
Anticipation of Power Generated by Photovoltaic
Panels Based on Artificial Neural Network and Matlab

Ahstact-- TNs project is to design a feed forward multi-
layer (MLP) n€ural network of PV panel by using
artificirl neural network (ANN) and Matlab spplication
softnare. An approach based on artificial neural net$ork
(ANN) was developed in this project to anticipate the
output power of photovoltaic (PV) panels. The Levenberg-
Marquardt back propagation was used in the neural
network as its learning algorithm. ln tNs project, several
sets of mono-crystalline historical data have beetr used to
train and test the neurrl network in order to predict the
performance mono-crystalline PV-panel. The inputs of the
PV panels network are solar irradiance and ambient
temperature of PV panels while the output is electrical
power gener8ted by the PV panels. Firsdy, a dataset of
3x300 were used to train the network then another 3x165
data were used to test the rained network. The results of
the trained and tested neural network based on Madab
were present€d. The regression from dsta t€sting
procedure sho\,vs that the use of ANN for performance
prediction of mono-crystalline PV panels is acceptable.

I n d e-\ Te n s- At1.ificial Neural Net$ ork (ANN), Photorolt.ic
(PV), Backpropogstion (BP), mean squared error (MSE), Multi-
layer Preceptron (IULP).

experiment. Nevertheless. the experiment cannot b€ conducted
if the weather is rainy and dark because the output of a PV
panel is highly dependent on the environmental factors for
instance solar irradiance and temperature of PV panels.

Besides. it is very difficult to predict an accurate PV panel

model based on numerical computation due to these uncertain
factors. Photovoltaic panel is a combination of many
photovoltaic cells. A PV cells generate dtect curenl from
sunlight. it converts light and heat energy into electrical
energy, but the magnitude of generating electrical power
depends on solar irradiation and temperature of PV panel [3].

Artificial Neural Network (ANN) model has received
many attsntions by researchers and this model is widely used

irl electronic applications. But the implementations of the
ANN model in photovoltaic systems are very limited [4]. But
there were several researches had been done in modeling a

Pv-system based on ANN [5-7]. The concept of ANN is

inspired by our very own brain neural network to make a

decision. recognition and prediction. Like our brain system,

ANN needs to leam and be trained [8] before it can perform
any of these jobs accordingly. Therefore, in this project the
ANN was trained by using historical data of mono-crystalline
PV panel. Nevertheless. the neural network of PV is

developed for a specific condition of a certain area because

the historical data used to train the network was taken liom
UiTM Crreen Energy Resource Center located in Shah Alam.
therefore this project cannot predict the performance PV
panels generally and accurately for other PV system at

different locations in Malaysia.

The main objective of this project is to design a feed

forward multi-layer neural network of PV panels by using
anificial neural network (ANN) and using Matlab application
software. Hence. to make this project usable in order to create

a bettcr "gcen enYironment" in thc futurc. Because. generdte

electricity by burning fossil fuels will contribute to
environmental pollution [9].

The outcomes of the project are expected to be able to
show the output power generated by the photovoltaic panels. Ir
practice, the input variables involved are solar irradiance.

reflected solar irradiance. diffuse solar irradiance, tilt angle and

temperatue of photovoltaic panels. However. some of these

data are difficult to obtain and some of thern need to be

purchased at an expensive price tom the Malaysia
meteorological departrnert.

l. IN I RoDt(-r roN

There are many types ofrenewable energy studied by many
scientists such as micro hydro, solar, biomass, wind ald wave.
However. recent studies found that solar energy is the most

feasible study to be proceeded with solar farm construction,
because certain areas in Malaysia receive enough amount of
solar irradiance. A study conducted by a group of researchers
from University Malaysia Perlis (UniMAP) stated that Perlis
receives 1019 W/m2 on average in a year [] which is

considered as a big amount of solar irradiance. Plus, the

electricity which is produced Aom the sun is cheap and clean

energy source [2].

Therefore. to predict the performance of PV-panel is
essential in order to carefully design the coustruclion of solar

farms. Normally, the performance of PV panel can be

determined by using the experimental method or system
monitoring, where all tle data of solar irradiance, module
temperature, ambient temperature of PV-panel and power
generated by PV panels can be collected by means of
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Fig. I ) Fcrcd forward rnulti-layer (M LP) ncural nctwork
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The sequence of method as shown in Fig. 2 had been
designed before the project was initiated.

Before constructing the neural network by using Matlab. a

set of mono-crysta lline historical data need to be prepared and
identified. For this project. the relevant historical data are solar
irradiance and ambient temperahfe of PV panels as the input
data variable. On the other hand, the output data variable is
electrical power generated by PV panels.

Mono-crystalline
Input Output

Solar
irradiance

(W/m2)

Ambient
temperature

(oc)

Power
(w)

1 27 .2 19

4 27 .2 22

8 27 .2

13 27 .2 74

L9 27 .3 1-O2

25

36 175
47 27 .8 22t
54 28.2 250

60 28.4 276

68 28.7 304

75 333

83 29.1 361

90 29.2 387

93 2 9.5
94 29.7 401

94 2 9.8 403

96 29.9 41,3

101 30.1 431

115 30.2 490
L21 30.3 545

t64
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B. Truin l)ut

Once the network had been consfucted for photovoltaic
system application. that network is ready to be trained. To start
this process some historical data for both input and output
variables can be chosen randomly. Next. in order to get a b€fter
result these data need to be normalized [l0.ll]. Then, the
training or learning process can be initiated. The training
process must be repeated urtil its training performance
converges. Fig 5 shows converges training performance. Refer
to below flow chart (Fig. 3) for a clear picture of training
process.

N()

Fig. 3) Training proccdurc

Once the training performance of the network achieved at
the significant convergence level. now the trained network is
ready to be tested to snsure whether or not the neural network
has successfully been trained. For this process, some other
historical data for both input and output variables of
photovoltaic system application are chosen at random and had
been normalized then the testing process can be initiated. This
process is to ensure that the performalce of the tsained neural
network is firnctioning accordingly. Fortunately, supervised
Ieaming method that had been used in this project allows us to
physically compare the estimated output and the actual output
(Fig. 8).For bener illustration. flow chart below (Fig.4) strows
the data testing process.

R < 0.95

R > 0.95

D. Res t

START

Select all historical data for both
input and output variables

Normalize all historical data

Set up neural network
parameters

Initiate training procedure

Check the
convergence

level

Save the trained neural
network

END

Select another set ofhistorical data

Normalize all historical data

Load up the trained
network

Initiate testing procedure

Compare actual
output and

targeted output.
R

END

C. Test Data

Fig. 4) Tesing pnrcedure

The trained neural network is said to be a successful
network only ifits value ofregression is close to l. The closer
the value of regression to I means the better artificial neural
network has been designed. Therefore, in this paper the
frvored result is a regression line produced in the testing
procedure.
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III. REstrlT AND DtscusstoN

Result of taining process

Once the commands have been constructed by using
Matlab, there iue processes need to be done in order to
determine the performance level of the network. First, "data
training process" and the number of data were trained are
around 300 data. The purpose of this process is lo create so
called tnain or the artificial brain network. The artificial brain
network needs to be trained until it is converges which can be
determined by undergoing the data fiaining procedure (Fig. 3).

In training procedure, the training performance will achieve
the significant convergence level if the mean squared
enor(MSE) has achieved according to the training parameter
that have been set.

E rr Tl.nng P..lo.nr<.|'lLli .t .pod 196
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successful leaming rule [4] and the fastest back propagation
(BP) algorithm in the Matlab software application.

For a supervised learning method, whenever the predicted
output does not match the actual output the weights are
adjusted in order to minimize enor. If the predicted output
matches the actual output, then there is no adjustrnent need to
be made. Refer equation (l ).

wu*-' = wr,* (l)

Ifthe output is I but should have been 0, then the weights
are decreased on the active input link by using equation (2).

If the output is 0 but should have been 1. then the weights
are increased on the active input link by using equation (3).

wr*''

wr* ' : wr* 0.*' (2\

l. + o.\, (3)
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Fig. 6) MSE or Performance setting valuc (Creen)

ln this project. the learning method used is a supervised
leaming method and the leaming algorithm used is Levenberg-
Marquardt back propagation which is a network that updates
weight and bias values. This leaming algorithm is known as a

is the new adjustsnent weight
is the old weight
is the input
is tJle Ieaming rate parameter
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Figures below (Fig. 7) strows the result of data training
procedure.
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Fig. 7) Regression line for training procedure
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From the result oftraining process (Fig. 7) the regression is
extremely close to l. Beside $e estimated output is
approximately dre same with the actual output. In other word.
the trained network is ready to be tested.

Result of testing procedure.

The presented result of testing procedure (Fig. 8) is a
comparison between actual output and targeted output after
using same neural network in training process but different set
ofhistorical data.

Fig. 8) Regression line oftesting procedure

With reference to the above Fig. 8, the relationship b€tween
estimated output and actual output is directly proportional:
specifically the regression is 0.98248 which is considered as a
good result. [n order to undergo the testing procedure, another
set of 165 data was used to measure the performance of the
trained artifi cial brrain.
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Fig 9) Processing unit

Fig. 9 shows processing unit of feed-forward for Multi-
layer Preceptron (MLP) network that being used in this
project. All these processing units perform the same basic
computation (see equation 4). Then they apply the result to a
non-linear function named activation frmction (sigmoid
function) (see equation 5). Table 2 shows some result from
testing procedure.

yi: f l(E.wij.xij)-bil (4)

Where.
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Estimated
output, Y

(Watt)

Actual
outpu! T

(Watt)
2t.9 22

52.9 51

82.3 91-

121.5 118

186.6 165

249.8 238

295.7 294
33 6.4 349

355.3 379
367.8 391

377 .6 392

TABLE 2

Rcsult liom testing procedurc

IV. CoN( r tJstoN

In this paper, a mono-crystalline PV panel has been
simulated based on ANN and Matlab. The precision of the
modelled neural network is interpreted by comparing the
estimated output data and the actual outpul data. The
regression Aom data testing procedure shows that the use of
ANN for performance prediction of mono-crystalline PV
panel is acceptable. The benefit of implementing ANN
technique in photovoltaic system is that it can be used to
anticipate the generated elecric power &om the mono-
crystalline PV panel based on its historical data economically.
Therefore, the objective of this project has been achieved
which is to design a feed forward multi-layer neural network
of PV panel by using anificial neural network (ANN) and
Matlab. Actually the neural network can be used to predict dl€
performance of many t)?es of PV panels simultaneously, but
that will be the objective in the future paper.
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