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 The output power of photovoltaic panels always changes because of the air condition 

like the intensity of solar radiation and ambient temperature. Thus, to achieve the 

maximum power of the photovoltaic applications is an essential and important. In this 
paper, we will examine to prediction performance and find power in a photovoltaic 

panel by using MLP, RNN and Neuroevolution models and compare the results of these 

models. The Used inputs are air temperature, radiation levels on the surface of the panel 
and wind velocity and the outputs are voltage and current. After implementation of 

neural network models, measurement Data obtained from Tehran University's 

Photovoltaic Laboratory implemented to networks and results of the operations 
provided and then have been compared. 
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INTRODUCTION 

 

The photovoltaic systems are a good option for solar energy convert to electricity in terms of frequency. To 

generate the required Voltage and power, Photovoltaic cells are connected in series and parallel, which sum of 

them, is called  module and the whole of these modules is called the Photovoltaic panel and at the end, the 

panels are connected together to form photovoltaic arrays (Jin, 2005). Photovoltaic cells are semi-conductor 

(usually silicon) and when the sunlight photons hit it, electrons, left Semi-conductor atoms and the cavity occur. 

If electrical conductors be placed in sides of the cell, causes electric current (Iph) that is called photon stream. In 

darkness, the solar cell is not active and operates as a pn junction diode which that the diode current is called 

dark current (ID). A photovoltaic cell is shown in Figure 1, (Altas and Sharaf, 2007), where Iph, is the photons 

from the sun (Short circuit current; ID, is the diode; RS, is the series resistance of the connection path and I and 

V, are current and voltage outputs of the cell. The relationship between the current and the output voltage of the 

cell is shown in the next: 

 

 

                                                                                                                                                                                  

(1) 

 

e; the electron charge, k;1.602×10-6c the Boltzmann constant, ID;1.38×10-23J/˚k diode reverse current of 

0.002 mA, Tc; environment reference temperature  25˚ and A; adjusted coefficient curve characteristics to set 

the V-I obtained with the formula to real characteristics of the system. Equation (1) is true in reference to 

temperature and light intensity. While the temperature changes and light intensity, causes characteristic changes 

in the voltage – current graph for cells. This feature can be plotted as a graph and chart peak, appear the 

maximum power which is obtained. 
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Fig. 1: Equivalent circuit of photovoltaic cells               

 

                                                           
Fig. 2:  Voltage-Current characteristic for the photovoltaic array at standard conditions of radiation 

  

To find the output of the photovoltaic system, there are several methods. The first category of algorithms is 

uses of basis algorithms, which includes two conventional methods that occur in the most papers in this category 

which includes Perturb and Observation (P&O) (Riegari and Rizzo, 2010) and (Neil et al, 2010) and Increased 

Conductive methods INC (Fangrui, 2008). The advantage of this method is simplicity and easily in 

implementation and disadvantage is continuous agitation system. Also in a down range of the radiation in panels 

voltage compass, P-V curve become a straight line that in this episode will be associated by confusion. This way 

will be Oscillating mode around the point of maximum power and as a result efficiency will be reduced by the 

maximum power point (Koutroulis and Kalaitzakis, 2001). The second method uses the ratio of voltage to 

current changes. The advantage of this technique ratio with P&O is located on the P-V diagram in variable 

working conditions diagnosed and MPP detected exactly. In addition, we will have fewer damping around the 

maximum power point and MPPT efficiency is higher than P&O method (Van, 1988). Other categories is based 

on making model solar cells that in this method cell's features will be predictable with  creating relationships in 

the model, and the systems designed based on the model that we can refer to(Mutoh and Matuo , 2002)and 

(Noguchi and Togashi, 2002). 

The main problem of these methods is the lack of flexibility with the change of solar cells with other cells,  

as the solar cell, which is specific to each implementation before it is designed. In addition to mentioned 

problem, finding the model and its parameters is another problem. Another category of methods is based on the 

existing relationship between the power point and solar cell parameters. Three methods of this approach can be 

cited: the way is based on the almost linear relationship between short circuit current and the current work point 

which is named Short cirduit Current(Yuvarajan and Xu, 2003). Another method is known as open circuit 

voltage that its methods are almost linear function between work point voltage and the open circuit voltage of 

the cell. Interrupted periodically to measure the open circuit voltage causes losing the power to the system 

(Ahmad, 2010) (Scarpa et al, 2009). To Solve periodically cutting problem, (Dondi, 2008)  provided a method 

from the same stem cells as a guide for identifying the behaviors panel which make a new problem of 

uncertainty in measurement using stem cells to the whole panel. The fourth category are intelligent control 

methods. In this type of ways, fuzzy logic controls and artificial neural network are used. In (Altas and Sharaf, 

2008) and (Lalounia et al, 2009) with allocating fuzzy control in system, the maximum power point voltage 

reached to the optimum. (Neil et al, 2010) have improved the observed and deviation method with using fuzzy 

logic control. Chaouachi et al (2010), with using fuzzy logic and neural network and measurement of light 

intensity and temperature, gained the work point voltage. 
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In this paper we use three Neural Network model; the multi-layer perceptron (MLP), Recurrent Neural 

Network (RNN) and Evolutionary Neural Networks (Neuroevolution: MLP-ABC) use for predicting the output 

of a photovoltaic panel. The number of Input layer for each network model is equal to 3. The Inputs of the 

network are: Air temperature (TA), Radiation on the surface of the panel (TS) and Wind velocity (WS). The 

outputs are current (I) and voltage (V). The data collected in the photovoltaic laboratory of Tehran University 

for 29 days from the date 2012.10.03 to 2012.10.31 for a period of 11 hours with an interval of an hour from 6 

to 17 O'clock were used for training and testing the network which number is equal to 319. The data are air 

temperature (TS), the radiation on levels Panel (TS), wind velocity (WS), current (I) and voltage (V) that values 

has been recorded at every hour . For all three models, 20 day of data for training and 9 days to test the networks 

are considered. 

 

2. Implemented Artificial Neural Networks: 
2.1   MLP (Multilayer Perceptron Neural Network): 

In this study MLP neural network is used for data classification. MLP neural network is composed of input 

layer, hidden layers and output layer which each of them contain certain neurons. The number of input neurons 

in the input layer equals to the number of classes defined for category classification. Select the number of 

hidden layers and the number neurons in each of these, is very important, because if the number of it, become 

low, network will be faced with a shortage of learning resources for solving nonlinear and complex problem and 

if  it's become the high, will cause problem and solve poorly. Thus, according to the results obtained 

experimentally, two hidden layer are considered to the network, which both hidden layer are with 5 neurons. 

The following figures show the structure of MLP networks to calculate the panel outputs.  

 

 
 

Fig. 3: Building MLP network to calculate the output current  

 

 

 

 

 

 

 

 

 

Fig. 4: Building MLP network to calculate the output voltage  

 

In this case, the output layer consists of two neurons, for calculating the MPP that represents the output 

voltage and current corresponding to the maximum power point of the array. 220 samples are used to train the 

network. In The MLP neural network training process for data classification categories, the ultimate goal is to 

find the best neural network weights that are terminated to the smallest Mean Square Error (MSE). In this study, 

the reduced gradient method is proposed for finding the optimal weights for neural network. To test the network, 

99 samples were newly admitted to train the network. The Outputs corresponding to these inputs and the outputs 

from network are compared with each other. If the differences between these two values are lesser, network is 

better trained and calculating the power provide model well. 

 

2.2.1 Elman and Jordan Artificial Neural Networks: 

Elman network is special case of recurrent artificial neural that also referred as Simple Recurrent Network 

(SRN. It differs from conventional two-layer networks in that the first layer has a recurrent connection and in 

fact It is a simple three-layer artificial neural network that has back-loop from hidden layer to input (Figure 5). 

This type of artificial neural network has memory that allowing it to both detect and generate time-varying 

patterns. The Elman artificial neural network has typically sigmoid artificial neurons in its hidden layer and 

linear artificial neurons in its output. This combination of artificial neurons transfer functions can approximate 

any functions with arbitrary accuracy if only there are enough artificial neurons in hidden layer. Being able to 

store information, Elman artificial neural network is capable of generating temporal patterns also spatial patterns 
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and responding on them .Jordan network (Figure 6) is similar to Elman network. The only difference is that 

context units are feeds from the output layer instead of the hidden layer ( Krenker et al, 2011). 

 

 
Fig. 5: Elman artificial neural network  

 

 
 

Fig. 6: Jordan artificial neural network 

 

RNN model used in this study is Elman and Jordan neural networks which combines characteristics of both 

of these models. The model inputs are air temperature (TA), the radiation levels Panel (TS), wind velocity (WS). 

The model has two hidden layers that the first layer has 5 neurons and the second layer has 4 neurons. The 

outputs are current (I) and voltage (V). 

  

2.3   Evolutionary Neural Network: 

In many applications only achieved information from different sources is not enough and we needs to 

combination different intelligent technologies to each other and the need for such a combination, lead us to use 

hybrid intelligent technology. A hybrid intelligent system is a system that is mixed with at least two intelligent 

technologies. (Abraham and Nath, 2001).  

In fact Neuroevolution or Neuro-evolution, is a form of machine learning that uses evolutionary algorithms 

to train artificial neural networks. It is most commonly applied in artificial life, computer games, and 

evolutionary robotics. A main benefit of this model networks is that Neuroevolution can be applied more widely 

than supervised learning algorithms, which require a syllabus of correct input-output pairs. In contrast, 

Neuroevolution requires only a measure of a network's performance at a task. For example, the outcome of a 

game (i.e. whether one player won or lost) can be easily measured without providing labeled examples of 

desired strategies (Wikipedia, 2014). 

Although neural networks have limitations, but they are used to resolve various issues. One major 

constraint is their training. The algorithm which is applied for this purpose cannot be an optimal solution 

necessarily. In real applications, Algorithm may converge to a set of weights which is not optimal and then 

cannot escape from this set of solutions. Another problem is relates to the choice of an optimal topology for a 

neural network. The Network true architecture for a specific form is usually done by using innovative methods 

and in fact design a neural network is an art beside an engineering practice (Abraham and Nath, 2001). In this 

study, we focus on optimizing the weight of Artificial Neural Network with intelligent optimization algorithms. 

The aim of training a neural network with optimization algorithms is to find the best values for the weights of 

neurons, so that the neural networks error is minimized for them. Therefore, training should be improved. 

Artificial bee colony algorithm (ABC), is an optimization algorithm based on collective intelligence and 

intelligent behavior of honey bee populations from the evolutionary algorithm in this paper have been used for 

modeling. The next sub- section describes this concept. 

 

 

 

http://en.wikipedia.org/wiki/Machine_learning
http://en.wikipedia.org/wiki/Evolutionary_algorithm
http://en.wikipedia.org/wiki/Artificial_neural_network
http://en.wikipedia.org/wiki/Artificial_life
http://en.wikipedia.org/wiki/Games
http://en.wikipedia.org/wiki/Evolutionary_robotics
http://en.wikipedia.org/wiki/Supervised_learning


78                                                                   Hoorieh Aryan et al., 2014 

Advances in Natural and Applied Sciences, 8(14) November 2014, Pages: 74-81 

 
2.3.1   Artificial Bee Colony (ABC): 

Bee colony algorithm was proposed in 2005 by Karaboga. This algorithm has been inspired from the 

exploratory behavior of bee colonies which like other groups' intelligence methods, uses the collection of certain 

individuals within a group set of individuals that alone have not specific intelligence. ABC Algorithm is used to 

solve continuous optimization problems and finding the optimum of a function or a combination of multiple 

scalar functions. In this model bees consists of three groups: Employed, Onlooker and Scout. Honey bee which 

goes to pre-specified food source, the worker bees is called. The bee brought specific information on which food 

does it works when returning to the hive, and shares information to other bees. This information includes 

distance, direction and amount of food source profitability. Bee looking for a food source for Extracting it's 

nectar, is called Employed. This Bee can be a scout which randomly seek for a food source in the environment 

or can be an onlooker that through information received from other bees in hive, is trying to find a food source. 

This model also, defines two different behaviors, which include sending new people to a source of nectar and 

transferring unbound nectar sources. 

The exchange of information among bees is the most important occurrence in the formation of collective 

knowledge. While examining the entire hive it is possible to distinguish some parts that commonly exist in all 

hives. The most important part of the hive with respect to exchanging information is the dancing area. 

Communication among bees related to the quality of food sources occurs in the dancing area. The related dance 

is called waggle dance. In order to better understand the basic behavior characteristics of forager bees, let us 

examine Fig.6. There are two food sources A and B in this figure: At the very beginning, a potential forager will 

start as unemployed forager. That forager bee will have no knowledge about the food sources around the nest. 

There are two possible options for such a bee: 

i. It can be a scout and starts searching around the nest spontaneously for food due to some internal 

motivation or possible external clue (S on Figure.7). 

ii. It can be a recruit after watching the waggle dances and starts searching for a food source (R on 

Figure.7). 

The main steps of the ABC algorithm are as below: 

1: Initialize Population 

2: repeat 

3:    Place the employed bees on their food sources  

4:    Place the onlooker bees on the food sources depending on their nectar amounts 

5:    Send the scouts to the search area for discovering new food sources 

6:    Memorize the best food source found so far 

7: until requirements are met (Karaboga and Akay, 2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Behavior of honey bee foraging for nectar. 

 

In applied MLP-ABC model, inputs are air temperature (Ta), the radiation levels Panel (Ts) and wind 

velocity (Wind). The model consists of two hidden layers. The first layer has 4 neurons and the second has two 

neurons. The outputs are current (I) and voltage (V). 

 

Results: 

Three modes MLP, RNN, and MLP-ABC:Neuroevolution with input parameters listed in Table 1, that was 

presented for predict the output voltage and current a photovoltaic panel.  

The procedure starts with input data normalization in the range of -1 to 1 followed by the dataset matrix 

size identification. After being normalized, sub-datasets are created and prepared for training and testing. The 
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training set is first randomized before creating and training the ANN. The output values are generated and 

renormalized, and finally the performance of the ANN is verified by comparison of output and target values. All 

these steps are carried out using MATLAB tools. For all combinations based on MLP network, logistic sigmoid 

transfer function (logsig) for all hidden layers, linear transfer function (purelin) for output layer were found to 

perform reasonably good estimation. 

 
Table 1: Parameters in Used Models  

Outputs Inputs Number of Neurons Number of Data Model 

I , V TA , TS , WS 10 319 MLP 

I , V TA , TS , WS 9 319 RNN 

I , V TA , TS , WS 6 319 MLP-ABC 

 

The purpose of evaluating is measured the accuracy of the proposed models with the results. In this paper, 

two methods are used to evaluate the models:  

  - Root Mean Squared Error (RMSE): this method is the most widely used statistical methods to determine 

the error and detecting the best model that is obtained from the following equation:  

 

 
In the above equation, ci is the output that model estimates, mi is actual output and n is the number of 

observed data. RMSE value is usually positive and the ideal value for this error is zero. Then whatever the 

number is closer to zero, the network serves better.  

This method has disadvantages that make other statistical parameters be calculated. For example, just 

consider this criterion, cannot identify that the model, estimate the output current or voltage greater or lesser 

than the actual amount. 

  - Coefficient of determination or agreement (R
2
):  

                                                                                                                            (3) 

 

The ideal for  is equal to one.  

Table 2, shows the results obtained of the voltage and current outputs modeling. 

 
Table 2: Results of Voltage and Current Outputs Modeling 

Current Voltage 
Model 

RMSE R2 RMSE R2 

0.0172 98.92 0.0392 98.54 MLP 

0.0160 99.02 0.0.381 98.43 RNN 

0.0092 99.43 0.0298 99.11 MLP-ABC 

 

The results showed that all models for outputs of solar panel are acceptable. Two algorithms MLP and 

MLP-ABC have the best results. But between these two models, we can say MLP-ABC model is obtained better 

numerical results for evaluation criteria in both outputs variable in compared with three models. Also MLP-

ABC technique, able to build models with a low number of neurons such that just by using 6 neurons obtained 

in the hidden layer. In terms of accuracy, precision, all three models are acceptable and appropriate, however, 

the major weakness of using MLP-ABC technique, its low rate compared with the MLP model and other models 

in the field of applied. After all, a MLP-ABC neural network could be well operation as a photovoltaic system 

and delivered results in a very close approximation to the experimental results. 
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Fig. 8: Comparison of output current between measured and estimated data based on MLP, RNN and MLP-

ABC 

  

 

 

 

 

 
 

Fig. 9: Comparison of output voltage between measured and estimated data based on MLP, RNN and MLP-

ABC 

 

Conclusions: 

In this paper, the output of a photovoltaic solar panel was predicted with three models, MLP, RNN and 

Neuroevolution: MLP-ABC and comparison the results of this model were made.  

The data collected in the photovoltaic laboratory of Tehran University for 29 days from the date 2012.10.03 

to 2012.10.31 for a period of 11 hours with an interval of an hour from 6 to 17 O'clock were used for training 

and testing the networks. The data are air temperature (TA), radiation on the surface of the Panel (TS), wind 

velocity (WS), current (I) and voltage (V) which recorded at each time.  

In general, the advantage of using neural network models is that this model does not require knowledge of 

the internal system parameters and the solution of complex nonlinear equations governing the system. 

In fact with a series of limited test and applying result data to train the neural network, the resulting network 

can be used more widely in forecasting the output of a photovoltaic panel.  

According to the results, the MLP-ABC network with acceptable values RMSE equal to 0.0298 and R
2
 

equal to 99.11 for the output voltage and the RMSE value of 0.0092 and R
2
 equal to 99.43 for the output current, 

presented the best results of the three models used for optimization. By using this system that trained with MLP-

MLP RNN 

MLP-ABC 

MLP RNN 
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ABC Network, can obtain current and voltage outputs and thus panel power at different climatic conditions in 

every time and study its performance. 
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