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 Solar photovoltaic (PV) cell is one of the renewable energy sources and a 

main component of PV power systems. The design of PV power systems 

requires accurately its electrical output characteristics. The electrical 

characteristics of solar PV cell consist of I-V and P-V characteristics. They 

depend on the parameters of PV cell such as short circuit current, open 

circuit voltage and maximum power. Solar PV cell model can be described 

through an equivalent circuit including a current source, a diode, a series 

resistor and a shunt resistor. In this paper, the development solar PV cell 

model is built by using self constructing neural network (SCNN) methods. 

This SCNN technique is used to improve the accuracy of the electrical 

characteristic of solar PV cell model. SCNN solar PV cell model have three 

inputs and two outputs. They are respectively solar radiation, temperature, 

series resistance, current and power. The effectiveness of SCNN technique is 

verified using simulation results based on different physical and 

environmental conditions. Simulations are conducted by the change of the 

solar irradiation, temperature and series resistance. Simulation results show 

SCNN model can yield the I-V and P-V characteristics according to the 

characteristics of solar PV cell. 
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1. INTRODUCTION 

Solar energy is a promising alternative energy source due to energy crisis and environmental issues 

such as global warming effect and pollution. Photovoltaic (PV) power generation is one of the more 

important renewable sources since it had great many merits such as clean, free maintenance and no noise. 

However, PV generation system has two disadvantages that is the low conversion efficiency in electric power 

generation and the changes in several weather conditions. In addition, the electrical characteristic of solar PV 

cell is nonlinear which is affected by solar radiation (S), atmosphere temperature (T) and series resistance 

(Rs). The electrical characteristics of solar PV cell consist of I-V and P-V characteristics. Solar PV cell is 

built from a current source parallel with diode (D), shunt resistance (Rsh) and series resistance (Rs) [1]-[6].  

The applications of artificial intelligent in solar PV generation system have been proposed [6]-[9]. 

Neural network (NN) is one of the popular artificial intelligents. Advantages of NN are easy in training and 

simple architecture. However, NN has several drawbacks such as in determining number hidden layers and 

number neurons in hidden layer [10]-[16]. These matters can be solved by self constructing neural network 

(SCNN). SCNN can automatically construct number of neurons in hidden layer and number of hidden layers 

[11]-[13]. In this paper, SCNN is used to create solar PV cell model. This SCNN technique improves the 

accuracy of electrical characteristic behavior of solar PV cell. The effectiveness of SCNN method is 

evaluated using simulation results based on varying solar radiation, temperature and series resistance. This 
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paper is organized as follows: the solar PV cell model is described in Section 2; Section 3 shows the principal 

of SCNN; Section 4 shows the design of SCNN solar PV cell model; the effectiveness of the proposed SCNN 

method is clarified through a MATLAB/ SIMULINK simulation which is presented in Section 5; the 

conclusion, and references list end this paper. 

 

 

2. SOLAR PHOTOVOLTAIC CELL MODEL 

The main component of solar power generation systems is photovoltaic (PV). PV cell or known as 

the solar panels are made from semiconductor materials such as silicon and germanium. When the sunlight 

reaches the PV cell, the silicon atom will release electrons. The electrons will flow making the electric 

circuit, so that electrical energy can be generated. This PV cell can be connected in series or parallel to 

produce the desired voltage and current. 

The performances of the PV cell depend on the intensity of the sunlight. Weather conditions such as 

clouds and fog affect solar energy received by PV cell, so that they will influence the performance of the PV 

cell. The simple equivalent circuit of solar PV cell is a current source parallel with a diode. Solar cell model 

is shown in Figure 1. The solar PV cell model consists of a current source (Iph), a diode (D), a shunt 

resistance (Rsh), and a series resistance (Rs) [1]-[6]. 
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Figure 1. Equivalent circuit of solar PV cell 

 

 

Diode determines the I-V characteristics of PV cell. Current source output is proportional to the light 

falling on the PV cell. Open circuit voltage increases as the logarithm according Shockley diode equation that 

describes the interdependence between the voltage and current in PV cell as shown in equation (1) and 

equation (2). 
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where k, T, q, V, I0 and IPV are respectively Boltzman constant (1.3806 x 10
-23

 J/K), temperature (
0
K), electron 

charge (1.6021 x 10
-19

 C), the PV cell terminal voltage, the reverse saturation current and the light generated 

current. From equation (1) and equation (2) can be determined the characteristics of the solar panel. That is 

the I-V characteristics and the P-V characteristics. These characteristics of the PV cell are non-linear and 

more influenced by the intensity of solar radiation and temperature of PV cell surface [1]-[6]. 

 

 

3. PRINCIPAL OF SELF CONSTRUCTING NEURAL NETWORK 

Artificial neural network (ANN) is a machine that the work principle emulates the human brain. 

ANN has the abilities of learning and generalization. Structure of ANN consists of three layers, an input 

layer, one or more hidden layers, and an output layer. Design of ANN is conducted in two steps. First step is 

determining of its structure consist of the number of neurons in hidden layers and the number of hidden 

layers. Second step is determining of the desired error value and maximum learning epoch. Determining of 

the number of neurons in the hidden layer and the number of hidden layers is generally done trial and error 

[10]-[16]. The disadvantages of ANN can be solved by Self Constructing Neural Network (SCNN) method. 

Basic structure of self constructing neural network (SCNN) is artificial neural network (ANN). The 

different between both methods is in determining the structures. SCNN can automatically arrange number of 

neurons in hidden layer and number of hidden layer. Structure of SCNN is shown in Figure 2 [11]-[13].    
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Figure 2. Structure of SCNN 

 

 

The determining process of SCNN structure can be described using flowchart shown in Figure 3. 

The number of neuron in hidden layers will automatically increase when error is greater than maximum error. 

And also, the number of hidden layers will increase when maximum error is smaller than error and the 

number of neurons in hidden layer is smaller than maximum neurons.   
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Figure 3. Flowchart of SCNN process 

 

 

4. DESIGN OF SCNN PHOTOVOLTAIC (PV) CELL MODEL 

SCNN solar PV model is designed to imitate electrical characteristic behavior of solar PV cell. 

SCNN solar PV model is shown in Figure 4. SCNN solar PV model have three inputs and two outputs such 

as solar radiation (S), cell temperature (T), series resistor (Rs), cell current (Ipv) and cell power (Ppv), 

respectively.   
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Figure 4. SCNN solar PV model 

 

 

SCNN solar PV model is based on input and output values of mathematical model of solar PV cell. 

This SCNN solar PV model must be trained before being used as solar PV model. The training process of 

SCNN method can be seen in Figure 5. Training algorithm of SCNN solar PV cell model uses 

backpropagation. Data training of SCNN is taken from mathematical model of solar PV cell. 
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Figure 5. Training process of SCNN solar PV cell 

 

 

5. SIMULATION RESULT AND DISCUSSION 

The effectiveness of the proposed SCNN PV cell model is tested by a SIMULINK/MATLAB 

simulation. Therefore, SCNN PV cell model is compared with the mathematical model of PV model based 

on change of operating conditions such as solar radiation (S), temperature (T) and series resistance (RS). The 

parameters of solar PV cell and the parameters of SCNN employed in simulation are shown in Table 1 can 

be seen in Table 2.  

 

 

Table 1. Electrical specification of the solar PV module 
Parameter Value 

Maximum Power (PPV) 60 W 

Voltage at Max. Power (VMP) 17.1 V 

Current at Max. Power (IMP) 3.4 A 

Open Circuit Voltage (VOC) 21.1 V 
Short Circuit Current (ISC) 3.8 A 

 

 

Table 2. The parameters of SCNN 
Parameter Value 

Maximum Hiden Layers 5 
Maximum Neurons in Hidden Layer 20 

Maximum Error 1e-4 

Maximum Epoch 1000 

 

 

SCNN must be trained before being used as solar PV cell model. The training process provides the 

optimal structure of SCNN. The training results of SCNN solar PV model for I-V characteristics and P-V 

characteristics are shown in Table 3. The performance of SCNN during the training process can be seen in 

Figure 6 and Figure 7.  
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Table 3. The training results of SCNN solar PV model 
Parameter I-V Characteristic P-V Characteristic 

Number of Hiden Layers 1 3 

Number of  Neurons in Hidden Layer 9 13 
Epochs 215 246 

 

 

 
 

Figure 6. Performance of SCNN solar PV model for the I-V characteristics 

 

 

 
 

Figure 7. Performance of SCNN solar PV model for the P-V characteristics 

 

 

5.1. Influences of Solar Radiation Variation 
The variations of solar radiation in simulation process are 1 kW/m

2
, 0.8 kW/m

2
, 0.6 kW/m

2
, 0.4 

kW/m
2
 and 0.2 kW/m

2
, respectively. Figure 8 show the I-V characteristics for variation of solar radiations. 

The simulation results of the proposed SCNN model and the mathematical model of the solar PV cell are 

shown by the circular (o) and solid line. From Figure 8 can be seen that short circuit current and open circuit 

voltage of solar photovoltaic cell will increase when solar radiation increase. 

Figure 9 show P-V characteristics for solar radiation variation. The simulation of the proposed 

SCNN model and the mathematical model of the solar PV cell are shown by the circular (o) and solid line. 

Figure 9 show that maximum power and open circuit voltage of solar photovoltaic cell will increase when 

solar radiation increase. 
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Figure 8. The I-V characteristics for variation of solar radiation 

 

 

 
 

Figure 9. The P-V characteristics for variation of solar radiation 

 

 

5.2. Influences of Temperature Variation 
The temperature variations are respectively 0 

0
C, 25 

0
C, 50 

0
C, 75 

0
C and 100 

0
C. Figure 10 show I-

V characteristics for variation of temperature. The simulation of the proposed SCNN model and the 

mathematical model of the solar PV cell are shown by the circular (o) and solid line. Short circuit current of 

solar photovoltaic cell will increase when cell temperature increase. However, open circuit voltage of solar 

photovoltaic cell will decrease when temperature increase. 

 

 

 
 

Figure 10. The I-V characteristics for variation of cell temperature 

0 4 8 12 16 20 24
0

1

2

3

4

5

Vpv(V)

Ip
v
(A

)

1kW/m2

0.8kW/m2

0.6kW/m2

0.4kW/m2

0.2kW/m2

0 5 10 15 20
0

10

20

30

40

50

60

70

Vpv(V)

P
p

v
(W

)

0.6kW/m2

0.4kW/m2

0.2kW/m2

0.8kW/m2

1kW/m2

0 4 8 12 16 20 24
0

1

2

3

4

5

Vpv(V)

Ip
v
(A

)

100deC

50deC

25deC

0deC

75deC



                ISSN: 2088-8708 

IJECE  Vol. 7, No. 6, December 2017 :  3198 – 3206 

3204 

Figure 11 show the P-V characteristics for variation of cell temperature. The simulation of the 

proposed SCNN model and the mathematical model of the solar PV cell are shown by the circular (o) and 

solid line. Maximum power and open circuit voltage of solar photovoltaic cell will decrease when 

temperature increase. 

 

 

 
 

Figure 11. The P-V characteristics for variation of cell temperature 

 

 

5.3. Influences of Series Resistance Variation 
In the simulation, the changes of series resistance are 0 Ω, 5 mΩ, 10 mΩ, 15 mΩ and 20 mΩ, 

respectively. Figure 12 show the I-V characteristics for variation of series resistor. The simulation of the 

proposed SCNN model and the mathematical model of the solar PV cell are shown by the circular (o) and 

solid line. Short circuit current and open circuit voltage of solar photovoltaic cell will not change when there 

are variation of series resistor. The variation of series resistance causes the slope angle of the I-V 

characteristics. 

 

 

 
 

Figure 12. The I-V characteristics for variation of series resistance 

 

 

Figure 13 show the P-V characteristics for change of series resistor. Maximum power of solar 

photovoltaic cell will decrease series resistance increase. However, open circuit voltage of solar photovoltaic 

cell still constant. 
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Figure 13. The P-V characteristics for variation of series resistance 

 

 

6. CONCLUSION  

Self constructing neural network (SCNN) based electrical characteristic of solar photovoltaic cell 

model has been presented and discussed. SCCN technique is used to improve accurately the electrical 

characteristic of solar photovoltaic cell model. The effectiveness of SCCN technique is clarified by 

simulation and compared with matematical model of solar PV model. Simulation is done by the change of 

operating conditions such as the solar radiation (S), temperature (T) and series resistance (Rs). Simulation 

results show that SCNN solar PV cell model can produce the I-V and P-V characteristics according to the 

characteristics of solar PV cell. 
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