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Abstract: - In this research paper, we introduce real-time implementation, using Matlab and Simulink
environments. The purpose is to study our proposed system, consisting of a photovoltaic, boost converter, and
Arduino mega board. The latter communicates with the physical environment from the current and voltage
sensors and executes the proposed MPPT commands (perturb-and-observe, short circuit current, incremental
conductance, and open circuit voltage), varying the duty cycle of the signal PWM (Pulse Width Modulation)

static converter.
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1 Introduction

Because of the decrease in fossil energy (oil, gas,
etc.) and the fear of growing and invasive pollution,
renewable energies (solar, marine, wind, etc.) have
become an updated domain, [1], [2].

Photovoltaic energy is a source of renewable
energy production based on the solar energy
photovoltaic system. In its operation, the
photovoltaic generator has non-linear
characteristics, which depend on irradiation, and

temperature. The adaptation stage is located
between the photovoltaic system and the load. The
adaptation makes it possible to obtain the

photovoltaic system’s maximum power, [3], [4].

The main outcome of this work is simulating and
practicing the implementation of Perturb and
Observe, INC, SCC, and Open Circuit Voltage
algorithm, using Arduino Mega board and Matlab /
Simulink environment. This framework aims at
getting the maximum power of the photovoltaic
system regardless of the meteorological conditions
vary, [5].

In the beginning, we describe the mathematical
model of the photovoltaic cell with more details on
the climatic influence conditions on the MPPT.
Then, we present how these commands — perturb &
observe, short-circuit current, Incremental
conductance, and open circuit voltage — function.
Afterward, the simulation and experimentation are
carried out to recover the maximum power from the
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photovoltaic generator by the commands mentioned
above. Finally, the paper ends with a conclusion.

2 Photovoltaic Panel

The photovoltaic generator is made of a
semiconductor substance; it is formed by different
cells connected in parallel or series. These can be
schematized by an equivalent circuit that include a
single diode as presented in Figure 1, [1], [2], [6],
[16], [20], [21].

€

Fig. 1: The equivalent diagram of a photovoltaic cell
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The following relation expresses the intensity of the
electric current Iph:

[ISC+K (Tc_Tre )]G
Iph - IGref f (1)

Whereby K; is the temperature factor [%/K]; I is
the short intensity of the electric current [A]; T. is
the panel temperature [K], G is the insolation effect
[W/m?]; Grer = 1000 W/m? and Trer= 298 K.
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The relation expressing the electrical current I is:

I[=1Iph—1g—Isn 2
Whence:
3 q.(v +R]I) (V+R 1) (3)
=[I_+K __| 1l
[ SC+ I(T ref )] ref |: ( NKT :| Rsh
With:

I the short electrical current intensity,
Is the electrical current intensity saturation of the
diode?

T \3 11
Iy = Ly (m) explqVy(— —p)/NK] (4

Where E. is the reverse saturation current at the
reference temperature T, V, is the bandgap voltage
of the semiconductor making up the cell

V the diode tension (V);

q The elementary charge of the electron (1.60.10°"
O);

K the Boltzmann’s universal constant (1.38.10°%
J/K);

N Ideality factor of the diode,

T the temperature,

Rasn s the shunt resistance,

R, the series resistance,

3 DC-DC Converter Analysis

The converters DC-DC are the main elements of the
conversion chain of the photovoltaic generator.
They provide interfacing that enables matching
between the photovoltaic system and the load to
recover the maximum power of the photovoltaic
generator, [7], [8], [9], [19], and [20].

The converters consist in most cases of an
inductor, a commanded interrupter (using a Metal
Oxide Semiconductor Field Effect transistor
controlled by a Pulse Width Modulation signal), a
capacitor, a diode, linked to a load, [11], [13], and
[14].

In this part, we only use the boost converter. The
converter boost allows raising the input voltage.

v +l| L'JS DNC_ :,“
i L

Fig. 2: Boost transformer
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The input voltage and output voltage for the

converter boost are expressed by:
With D: being the PWM signal duty cycle.

©)

4 Maximum Power Point Tracking
(MPPT) Algorithms

The principle of the Maximum Power Point
Tracking command is to search the maximum
power point by varying the converter duty cycle D,
and then bring it to the targeted point. In this paper,
we are focused on the usage of four Maximum
Power Point Tracking controls: Perturb & observe,
short-circuit current (FCC), INC, short-circuit
current (FCC), and Open Circuit Voltage (VCO).

4.1 Algorithm Perturb and Observe ‘P&0O’
The principle of the perturb & observe command is
to generate a low-value disturbance of the voltage,
which provides a power variation because an
increment of the tension electrical leads to an
increment of the power, the operating point is to the
left of the PPM. If on the opposite the power
diminishes, it is right. In the same manner, one can
reason for diminished tension. In short, for a
disturbance voltage, if the power increment, the
direction of the disturbance is maintained. If not, it
is reversed so that the operating point tends to the
PPM.

The Figure 3 illustrates the flowchart of the
perturb & observe control, [6], [8], [10], [11], [12],
[13], [15], [17], [18].

I Read W(k),I[k) from the pa

Plki=W k)™ [k}

Crelay Plk)WIK) by [k-1);
Plk-1),W([k-1)

[o=2+ap]

Fig. 3: Flowchart perturb and observe

4.2  Algorithm
Conductance

The flow diagram of INC algorithm is illustrated in
Figure 4, [3], [13], [17], [18].

INC, Increment the
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Fig. 4: Flow diagram of INC control
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The incremental conductance command is based
on the power derivative of the photovoltaic panel
about the voltage. This derivative in the PPM point
equals zero. We can express this through the
following relation:

P _d@v) L oydl_

dv av I+V dv 0 (6)
Giving:
L__dl
v oav ()

We define the conductance and the increment of the
conductance of the source by:

G =IV et (8)
If we place to the right of the maximum power
point, we can write:

<o 9)
If we place it to the left of the maximum power

point, we can write:

dP
W>O

(10)
4.3 Algorithm OCV, Open Circuit Voltage
This control is based on the linear formula between
the open circuit voltage and the optimal voltage
determined by the following relationship:
Vmpp =ky * Ve (11)

Where: Vi, 1is the photovoltaic generator’s
maximum output tension electrical and k; that varies
between 0.73 and 0.8 is a tension electrical
coefficient depending on the curve of the
photovoltaic panel cell, [5], and [17].

The flow diagram of the OCV method is
illustrated in Figure 5
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Fig. 5: Flow diagram of OCV control

To achieve the optimum tension electrical, the
tension of the open circuit V,. must be determined.
As a result, the point of operation of the
photovoltaic generator is maintained close to the
optimum power point by adjusting the solar
generator’s tension electrical to the determined
optimal tension. The process allows for periodically
adjusting of the duty cycle to obtain the optimal
voltage electrical.

4.4 Algorithm Short-Circuit Current (SCC)
This control is based on the linear formula between
the short-circuit current and the optimal intensity
current determined by this equation:
Impp = ky * Iee (12)
Where k; that varies between 0.85 and 0.92 is an
intensity of the electric current coefficient
depending on the curve of the photovoltaic panel
cell, [5], [17].
The flow diagram of SCC control is illustrated in
Figure 6.
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Fig. 6: Flow diagram of SCC control
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In reality, the optimal point of operating is
reached by taking the intensity of the current
electrical of the photovoltaic panel to the optimal
current electrical. Thus, the duty cycle is varied until
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the photovoltaic generator attains the optimal value,
[18].

5 The Simulation Results
The Simulation studies were realized with perturb &
observe algorithm, INC, FCC, and VCO, for
variable radiation solar and temperature data.
Simulation results are obtained in Matlab/Simulink.
We use the diagram below for simulation on
Matlab Simulink of the different Maximum Power
Point Tracking, methods (perturb & observe, FCC,
and VCO).
In the diagram, we present the equivalent diagram
of the Boost converter, the photovoltaic panel, and
the block that contains the tracking controls.

Fig. 7: Block schematic of the photovoltaic
generator with P & O, INC, FCC, and FCO
commands in Simulink

The figures below show the simulation results for
various Maximum Power Point Tracking
commands.

Figure 8 presents the power exploiting the
different Maximum Power Point Tracking
commands: Perturb and Observe, INC, FCC, and
FCO for wvariable irradiation at a constant
temperature.

Power versus time at constant temperature (T=25 °C) .
T T T

1000 Wim®
/ / ‘ 300 Wim?

Power(W)

005

X 035

Fig. 8: Power using the different MPPT commands
at a constant temperature.

Figure 9 presents the power exploiting the
different MPPT commands: Perturb and Observe,
INC, FCC, and FCO for a variable temperature at
constant irradiation.

E-ISSN: 2224-2856

Salaheddine Zouirech,
Abdelghani EI Ougli, Belkassem Tidhaf

s0ec

Fig. 9: Power using the different MPPT commands
at constant irradiation.

From Figures 8 and 9, we can observe the extraction of
the power using the different commands.

6 Practical Part and Results
To validate the MPPT algorithms we propose the
following block diagram:

i J

Fig. 10: Synoptic diagram of the realization

Figure 10 shows the block diagram used in this
practical part of the photovoltaic system consisting
of a 20W photovoltaic system linked to the resistive
load by a converter boost connected by a control
circuit based on an "Arduino Mega 2560" card
which is used. to control the MOSFET transistor of
the converter by varying the duty cycle to recover
the maximum power at the output of the generator,
the output quantities of the panel are measured from
two sensors, the first is a tension electrical divider
circuit for the measurement of voltage and the
second is a current sensor type ACS712 used to
determine the current intensity.

All parts have been made and tested separately
before assembly.

6.1 The Photovoltaic Panel

In the practical and simulation parts, we use the
following photovoltaic generator: TDC-P20-36 of
20W.
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Table 1. TDC-P20-36

Open circuit voltage Vy 21,20V
The voltage at maximum power 17,20 V
point Vi,
Short-circuit current I, 1,28 A
Current at maximum power point 1,17 A
Ly
Maximum Power 20 W
Voc temperature coefficient -0.36099 %/deg.C
I, Temperature coefficient 0.065 \%/deg.C

6.2 The ARDUINO Board MEGA 2560 Card
The Arduino Mega board 2560 is an electronic
board using the ATmega2560 microcontroller. It
includes 54 numeric output/input pins (15 of them
have a PWM output), 16 analog inputs, one ceramic
(Quartz) resonator at 16 MHz, and one, [3], [8],
[12].

Fig. 11: Arduino Mega

6.3 Current Sensor

ACS712 is used which can detect DC and AC
currents. The sensor ACS712 can measure current
up to = 5 A with an output sensitivity of 180 mV /
A, [9], [21].

The analog-to-analog-to-digital converter (ADC)
reads the values from 0 to 1023. To achieve the
value of the intensity of the electric current in a
range of 5 A, we use the following relationship:

I (10523*Sensore value )—2.5
0.185

(13)

6.4 Sensor Voltage
The tension electrical measurement is carried out
from a tension electrical divider to have a voltage
between zero and 5V whatever the value delivered
by the photovoltaic panel, [3], [9].

The analog inputs of the Arduino MEGA board
can be used to display a DC tension electrical
between 0 and 5V.
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We consider V. as the tension electrical to be
displayed and V, as the output voltage of the
divider, which will be linked to the entry pin of the
Arduino MEGA board. The tension electrical
divider lowers the display voltage in the range of the
analog inputs of the MEGA Arduino board.

_ R
S 7 Ry+R, €

(14)

The values of R 1 and R_2 of the sensor are
R; =75 kQ andR, = 30 kQ.

After the previous divisor relation, we must
divide the Vs by 1023 and multiply by 5 V to
express the real voltage raised by the Arduino
MEGA.

Finally, the value of the voltage delivered by the
panel is given by the following equation:

V:(10523

6.5 Optocoupler

The control part must be isolated from the power
part. For this, we use the optocoupler. We,
therefore, have two very distinct masses on our map.
The first: is the mass B.GND, which is the power
mass. As well as the A.GND ground which is the
control ground and the 5V power supply, [3].

As the Arduino supplies a voltage of 5 volts and
the chopper needs a voltage of 15 V to attack the
latter, we used the photo coupler type HCPL-3120
to increase the voltage from 5 V to 15V.

The converter boost is placed between a
photovoltaic generator and a charge. For a good
functioning of the converter it must be controlled by
a high frequency (in our case the frequency chooses
the order of 7 kHz: to easily filter the output signal
and for the correct operation of the converter at 15
V). However, the frequency of the Maximum Power
Point Tracking signal delivered by the Arduino
MEGA board is limited to a maximum value of 1
kHz so it is necessary to modify the frequency of the
Mega Arduino board by the predefined S-function
Builder tool in MATLAB Simulink.

The Pulse Width Modulation output signal in the
Support Simulink Pack is capped at 490 Hz. This
frequency value is not suitable for controlling the
converter boost.

To overcome this problem, we use the S-
function of MATLAB and a command to raise the
Pulse Width Modulation frequency in the Simulink
Model.

The command for modifying the Pulse Width
Modulation frequency is realized with an S-function

(15)

* Sensore value) * 5
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under the Simulink model as illustrated in Figure 12
which presents the unmasking scheme of ‘S-
function block’, [3].

Trter pous C-code o aill your st § malldbde duoete and comiucus states

o 0 2O 2O (i renpectondy. byt poets, cutpast ports s passsters. &

wing spbok spectied i Dot Propenies. These mdrences apgea divecty in B g

Fig. 12: S-Function block

6.6 Experimental Results

The first experimental approach is carried out to
determine the Maximum Power Point under the
experimental weather data at a given time. If we
make the converter’s duty cycle change from 0 to 1,
we surely get the maximum power point. To do
this, we implement a program on the Arduino Mega
board that increments the PWM signal converter
duty cycle from 0 to 1 for 30 s. The power supplied
by the photovoltaic system is given according to
voltage, current, or current according to voltage in
Figure 13 during this interval.

Block of test:

Fig. 13: Block of test
In figures 14, 15, and 16 we can see that the

maximum power point in these weather conditions
is about 17 W.

E-ISSN: 2224-2856

423

Salaheddine Zouirech,
Abdelghani EI Ougli, Belkassem Tidhaf

L i
T P 1 1 2

Fig. 14: The variation of the Power according to the
Voltage delivered during the first test

Power=f(Current) )

Power(W)

vvvvvvvvvv

Current delivered during the first test

ccccc =H(Voltage)
T T

Fig. 16: Current as a function of Voltage delivered
during the first test

The second experimental step is to get the
maximum power PPM produced by the PV using
the different MPPT commands PO, FCC, INC, and
VCO under the same conditions as the first test.

The block to recover the power of the
photovoltaic system used with the real assembly:

| —L] )
Fig. 17: Block to extract power

Figures 18, 19, 20, and 21 show the power
generated by the photovoltaic system using the
P&O, INC, FCC, and FCO commands, respectively.
Assuming that the weather conditions are
unchanged in both experimental steps, the
experimental validation of Maximum Power Point
Tracking commands can be validated.
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Fig. 18: Power delivered using the P&O algorithm
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Fig. 19: Power delivered using INC algorithm
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Fig. 20: Power delivered using the FCO algorithm

Fig. 21: Power delivered using FCC algorithm

Figures 22, 23, 24, and 25 show the duty cycle using
the P&O, INC, FCC, and FCO commands,
respectfully.
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Fig. 22: The duty cycle using FCC
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Fig. 23: The duty cycle using FCO

Duty Cycle=f(Time)
T

15
Time(s)

Fig.24: The duty cycle using INC

Fig. 25: The duty cycle using P&O

Figures 26, 27, 28, and 29 show the Voltage curves
generated by the photovoltaic system using the
P&O, INC, FCC, and FCO commands, respectively.

Ty

Fig. 26: Voltage delivered using FCC algorithm
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Fig. 27: Voltage delivered using the FCO algorithm

g oy

Fig. 28: Voltage delivered using INC algorithm

Vet S

W

Fig. 29: Voltage delivered using the P&O algorithm

Figures 30, 31, 32, and 33 show the Current curves
generated by the photovoltaic system using the
P&O, INC, FCC, and FCO commands, respectively.

Drveny Ty

Fig. 30: Current delivered using P&O algorithm
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Fig. 31: Current delivered using FCO algorithm

Fig. 32: Current delivered using INC algorithm

el g e e by i s ot

Fig. 33: Current delivered using FCC algorithm

7 Conclusion

This research centers on the use of four MPPT
control P&O, INC, VCO, and FCC - to recover the
maximum power point from the photovoltaic
system. The system was analyzed and designed; the
performance was studied by the simulation and
experimental implementation. This experiment
proves the implementation ability of these
commands on the Arduino Mega board for real-time
applications.

Moreover, this article proposes a remedy to vary
the Pulse Width Modulation frequency of the Mega
Arduino board, which provides new perspectives of
use with non-dynamic converters. In sum, this
article has presented four commands to monitor the
MPP of a PV panel.

In future works, we will use the experimental
tests of the MPPT, and intelligent methods like
fuzzy logic (FL) and Artificial Neural Networks
(ANN).
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