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Abstract -- The sources of green energy mainly in the area of
solar technology have received much emphasis on the global
market in terms of power generation. In Malaysia, the research
on solar energy has taken a huge leap into power conservation.
This paper presents an investigation on solar radiation accuracy
in the northern part of Malaysia, the state of Perlis, by using the
meteorological data obtain from several weather stations here.
The analysis is done by using mathematical and statistical
software to compare the air temperature and solar radiation for
one complete year. Previous work has done on solar radiation
estimation is between Hargreaves and linear regression. Thus
paper considers the method of Least Trimmed S quares (LTS )
regression in estimating solar radiation. The daily and monthly
average data of solar radiation per minute is analyzed by using in
Linear Regression (LS ) and Least trimmed S quares (LTS )
regression method for data comparison reason. Result shows
that, by using the LTS method the coefficient of determination,
R2 value is higher compare to the LS method by 7%, other result
such as the mean, median and total for the

ŷ LTS

produces

similar data as the raw data from weather station. This shows
that the LTS method can be used to estimate the solar radiation
compare Linear Regression (LS ) method. The reason is the LTS
method is not easily influence by the outliers of data set. S o it can
be considered as the best fit for solar radiation model compare to
the LS regression method.

Index Term— Photovoltaic, S olar radiation, Air Temperature,
Linear regression model (LS ), least Trimmed S quares (LTS )
robust

I. INT RODUCT ION
AN INCREASE in the use of conventional energy prices and
environmental effects, such as air pollution, depletion of the
ozone layer and greenhouse effects has made the use of solar
energy increased [1]. The availability of more comprehensive
solar radiation data is invaluable for the design and evaluation
of solar based conversion systems. In many places of the
world, particularly the developing countries, the basic solar
radiation data for the surfaces of interests are not readily
obtainable [2].
Solar radiation is the result of fusion of atoms inside the
sun. Part of the energy from the fusion process heats the
chromosphere, the outer layer of the sun that is much cooler
than the interior of the sun, and the radiation from the
chromosphere becomes the solar radiation incident on the

earth [3]. Wind energy is produced by continuously blowing
wind and can be captured using wind turbines that convert
kinetic energy from wind into mechanical energy and then into
electrical energy [4].
Fig. 1 shows the solar radiation enters the earth’s
atmosphere; a part of the incident energy is removed by
scattering or absorption by air molecules, clouds and
particulate matter usually referred to as aerosols. The radiation
that is not reflected or scattered and reaches the surface
directly in line from the PV module is called beam radiation.
The scattered radiation which reaches the ground is called
diffuse radiation. Some of the radiation may reach a receiver
after reflection from the ground, and is called the albedo.
Albedo is the percentage of incoming radiation reflected off a
surface. An albedo of 1 means that 100% of incoming
radiation is reflected that mean no radiation is absorbed,
meanwhile an albedo of 0 means that 0% of incoming
radiation is reflected which is all radiation is absorbed [5].
The total solar radiation on a horizontal surface of PV
module consisting three components is called global
irradiance. When the skies are clear and the sun is directly in
line from the PV module, the global irradiance is about 1000
W/m2 [6]. Although the global irradiance on the surface of the
earth can be as high as 1000 W/m2, the available radiation is
usually considerably lower than this maximum value due to
the rotation on the earth and climate condition (cloud cover),
as well as by the general composition of the atmosphere. For
this reason, the solar radiation data is the most important
component to estimate output of photovoltaic systems [3, 7, &
8]. Solar radiation is greater than 3 kWh/m2 indicates that the
sky is clear, its intensity very high and very good for PV
application [9].
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III.
M ET HODS
1) Simple Linear Regression Model
Regression analysis is a statistical technique for
investigating and modelling the relationship between variables
[14]. In fact, the regression analysis is the most widely used
statistical technique. The simple linear regression model used
is a model with a single independent variable x that has a
relationship with a response variable y that is a straight line.
This simple linear regression model is given by

y  0  1 x  

0

Where; the intercept



constant and
Fig. 1. Solar radiation in the eart h’s atmosphere

Previous work has been done us ing various statistical methods
such as Hargreaves [10], linear regression model [10] and
robust regression model [11]. Since no work has been done on
comparing robust least trimmed squares (LTS) regression
model, this paper presented the comparison between linear
regression and robust LTS regression by using data from solar
radiation in Malaysia, the state of Perlis .

are unknown

is a random error. The errors are assumed to

have mean zero and unknown variance  . The parameters
2

0

and

1

are unknown and must be estimated using sample

data. The simple linear regression equation is also called the
least squares (LS) regression equation. It tells the criterion
used to select the best fitting line, namely the sum of the
squares of the residuals should be least. That is, the least
squares regression equation is the line for which the sum of
n

y

squared residuals
II.
DESCRIPT ION OF T HE DAT A
Solar-radiation incident on a horizontal surface and
sunshine duration are measured by recording stations [12].
Based on Malaysia Meteorological Department [13], Malaysia
naturally has abundant sunshine and thus solar radiation.
However, it is extremely rare to have a full day with
completely clear sky even in periods of severe drought. The
cloud cover cuts off a substantial amount of sunshine an d thus
solar radiation. On the average, Malaysia receives about 6
hours of sunshine per day. Based on Meteorological Station in
Chuping, Perlis (60 29’ N , 1000 16’ E) as shown in Fig 2 has
about 795 square kilometers land area, 0.24% of the total land
area of Malaysia, with a population about 204450 people [13].
Perlis's climate is tropical monsoon. Its temperature is
relatively uniform within the range of 21°C to 32°C
throughout the year. During the months of January to April,
the weather is generally dry and warm. Humidity is
consistently high on the lowlands ranging 82% to 86% per
annum. The average rainfall per year is 2,032 mm to 2,540
mm and the wettest months are from May December. In this
research, the data are presented in daily averaged maximum
and minimum temperature, and daily averaged solar radiation.

1

and the slope

i 1

Suppose

i

that

2
 yˆ i  is a minimum.

x1, y1 , x2 , y2 ,...,xn ,yn 

for
any
observation,
be a pair of random variables. To

predict y, the parameters

0

and

1

must be estimated, so

that the sum of the square of the differences between the
observations

yi and the straight line is minimum. The

interpolating straight line as
i=1, 2,..., n
(1)
yi   0  1 xi   i ,
and the coefficients that minimise the square of the distance
between the line end the points are given by:
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are the averages of

1
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1
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yi and xi , respectively. Therefore,  0

and 1 are the least squares estimators of the intercept and
slope. The residuals  are the differences between the

Fig. 2. Map of Perlis has latitude 60° 29’ N
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yi  yˆ i , i=1, 2, ..., n. The

observed and the predicted values

fitted simple linear regression model is given by

yˆ LS  ˆ0  ˆ1 xi

(3)

The correlation coefficient r evaluates the goodness of the
fitting of data considered and the standard error measures, s is
calculated. The correlation coefficient value can vary in the
range -1 and +1, for the strong correlation between the two
variables x and y. If the value is zero there is not any linear
correlation between the two variables. The calculation of r and
s are respectively as follow

s

i 1

2
i

n

(4)

n

 B0  yi  B1  xi yi
i 1

i 1

n

(5)

 

The coefficient of determination, R-Squared R 2 is the
statistic that will give information about the goodness of fit of
2
the model. R2 for LS ( RLS
) is given by

 yˆ
n

2
LS

R



i 1
n

 y
i 1

h

 ˆ

i

are the ordered squared

residuals, from smallest to largest. LTS is calculated by
minimizing the h ordered squares residuals, where h may
depend on a trimming proportion of  , suggested
choosing h  n1     1 . Thus, LTS is equivalent to
ordering the residuals from a least squares fit, trimming the
observations that correspond to the largest residuals, and then
computing a least squares regression model for the remaining
observations. The largest squared residuals are excluded from
the summation in this method, which allows those outlier data
points to be excluded completely. The coefficient of
2
determination, R-Squared for LTS RLTS
is given by;



 yˆ
n

2
RLTS


 y
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is minimized,
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2
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(7)

 yˆ i,LTS 

2

i

2

2
2
where 0  RLS
is often called the proportion of
 1 . RLS

2
variation explained by the regressor x. Values of RLS
that are
closed to 1 imply that most of the variability in y is explained
by the regression model [14].

2) Robust LTS Regression Model
Robust regression is a form of regression analysis devised
to overcome some limitations of traditional regression
methods. Robust fitting is commonly used when the data
contain outliers. The subject occurrence of outliers will be
affecting the estimated coefficients, fitted values, residuals and
covariance matrix of linear regression models [15, 16]. In the
presence of outliers, least squares estimation is inefficient and
can be affected by inaccuracy. This is due to the shifting of the
least squares estimates towards the outliers and to the
corresponding altered increase of the estimates variance.
Therefore, the robust approach to statistical modelling and
data analysis is produce reliable parameter estimates and
associate tests [17]. This method is a best way for
identification of parameters solar radiation which do not
breakdown easily and are not much influenced by outliers
[17].
The parameters identification is performed within SPLUS
environment. In particular the embedded robust fit function is
used to obtain the regression straight line coefficients
estimates. The ltsreg function is used in SPLUS. The results

IV. RESULT AND DISCUSSION
1) Data Analysis
Based on the average between maximum and minimum air
temperature in Perlis, the solar radiation for the year of 2006
can be estimated using linear regression and least trimmed
squares robust regression model. The daily averaged
maximum and minimum air temperature and daily averaged
solar radiation throughout the year of 2006 in Perlis are s hown
in Fig 3 and 4, respectively.

30
air.temperature

29

air.temperature

n

y

are less sensitive to outliers in the data as compared with
ordinary least square simple linear regression [5, 16]. One of
the robust methods is least trimmed squares (LTS) regression.
This method is proposed by Rousseeuw. P. J. “Least Median
of Squares Regression”, [17]. It is a highly robust method for
fitting a linear regression model. LTS regression minimizes
the sum of the trimmed squared residuals. The estimation of
 is obtained from

where

 n  n 
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i 1
 i1  i1 
r
 n 2  n 2   n 2  n 2 
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Fig. 3. T he graph of average air temperature
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The linear correlation coefficient value in this case is 0.7473.
It is shows that a strong linear relationship between solar
radiation and air temperature. It supported by scatter plot in
Fig. 6. This is because the solar radiation and air temperature
is directly proportional. The correlation coefficient of
2
determination for LS, RLS
 0.5585 ; about 56 percent of the

solar.radiation
23

18

solar.radiation

35

variability in temperature is accounted for by the straight-line
fit to solar radiation.

13

8

3) Parameter Estimation of Robust LTS Method
The estimation of parameters for robust LTS method is

3

-2

calculated by equation (2). It was found that the
50

150

250

350

Fig. 4. T he graph of solar radiation

2) Parameter Estimation of Least Squares (LS) Method
The analysis part is to find a relation between average solar
radiation (y) and average air temperature (x). The scatter plot
in Fig. 5 shows that a strong relationship between these two
variables, suggests the possibility to obtain such data by linear
regressions.

ˆ0

and ˆ1

are -87.1081 and 3.8594, respectively. Therefore, the least
squares regression model using robust LTS is fit to the solar
radiation data is

yˆ LTS  -87 .1081  3.8594 x

ŷ LTS is the estimated value of solar radiation

where

corresponding to the air temperature, x. The scatter plot with
the fitted LTS line of air temperature versus solar radiation as
shown in Fig. 7.
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Fig. 5. T he scatter plot of solar radiation versus air temperature

A simple linear regression model is assumed, and the
estimation of parameters in the regression model is calculated
using LS method as given in eq. (2). The value of

ˆ0

and

ˆ
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yˆ LS  -80.4560  3.6100 x

ŷ LS is the estimated value of solar radiation
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Fig. 7. T he scatter plot with the fitted LT S line of air temperature
versus solar radiation

1

is - 80.4560 and 3.6100 , respectively. The least squares fit
to the solar radiation data is
where

23.5

The robust multiple R-Squared,

2
RLTS
 0.5993 ; means that,

about 60 percent of the variability in temperature is accounted
for by the straight-line fit to solar radiation. Result shows that,
by using the LTS method the coefficient of determination, R2
value is higher compare to the LS method by 7%.

corresponding to the air temperature, x.

28

23

solar.radiation

18

13
Least squares

4) Comparison Results between LS and LTS
The scatter plot with the fitted LS and robust LTS lines of air
temperature versus solar radiation is plotted in Fig. 8. From
this fig., it was found that the difference fitted between LS and
robust LST regression methods are small. LS is compared to
highly regard LTS in terms of coefficient of determination,
minimum, maximum and total value of estimate to get the best
fitted model. One of the effective performance statistics is the

8

coefficient of determination (R2 ). The value of
3

Meanwhile, the value

-2

24

25

26

27

28

29

30

air.temperature

2
RLS
is 0.5585.

2
RLTS
is 0.5993. Therefore, the robust

LTS regression method is the best fitted model compared to
LS method.

Fig. 6. T he scatter plot with the fitted line of air temperature versus solar
radiation
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25

LS method by 7%. Based on analysis it shows that LTS
method can also be used to estimate the solar radiation, as it
produces similar data as the weather station’s data. The reason
for this is that the LTS method is not easily influence by the
outliers of data set so it can be considered as the best fit for
solar radiation model compare to the LS regression method.
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[3]
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