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Abstract— This paper proposes the design and 

implementation of a single-phase shunt active power filter based 
on the PQ theory to compensate current harmonics in electric 
distribution networks. The proposed method precisely extracts 
current harmonics by using the second order generalized 
integrator. Also, a simple current controller tracks the converter 
reference current resulting in a highly sinusoidal grid current in-
phase with the grid voltage. Simulation and experimental results 
on a typical household load confirm the correct and appropriate 
performance of the proposed system. 
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I.  INTRODUCTION 
Nowadays, nonlinear loads such as variable speed drives, 

switch-mode power supplies, CFL and LED light bulbs, 
welding inverters and so on are vastly utilized in electric 
distribution networks. These loads draw non-sinusoidal 
currents from utility grid even with sinusoidal voltages. Current 
harmonics in distribution networks cause several problems, the 
main being increased neutral current in four-wire systems, 
overload and over temperature of system components, extra 
losses, mechanical oscillations in motors, insulation failures, 
unpredictable behavior of protection systems, interference with 
communication systems, etc. 

Passive and active filters are used to mitigate current 
harmonics in electric distribution networks. Passive filters are 
constructed by a proper arrangement of inductors and 
capacitors. Despite the simplicity, these filters suffer from 
disadvantages of large volume, high cost and especially the 
susceptibility to resonances. In addition, these filters should be 
installed with a large capacity to compensate acceptable level 
of harmonics. Shunt active power filters (APFs), shown in Fig. 
1, attract more tendency than other harmonic compensation 
techniques, due to the fast response and the extra flexibility 
they offer. These filters have the capability to selectively 
compensate the desired harmonics and the reactive component 
in an effective way. Active power filters are composed of 

power semiconductor switches, inductors and capacitors. The 
performance of active power filters depends on the quality of 
the harmonic current identification and the power electronic 
converter control methods. Up to now, many different methods 
are suggested [1]-[6]. 

This paper proposes the design and implementation of a 
single-phase shunt active power filter for current harmonic 
compensation in electric distribution networks. A PQ second-
order generalized integrator (SOGI) based control technique is 
presented in this paper, which can generate an in-phase pure 
sinusoidal current with the non-ideal grid voltage. Also, due to 
simplicity and less number of power switches, a single-phase 
half-bridge converter is used to inject current harmonics to the 
grid. In the following, the control algorithm and the design 
procedure are described in details. 

 

Fig. 1. Single-phase shunt active power filter. 



II. PROPOSED CONTROL ALGORITHM 

A. Signle-phase PQ Theory 
The instantaneous active and reactive power theory, which 

is also called the PQ theory was first introduced for three-phase 
systems by Akagi et al. [2]. However the single-phase version 
is also successfully developed in [5]-[6], but in some 
references, it is assumed that the source voltage has a pure 
sinusoidal waveform, which can lead to performance 
degradation of the control algorithm in practice. The single-
phase PQ theory uses the source voltage and the load current as 
the -axis quantities and their 90° phase-shifted versions as the 
fictitious -axis quantities. Therefore, the system is represented 
as a pseudo two-phase system. If we assume that the source 
voltage has a pure sinusoidal waveform, then its representation 
in the  coordinates is 
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Also, the load current representation in the  coordinates 
is 
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where Vm, ω, ϕV and ϕI are the source voltage amplitude, 
source frequency, source voltage phase and load current phase, 
respectively. Then, the single-phase instantaneous active and 
reactive powers in the  coordinates are defined as 
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The instantaneous active and reactive powers can be 
represented as 

 p p p= +  (4) 
 q q q= +  (5) 
where the DC components, p and q , express the fundamental 
active and reactive powers, while the AC components, p and 
q , express the oscillating active and reactive powers, 

respectively. The fundamental active component of the load 
current can be then easily calculated from (3) as [3] 
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Since, it is desired that only the fundamental active 
component of the load current is drawn from the source, then 
the reference source current is simply derived from (6), as 
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where p  can be extracted from p by a low-pass filter (LPF) or 
directly calculated from the fundamental components of the 
currents and voltages. Also, to keep the DC-link voltage 
constant, an active power pdc, which compensates the APF 
power losses, is added to (7) as 
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Also, it is clear from Fig. 1 that a half-bridge inverter is 
used, then a term pdc,equal is introduced to equalize the voltages 
of upper and lower DC-link capacitors, resulting in (9). 
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So, the final reference source current is 

 
Fig. 3. Second order generalized integrator (SOGI) [7]. 

 
Fig. 2. Block diagram of single-phase shunt active power filter. 
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As can be seen in (7) to (10), the source voltage has a main 
role in the reference current generation of the single-phase 
APF. The presence of any distortions in the voltages in (10) 
directly translates to distortions in the grid reference current. 

B. Second Order Genralized Integrator Based PQ Theory 
The second order generalized integrator (SOGI) is used to 

generate the filtered -axis quantities from the source voltage 
and the load current. Fig. 2 shows the suggested control block 
diagram of the single-phase APF. The SOGI structure is shown 
in Fig. 3 [7]-[8]. This structure is composed of two integrators 
and a damping factor k. This factor has an important role in the 
filtering and dynamic performance; such that a small value for 
k results in a high level of filtering, but the settling time of the 

-axis output will be too long. The characteristic transfer 
functions of the SOGI are [7]-[8] 
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Figs. 4(a) and (b) show the Bode diagrams of the transfer 
functions D(s) and Q(s), respectively, for different values of k. 
It is observed from these figures that decreasing the value of k 
results in narrower bandwidth. By applying the inverse Laplace 
transform to (11) and (12), the settling time for the extraction 
of the  and  components can be approximated as [3] 

 8
st k ω

≅  (13) 

Therefore, by considering a value for settling time ts, the 
damping factor k can be easily determined. But, when a high 
distorted load is connected to the grid, the performance of the 
fundamental current extraction despite of the low value of k is 
not even satisfactory. To solve this problem, one can add extra 
SOGI blocks in parallel with the main SOGI block, which is 
tuned at the fundamental frequency, called the multi-SOGI 
structure. Each of added SOGI blocks is tuned at the desired 
harmonic frequency to attenuate this harmonic component in 
the output of the multi-SOGI structure. Therefore the extraction 
of the fundamental component of the load current can be 
improved by selectively mitigating the desired low-order 
harmonic components. Fig. 5 shows the multi-SOGI structure. 
In this paper, due to the non-ideality of the grid voltage and 
highly distorted load currents, two SOGI blocks, tuned at the 
fundamental and the third harmonic components for the source 
voltage and four SOGI blocks, tuned at the fundamental, third, 
fifth and seventh harmonic components for the load current are 
used. 

III. CURRENT CONTROLLER DESIGN 
The filter voltage according to Fig. 1 is calculated as 

 F
inv L F S

di
v r i L v

dt
= + +  (14) 

 By applying the Laplace transform to (14), the transfer 
function of the injected filter current, IF(s) from Vinv(s) and 
VS(s) is obtained as 
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Fig. 4. Bode diagrams of SOGI transfer functions for different values of k: (a) 
D(s), and (b) Q(s). 

 

Fig. 5. Multi-SOGI. 
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Assuming that the inverter output voltage vinv is generated 
from the difference of the filter current and its reference by 
using a proportional controller and the source voltage vS is 
feedforwarded to the final control voltage vinv (as shown in Fig. 
2), then, the closed loop transfer function of the filter current 
control can be obtained as 
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where K is the proportional controller gain. By considering  
-3dB attenuation of (16) at the current control bandwidth 
frequency, i, one can easily derive [1] 

 2 2 22L L iK r r L ω= + +  (17) 
Because the inductor resistance rL is very small, by 

ignoring this term, (17) is rewritten as 

 iK Lω=  (18) 
It should be noted that the current control bandwidth can be 

selected in the range of ten times the grid frequency and one-
tenth the switching frequency [3]. 

IV. SIMULATION AND EXPERIMENTAL RESULTS 
In order to support the theoretical achievements, a single-

phase shunt APF is constructed and connected to the electric 
distribution network at the point of common coupling (PCC). 

The parameters of the system are: L = 4mH, C1 = C2 = 4.4mF, 
vS = 220Vrms, f = 50Hz and fswitching = 10kHz. Figs. 6 and 7 show 
the simulated source voltage and current and harmonic 
spectrum of the source current, respectively. In this case, the 
load current is equal to the source current, because of disabling 
the APF. As can be seen, the load current harmonics are 
significant and its total harmonic distortion (THD) is about 
35%. By enabling the APF, the source current THD decreases 
to 4.6% and its quality becomes much better. Figs. 8 and 9 
shows the improvement. In order to compare the suggested 
reference current generation method with the conventional one, 
a simple all-pass filter, with the transfer function of (19), is 
used to generate the -axis quantities from the original -axis 
quantities. In (19), ωf is the grid frequency. By substituting 
these variables into (10), the compensated source current and 
its harmonic spectrum are shown in Figs. 10 and 11. As can be 
seen, the source current distortion is very high and its THD is 
equal to 17.57%. 

 
( )
( )

f

f

sX s
X s s

β

α

ω
ω

−
=

+
 (19) 

The experimental results are given in Figs. 12 to 15. Fig. 12 
shows the source voltage and current when the APF is 
disabled. The source voltage THD is equal to 4.6%. The load 
current harmonic spectrum is shown in Fig. 13 and its THD is 
about 35%. Figs. 14 and 15 show the source voltage and the 
compensated source current and its harmonic spectrum by the 
proposed method. As can be seen in these figures, the APF can 
improve the current THD and power quality, as already 

 

Fig. 8. Simulated source voltage (blue, 100V/div) and current (red, 10A/div) 
after compensation by the proposed method. 

 

Fig. 9. Harmonic spectrum of the simulated source current of Fig. 8. 

 

Fig. 6. Simulated source voltage (blue, 100V/div) and current (red, 10A/div) 
before compensation. 

 

Fig. 7. Harmonic spectrum of the simulated source current of Fig. 6. 



expected from the simulations. These results confirm 
appropriate performance of the proposed technique in a real 
electric distribution network. 

V. CONCLUSION 
This paper proposed design and implementation of a single-

phase shunt APF based on the PQ theory for current harmonic 
compensation in electric distribution networks. The PQ theory 
is based on the SOGI structure, which is used to extract the 
filtered  components of the source voltage and load current. 
The design procedure of the reference extraction and the 
control algorithm is illustrated in details. The simulation and 
experimental results confirm excellent performance of the 
suggested method in a real distribution network. 
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