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Abstract— Power electronic converters are commonly used for 
interfacing distributed generation systems to the electrical power 
network. This paper deals with a single-phase inverter for 
distributed generation systems requiring power quality features, 
such as harmonic and reactive power compensation for grid-
connected operation. The idea is to integrate the DG unit 
functions with shunt active power filter capabilities. With the 
proposed approach, the inverter controls the active power flow 
from the renewable energy source to the grid and also performs 
the non-linear load current harmonic compensation keeping the 
grid current almost sinusoidal. The control scheme employs a 
current reference generator based on Sinusoidal Signal 
Integrator (SSI) and Instantaneous Reactive Power (IRP) theory 
together with a repetitive current controller. Experimental 
results obtained on a 4 kVA inverter prototype demonstrate the 
feasibility of the proposed solution. 

I. INTRODUCTION 
Recently, due to the high price of oil and the concern for 

the environment, renewable energy is in the limelight. The 
Distributed Generation (DG) concept emerged as a way to 
integrate different power plants, increasing the DG owner’s 
reliability, reducing emissions and providing additional power 
quality benefits [1]. The cost of the distribution power 
generation system using the renewable energies is on a falling 
trend and is expected to fall further as demand and production 
increase. 

The energy sources used in DG systems usually have 
different output characteristics and for this reason power 
electronic converters are employed to connect these energy 
sources to the grid, as shown in Fig. 1. The power electronic 
front-end converter is an inverter whose DC link is fed by an 
AC/DC converter or by a DC/DC converter, according with 
the DG source type. The commercial front-end inverters are 
designed to operate either as grid-connected or in island-
mode. In grid-connected mode, the voltage at the Point of 
Common Coupling (PCC) is imposed by the grid, thus the 
inverter must be current controlled. When operated in island 
mode, the inverters are voltage-controlled, generating the 
output voltage at a specified amplitude and frequency [2-3]. 

Coming to the grid-connected mode, almost all the 
commercial single-phase inverters for DG systems inject only 
active power to the grid, i.e. the reference current is computed 
from the reference active power p* that must be generated [4]. 

 
Figure 1.  DG unit connected to the grid. 

It is possible and can be convenient to integrate power quality 
functions by compensating current harmonics drawn by 
specific local nonlinear loads (Fig. 1). The single phase 
inverter can acquire active filtering features just adding to its 
control software some dedicated blocks that are specific to 
shunt APF.  

This paper implements an enhanced power quality control 
strategy for single phase inverters used in distributed 
generation systems. The idea is to integrate the DG unit 
functions with shunt Active Power Filter (APF) capabilities. 
With the proposed approach, the inverter controls the active 
power flow from the renewable energy source to the grid and 
also performs the compensation of the non-linear load current 
harmonics, keeping the grid current almost sinusoidal. 

The integration of APF capability in single-phase inverters 
needs a particular attention since the control techniques (for 
example, to find the reference current) were developed for 
three-phase APFs. The most important task of the single 
phase APF control is the harmonic content extraction from 
the non-linear load current, needed for the reference current 
generation.  

The literature presents different solutions to compute the 
harmonic extraction task for single-phase APFs [5-16]. In [5], 
the methods are classified in direct and indirect methods. The 
direct methods include the Fourier transform method [7], the 
Instantaneous Reactive Power (IRP) theory [8-11] and the 
Synchronous Reference Frame (SRF) theory [12-15]. On the 
other hand, the indirect methods include the use of Enhanced 
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Phase Locked Loop (EPLL) scheme or a controller such as 
Proportional-Integral (PI) to find the reference current [5,6].  

Among these solutions, the Instantaneous Reactive Power 
(IRP) and the Synchronous Reference Frame (SRF) theories 
the most addressed ones in the literature [8-15]. These 
strategies were originally proposed for three-phase systems 
but they have been adapted for single-phase systems due to 
their effectiveness. In three-phase systems, both IRP and SRF 
techniques operate in a reference system with two orthogonal 
axes (αβ for IRP and dq for SRF). In single-phase systems, 
since only one phase variable exists, it is necessary to create 
one “fictitious” or imaginary variable in which all frequencies 
are phase shifted by 90 degrees with respect to the original 
variable. With this procedure, a system with two orthogonal 
variables is created from a single variable, allowing the 
application of the IRP and SRF theories. However, the 
computation of the fictitious variable from the existing one is 
not a simple task since the non-linear load current has a high 
harmonic content. In [11], the imaginary variables are 
calculated using the Hilbert transform. This method leads to a 
non causal system, and cannot be direct implemented. 
However it is possible to approximate the transformation 
through a Finite Impulse Response (FIR) filter and in this 
case some phase delays are introduced in the fictitious 
variable and implicitly in the inverter current reference [16]. 

In this paper, the computation of the reference current is 
performed using a Sinusoidal Signal Integrator (SSI) along 
with the IRP theory. The current control scheme is 
implemented using a repetitive controller and is insensitive to 
grid voltage distortions. This control strategy has been 
initially proposed by the authors in [20] along with simulation 
results and experimental results with the inverter operating 
only as active filter. With respect to [20], in this paper the 
control strategy is briefly presented and then the experimental 
validation is performed with the grid-connected inverter both 
functionalities: injecting active power and compensating the 
current harmonics of a non-linear local load. 

II. PROPOSED CONTROL SCHEME  
The block diagram of the single-phase inverter control 

scheme having enhanced power quality is shown in Fig. 2.  

 

Figure 2.  Inverter control scheme. 

The inverter reference current i*
F is generated by the 

reference current generator block and the current control is 
performed using a repetitive controller. 

A. Reference Current Generator 
The reference current generation scheme is shown in Fig. 3 

and can be divided into two parts: the computation of the 

harmonic current reference i*
hα and the generation of the 

fundamental reference current i*
1α corresponding to the active 

and the reactive power to be injected. 
1) Generation of the Harmonic Reference Current  
The non-linear load current iL and the PCC voltage vPCC are 

used to calculate the reference current for current harmonics 
compensation. A filter based on SSI's (hereinafter called SSI 
filter) extracts the fundamental frequency component 
ω0=2·π·50 of the load current in stationary αβ frame, as shown 
in Figs. 3-4 [17]. The harmonic reference current i*

hα is 
obtained from the subtraction of the load current from the 
output of the SSI filter (iL-iL1α). 

2) Generation of the Fundamental Reference Current  
In steady-state operation, the SSI filter shown in Fig. 4 has 

two sinusoidal states x1 and x2 having the same amplitude and 
being phase-shifted by 90 electrical degrees, as demonstrated 
in [18]. This property is useful for obtaining the orthogonal 
fundamental components needed to perform the reactive 
power compensation of the local load. The signal iL1β is 
generated by the SSI only to calculate the fundamental 
reactive power reference q*, using the definition of reactive 
power from IRP theory as follows: 

 αββα
∗ −= 1111 viviq LL  (1) 

To obtain v1α and v1β, another SSI filter is used in the PCC 
voltage vPCC generating v1α and a signal (v1β) with the same 
amplitude and phase-shifted by 90 electrical degrees from v1α 
as shown in Fig. 4. The use of an SSI filter in the PCC voltage 
makes the reference current generator insensitive to grid 
voltage distortions. The fundamental components of the 
inverter reference current i*

1α and i*
1β are calculated by 

imposing the reference power p* equal to the amount of active 
power to be injected into the grid, as follows: 
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Since the system is single-phase, the current i*
1β is 

neglected and i*
1α is added to the harmonic reference current 

i*
hα to obtain the inverter reference current. 

 
Figure 3.  Reference current generation scheme. 
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Figure 4.  SSI filter. 

The SSI filter used to extract the fundamental component 
of the non-linear load current is very flexible and the gain kA 
(see Fig. 4) can be adjusted to improve the selectivity of the 
reference generator or to improve the it’s transient response. 

It is important to emphasize the difference among the 
solution used in this paper to create the fictitious variable and 
another existing method [11]. In the proposed technique, the 
orthogonal fundamental component signals, used for current 
reference generation and obtained from the SSI filter, are 
sinusoidal and phase shifted by 90 degrees. In the existing 
method, the obtained fictitious variable is a signal with a high 
harmonic content generated by phase shifting all frequencies 
of the load current by 90 degrees. In this case some phase 
delay is introduced in the fictitious variable and implicitly in 
the inverter current reference [16]. 

B. Current Control 
The structure of the control is shown in Fig. 5 [19]. It is 

based on a repetitive controller to guarantee zero steady-state 
error when the reference current has a high harmonic content. 
The harmonics to be compensated are amplified by this model 
helping the current control (in this case, a PI control) to 
achieve a good performance in terms of harmonics mitigation. 
The Discrete Fourier Transform (DFT) provides selective 
compensation with unity gain to every single harmonic to be 
compensated. 

The discrete transfer function of DFT is given by: 
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where N is the number of the coefficients, Nh is the set of 
selected harmonic frequencies and Na is the number of 
leading steps necessary to maintain the system stability. In 
addition, the parameter kR determines the response speed of 
the controller. 

This scheme was proposed for three-phase APF systems to 
be implemented in stationary αβ frame [19], and it can be 
easily implemented in single-phase systems. Also, the 
complexity of the repetitive control does not change by 
increasing the number of the compensated harmonics.  

 

Figure 5.  Current control scheme. 

Another important aspect concerning the repetitive control 
is the smaller number of parameters when compared to other 
frequency selective techniques employing multiple rotating 
integrators or multiple resonant controllers. 

III. EXPERIMENTAL RESULTS 
The general diagram of the experimental setup is shown in 

Fig. 6. A general view of the experimental test bench is 
presented in Fig. 7 and the system parameters are given in 
Table I. A 4 kVA single-phase full-bridge inverter prototype 
using a switching frequency of 10 kHz has been used for the 
experimental tests. 

The hardware platform used to implement the inverter 
control algorithm is a dSPACE development modular system 
based on the DS1005 processor board and several boards for 
each special hardware task (example: DS 5101 board for 
PWM generation, DS 2004 board for A/D conversion, DS 
4002 board for Digital I/O). All boards are hosted in a dSpace 
PX10 expansion box that uses the DS817 board for 
bidirectional communication with PC through optical fibres. 

The repetitive current controller parameters are kR = 1,  
N = 200 (sampling frequency = 10 kHz), Nh = 2n-1 with 
n=1…13, Na = 2. The PI current controller parameters are:  
kp = 3 and ki = 500. 

TABLE I.  EXPERIMENTAL SETUP PARAMETERS  

Parameter Symbol Value 

Mains voltage vS 220 V 
Interface capacitance CF 7.5 μF 
Interface inductance LF 700 μH 
DC-link capacitance Cd 2.2 mF 

DC-link voltage setpoint Vdc 400 V 
Switching/Sampling frequency fsw, fs 10 kHz 

Fundamental frequency f1 50 Hz 
Linear resistive load R2 25 Ω 

Nonlinear load input inductance L1 900 μH 
Nonlinear load output capacitance C1 1 mF 
Nonlinear load output resistance R1 50 Ω 

 
Figure 6.  Experiment setup of the single-phase inverter.  
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Figure 7.  General view of the experimental test bench.  

The quantities measured from the system are: the inverter 
current iF, the PCC voltage vPCC and the local load current iL, 
as shown in Fig. 6. As the paper focus is on the grid-
connected inverter, the DC energy source has been emulated 
with a three-phase diode rectifier fed by a three-phase variac. 

The single-phase inverter injects active power into the grid 
and compensates the harmonics generated by a local load, 
which contains two parts: a 2kW linear resistive load and a 
3kVA non-linear capacitive load (a single-phase diode 
rectifier with capacitive DC load).  

The experimental tests have been performed as follows. 
First, both loads are connected and the inverter injects a small 
amount of active power and compensates the non-linear load 
current harmonics. Steady-state and transient operation are 
considered to show the inverter performance in terms of 
current harmonics mitigation. In the second experiment, only 
the linear resistive load is connected and the inverter 
generates power at unity power factor. 

A. Inverter Operation with both loads connected  

The steady-state operation of the inverter injecting 1kW 
active power and compensating the current harmonics of the 
local load is shown in Figs. 8,9. The inverter current iF, the 
PCC voltage vPCC and the local load current iL are shown in 
Fig.8, while Fig.9 contains the inverter current iF, the PCC 
voltage vPCC, the grid current iS and the Fourier analysis of the 
inverter current iF. It can be seen from Figs. 8,9 that even if 
the local load current is highly distorted, the mains current is 
almost sinusoidal.  

Also, it can be noted that the grid current is in phase with 
the PCC voltage, so in this case the local load still draws 
active power from the grid. This happens because the inverter 
injected active power of 1 kW is smaller than the active 
power requested by the local load. 

The inverter dynamic performance has been evaluated by 
turning on the load diode rectifier, as shown in Figs. 10,11. It 
results from these figures a fast transient response of the 
inverter with a settling time of about 20ms.  

 

Figure 8.  Steady-state operation of the inverter injecting 1kW active power 
and compensating the current harmonics of the local load. Trace 1: inverter 

current iF; Trace 2: load current iL; Trace 4: grid voltage vPCC.  

 

Figure 9.  Steady-state operation of the inverter injecting 1kW active power 
and compensating the current harmonics of the local load. Trace 1: inverter 

current iF; Trace 2: grid current iS; Trace 4: grid voltage vPCC; 
Trace A: Fourier analysis of the inverter current.  

 

Figure 10.  Inverter transient response during non-linear load turn-on. Trace1: 
inverter current iF; Trace 2: grid current iS; Trace 4: grid voltage vPCC. 
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Figure 11.  Inverter transient response for non-linear load turn-on. Trace 1: 
inverter current iF; Trace 2: load current iL; Trace 4: grid voltage vPCC. 

B. Inverter Operation with only the resistive load connected  

In Fig. 12 is presented the steady-state operation of the 
inverter, injecting 2 kW active power and with only the 2 kW 
linear load connected. In this case the non-linear load is 
disconnected and it can be seen that the grid current is almost 
zero because the load power request is completely supplied 
by the inverter. The steady-state operation of the inverter, 
injecting 3 kW of active power, is presented in Fig. 13. It can 
be seen that the grid current is out of phase respect to the PCC 
voltage by 180 electrical degrees, which means active power 
generation. The inverter current waveform and its Fourier 
analysis that are illustrated in Fig. 13 show that the injected 
current is almost sinusoidal. The current source THD value 
was about 2%.  

The inverter transient response during a step-up of the 
injected active power reference from 1kW to 3 kW is shown 
in Fig. 14. For this experiment, only the 2kW linear load has 
been connected and it results a good transient performance of 
the inverter control. 

 

Figure 12.  Steady-state operation of the inverter injecting the active power 
requested by the resistive load (2 kW). Trace 1: inverter current iF;  

Trace 2: grid current iS; Trace 4: grid voltage vPCC; 
Trace A: Fourier analysis of the inverter current. 

 

Figure 13.  Steady-state operation for 3 kW active power generation. Only the 
2 kW linear load is connected in this case. Trace 1: inverter current iF;  

Trace 2: grid current iS; Trace 4: grid voltage vPCC; 
Trace A: Fourier analysis of the inverter current.  

 

Figure 14.  Inverter transient response during a step-up of the injected active 
power (1kW to 3 kW). Only the 2kW linear load is connected. Trace 1: 
inverter current iF; Trace 2: grid current iS; Trace 4: grid voltage vPCC. 

Also it can be seen that, before the transient, the inverter 
delivered active power was insufficient for the local load and 
the additional power is absorbed from the grid. After the 
active power reference step-up transient, the inverter supplies 
the active power requested by the local load and the 
remaining power is injected into the grid. 

The integration of power quality features has the drawback 
that the inverter will deliver also the harmonic compensation 
current with the direct consequence of increase the inverter 
overall current and cost. A current limitation strategy should 
be implemented and if the inverter output current exceeds the 
switch rating then the supplied harmonic current must be 
reduced: 

 2
1

2
max IIIh −=  (4) 

In this mode, the inverter rated current it is mainly used for 
active power injection and if there is some current margin, it 
is used for the non-linear load harmonic compensation. 
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IV. CONCLUSIONS 
This paper dealt with a single-phase H-bridge inverter for 

distributed generation systems requiring power quality 
features as harmonic and reactive power compensation for 
grid-connected operation. The proposed control scheme 
employs a current reference generator based on Sinusoidal 
Signal Integrator (SSI) and Instantaneous Reactive Power 
(IRP) theory, together with a repetitive current controller. 
Experimental results have been obtained on a 4 kVA inverter 
prototype. The grid-connected single-phase H-bridge inverter 
injects active power into the grid and compensates the 
harmonics generated by a non-linear local load. The 
experimental results have shown good transient and steady-
state performance in terms of grid current THD and transient 
response. 
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