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a b s t r a c t

This paper presents the modelling and design steps of a digital proportional multi-resonant controller
used in a grid-connected photovoltaic (PV) system. It is shown that the use of only one Proportional-
Resonant (PR) compensator, tuned to the system fundamental frequency, may have its effectiveness
compromised due to nonlinearities in the system components. To overcome this drawback and improve
the system's output current waveform, a multi-resonant controller is introduced. The performance of the
discrete-time designed controller is tested on a grid-connected photovoltaic power plant. Experimental
results obtained with the operation of a 30 kWp PV system connected to a distribution network, using
only the leakage inductances of a connection transformer as passive filter are presented and discussed to
demonstrate the performance of the designed control strategy.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The integration of small and medium capacity sustainable
sources-based distributed generation systems into the electric
grid is a fast and environmentally friendly way to meet growing
electricity demand in developed and developing countries.
Among renewable energy sources, photovoltaic (PV) systems are
one of the most promising, with a robust and exponential
growth [1].

Several converter topologies have been proposed to imple-
ment the inverter and interface it with the grid [2]. They can be
classified as single-phase or three-phase, with one or more
stages. Another categorization divide the topologies into
three major classes: (i) Low-frequency transformer coupling;
(ii) High-frequency transformer; and (iii) Transformerless
topologies.

Transformerless topologies have the advantage of higher effi-
ciency and reduced size. However, they have issues with respect to

ground leakage current and DC current injection into the grid. On
the other hand, when galvanic isolation is mandatory, topologies
based on transformers must be used. Although high frequency
transformers eliminate the ground leakage currents, they do not
prevent DC current injection [3].

Based on the fact that the IEC 61727 [4] and IEEE 1547 [5]
standards set limits for the maximum allowable amount of DC
current which can be injected into the grid, the classical solution
with line frequency transformer between the converter and the
grid will be used in this work. This solution in addition to pre-
venting the DC current injection, guarantees galvanic isolation and
voltage level adjustment.

Fig. 1 shows a PV system single line diagram. It consists of PV
arrays connected to a voltage source converter (VSC) input termi-
nals, along with acquisition system, signal conditioning, and con-
trols. The interface between the VSC and the grid is done only by a
coupling transformer, where its leakage inductances are used to
attenuate the switching frequency current harmonics. This
approach eliminates the output low-pass filter hence reducing the
system size and cost.

Several strategies are used to control the interface converter.
Historically, the first control methods were developed in the* Corresponding author.
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natural or abc reference frame [6]. They use nonlinear controllers
(e.g. hysteresis controllers) and have the disadvantage of requiring
high sampling frequencies and to switch the converter semi-
conductors with a variable frequency.

As an alternative, the synchronous reference frame can be
used. In the dq0 frame, the variables are referred to a coordinate
system synchronized with the grid AC signals [7]. The advantage
of this strategy is that the signals in the synchronous frame are no
longer AC, but DC signals. This allows the design of simpler linear
controllers (e.g. proportional-integral (PI)) [8]. Nevertheless, a
Phase Locked-Loop (PLL) is required to estimate the angle of the
grid voltages in order to guarantee the correct transformation
[9,10].

Another approach is the use of the stationary ab0 reference
frame. This strategy, when applied to a three phase, three-wire
system reduces the number of controllable variables [6,11]. How-
ever, as with the natural reference frame, the currents and voltages
are time varying waveforms.

This paper describes the design of a digital proportional multi-
resonant current controller. The objective is to compensate dis-
torted currents generated by a photovoltaic system, especially
when the PV system is connected to the grid without output pas-
sive filters.

Initially an analytical model is presented in the abc frame and
then it is discretized and transformed to an ab0 frame. The
aforementioned model is used to design the inner current com-
pensators. When the system is connected to the grid, with only a
Proportional-resonant (PR) controller tuned to the fundamental
frequency, distorted currents are generated due to the nonlinear
behaviour of the connection transformer. With the design and
the inclusion of additional resonant controllers, the distorted
current is compensated. Experimental results are presented to
demonstrate and validate the performance of the digital pro-
portional multi-resonant controller.

2. AC-side model

Based on Fig. 1, and neglecting the high frequency switching
harmonics, the following system can be written for the converter's
AC side

d
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2
4 iaðtÞ
ibðtÞ
icðtÞ

3
5 ¼

2
66666664

�R
L

0 0

0 �R
L

0

0 0 �R
L

3
77777775

2
4 iaðtÞ
ibðtÞ
icðtÞ

3
5þ

2
66666664

1
L

0 0

0
1
L

0

0 0
1
L

3
77777775

2
4 vaðtÞ
vbðtÞ
vcðtÞ

3
5;

(1)

where ia(t), ib(t), and ic(t) are the instantaneous currents at the
converter's terminals; vaðtÞ ¼ ðvt;a ðtÞ � va;pcc ðtÞ=NÞ,
vbðtÞ ¼ ðvt;b ðtÞ � vb;pcc ðtÞ=NÞ, and vcðtÞ ¼ ðvt;c ðtÞ � vc;pcc ðtÞ=NÞ;
vt;a ðtÞ; vt;c ðtÞ, and vt;c ðtÞ are the instantaneous voltages at the con-
verter's AC terminals; va;pcc ðtÞ; vb;pcc ðtÞ, and vc;pcc ðtÞ are the instanta-
neous voltages at the point of common coupling (PCC); N is the
transformer turns ratio; L and R are the equivalent leakage induc-
tance and the series resistance of the connection transformer
windings reflected to the primary side, respectively.

Applying the zero-order hold method, as explained in Appendix
A [12], to discretize (1), yields.

The discretization of (1) by using the zero-order hold (ZOH)
method (Appendix A) yields,
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where (n þ 1) and (n) represents the discrete time tnþ1 ¼ (n þ 1)Ts
and tn ¼ nTs, respectively; n is a positive integer that represents the
sampling time and Ts is the sampling time. The matrices F and G

are calculated by
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Fig. 1. Schematic diagram of a grid-tied PV system.
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