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Abstract
Objectives: To derive suitable simulation model to improve the performance of PV cell. Methods/Statistical analysis: 
Artificial Neural Networks (ANN) is one of these techniques that applied to present important tasks encounter in 
Photovoltaic systems. This work presents a MATLAB-based modeling and simulation scheme suitable for studying the 
I–V and P–V characteristics of PV cell   by Select and collect a data from PV panel for developing a simulink model in 
Matlab program with different values of the main parameters such as solar radiation, temperature. Findings: The results 
are illustrated the simulation model of PV cell with NARMA controller gave good agreement results which exhibit the 
advantages of using ANN techniques in Renewable Energy Systems. Application/Improvements: Artificial Intelligence 
technique (AI) plays an important role in various applications due to its capability of solved complex problem of systems.

1.  Introduction

A Power generation from renewable energy sources 
plays an important role because of growing demand of 
electric energy1. Photovoltaic (PV) is one of renewable 
energy sources2, so the photovoltaic cells represent a 
solar radiation converted by semiconductor device to 
electricity. This type of energy source reduces emissions 
of carbon3.

Artificial Neural Networks Technique (ANN) is 
to control power that produces from PV cell. Many 
researchers studied the PV cells; as4 applied different 
techniques to tracking maximum powerpoint of (PV). 
These techniques have taken at least 19 different with 
much variation on implementation. In5 studied the 
effect of temperature, solar insolation, shading, and cell 
Configuration on performance of (PV) using a MATLAB 
modeling and studied the I–V and P–V characteristics of a 
PV under a nonuniform insolation due to partial shading. 
The results showed that the configuration of cell affects 
the maximum power under partially shaded conditions.

In6 illustrates artificial neural networks of photovoltaic 
(PV) to obtain power. This power obtained  by three  types 
of ANNs as : the first using  Multilayer perceptron (MLP), 
a recursive neural network , and a gamma memory 
trained with the back propagation. ANNs were trained 
using air temperature, solar irradiance, and wind speed.  
The results revealed on the suitability of power output 
forecasting problem and identified the best topology.

2.  Photovoltaic (PV) Principles
Photovoltaic (PV) is a system to generate electrical power 
using semiconductors by converting solar radiation into 
electricity. Photovoltaic cell is a simple design and must 
be of low maintenance, and they can work as stand-alone 
systems to produce outputs from microwatts to megawatts 
according to the application. The request of photovoltaic 
is increasing all over the world and has started to become 
economically competitor with conventional energy 
sources.
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The photovoltaic cell consists of layers of semiconductor 
material, first layer is positive charge and the second layer 
is negative charge.  Photons absorbed from sunlight 
directed on the surface by the semiconductor atoms and 
cause freedom of electrons from the cells. The liberty of 
electrons that flow through a circuit and lastly back to 
the positive layer to complete the circuit. A diagram of 
generating power in photovoltaic cell is shown in Figure 1 
where set of PV cells is close electrically in series / parallel 
circuits to generate higher voltage, current and power 
values7.

3.  �Artificial Neural Networks 
Technique (ANN)

Artificial neural networks Technique (ANN) is a 
mathematical model try to simulink the construction 
of the biological brain8. A simple model of artificial 
neural network consists of three simple sets of rules: 
multiplication, summation and activation. All neuron 
inputs are multiplied by weight and combined with 
basis where the network outlet is the sum of the mixture 
multiplied by weights with the transient through transfer 
function9 - 10.

4.  �Feedback Linearization 
Control (NARMA Controller)

The Nonlinear Autoregressive Moving Average (NARMA) 
is a model that’s apply to present input-output performance 
of nonlinear systems. The NARMA model is represents by 
the formula11:

�y (k + d) = Nf [y (k), y(k − 1), … y (k − n + 1), u  
(k),u(k−1),u(k−n+1)]� (1)
Where:
u(k), (k) are is an input and output of structure. ANNs 

are required training to guess the nonlinear purpose. 
Nf is the system identification. Figure 2 shows a block 
controller of (NARMA) with estimated nonlinear purpose  
(f and g), (TDL) is time shifting, implemented in the 
NARMA. Controller is a multi-layer feed forward 
network applied successfully in the identification and 
control of dynamic systems12.The most important at the 
rear the NARMA is converting nonlinear structures to 
linear in dynamic systems.

Design of NARMA in PV Panel has been applied using 
Matlab program. There are two most important steps in 
the use of NARMA that contains a control identification 
system and design.

5.  �Mathematical Formulation of 
PV Module

The mathematical equation of PV performance has 
been simulated in MATLAB Simulink for estimating the 
current-voltage characteristic.

The equivalent circuit of PV cell contains of current 
source connected in parallel with a diode and two 
resistors shunt and series to appear the losses13 as shown 
in Figure 3.

The mathematical description of the current-voltage 
output characteristics for PV cell can be calculate  by 

Figure 1.  Diagram of photovoltaic cell.

Figure 2.  Block controller of NARMA
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applying =Kirchhoff ’s current law in the circuit above, 
which yields eq. (2) 

	 IPV =Iph - ID - Ish� (2)

The internal diode diffusion current is calculated as:

	 ( )
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The photocurrent calculates from:
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The open circuit voltage can be given by [14]: 

	 VOC = VOCS + KV (T – Tn )� (5)

The saturation current of the diode is described as
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�The reverse saturation current of cell at reference 
temperature can be calculated as14 - 15:
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The current of PV and shunt current determine as:
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A specification of PV model

6.  �Simulation Model of 
Photovoltaic Cell

The Simulation model of PV applied MATLAB Simulink  
from equations from (2 to 9) shown in Figures 4 to 10.

Figure 3.  PV equivalent circuit.

Figure 5.  Model of photo current.

Figure 4.  Model of shunt current.
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7.  Experimental Setup
A mono-crystalline silicon solar PV module is used 
with electrical specification listed in Figure 11 which 
illustrated the PV module. Solar power meter is used 
to measure irradiation in W/m² and thermometer to 
measure temperature of the PV module.

8.  Results and Discussion
The plots of I-V and P-V characteristic curves have been 
varying with solar irradiance value and temperature. 
Figure 12 describes maximum power point with voltages 

Figure 6.  Model of saturation current.

Figure 7.  Model of PV current.

Figure 9.  PV model with NARMA controller.

Figure 8.  PV model.

Figure 10.  Experimental setup of PV module.

Figure 11.  �Power with voltages at varying value of 
irradiance and temperature.
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at varying value of irradiance and temperature.  These 
curves show the increase in irradiance and decrease 
in temperature values which caused increased power 
production from cell. Figure 13 shows the relation 
between voltage and current of cell at varying value of 
irradiance and temperature.

The results of experimental set up of PV (Figure 14) 
exhibited maximum power in two month (Feb, June). 
The power in long a day and months are different, so it 
needs for control to reach optimum power. The results of 
NARMA controller reaches power at   nominal point at 
STC (T=25C, G=100W\m2.

9.  Conclusion
The results illustrated that the simulation model of PV 
cell with NARMA controller gave good agreement results 
which exhibit the advantages of using ANN techniques 
in Renewable Energy Systems. NARMA Controller is a 

best controller of Power and this technique improves the 
performance of PV at Abnormal condition.
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