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Abstract:

In this paper, a new, robust and simple controller is suggested for a two stage, single-phase grid connected photovoltaic
power system. The state space equations of the system are obtained. Adaptive backstepping nonlinear controller is
employed to design this controller. Uncertainties do not affect controller performance. The proposed photovoltaic
system has two stages. In the first stage, a two-switch forward converter is used. This converter works by PWM
method. Carrier frequency can reached up to several tens of kHz. This converter receives the input voltage and produces
a rectified sinusoidal current. In the second stage, a single-phase inverter is used. This inverter works on the line
frequency with current unfolding method. The current of the inductor of the inverter filter in the output, indicates the
injected power from photovoltaic cells to the grid. Using the designed controller, the injected current tracks its
reference. Simulation results show the high performance of the robust suggested nonlinear controller.
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1. Motivation of the work

Solar energy systems are increasingly utilized due to their
environmental benefits and independence from fossil
fuels. However, photovoltaic (PV) panels produce low
and variable DC voltages, typically between 1040 V,
which depend on irradiance and temperature. To ensure
stable operation and high efficiency, DC-DC converters
with voltage boosting capability and maximum power
point tracking (MPPT) are required [1]. Existing high-
gain converters often rely on coupled inductors or
complex multi-mode operation, making their design and
control difficult. Moreover, many of these converters
exhibit nonlinear and non-minimum phase
characteristics, which complicate controller
implementation and may degrade dynamic performance.
To overcome these limitations, this paper proposes a
grid-connected solar power system based on a two-switch
forward converter and a single-phase inverter. The
converter provides galvanic isolation, prevents leakage
current, and achieves voltage boosting through
transformer design. Its two-switch configuration
eliminates the need for an additional demagnetizing
winding and enables partial energy recovery to the
source. A current injection strategy based on current
unfolding at the line frequency is used to generate
sinusoidal grid currents while significantly reducing
switching losses compared with PWM control [2].
Furthermore, an adaptive backstepping controller
designed via Lyapunov theory ensures robust current
tracking and stability under input and grid voltage
variations.

2. Contributions

This study presents a novel grid-connected solar power
system that integrates a two-switch forward converter
with a single-phase inverter. The main contributions can
be summarized as follows:

A modified two-switch forward converter is proposed
for photovoltaic applications. Unlike conventional
topologies, the proposed converter achieves galvanic
isolation,  voltage  boosting, and  transformer
demagnetization without requiring an auxiliary winding.
It also allows partial energy recovery to the source,
improving efficiency.

The converter operates with a single mode and a
minimum-phase dynamic response, reducing design
complexity compared with high-gain converters
employing coupled inductors or multiple modes.

A novel current unfolding method at line frequency is
adopted to generate a sinusoidal grid current. This
approach significantly decreases switching losses
compared to traditional PWM-based techniques.

An adaptive backstepping controller is developed using
Lyapunov stability theory to ensure robust current
tracking under parameter uncertainties and variations in
PV or grid voltage. The proposed control and design
approach can be extended to other nonlinear converters,

such as flyback converters, making it a flexible solution
for renewable energy systems.

3. Procedures

The study focuses on the modeling, design, and control
of a grid-connected photovoltaic (PV) power system
employing a two-switch forward converter and a single-
phase inverter. The objective was to achieve efficient
DC-AC power conversion, robust current control, and
reduced switching losses. The system control was
implemented digitally using a microcontroller. The
current injection control based on current unfolding at
line frequency was applied to produce a sinusoidal
current synchronized with the grid voltage, while
minimizing switching losses. An adaptive backstepping
controller, derived from Lyapunov stability theory, was
designed to regulate the inverter current and compensate
for parameter uncertainties and input voltage
fluctuations. Key parameters measured included
converter efficiency, total harmonic distortion (THD) of
the injected current, voltage and current waveforms, and
dynamic response to load. The performance of the
proposed system was compared with a conventional PI-
controlled converter. The results demonstrated reduced
switching losses, lower THD, and improved current
tracking accuracy under uncertain conditions.

4. Findings

Simulation and experimental results confirm the
effectiveness of the proposed two-stage solar power
system in terms of stability, efficiency, and current
quality. The two-switch forward converter demonstrated
stable operation with reduced current ripples due to the
implementation of the low-pass LC filter. The converter
achieved high voltage gain through the transformer turns
ratio while maintaining galvanic isolation and enabling
partial energy recovery to the source. These features
improved both the efficiency and the dynamic response
of the system.

The proposed converter with current unfolding technique
in the inverter stage significantly reduced switching
losses compared to conventional methods. This not only
decreased power dissipation but also reduced the overall
circuit volume and heat generation, making the system
more compact and cost-effective.

The adaptive backstepping control strategy based on
Lyapunov theory successfully ensured robust current
tracking even under variations in input voltage, solar
irradiance, and grid conditions. The controller maintained
sinusoidal current injection with low total harmonic
distortion (THD) and fast transient response. The system
remained stable despite parameter uncertainties and load
changes, validating the robustness of the proposed
control scheme.

5. Conclusion
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The proposed two-stage solar power conversion system
consists of a two-switch forward converter in the first
stage and a single-phase inverter in the second stage.

In the first stage, the two-switch forward converter
operates as a minimum-phase topology featuring an
isolating step-up transformer. This converter provides
energy recovery to the source and automatic core
demagnetization. In the second stage, a single-phase
inverter employing bipolar switching with a current
unfolding technique is used. This switching logic
simplifies the inverter’s control scheme and considerably
reduces switching losses, which in turn allows for smaller
circuit size and improved overall efficiency. A robust
adaptive backstepping controller based on Lyapunov
stability theory is designed. This controller maintains
stable operation and accurate current tracking despite
parameter uncertainties or variations in solar irradiance,
temperature, and grid voltage within their allowable
ranges. Simulation results confirm that the proposed
system achieves fast dynamic response, high tracking
accuracy, and excellent injected power quality under
grid-connected operation. Furthermore, experimental
results of the two-switch forward converter demonstrate
its effectiveness in generating rectified sinusoidal current.
Even when a conventional PI controller is applied in the
hardware setup, the converter maintains satisfactory
performance, validating the practicality and robustness of
the proposed design.
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