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Abstract. The work presented in this article proposes the design and the realization of a PWM controller,
which allows the control of the power switches of DC-DC converters of discrete two-stage photovoltaic
systems in series. The method employed is based on the use of two drivers by exploiting their functionalities
in order to improve and control the two power switches of the discretized photovoltaic system. The proposed
technique is validated by experimentation on a photovoltaic system, the upper stage of which can request a
floating voltage on the MOSFET drain of up to 30V. the studied PV installation is equipped by a protection
circuit block for protect the PV equipments in the event of poor connection or deterioration of elements in
system blocks. The simulations and the experiments showed a good functioning of the control unit which
ensured: An amplitude of the PWM signals large enough to control the power switches, optimal system
operation regardless of load and weather changes and good efficiency, and protection of the installation in

the event of malfunction.

1 Introduction

Currently, most of the electric power generation is
produced from non-renewable and non-clean fossil
resources. However, the latter have a very slow
regeneration time which leads to their exhaustion in
nature [1].

In addition, the impact of the energy consumption of
these resources on the environment, gives rise to
significant greenhouse gas emissions playing a major
role in the level of global warming and the increase in
pollution [2].

To this end, renewable energy sources, in their multiple
forms: hydroelectric, solar photovoltaic, biomass, deep
geothermal energy, compensate for the energy shortage
while limiting the negative impact on the environment
with virtually varied and inexhaustible resources [3].
Statistical and forecasting studies therefore show that
PV energy could meet humanity's high demand for
electricity. Indeed, photovoltaic energy [4], produced by
photovoltaic cells, based on the direct transformation of
light energy from the sun into electricity, is
distinguished from other renewable energies by its
significant energy potential. Indeed, the total amount of
energy received by solar radiation at ground level for a
week exceeds the energy that can be produced by all of
the world’s reserves of oil, coal, gas and uranium [5].
Towards an improvement in the performance of a
discretized photovoltaic (PV) system [6,7], numerous
studies and works have shown the interest of multi-stage
PV systems in series in stand-alone installations [3,8,9]
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and injected into the electricity grid [10,11]. In these
power applications, the floating voltages at the output of
DC-DC converters [12], influence the shape of the
PWM signal generated by the control of the stage
converter switches [13,14,15,16]. The establishment of
a specific controller seems necessary to avoid the
malfunction of the DC / DC converter and to minimize
the power losses of the PV system [6,3,10]. Most of the
work encountered in the literature does not deal in depth
with the operation of the converter stages, in particular
the control of the power switches of DC / DC converters
[17,18,19]. In this context, we are carrying out research
allowing the improvement of the performance of PV
systems in order to improve energy production, system
reliability and therefore the efficiency of DC / DC
converters. Thus, allowing their application in stand-
alone PV installations. In this work, we propose the
design, the realization, and the experimental results of a
discretized PV system, optimized with two stages in
series. Special care is drawn to:

e Optimizing the operation by a specific MPPT
control adapted to a discretized system

e providing a reliable control technique for the power
switches of the DC / DC converters of the two stages.

e Protection of operation and equipments in the PV
installation.

In the first section, we present the operation of the
main blocks of the two-stage discretized photovoltaic
system, and in the second section we validate the
experimental results obtained by comparing them with
the simulated ones.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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2 Global photovoltaic system

2.1 Structure of the system

The overall structure of the discretized PV system which

is the subject of our work is represented in Fig. 1. The

different blocks of this system are:

e PV generators formed by PV panels in Upper and
Lower stages.

o A load that can be batteries or a DC resistor.

e Two adaptation stages (low and high), formed by
Boost DC/DC converters.

e Two protection blocks

o A digital MPPT control adapted to a discretized PV
system, which generates two PWM signals and
based on the use of a Microcontroller (PIC)
according to an algorithm that considers the specific
technical characteristics of the PV generators used.

e A Switch Control Block (SCB).
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Fig. 1. Structure of the PV installation consisting of two
floors (the upper and the lower stages).

2.2 MPPT control

The control of the entire PV system is managed by a
single microcontroller. The system is designed to
acquire the electrical quantities and to perform the
MPPT algorithm to control the two-level PV structure.
Therefore, the control system generates two PWM
signals (PWM 1 and PWM 2 signals) (Fig. 2) to control
simultaneously, via the SCB block, the power switches
of the two stages of the system for the smooth operation
of the PV installation. The algorithm (Fig. 3)
implemented on the microcontroller is based on
improved incremental conductance algorithm, on which
we specified and included a specific PV voltage range
[17-20] to enhance its performance. This range
represents the area where photovoltaic panels operate
under optimum conditions regardless of weather
conditions (illumination and temperature) (Fig. 4).

The MPPT algorithm depends on the slope of the P-V
curve, which can be affected by the solar irradiation
level and the load. Besides tracking the MPP by
searching the peak of the P-V curve, we also set the
algorithm to use the evolution of PV optimal voltage
range to set the appropriate duty cycle of PWM signal
controlling the DC/DC converter. Therefore, in our case,

the MPPT algorithm is more focused on the area where
the PV wvoltage is inside the optimal voltage ranges
(13V-16V) (Fig. 3) [17]. Finally, the algorithm
functioning is set to control the two duty cycles of the
PWM signals (PWM 1 and PWM 2). These signals
control the power switches of our system in order to
operate around the operating point of each PV panels to
ensure that the PV system generates maximum power at
all times and avoiding the divergence problem of the PV

operation.
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Fig. 2: The electrical circuit of the BOOST converter used in
this study

After acquiring the electrical quantities of the PV
generator, the MPPT algorithm (Fig. 3) locates the
position of the generator voltage in relation to the range
between [Vmin, Vmax].

If the voltage is outside the range [Vmin, Vmax], the
algorithm will bring it back into this range with a large
increment step of around 0.05, then it will look for the
maximum power point.

Otherwise, if the voltage is in the range [Vmin, Vmax],
the algorithm will precisely seek the maximum power
point with a small increment step of around 0.01.

The increase or decrease in the duty cycle that controls
the DC-DC converter is based on the state of evolution
of the PV generator parameters as well as the increment
step.
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Fig 3: MPPT algorithm implemented on the microcontroller
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2.3 The switch control Block SCB

The PV system studied is formed by two DC/DC
converters in series, two protection blocks, two PV
generators and the power switches control system which
requires two PWM signals (PWM 1 and PWM 2), that
have respectively an amplitude of 12 V and 35 V. Since
the microcontroller can only generates two PWM
signals with an amplitude of 5 V, then the use of the SCB
block is necessary to control the power switches of the
PV system. Using the drivers shown in Fig. 5, we
propose the structure of the SCB as follows:

The bottom circuit (Fig. 5.A), requires one Driver
(Driver 1), which provides PWM1 signal:

HO=VCC + VS €))
Where, VCC represents the power supply of the driver
(12V).

Since the PWM signal is varying and VS is connected
to the ground (0V), then PWM 1 signal is also varying
with an amplitude of the order of VCC:
HO=VCC~12V 2)

The upper circuit (Fig. 5.B) based on the configuration
of the internal structure of the driver used [21]. It
requires the combination of two identical drivers as
shown in Fig. 4. Consequently, we obtain two PWM
signals (signals PWM 2 1 and PWM 2):

HO1 =VCC1 + VS1 3)
Where, VCCI represents the power supply of the Driver
(20 V).
We have VSI1 pin connected to ground. So:
HO1 =VCClI @)
HO2=VCC2+VS2 %)

=VCC2 +HOLI (6)

Since PWM signals and HO1 are varying and VS2 is
connected to HO1 then PWM 2_1 signal and PWM are
also varying within an amplitude respectively of 20 V
and 40 V.
All these analyzes allow us to conclude that the SCB
block of Fig. 4 generates signals that can control the
opening and the closing of the power switches of the two
DC / DC converters.
e PWMI signal, rectangular with an amplitude of
12V,
e PWM2 I signal, rectangular, with an amplitude of
20V,
o PWM?2 signal, rectangular with an amplitude of
40V.

Fig 5: Switches Control Block diagram (SCB).
3 Experimental results and discussions

3.1 Experimental procedure

The system studied is constituted by:

e 2 Photovoltaics generators (PVGI et PVG2)

e Two DC/DC boost converter in series used for the
discretized architecture.

e Digital MPPT control implemented in a
microcontroller (Arduino uno) according to the
algorithm of Fig. 2,

e A Switch control block (SCB) which generates

e Resistor DC load,

e  Meteorological station based on acquisition of
irradiance and temperature values.

3.2 Results discussion

3.2.1 Specifications

In order to validate experimentally the operation of the
PV system, we have realized the following PV system
with two stages:

e Two double inductance DC / DC Boost converter in
series used for the discretized PV architecture are
designed to operate under 10 kHz of frequency with
a maximum power of 150 W and a current of 12 A,

e Two protection control system controlled by an
ON/OFF signal (Ctrll and Ctrl2) generated by the
microcontroller with 5V voltage

e Hill Climbing MPPT control, that generate 2 PWM
signals with a voltage around 5V. the first one
(PWM1) is amplified by the driver 1 (Fig. 4-A) to
achieve 12V (PWMI1) for a good control of the
BOOST1 switch, and the second one is amplified by
the second and the 3rd drivers (Fig. 4-B) to achieve
40V for a good control of the BOOST2 (Upper
stage) switch.

e Resistive load with variable value.

e A Human machine Interface for acquisition of the
various electrical values.
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3.2.2 Operation of the SCB block

The typical experimental results, for an illumination of
800 W/m?, of the obtained PWM-1and PWM-2 signals
are shown in Fig. 6. The waveforms of these signals
show:
e Rectangular signals with a frequency of 20 kHz and
a duty cycle about 0.6,
e PWM 1 and PWM 2 signals with an amplitude of
12V and 40V respectively.
These results are in very good agreement with those
simulated and fixed by the specifications. As a result,
the SCB can control perfectly the two power switches
(Mosfetl and Mosfet2) of the Boost DC/DC converters
(Upper and Lower), connected in series, for a frequency
of 10 kHz.
Usually in DC-DC converters integrating N-type
MOSFETs, it is impossible to cascade them because the
control voltage is very high and its value depends on the
number of stages, the technique used in this work
therefore addresses this problem. and improve the
control of converters.
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Fig. 6: Waveforms of the PWM 1 (A), PWM 2 1 (B) and
PWM 2 (C) signals.

4 Conclusion

The paper presents an analysis of the control of the
power switches of two-stage DC / DC converters of the
Photovoltaic system. By relying on the internal structure
of the drivers, we have made available a specific SPB
power unit making it possible to generate two PWM
signals of suitable shapes to control the switches of the
stages of the system having a floating voltage (output of
the first stage) at around 30 V. All the experimental
results and simulations obtained show that:

The PWM signals are characterized by an amplitude
largely sufficient to control the power switches,

The simulation and experience of the electrical
quantities of each block of the PV system are in phase,

The operation of each adaptation stage and of the
complete PV system was optimal,

The efficiency of each stage is in the order of 88%.

From the results obtained, we have shown that the
control of the two power switches, on opening and
closing, considers the floating voltage of the DC / DC
converter of the lower stage. Consequently, the structure
of the specific power block (SPB) proposed during this
work is approved and its use in multi-stage photovoltaic
systems is largely justified.

Appendix
Term Abbreviation
Pulse-Width Modulation PWM
Direct Current to Direct Current converter DC-DC
Maximum Power Point Tracker MPPT
Switch Control Block SCB
Specific Power Block SPB
Photovoltaics Generators PV G1-2
Graphical User Interface GUI
ON/OFF Control Signal CTRI1-2
Input Voltage State VSTATE
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