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Abstract

tilize solar energy
U system requires having
knowledge about solar
irradiation potential in
different locations. There
is no report about predic-
tion of solar irradiation
potential for Indonesia by
using Artificial Neural Net-
work (ANN) method. This
paper explores the use of
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target of prediction in the
ANN model. To evaluate the
performance of ANN mo-
dels, statistical error ana-
lysis in terms of mean

solute percentage error
(MAPE), mean absolute bias
error (MABE) and root
mean square error (RMSE)
are conducted for festing
data. The proposed ANN
model is predicted the
monthly average global

neural network method for
predicting monthly average global solar irradiation in
the horizontal surface by meteorological data in Indo-
nesia. The database consists of 5 years data (2005 to
2009), that collected in Manado (altitude 1.3 N, longi-
tude 124.9 E), a city in Sulawesi island, Indonesia. Ave-
rage sunshine duration, average wind speed, average
temperature, average relative humidity, and average pre-
cipitation are used as inputs, and the monthly average
global solar irradiarion is used as outpui, which is a

solar irradiation with an
accuracy of 95% and MAPE of 4.8%, MABE of (.59
MJ/m?, RMSE of 0.22 MJ/n?’ for testing data. This study
can demonstrate the concept of ANN method with Multi
Layer Perception (MLP) type to predict monthly global
solar irradiation potential in this location. It can open
wide analyze to other location in island area of Indonesia.

Keywords: Solar Irradiation; Artificial Neural Network,
Island Area, Renewable Energy, Multi Layer Perception.

1. Introduction

Indonesia consists of many small islands surround
mainland which is ing electricity power shortage
problem. Renewable energy such as solar energy system
can be an alternative energy supply to the islands where
are not connected to the grid. PV system can be used for
electrification and it most suitable for remote and island
area such as Indonesia in the term of resource availability
and economic feasibility [1]. At the present, island com-
munities rely on fossil fuel to supply energy needs. Con-
sequently, energy supply to such communalities is on
consid e concern. These islands have adequate
amount of locally available resources of renewable energy
potential, such as solar energy.

Global solar irradiation data provide infggmgation on
how much of the sun's energy strikes a surface at a location
on earth during particular time period. The amount of
solar irradiation potential in the particular location is
important for solar energy system design, such as stand
alone PV and hybrid system. Solar irradiation potential
is also required for crop models (in agriculture engi-
neering field) as well as building thermal performance
(in agriculture field).

Due to the geographical condition, the measurement
of solar irradiation for all location of interest in island
community of Indonesia that spread out widely in many
location become difficult and expensive. Prediction of
solar radiation data using appropriate model can be an
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alternative solution to develop for developing country,
such as Indonesia. This paper study about the development
and usage of the ANN models in such location.

The purpose; this study are defined as follow:

- To explore the ability of the ANN method to predict
monthly average global solar irradiation value in
the island area of Indo e ia

- To select the best ANN model for predicting monthly
average global solar radiation in the horizontal sur-
face by meteorological data in Indonesia.

1

This paper is organized as follows: literature review
about ANN theory and previous worksges predicting solar
irradiance is described in section 2. The database used
in this study and the method of ANN application for
predicting solar irradiations are presented in section 3.
The rssulla' simulation ANN model and evaluations
are shown in section 4, Conclusion is given in section 5.

2. Literature Review and Previous Work

This section describes about literature review and
previous works on predicting solar radiation by using
ANN method.

Artificial Neural Networks are computational systems
that their model and functionality is inherited from the
recently acquired knowledge of the biological compu-
tational units, namely, the brain's neurons. An ANN
consists of many interconnected idgmical neurons, A
typical neural network usually has 3 layers of neurons,
each of which is connected to the neurons in the next
layer. These connections are weights which are applied
to values passed from neuron to the next. Input
values in the first layer are weighted and passed to the
second (hidden layer). Neuron in the hidden layer produce
outputs that are based upon the sum of weighted wes
passed to them. The hidden layer passes values to the
output layer in the same fashion au the output layer
produces the desired result. The network learns by
adjusting the interconnection weights. The answers the
network is producing are repeatedly compared with the
correct answers, and each time the connection weights
are adjusted in the direction of the correct answers [2].

There are many ANN typesggme of the typical one is
Back Propagation (BP). The gck Propagation (BP)
algorithm is a supervised iterative training method for
multilayer feed forward nets with a differential nonlinear
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function. The BP algorithm minimizes the mean square

difference between the network output and the desired
output.

Basically there are many parameters in the ANN,
which the designer of the ANN should assign, such as
learning rate, momentum rate, weight and so forth. Here,
we only explain about three important parameters in

LP type of ANN model. Learning rate term, L, indicates
ow much the weight change to effect on each pass. This
is typically a number between 0 and 1. Momentum term,
hange should
influence the current weight change. As neuron pass
valgss from one layer of the network to the next layer.
the values are modified by a weight value in the link that
represents connection strengths between thegeguron. The
weights of connection between neurons are adjusted
during the training process to achieve the desired input

M. indicates how much a previous weig|

and output relation of the network. ANNs perform in
many different forms, some require model with total
interconnection among neurons and others require arran-
gement in layers [3].

The advantage of neural networks is their learning
ability to perform miﬁc tasks. Learning is accomplished
by adjusgimg the weights of the connections between
neurons%ghts are adjusted so that the network can be
producing the outputs as close as possible to the known
correct answers of training data. During the training
stage, the network is learning the rule for associating the
inputs with the target outputs. Due to the generalization
capabilities of the neural networks, it performs similarly
on data for testing that have not used for training [4].

There are several studies to predict monthly average
global solar irradiation potential b on ANN method.
Since ANN are highly nonlinear and require no prior
assumption concerning the data relationship, they have
becomeful tool for predicting solar irradiation. Parti-
cularly, in the meteorological and solar energy resources
fields, ANN based models have been successfully deve-
loped to model different solar radiation vari in many
location. Jiang [5] developed estimation of monthly
mean daily global solar irradiation using ANN method
in Gippa. The data period used are from 1995 to 2004 and
the inputs for the networks are latitude, altitude and mean
sunshine duration. The result indicated that MAPE of
3.75%, 5.43%, 0.16%, 4.96% and 0.16% for Kashi,
Geermu, Shenyang, Chengdu and Zhengshou respectively.
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I\B/Iubiru and Banda [6] explored the possibility of
developing a prediction model using ANN to estimate
monthly average daily global solar irradiation for
locatigs in Uganda based on weather station data: sun-
shine glration, maximum temperature, cloud cover and
location parameters: latitude, longitude, altitude. A corre-
lation coefficgmmt of 0.974 was obtained with mean bias
error of 0.59 MJ/m® and RMSE of 0.385 MJ/m’.

Mohandez et al (1998) used neural netwo, chnique
for modeling monthly mean daily values of global solar
radiation for locations in Saudi Arabia based on data:
latitude, longitude, altitudegmd the sunshine duration as
inputs. The result obtained MAPE for 10 locations used
for testing, such as 10.7% for Tabuk station, 6.5% for
Al-Ula station, 14.6% for Unayzah station, 10.5% for
Shagra station, 13.4% for Dawdami station, 10.1% for
Yabrin station, 16.4% for Turabah station, 11.3% for
Heifa station, 19.1% for Kwash station, 13.5% for Najran
station [4].

awi and Hinai (1998) have developed ANN to
predict solar radiation in Seeb location, a city in Oman.
The input data to the network included: location para-
meters, month, averages of pressure, temperature, vapor
pressure, relative humidity, wind speed and sunshine
duration. The ANN model proposed performed an accu-
racy of 7.3% as the mean absolute percentage error [7].

From the above reviewed, ﬂIN models have been
successfully demonstrated to have potential in estimating
monthly average global solar irradiation by many
researchers in many countries. However, these ANN
models are location dependent and speg#ic to each
location. So far, there is no report about prediction of
solar radiation potential for Indonesia by usingpd NN
method. We aim to develop neural network based models
for predicting monthly average global solar irradiation
potential in Manado, a city in Indonesia based on
meteorological data available.

3. Data and Developed model of ANN

This section is described about database used in this
study and the method of ANN application for predicting
global solar irradiation in island area of Indonesia.

As case study in Manado, a city situated in the
Sulawesi island (Figure I) was chosen to represent
meteorological data measurement for training in the ANN
based. The data is taken from meteorological station in
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Manado, which is situated at altitude 1.3 N, longitude
124.9 E and altitude 85 m. Manado lies in equator where
has solar radiation through all the year with average solar
radiation 5.73 kWh/m* and average sunshine duration
5.8 hours a day [8].

Figure 1. Location of study in island country of Indonesia.

The database consists of 5 years data meteorological
data, which is collected from 2005 until 2009 by meteo-
rological station in Manado city. The data were split into

, as 48 months (January 2005 to December 2008)
were used for training a neural network and the rest data
for testing. The model was tested to predict solar irra-
diation values for Manado location over a 12 mon
period. In this study, the training of the models uses a
feed-forward neural network with Back Propagation
training algorithm. The ingggs were monthly average
sunshine duration (hours), monthly average maximum
wind speed (m/s), monthly average relative humidity,
monthly average rainfall (mm), monthly average tempe-
rature ("C). The output was monthly average global solar
irradiation potential. Training the model was done using
a neural net simulator known as “NeuroShell.”

Wind speed is taken by anemometer, sunshine duration
was measured with a Campbel-Stokes heliograph, tempe-
rature is measured by thermometer, rainfall is taken by
rain gauge measurement and solar radiation was recorded
manned by Gun Bellani pyranometer. No information is
available regarding instrument calibration and other
possible error during measurement. However, based on
previous work that has been studied by Rumbayan (the
author) [8] to verify data, found the measured data in
meteorological station appears to be satisfactory as the
values compare well with those at nearby location, such
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as Kuching at the latitude 1.5 N and longitude 110.3 E
and Senai, Malaysia at latitude 1.6 N and longitude
103.7 E.

Since there is no method to predetermine the best
combination of neuron/layers, as this depend on the
specific model, the physical process and the training
data that the network will simulate. From references,
there are some empirical relationships to solve this
problem but the best method is up to the researcher to
build several models and choose the best suited for the
particular application [9].

Based on this, the training in this study starts with
defining the parameters with minimum error by trial and
error using fixed and change parameter one by one, then
use the sclmd parameter in neural network for several
case of the number of neurons in the hidden layer. Then
the model of ANN was use training and testing. By
several attempts from 3 to 5 neurons in the hidden layer,
the least error was found. This configuration is used to
present the network model to be reported in this study.

In this study, the process of neural networks for
mdicting the monthly global solar irradiation potential
is divided into two sections, i.e training and testing.

a. Training section

The process of the research is done by two thresholds
gpsthe training section. First, varying the parameter (by
trial and error attempt) in order to determine the appro-
priate parameters w the optimum value. Second,
varying the number of neurons igehidden layer in order
to get minimum error value. The Wamber of hidden layer
is set to vary from 2 to 4 in single hidden layer. To train
the network, 48 monthly data from historical meteoro-
logical data is used by defining input and output.

b. Testing section

In the testing section, data of monthly average for
one year were used as an evaluation. By using ANN
model, the result of monthly solar irradiation has been
identified, then it has been compared with actual
measured of meteorological data. Predicted values of
global solar irradiation were compared with measured
values taw from meteorological data through analysis
of error, in terms of Mean Absolute Percentage Error
(MAPE), Mean Absolute Bias Error (MABE) and Root
Means Square Error (RMSE).

ka / ISESCO Science and Technology Vision - Volume 6, Number 10 (November 2010) (5561}

Models are evaluated in terms of errors that are given

by equation 1, 2 and 3 where Hmi is measured values
and Hpi is predicm values for monthly average global
solar irradiation, n is the number of testing examples.

The mean absolute percentage error (MAPE) is defined
by equation 1.

n
= 1 Hm -le
s o
29

(n
f=x

In MAPE, sign of errors are neglected anmcrcen-
tage errors are added up to obtain the average. MAPE is
commonly used in quantitative forecasting methods
because it produces a measof relative overall fit. It
usually expresses accuracy as a percentage. The mean
absolute bias error (MABE) is defined by equation 2.

MABE=1mE(i=1)n8[ |Hmi]l —H;pl] )

e MABE represents the absolute value of the bias
error and is a measure of the goodness of correlation.
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The mean absolute bias error (MABE) is defined by
equation 3.

1 "
]
i i (3)

RMSE = ~ J;(H,; »

%e RMSE gives information on short-term perfor-
mance by allowing a term by term comparison of actual
deviations between estimated and measured values. "h
RMSE is the fundamental measure of accuracy, as the
lower the RMSE, the more accurate the estimate.

4. Simulation Result and Evaluation

This section presents the results of ANN model
simulation and evaluation by comparing between
measured and predicted neural network values based on
statistical error. The neural networks with multilayer
perception (MLP) type were trained to predict global
solar irradiation potential for 12 monthly data as testing.

There was no significant dgifgrence in the use of one,
two and three hidden layers architectures. One hidden
layer was used in order to minimize the complexity of
the proposed ANN model. One hidden layer is chosen to
simplify thggetwork architecture proposed. Tymvios [10]
found that increasing the numberahidden layers from
one to two do not necessary lead to improve the perfor-
mance of neural network. Also increasing the number of
hidden layer to three could lead to performance deterioration.
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The parameters of learning rate, momentum, initial
weight were selected from trial and error attempts, by
setting 2 parameters fixed and vary 1 parameter in soft-
ware simulation. The parameter selection of learning
rate, momentum, initial weight of 0.3, 0.5, 0.7 respec-
tively were used as optimum parameter for ANN model
for reporting the result of prcdicliond‘ he above para-
meter has been used for training the ANN model with
varying neurons in sin%hiddcn layer by MLP type.

The amounts of the neurons within hidden layers are
optimized during learning step of the ANN, with criteria
of statistical error. This study explores three models of
MLP structures i.e two, three and four neuroggat hidden
layer. The MLP structure of 5-@#h indicated the number
of neurons in input layer i e number of neuron in
hidden layer is 2 and the number of neuron in outgpt
layer is 1. The MLP structure of 5-3-lgspdicated Ee
number of neurons in input laycrms. the number of
neuron in hidden layer is 3 and the number of neuron in

tput layer is 1. The MLP structure of 5g#gl indicated
ge number of neurons in input ]ay 5, the number of
neuron in hidden layer is 4 and the number of neuron in
output layer is 1.

Statistically error for 3 models of ANN was evaluated
based on MAPE, MABE‘md RMSE criteria from test
data. Data testing were not included as part of ANN
training data. Hence, these results demonstrate the gene-
ralization capability of this method over unseen data.

The evaluations of predicted and measured values
for 3 models were presented in the Table 1.

TABLE 1. Statistically error (MAPE, MABE and RMSE) for 3
models of ANN proposed with different structures

MLP MAPE MABE RMSE
structure (%) (MJ/m’) (MJ/m?)
5-2-1 4.8 0.59 0.22
5-3-1 6.1 0.76 0.26
5-4-1 6.5 0.8] 0.29

After several trials in varying the number of hidden
neuron, it was found two amounts of neuron to be least
error for the testing process in the neural network. Per-
formance of predicted values of A odel 1, 2, and 3
as compared to measured values of monthly average
daily values of global solar irradiation on horizontal
surface for 3 configuration models were presented in
Figure 2a, 2b and 2c.
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The best estimator with the minimum error with two
neurons at hidden layer was chosen to resented in
this paper (Figure 3). The result of measured and
predicted values of monthly global solar irradiation for
testing stage in ANN model with 5-2-1 configuration
were shown in Table 2.

The best predicted versus measured irradiation
values for ANN model was presented in Figure 2a and
the values were presented in Table 2. The maximum
difference occurred for Ja , follow by June and
March. Other 9 months (for February, April, May, July,
August, September, October and December) were shown
good agreement between measured and predicted values
with acceptable difference value between 0.09 to 0.85
Ml/m?.

/ ISESCO Science and Technology Vision - Velume 6, Number 10 (November 2010) (5561}

It was found that the prediction of global solar irra-
diation obtained for the 12 months testing data well
compared with the actual measured value, giving a ¢
relation coefficient of 0.86 and MABE is 0.59 MJ/m’. It
can be seen that in general, there it was good agreement
between measurements and predictions value of monthly
global solar irradiation potential in Manado, Indonesia.
This shows the potential of ANN method to predict
monthly global solar irradiation in island area of Indo-
nesia in reasonable accuracy.

Comparison between the MAPE of the proposed ANN
model in this study and th APE of other selected
references has been showed in Table 3.

TABLE 3. Comparison between the MAPE of the proposed
ANN model in this study and the MAPE of four selected

Input layer hidden layer  output layer Tafexennes
sunshine duration —"O References Location of study N{%‘;E
e
mesn wind speed O Mohandes et al, 1998 [11] Al Ulah, Saudi Arabia 6.5
_@ Alawi and Hinai, 1998 [7] Majees, Oman 7.3
o Badhly solar beadistion e e s 1] Siirt, Turkey 67
— Jiang, 2008 [5] Germu, China 54
Present study by author, 2010 Manado, Indonesia 48
precipitation

Figure 3. ANN model developed for predicting monthly global
solar irvadiation potential for Manado, Indonesia.

TABLE 2. The result for testing stage in ANN model with
configuration 5-2-1

Predicted Measured

Month (MJ/m?) (MJ/m?) Difference
January 10.48 1231 -1.83
February 1133 1.9 -0.57
March 13.08 12.04 1.04
April 1282 13.15 -0.33
May 13.65 13.95 -0.3
June 1292 14.15 -1.23
July 13.51 13.69 -0.18
August 14.82 15.06 -0.24
September 15.99 15.61 0.38
October 13.17 14.02 -0.85
November 13.69 13.78 -0.09
December 11.96 12.05 -0.09

Similar studies have been reached by many studies
in the other area dealing with meteorological data with
reasonable accuracy. The proposed ANN model for this
study performs a smaller MAPE.
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Conclusions

In this research, an accuracy of 95% and a mean

RMSE of 0.2 MJ/n’. The feed-forward back prc
analysis.

irradiation in Indonesia.

24
This study has been proposed the model of ANN to pgeict monthly average daily global solar irradiation in
horizontal surface in Manado, Indonesia as area of study. This study proves that ANN can be used predicting of
global solar irradiation potential in Manado, Indonesia by using meteorological data.

lute percentage error of 4.8% can be achieved by the best
estimator with MLP structure Iat consists of 5, 2, 1 neurons in input layer, hidden layer and output layer respec-
tively. Result has shown good agreement between the estimated and
solar irradiation. A correlatigym coefficient of 0.86 was obtained with mean absolute bias error of 0.59 MJ/m* and
F agation algorithm with single hidden layer was used in this

For further study, it is considered to develop prediction model for many location of Indonesia, where spread out
from eastern to western part of Indonesia in order to represent the whole solar irradiation potential for this country.
This study plan can be introduced neural network technique for modeling the spatial variation of global solar

sured values of monthly average global
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