etc,. In this paper wind speed analysis is
done using the generalized skew logistic distributions and the
performance of the same are compared with several
distributions. The study reveals that generalized skew logistic
distribution gave a good fit followed by the WW pdf. These
results are supported by the statistical tests and graph.

Celik [1] made statistical analysis and summarized that
Weibull model was better than Rayleigh model. Akdag.S.A
[5] discussed about the two component Weibull distribution
and stated that WW gave a goodfit. Tian Pau,C [16] used
Rayleigh, Weibull and gamma distribution and its generalized
form. Gupta and Kundu [3] discussed about the generalized
logistic distribution. Several distributions were discussed in
literature to find the best fit.

In this discussion we have proposed generalized skew logistic
distribution. We have analysed several distributions for the
recorded wind data at Mupandal (1) at Kanya kumari in India
for5 years and compared the fits of those with our proposed
generalized skew logistic distribution. We have fitted all these
generalized skew logistic distribution to the measured wind
speed data by the method of likelihood method

2. WIND SPEED DISTRIBUTIONS

In literature, the pdf is defined as a mathematical function
describing the relative likely hood for this random variable to
occur at a given point in the observation space. This section of
the paper, presents the different pdf to the wind speed model.

2.1 Skew Logistic Distribution

The pdf of the usual skew logistic distribution is given by
for ;) =2h(v)H(Av),— = <v <o

Z2axp (—v)

T (1#exp(—))P(1+exp(—Az))

(1)

Where LE R is the skewness parameter h{17) is the standard
normal parameter and H{%’) is the standard logistic cdf.
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2.2 Generalised Logistic Distribution
The pdf of the generalized logistic distribution is given by

1 expl—ow)
B (1+exp—v))z™> RSy

gx(v) = < o and o= 0--(2)

The distribution has cdf

B}.(ncpc: -1
G (v) = Bimeg Wherey = (1+exp(—v)) (3)
_ =P
And Bl o0) = e

2.3 Generalised Skew Logistic Distribution
The pdf of the generalized logistic distribution is given by

JFGSL-D (T—"; Dc_,..-l:} = 2 .E';I'x(t’}Gx (T—"}, )\,E R (4)
And —m=rv=<ow x>0

The pdf of the generalized logistic distribution with the
location parameter & € R and scale parameter & = 0 is given

by

fesip (TPFH, g,00,1) = cz_.-‘ i (tj ; H) G (“l(tJ — H))

T
—wav<oe K=0,ER (5)

2.4 Skewed Generalised Error Distribution

The skewed generalized Error distribution (SGED) suggested
by [11] and its pdf and cdf are defined by equations (6) and (7)
respectively.

=]

_|I | F_EDI }
e (0. 1+signiv—E808:)

2@?&%}

&a
fscep (v) =

(6)
v _|I Ir_gnl }bz
Bre (B, (1#=ignit—8,)0:)
Fscep(v) = J‘ 2311_‘(1) dt
—x B_""
- Y]

Where I' denotes the gamma function and & is the location
& is the scale, fzare shape parameters. Also the SGED

generates some distributions such as normal, skewed normal
and Laplace in special cases.

2.5 Skewed t Distribution

The Skewed t distribution (STD) was suggested by [2] and the
pdf and cdf are respectively given as follows

2

forp(v) = . o — 6,2 T 48,
el 1 ) Gpl” N
26,6, 1 ,3( /2J 3‘}('1 + B (L ¥ sign(v — 30)83)281‘) (8)
And
2
Ferp(v) = j T 18 dt
T® 28,8 s (12, 9}(1+ |t — 6* )’2 :
162 26145, 62 8, (1 +sign(t — 6,)6)26] (9)

Where 8, and & location and scale parameters respectively
are 8; and &5 are shape parameters in m/s

2.6 Weibull - Weibull Distribution

The PDF which depends on five parameters
(Viky. €407, £2.w7) is given by

Frlvi kg e by, cpw) =wf(viky o) + (1 —wif (v kg, '5':](10)
where ¢yand ¢, are shape parameters
and k; and k. are shape parameters

3 WIND SPEED DATAS

The measured wind speed datas for the month of August 2010
are given in the Table- 1and graphical representation in Fig-1

Table 1 wind speed datas

Day Wind Day Wind Day Wind
speed(k/h) speed(k/h) speed(k/h)

1 11 12 8 23 14
2 10 13 14 24 16
3 13 14 13 25 13
4 6 15 8 26 11
5 11 16 11 27 10
6 13 17 11 28 5

7 8 18 14 29 10
8 6 19 13 30 14
9 8 20 13 31 11
10 14 21 8

11 16 22 18

Volume: 03 Issue: 04 | Apr-2014, Available @ http://www.ijret.org 580




IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

tiph kit

Wind Sneed infinel Gust

Mm WMNW«MWW W‘“WWM

T3 4SBT I NN RB BB BTN AN RBUEETBDYY

Fig 1: Representation of monthly wind speed (Aug 2010)

3.1 Estimation of Parameters

The estimation of parameters of all the pdfs were carried out
using likelihood method and there listed in the following table.

Table 2 Computed parameter values of different pdfs

PDF | Parameters | Values PDF | Parameters | Values

SL " 2.328 GL |u 3.048
a 0.550 a 0.930
A 3.713 A 5.041

ST I 1.924 SGE | g 1.3423
a .9440 &y 0.9245
A 4.3972 &y 1.5024
o 26501.23 F 0.7523

WW | w 0.5197 GSL | & 2.271
key 3.1775 a 195.80
ko 10.0174 A 4418
] 1.8689 o 76605.63
€7 4.1004

4. GOODNESS-OF-FIT CRITERIA

To compare a theoretical pdf with the measured wind data
three kinds of statistical tests are considered

4.1 R?Error

R? test is widely used for goodness of fit. A larger value of
R* indicates a better fit. R* is defined by

R: — r=1'||[f'1 - F}: _
EF::L{FI? - F}‘ + Er=1{Fl - F-;.}‘

(11)

4.2 The Max Error

The max error estimates the error calculated by distribution
function and observed wind speed data respectively. The
smaller the errors, the better the fit is . This is defined by

Max Error = max|C{v) — 0(v)l (12)

4.3 Chi- Square Error

Chi-Square error is used to asses whether the observed
probability differs from the predicted probability. Chi-Square
error is defined by

i -E)

Table- 3; Statistical Errors for different distributions

(13)

PDF K-S Error R? Error %2
WW 0.074 0.9993 0.2681
SLD 0.084 0.9827 0.8345
STD 0.077 0.9852 0.2684
GLD 0.097 0.9642 1.1055
GSLD 0.073 0.9994 0.2680
SGED 0.084 0.9846 0.8216
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Fig: 2 — Graphical representation

5. CONCLUSIONS

Wind speed data at kanya kumari were used in evaluating
different PDf s to access their suitability .Wind speed data for
station 1(Mupandal) recorded at a height of 25m at Latitude N
at 8°15730°, Longitude Eat 77°33720” are used for wind
speed analysis. Wind data fora period of 5 years is used

The parameters were estimated using the likelihood method
carried out in MATLAB software. Computed parameters were
used to find the different PDF’s . The generalized skew
logistic distribution showed a goodfit followed by the WW pdf
and the result is evident from the statistical errors in Table 2.
On the whole GSLD followed by WW pdf fits and this result
is supported by the fig 1 also
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