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ABSTRACT:

This paper presents a robust nonlinear controller
design for a three-phase grid-connected photovoltaic
(PV) system to control the current injected into the
grid and the dc-link voltage for extracting maximum
power from PV units. The controller is designed
based on the partial feedback linearization approach,
and the robustness of the proposed control scheme is
ensured by considering structured uncertainties
within the PV system model. An approach for
modeling the uncertainties through the satisfaction
of matching conditions is provided. The superiority of
the proposed robust controller is demonstrated on a
test system through simulation results under different
system contingencies along with changes in
atmospheric conditions. From the simulation results,
it is evident that the robust controller provides
excellent performance under various operating
conditions.

Index Terms—Grid-connected PV system, matching
conditions, partial feedback linearization, robust
nonlinear controller, structured uncertainty.

INTRODUCTION:

In Response to global concerns regarding the
generation and delivery of electrical power,
photovoltaic (PV) technologies are gaining popularity
as a way of maintaining and improving living
standards without harming the environment. To extract
maximum power from the PV system a robust
controller is required to ensure maximum power-point
tracking (MPPT) and deliver it to the grid through the
use of an inverter . Robustness is essential since the
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power output of PV units varies with changes in
atmospheric conditions. Thus, the controller must be
robust enough to provide a tighter switching scheme
for the inverter to transfer maximum power into the
grid over a wide range of operating conditions with a
short transient period. In a grid-connected PV system,
control objectives are met by using a pulse-width
modulation (PWM) scheme based on two cascaded
control loops The two cascaded control loops consist
of an outer voltage-control loop to track the maximum
power point (MPP) and an inner current control loop to
control the duty ratio for the generation of a sinusoidal
output current which needs to be in phase with the grid
voltage for unity power factor operation [7]. The
current loop is also responsible for maintaining power
quality (PQ) and for current protection that has
harmonic compensation. Linear controllers are widely
used to operate PV systems at MPP however, most of
these controllers do not account for the uncertainties in
the PV system. Over the past few decades, one of the
most important contributions in the field of control
theory and applications has been the development of
robust linear controllers for linear systems in the
presence of uncertainties through the control scheme
which is often obtained from linear matrix inequality
(LMI) methods. A feed forward approach is proposed
in to control the current and dc-link voltage, and the
robustness is assessed through modal analysis. A robus
fuzzy-controlled PV inverter is presented in [17] for
the stabilization of a grid-connected PV system where
the robustness is achieved by using the Taguchi tuning
algorithm. A minimax linear quadratic Gaussian
(LQG) technique is proposed in to design a robust
controller for the integration of PV generation into the
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grid where the higher-order terms during the
linearization are considered as modeling uncertainties.
The controller design methods as presented[13] and
are based on linearizedmodels of nonlinear PV
systems. In practice, PV sources are time varying, and
the system is not linearizable around a unique
operating point or a trajectory to achieve the desired
performance over a wide range of changes in
atmospheric conditions.

Existing System:

A three-phase grid-connected PV system is shown in
Fig. 1 where the PV array consists of a number of PV
cells in a series and parallel combination to achieve the
desired output voltage. The detailed modeling of a PV
array and cell is given in [25].

The output voltage of the PV array is a dc voltage and,
thus, the output dc power is stored in the dc-link
capacitor . The output current of the PV array is and
that of the dc-link capacitor is . The dc output power of
the PV array is converted into ac power through the
inverter. The inverter, shown in Fig. 1, is an
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Fig. 1. There-phase grid-connected PV system with an output LC'L filter

Proposed System:

Since the three-phase grid-connected PV system, as
represented by the group of , has two control inputs (
and and the controller needs to be designed with two
control objectives and , the mathematical model can be
represented by the following form of a nonlinear
multi-input multioutput (MIMO) system The design of
a partial feedback linearizing controller depends on the
feedback lineariz ability of the system, and this

Volume No: 2 (2015), Issue No: 7 (July)

feedback linearizability is defined by the relative
degree of the system . The relative degree of the
system, in turn, depends on the output functions of the
system. The nonlinear model of a three-phase grid-
connected PV system as shown by (9) can be
linearized using feedback linearization when some
conditions are satisfied. Consider the following
nonlinear  coordinate  transformation  for  the
aforementioned  three-phase  grid-connected PV
system:

UNCERTAINTY MODELING

As mentioned earlier, the output power of the PV
system depends on the intensity of the solar irradiation
which is uncertain because of unpredictable changes in
weather conditions. These changes may be modeled as
uncertainties in current out of the solar panels which,
in turn, causes uncertainties in the current (in the -
frame, , and ) injected into the grid. Since the
uncertainty in the output power of inverters is related
to the frequency of the grid, the proposed scheme has
the capability of accounting for the uncertainty in the
grid frequency. In addition, the parameters used in the
PV model are, in most cases, either time varying or not
exactly known and, therefore, parametric uncertainties
exist too. Thus, it is essential to represent these
uncertainties in PV system models.

ROBUST CONTROLLER DESIGN

The following steps are followed to design the robust
controller for a three-phase grid-connected PV system
as shown in The main difference between the designed
robust control law (32) and the control law as
presented in is the inclusion of uncertainties within the
PV system model. Here, the linear control inputs and
can be obtained in a similar way as discussed in The
performance of the designed robust stabilization
scheme is evaluated and compared in the following
section to that without any uncertainty as presented in
along with the direction of practical implementation.

Controller Performance Evaluation

To evaluate the performance of the three-phase grid-
connected PV system with the designed robust
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controller, a PV array with 20 strings each
characterized by a rated current of 2.8735 A is used.
Each string is subdivided into 20 modules
characterized by a rated voltage of 435 A and
connected in series. The total output voltage of the PV
array is 870 V, the output current is 57.47 A, and the
total output power is 50 KW. The value of the dc-link
capacitor is 400 F, the line resistance is 0.1 , and
inductance is 10 mH. The grid voltage is 660 V and
the frequency is 50 Hz. The switching frequency of the
inverter is considered as 10 kHz.

Nominal System
Equation (7)
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Fig. 7. Controller performance during the single-line-to-ground fault.
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Fig. 8. Positive-sequence active (/,) and reactive (I;) current during the
single-line-to-ground fault.
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Fig. 9. Negative-sequence active (F) and reactive ()] power during the
single-line-to-ground fault.

CONCLUSION

A robust controller is designed by modeling the
uncertainties of a three-phase grid-connected PV
system in a structured way based on the satisfaction of
matching conditions to ensure the operation of the
system at unity power factor. The partial feedback
linearizing scheme is employed to obtain the robust
control law and with the designed control scheme, only
the upper bounds of the PV systems’ parameters and
states need to be known rather than network
parameters, system operating points, or natures of the
faults. The resulting robust controller enhances the
overall stability of a three-phase grid-connected PV
system considering admissible network uncertainties.
Thus, this controller has good robustness against the
changes in parameters and variations in atmospheric
conditions irrespective of the network parameters and
configuration. Future work will include the
implementation of the proposed control scheme on a
practical system.
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