University of Thi-Qar Journal Vol.12 No.4 DEC 2017

Web Site: https://jutg.utg.edu.iq/index.php/main
Email: journal@jutq.utq.edu.iq

A Controller for PV System Using Artificial Neural Network
https://doi.org/10.32792/utq/utj/vol12/4/5

Assist Prof. Sadig Muhsin Ihmood, Ali Hameed Elaal
Mechanical Engineering Dept. College of Engineering.
University of Thi-Qar.

Abstract.

In this research, study theory of system includes the use of
important source of renewable energy sources (solar source) and linking this
system with an electrical load typical (home) using artificial intelligence. The
world is witnessing significant rise in fossil fuel prices since the end of the
last century until now, this rise in price increases with the decrease in
inventory day after day. Therefore, turned the attention of researchers in the
field of power generation to expand in non-conventional energy sources (new
and renewable energy sources). New and renewable energy is inexhaustible
energy in use because they rely on renewable natural resources. So in this
study find detailed explanation about the system of photovoltaic cells system
with solar cell types. The mathematical model is an important part of the
detailed study for PV systems. As well as study models for photovoltaic
systems via the MATLAB/Simulink, is a programming environment contains
many models for renewable systems intended to perform simulation and
analysis. Solar cells system needs to apply the (MPPT) algorithm due to the
instability of external circumstances such as solar radiation and temperature.
Therefore, a neural network technology applied to train solar cell data is
intended to perform the optimization process and get the greatest value for
electric power. At the end of this research, study conducted the operation of
PV system for processing load appropriate electricity around the clock.
Where the system simulation with the analysis of the results within 24 hours.
Simulation results showed that the response of the Neural MPPT algorithm
was faster than the classical P&O algorithm. Moreover, the average tracking
efficiency of the neural network algorithm was higher than the classical P&O
algorithm.
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Nomenclature
LV Cell output current, Cell output voltage, A, V.
Iph, Id, The Photocurrent, The diode current,
Io The saturated reverse current or leakage current , A.
Tc, Ta Cell operating temperature, ambient air temperature, K
Tr Reference cell operating temperature= 25C = 298.13 K.
Ns, NP Number of series cells, Number of parallel cells.
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Rsh ¢ Rs Shunt resistance« Series resistance Q.
Iph, The photovoltaic currentat Tc& G, A.
Io, Reverse saturation current at Tc, A.
G The intensity of solar irradiance, W/m2.
Gr The reference intensity of solar irradiance = 1000 W/m2.
Ki Temperature coefficient of the short-circuit current.
K, Temperature coefficient of the open circuit voltage.
Q Electron charge (1.602 x 10719 C.
K Boltzmann constant (1.38 x 10723 J/k.
A The diode ideality factor.
VT thermal voltage.
Ip Current leak in parallel resistor. A.
Eg Band-gap of the semiconductor material.

1- Introduction:

Every country in the world needs to develop its resources and policies, as
this development related to energy, keeping in mind the environmental
pollutants. The purpose is to better plan for the future [1]. If using traditional
energy sources such as fossil fuels, there is, an important fact is the growing
energy consumption significantly related to carbon dioxide emissions. The
increase in the rate of emissions as well as the global warming has a close
relationship with developments on energy sources. Energy sources especially
electric energy sources in many countries is the main motivation for
agriculture and industry. Energy development is the main measure of power
as well as the level of development in the future. The use of new and
renewable sources of energy in the countries of the world whose purpose is to
avoid problems caused by dependence on fossil fuels because they are
exhaustible sources as they are considered non-environmentally friendly.[2]

However, non-renewable sources are always non-sustainable sources. An
example of this is the energy crisis that occurred in 1973 in parts of the world
due to lack of fuel, where people are faced with many problems. The oil
embargo was found in March 1974. Despite the oil embargo found that, oil
prices remain high and this increase was the impact on the continuing energy
crisis throughout this century. In the period 1974-1975, there were some laws
imposed to rationalize energy consumption, including: price controls,
rationing of gasoline, reduce speed, and extinguish the lights during the day.
All these laws were imposed because of the crisis-taking place in the energy.
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There are many reasons that led to the rapid spread of technologies of new
and renewable energy across the countries of the most important of these
reasons are:[3].

1-climate changes.

2-rising fossil fuel prices.

2-increased air pollution as a result of traditional energy sources.
4-lack of processing power.

An important example of the use of renewable energy technology is certified
for emissions of carbon dioxide gas in the following countries: Iran, Irag, and
Saudi Arabia from 2000 to 2010, respectively, where the percentage of
increase in emissions as follows: 35.7%, 21.75% and 15.6%. Although these
countries have been able to use renewable energy. Where there are
recognized scheme through which the rates of increase and decrease
emissions of carbon dioxide gas in the Middle East and North Africa regions
from 2003 to 2010. [4].

1.1-Photovoltaic (PV) Energy.

Photovoltaic energy is energy obtained from sunlight. Through the
system of photovoltaic cells that directly convert solar radiation into
electricity. Photovoltaic cell has the primary role in this conversion process.
Set of photovoltaic cells connected together called Panel. In General, Panels
are a number of solar cells linked to form a series cells for getting high
voltage. Either for the purpose getting high currents, this is done by
increasing the surface area of cells or by connecting cells in parallel.
Photovoltaic system consists of one or more Panel; they are connecting to
either parallel or a series. Photovoltaic system consists of five major
components:

1- PV array. 2- Dc-Dc converter. 3- inverter. 4- digital controller. 5- AC filter.
[5]

1.2-Intelligent MPPT techniques:

Recently appeared a group of smart techniques. These techniques are
described as smart, because it is a simulation of the human mind. Several
researchers have clarified these techniques, where they use computational
techniques in control units to reach the maximum power point (MPP), quick

response, reduce Oscillations occurring in the power curve in PV system.
1.2.1- Neural network technique:
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Neural network technology has become commonly used in non-linear
systems. The Difficult problems in modelling systems was solved by neural
networks using  parameters approximations. Neural network consists of
three layers: input layer, hidden layer, and output layer. Input layer consists
of 36 neurons; Feed this layer by two-variable voltages and current. Which
they obtained from the photovoltaic system. The Output of the neural
network is a duty cycle, which is used to drive the converters operated at or
near the MPP. Hidden layer used to distribute signals input to output layer;
this is based on the transfer function. There is no accurate calculation to
determine how many neurons in the Hidden layer. Select number of neurons
through a trial and error. There are also multiple formulas for transfer
function. They are tangent sigmoidal function used in hidden layer and pure
linear function used at output layer. The advantages of neural networks in
creating the mpp is that train these networks equipped high and accurate
electrical point without the need of great knowledge about the determinants
of photovoltaic system. [6] [7] [8].

Hidden
Layer

Output
Layer

‘\ D
4

Figurel: Neural network technique based on MPPT. [9]

2-Mathematical modeling of Photovoltaic System.

Study of solar photovoltaic cells model using electric circuit equations
for solar cell. Take into consideration the effect of solar radiation and
temperature changes. Solar cell's circuit consists of a photoelectric current
source connected in parallel with a diode, Series Electrical resistance (Rs)
and Electrical resistance in parallel (Rp).

Photocurrent source generates a constant value for the current
proportion, with the intensity of solar radiation that falls directly on the
surface of the solar cell. The external conditions of the weather, have a
significant impact on photovoltaic systems, among these conditions is the
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level of solar radiation and temperature. The amount of electric power
produced, price, location and design of those systems all rely on external
work conditions.

Therefore, must focus on precision and performance study for those
systems, because they operate under variable conditions. The relationship
between voltages and current (I-V) is the basis for the study and analysis of
solar photovoltaic cell system. Then put the appropriate control method,
which adapt these systems with changing conditions.

Diode equivalent circuit of a solar cell is necessary to determine the
characteristics of the current-voltage curve. According to the Shockley
equation, the voltages increase logarithmically, In the case of an open circuit.
Diode current is directly proportional to the saturation current
[10] [11] [12] [13] [14] [15].
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Main parameters of solar cells can be enumerated as follows: [15]
1-short circuit current (Isc).

2- Open circuit voltage (\Voc).

3-maximum power point (MPP).

4-efficiency of solar cell and fill factor.

PmMax = Vmax * IMaX........coouiiiiiiiiiii e (8)
Pmax 100 9)
1 Pin
Pin = G % Agyp e vev ver ver en eer cve ee ere vee e ven een evevne see e e wen ennee (10)
Pmax
Voc * Isc

3. Simulink modeling of Photovoltaic (PV) system.

A 100-kW PV array is connected to a 25-kV grid via a DC-DC boost
converter and a three-phase three-level Voltage Source Converter (VSC).
Maximum Power Point Tracking (MPPT) is implemented in the boost
converter by means of a Simulink model using the ' neural network '
technique.

The average model contains:

1-PV array delivering a maximum power of (100 kW) at (1000 W/m2) sun
irradiance.

2- Average model of boost converter increasing voltage to 500 V DC.

3- MPPT controller use the “neural network” technique.it connect with

Average model of boost converter.
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4-Average model of VSC. The VSC converts the 500 V DC to 260 V AC and

keeps unity power factor.

5-10-kvar capacitor bank filtering harmonics produced by VSC.

6-100-kVA 260V/25kV three-phase coupling transformer.

7-Utility grid model (25-kV distribution feeder + 120 kV equivalent
transmission system).[16]
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Figure 2: Photovoltaic system Simulink modeling (PV Array (Average
Model)).

3.1 - Neural Network Simulink modeling.

The function gensim generates block descriptions of networks so you can
simulate them using Simulink® software.

gensim(net,st)

The second argument to gensim determines the sample time, which is
normally chosen to be some positive real value.

If a network has no delays associated with its input weights or layer weights,
this value can be set to -1. A value of -1 causes gensim to generate a network
with continuous sampling. The input blocks are actually a standard Constants
blocks.
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Figure 3: Deploy Neural Network Simulink Diagrams. [The Math Works,
Inc., MATLAB R2015b].

4. Results:

By using Simulink models of PV array and neural network and
implemented this models the result display as shown in figure [4, 5, 6, 7, 8,
9,10,11,12, and 13] below:

The 100-kW PV array of the detailed model uses 330 SunPower modules
(SPR-305). The array consists of 66 strings of 5 series-connected modules
connected in parallel (66*5*305.2 W= 100.7 kW).

Open the PV-array block menu and look at model parameters.

Manufacturer specifications for one module are:

Number of series-connected cells: 96

Open-circuit voltage: Voc=64.2 V

Short-circuit current: Isc =5.96 A

Voltage and current at maximum power: Vmp =54.7 V, Imp=5.58 A

The PV array block menu allows you to plot the I-V and P-V
characteristics for one module and for the whole array. The characteristics of
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the  SunPower-SPR305 array are  reproduced  below  [16].

SerPower SPR-NSEWHT.D
8
T T

-~

< o8 -

-

-

; L B e & <

bl P00 &

e Ere'ep 201 &

= BreimpedB N

v

| | |
¥ I )
2 n
Voltage (V)
W T T

-~
2 3 |
1%
~

2

~

e
~ "
& m <

"

Voltage (V)

Figure 4 : I-V and P-V characteristics of the PV array modules show Ish,
Voc, Imp, Vmp, and MPPT.

To validate the results of the solar cell model, the results are compared
with the results obtained from ref. [17]. These comparisons are shown in
figures 5, 6, 7, and 8.

Figure (5) Showing the relationship between I-V under the influence of
different radiation values (200, 500, 800, 1000 W/M”2) for one module only.

So this figure (5) compares with the figure (6) for one module too under same
conditions.
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Figure 5: 1-V characteristics of PV array with Varying Solar Irradiance Level
Of one module [Antonio Faggio 2015] [17].

1V characteristics of one Modube type: SunPower SPR-305-WHT-1
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Figure 6: 1-V characteristics of PV array with Varying Solar Irradiance Level
of one module.
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Figure 7: I-V and P-V characteristics of PV array with Varying Solar
Irradiance Level of 5 series modules; 20 parallel strings [Antonio Faggio

2015] [17].

Array type: SunPower SPR-308-WHT,5 series modules; 20 parallel strings
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Figure 8: I-V and P-V characteristics of PV array with Varying Solar

Irradiance Level.
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Array type: SunPower SPR-305-WHT;5 series modules; 20 parallel strings
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Figure 9: I-V and P-V Characteristics with Varying Operating
Temperature.
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Figure 10a: Duty cycle of MPPT Controller Figure 10b: Duty cycle of
MPPT Using perturb & Observe technique. Controller using neural
network.
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Figure 11: errors values of neural network.
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Figure 12: the regression of neural network.
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Figure 13: Power curve simulation result within 24 hours.

5-Discussions.

Using the MATLAB program, specifically the Simulink model was
implemented the PV array that is addressed in the section Simulink modeling.
There are several types of models the PV array. In this research was selected
one of these models is SunPower SPR-305E-WHT-D. Parameters for this
model are shown in the Dialog Box and Parameters of PV array. When an
implementation of the model via MATLAB/Simulink, there are three
important variables represent the output of the model for PV array, Voltages,
current and power. Where the focus is on the non-linear relationship between
(current-voltage) and (power- voltages) (the 1-V and P-V characteristics).
Study of the solar model results are first and second case, the first case is to
be constant temperature (25c) with solar radiation level changes. The second
case is the temperature change with a constant level of solar radiation (1000
w/m”2). The I-V and P-V characteristics are shown in figures (4, 6, 8, and 9).
Curves of the solar model featuring non-linear nature. The output current and
power of PV cell depend on the cell’s terminal operating voltage and
temperature, and solar radiation.
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« 1-V and P-V Characteristics with Varying Solar Radiation Level
Fig.6, 8, it is observed that with the increase of the solar radiation, the
short-circuit current of the PV module increases and the maximum power
output increase.

+ 1-V and P-V Characteristics with Varying Operating Temperature

Fig. 10, it is observed that with the increase of the operating temperature,
the short-circuit current of the PV module increases. However, the maximum
power output decrease.

v The reason is the open-circuit voltage is logarithmically dependent on the
solar irradiance, yet the short-circuit current is directly proportional to the
radiant intensity.

Neural network architecture is very important to find the right solution
for complex systems with non-linear relations or which owns random
variable. The training process is the basis for the neural network. There are
multiple algorithms to perform the training process but the famous type of the
back propagation (or feed-forward), it is widely used. The simplest form of
neural network is using architecture consists of three layers. Input layer
receives external data, hidden layer receive data from input layer and sent to
the output layer. Training through the back propagation based on two main
points: learning and knowledge. This research was applied by the use of tan-
sigmoid function as an activation function in order to calculate the hidden
layer output and a linear function to calculate the output.

Figure (13) shows the curve for electric power data produced from solar
cells but different control methods. The curve on the right represents the
power curve using a smart algorithm neural network technology; the purpose
is to reach and stability at maximum power, either the curve on the left is the
power curve using the classic algorithm Perturb & Observe (P & O.
Instability in power value led to use maximum power point tracking (MPPT).
The other target of Figure (13) is validated using neural network technique
through comparison with classical algorithm (P &O) adopted in most
published research. Simulation results showed that the response of the Neural
MPPT algorithm was faster than the classical P&O algorithm. Moreover, the
average tracking efficiency of the neural network algorithm was higher than
the classical P&O algorithm.

6. Conclusions:
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The detailed study of the PV system led to access a number of necessary

conclusions:

1- Relying on new and renewable sources of energy as successful alternative
sources. Renewable energy sources (SOLAR SOURCE) provide sufficient
electrical energy without causing environmental pollution with the possibility
of not being depleted as they emanate from sources of nature.

2- Modern techniques like neural network used in control of new and
renewable energy systems has led to excellent results, like getting the
maximum value for the electrical power.

3- Easily handle with the results of implementation of PV system model, as a
result of the use of the environment (matlab/Simulink) that contain many
systems and electronic means which help to deal with the smooth systems.

4- Dealing with the modern electronic control led to convenience in operation
of the PV systems, which reduced operational cost.

5- Neural networks are characterized by fast tracking for maximum power
value with neglecting oscillations.

6- Neural network performance is not affected by variation load, noticing a
slight variation, and during a few time reach to MPP point.

7- High smoothness is a salient feature of neural network simulation on
during execution in the electric power curve, as opposed to using the classic

technique (P @ O) known as frequent oscillation and slow in response.
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