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Abstract—This paper presents a novel method in the synchronous
reference frame to extract the reference compensating current for
single-phase shunt active power filters. The effectiveness of the
proposed method is investigated using a detailed mathematical
analysis. The results confirm the excellent performance of the
proposed strategy. Theoretical evaluations are verified through
simulation results.

I. INTRODUCTION

In recent years, the use of Active power filters (APFs) is
increasing rapidly. An APF is a power electronic converter-
based device, designed to mitigate the power quality problems
caused by nonlinear loads. In terms of their function, APFs
can be classified into four major categories, namely: (1) shunt
APFs, (2) series APFs, (3) hybrid APFs, and (4) unified power
quality conditioners (UPQC) [1].

Fig. 1 shows the schematic diagram of a single-phase shunt
APF, which is the scope of the present paper. As it can be seen,
the control system consists of two main parts: 1) reference
current generation (RCG) block, which is responsible for
extraction of the total harmonic content and, if required,
reactive component of the distorted current drawn by non-
linear loads, and 2) current control (CC) block, which is
responsible for generating appropriate gating signals for the
voltage source converter (VSC), so that the output current of
the VSC tracks the reference command delivered by the RCG
block.

To generate the reference compensating current for the
single-phase shunt APFs, different techniques can be applied
[2]-[9]. Among them, the synchronous reference frame (SRF)
theory, which is commonly applied to three phase systems,
is believed to be one of the simplest and most attractive
techniques.

Saitou et al. [10] extended the SRF theory to single-phase
APFs. In this method, as shown in Fig. 2, a fictitious phase
is generated by applying a 90◦ phase shift with respect to
the fundamental component of the load current. Thus, it is

Fig. 1. Schematic diagram of a single-phase shunt APF

possible to represent the single-phase APF as a pseudo two
phase (αβ) system. Although, this technique provides a good
harmonic compensation, but its implementation suffers from
some drawbacks. First of all, realizing the Hilbert transform
for constructing the fictitious phase imposes a high com-
putational load on the control system. Besides, due to the
sensitivity of the algorithm to the grid frequency fluctuations,
any variation in grid frequency introduces an error into the
calculated reference current. In addition, the reactive power
compensation is not considered in this method.

Fig. 2. Basic scheme of the harmonic extraction technique proposed in [10]
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To overcome some of the aforementioned drawbacks, Kim
et al. [11] have proposed a control technique, here, referred
as double synchronous reference frame (DSRF) method. In
this method, the fictitious phase is constructed by using a
low-pass filter, and two SRFs such as dq+ and dq−, with
opposite rotating directions, are utilized to generate the refer-
ence current. In the following section, it will be shown that,
from the control point of view, the DSRF method is almost
equivalent to the control technique shown in Fig. 2, except
that the fictitious phase (β-axis quantity) has been set to zero.
The poor performance in reactive power compensation, and
imposing an unnecessary complexity and high computational
burden to the control system will then be concluded as the
main drawbacks of this method.

The objective of this paper is to present a novel technique
in synchronous reference frame to generate the reference
compensating current for single-phase shunt APFs. The effec-
tiveness of the proposed method is investigated using a detailed
mathematical analysis. The theoretical evaluations are verified
through simulations.

II. REVIEW OF DSRF METHOD AND INTRODUCTION TO
PROPOSED METHOD

Fig. 3 shows the basic scheme of the DSRF method [11].

Fig. 3. Basic scheme of the DSRF method

where, iL,f and iL,h denote the extracted fundamental and
harmonic current of the nonlinear load.

From Fig. 3, the following equations can be obtained:

id = id,pos − id,neg (1)

iq = iq,pos + iq,neg (2)

Transforming from αβ reference frame into dq+, and dq−

reference frame is described by the following two matrix
equations, respectively [11].[

id,pos
iq,pos

]
= T (t)

[
iα
iβ

]
(3)

[
id,neg
iq,neg

]
= T (−t)

[
iα
iβ

]
(4)

where

T (t) =

[
sin(ωt) − cos(ωt)
− cos(ωt) − sin(ωt)

]
(5)

By substituting (3) and (4) into (1) and (2), id and iq can
be written as follows:

id = 2 sin(ωt)iα (6)

iq = −2 cos(ωt)iα (7)

Using above equations, the graphical representation of the
DSRF method shown in Fig. 3, can be further simplified, as
follows:

Fig. 4. Simplified structure of the DSRF method

Notice that, from the control point of view, the control
structure shown in Fig. 4 is equivalent to the DSRF tech-
nique shown in Fig. 3. Thus, it can be concluded that the
DSRF method imposes an unnecessary complexity and high
computational burden on the control system.

The drawbacks of the DSRF method are further investigated
by using a simple mathematical analysis, as follows.

Let, the nonlinear load current be represented by [7]

iL = Im sin(ωt− φ) +
∑

k=3,5,7,..

Ik sin(kωt− φk) (8)

where, ω is the grid voltage fundamental frequency, Im and
φ are the magnitude and phase of the fundamental-current
component, respectively, and Ik and φk (k = 3, 5, 7, ...) are the
magnitude and phase of the kth harmonic-current component,
respectively.

By substituting (8) into (6) and (7), id and iq can be obtained
as

id = Im cos(φ)− Im cos(2ωt− φ)

+
∑

k=3,5,7,..

Ik cos((k − 1)ωt− φk)

−
∑

k=3,5,7,..

Ik cos((k + 1)ωt− φk) (9)

iq = Im sin(φ)− Im sin(2ωt− φ)

−
∑

k=3,5,7,..

Ik sin((k − 1)ωt− φk)

−
∑

k=3,5,7,..

Ik sin((k + 1)ωt− φk) (10)

where, the constant terms Imcos(φ) and Imsin(φ) are corre-
sponding to the magnitude of the active and reactive current
of the nonlinear load, respectively.



From (9) and (10), it can be seen that id and iq contain
significant 2nd-order harmonic components. To remove this
lowest order harmonic component, either a first (or second)
order LPF with a low cutoff frequency, or a high-order LPF
must be utilized. Using a high-order LPF, besides the stability
problems, imposes a high computational load on the control
system [12]. On the other hand, using a low-order LPF with
a low cutoff frequency, significantly degrades the transient
performance of the APF.

In light of the foregoing analysis, the efficacy of the
control technique proposed by Kim et al. [11] is significantly
undermined.

To cancel out these undesired double-frequency oscillations
without degrading the stability and transient performance of
the system, a novel control method, called double-frequency
oscillation cancellation (DFOC) method, is proposed in this
paper.

III. DFOC METHOD

In this section, the main focus is on eliminating the double-
frequency ripples Imcos(2ωt− φ) and Imsin(2ωt− φ) from
id and iq , respectively. Thus, throughout this section, for the
sake of simplicity in the analysis, id and iq are considered as

id = Im cos(φ)− Im cos(2ωt− φ) (11)

iq = Im sin(φ)− Im sin(2ωt− φ) (12)

Expanding (11) and (12) give

id = Im cos(φ)− Im cos(φ) cos(2ωt)

−Im sin(φ) sin(2ωt) (13)

iq = Im sin(φ) + Im sin(φ) cos(2ωt)

−Im cos(φ) sin(2ωt) (14)

Notice that, the amplitude of the double-frequency oscilla-
tion terms of id and iq are depend on the mean values of id and
iq . So, the perfect cancellation of these undesired components
can be easily achieved by injecting double-frequency signals
with the same amplitude and opposite phase angles into id
and iq . Fig. 5 illustrate the schematic diagram of the proposed
method. In this method, ω̂ denotes the estimated frequency by
the PLL, and throughout this paper we will assume that ω̂ = ω.
The LPF block for the sake of simplicity in the analysis, is
considered as a first-order LPF, as follows:

LPF (s) =
ωc

s+ ωc
(15)

where, ωc is the cut-off frequency of the LPF.
To analysis the performance of the proposed method, the

mathematical expressions for īd and īq are derived, as follows:

Fig. 5. Schematic diagram of the DFOC method

īd = Ad + {Bd cos(ωt) cos(ωf t)

+ Cd sin(ωt) sin(ωf t)

+Dd sin(ωt) cos(ωf t)

+Ed cos(ωt) sin(ωf t)} e−ωct (16)

īq = Aq + {Bq cos(ωt) cos(ωf t)

+ Cq sin(ωt) sin(ωf t)

+Dq sin(ωt) cos(ωf t)

+Eq cos(ωt) sin(ωf t)} e−ωct (17)

where,
ωf =

√
ω2 − ω2

c ,
Ad = −Bd = −Dq = Im cos(φ),
Cd = −Eq = −Im [ω cos(φ) + ωc sin(φ)] /ωf ,
Dd = Aq = −Bq = Im sin(φ), and
Ed = Cq = −Im [ωc cos(φ) + ω sin(φ)] /ωf .

In order to highlight the advantages of the proposed method,
the mathematical expressions for īd and īq without using the
DFOC block are also presented. These expressions are as
follows:

īd = Imcos(φ)− (A′d + Imcosφ)e−ωct

+A′dcos(2ωt) +B′dsin(2ωt) (18)

īq = Imsin(φ)− (A′q + Imsinφ)e−ωct

+A′qcos(2ωt) +B′qsin(2ωt) (19)

where,
A′d = B′q = Imωc(2ω sinφ− ωc cosφ)/(4ω2 + ω2

c ), and



B′d = −A′q = −Imωc(2ω cosφ+ ωcsinφ)/(4ω2 + ω2
c ).

From (16) and (17) it can be seen that, the fluctuating terms
decay to zero with a time constant of 1/ωc, and īd and īq
converge to Im cos(φ) and Im sin(φ), respectively. However,
in (18) and (19), īd and īq contain high amplitude double-
frequency components. These results are clearly illustrated in
Fig. 6 for Im = 10 A, φ = π/3 rad, ωc = 50 rad/s, and ω =
120π rad/s. As expected, using the DFOC block, the perfect
cancellation of double-frequency harmonics is achieved.

(a)

(b)

Fig. 6. Comparison of the obtained results for īd and īq with and without
using DFOC block for Im = 10 A, φ = π/3 rad, ωc = 50 rad/s, and
ω = 120π rad/s. (a) īd with (black line) and without (gray line) using DFOC
block. (b) īq with (black line) and without (gray line) using DFOC block.

IV. SIMULATION RESULTS

To verify the superiority of the proposed method, the
system shown in Fig. 1 is simulated in Matlab/Simulink.
The schematic diagram of the proposed reference current
extraction strategy is shown in Fig. 7. Table I shows the salient
parameters of the system.

In this study, a resistive-inductive load is in service, and
the system is at a steady state. At t = 0.028 s, a non-linear
rectifier load is switched on. The load current is depicted in
Fig. 8(a). The total harmonic distortion (THD) of the load
current is 17.3%. The source current, the extracted active
current-component amplitude, and the scaled grid voltage are
shown in Fig. 8(b). The small oscillating fluctuations in īd
are due to the harmonic currents of the non-linear load. As
it can be seen, the transient time is approximately two cycles

Fig. 7. Schematic diagram of proposed method

TABLE I
SYSTEM PARAMETERS

Symbol Quantity Value

us AC power source voltage (rms) 115V

f AC power source frequency 60Hz

Ls Grid inductance 80µH

Cdc DC capacitance 4800µF

vdc Average DC voltage 220V

fs Switching frequency 20KHz

fsam Sampling frequency 40KHz

Lf Filter inductance 2.5mF

r1 Resistive part of linear load 4 Ω

L1 Inductive part of linear load 15mH

r2 Resistive part of nonlinear load 10 Ω

L2 Inductive part of nonlinear load 50mH

of the fundamental frequency. The THD of the source current
is 1.93%. The APF output current is shown in Fig. 8(c), and
the phase difference between the grid voltage and the source
current are depicted in Fig. 8(d). The phase difference reaches
a value of approximately −0.01 rad at a steady state, which
means that the unity power factor is achieved even in the
presence of a highly distorting and non-linear load.

V. CONCLUSION

A novel method in the synchronous reference frame for
extraction of the reference compensating current for single
phase APFs has been proposed. The major advantages of the
proposed technique can be summarized as:
• A simple algorithm;
• No need for a fictitious current signal;
• Frequency-independent operation;
• Accurate reference current extraction;
• Fast transient response.
The effectiveness of the proposed method was investigated

by a detailed mathematical analysis and confirmed through
simulation results.
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Fig. 8. Simulation results when a nonlinear rectifier load is added to
the resistive-inductive load at t = 0.028 s: (a) load current (b) source
current (black line), extracted active current-component amplitude (gray line)
and scaled grid voltage (blue line) (c) APF output current (d) phase angle
difference between grid voltage and source current.
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