
Parallel Control of Shunt Active Power Filters in Capacity Proportion Frequency Allocation Mode 419

JPE 10-4-12

Parallel Control of Shunt Active Power Filters in
Capacity Proportion Frequency Allocation Mode

Shuquan Zhang†, Ke Dai∗, Bin Xie∗, and Yong Kang∗

†∗Dept. of Electrical and Electronics Eng., Huazhong University of Science and Technology, Wuhan, China

Abstract

A parallel control strategy in capacity proportion frequency allocation mode for shunt active power filters (APFs) is proposed
to overcome some of the difficulties in high power applications. To improve the compensation accuracy and overall system stability,
an improved selective harmonic current control based on multiple synchronous rotating reference coordinates is presented in a
single APF unit, which approximately implements zero steady-state error compensation. The combined decoupling strategy is
proposed and theoretically analyzed to simplify selective harmonic current control. Improved selective harmonic current control
forms the basis for multi-APF parallel operation. Therefore, a parallel control strategy is proposed to realize a proper optimization
so that the APFs with a larger capacity compensate more harmonic current and the ones with a smaller capacity compensate less
harmonic current, which is very practical for accurate harmonic current compensation and stable grid operation in high power
applications. This is verified by experimental results. The total harmonic distortion (THD) is reduced from 29% to 2.7% for a
typical uncontrolled rectifier load with a resistor and an inductor in a laboratory platform.
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I. INTRODUCTION

Harmonic and reactive currents caused by the contin-
uous proliferation of nonlinear loads such as high-power
diodes/thyristors, rectifiers, cycloconverters, and arc furnaces
in industrial, commercial and residential applications are grow-
ing problems. Harmonic and reactive currents excite more and
more attentions since they increase power losses, deteriorate
the quality of current and voltage waveforms, produce extra
neutral currents, mislead metering devices, and may cause
resonances and interferences. Various types of harmonic and
reactive power compensators have been researched and devel-
oped [1]-[4].

Active power filters (APFs) are power electronic devices
used mainly for harmonic current compensation, and have
become a hot topic in the last decade. Compared to traditional
LC passive filters, APFs have many advantages such as small
size and light weight, low power losses, tracking of the
power system frequency change, fast dynamic response to
load changes and reduction of resonant problems. In addition,
APFs can provide other conditioning functions such as reactive
power control, load balancing and flicker mitigation. With an
increase in nonlinear load capacity, the load currents that need
to be compensated may exceed the rated power of a single
APF unit. In this case, an APF with a large capacity or the
parallel operation of several APFs provides solutions [5]. This
paper is focused on the parallel operation of APFs to improve
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Fig. 1. The topology of APFs parallel system.

compensation accuracy and overall system stability.
Recent research on the parallel operation of APFs has con-

centrated on operation safety and parallel topology analysis.
The current limited control strategy proposed in [6] and [7]
guarantees that the output currents of each single APF unit
in a parallel system are within the range of their respective
capacity. Some possible parallel operation topologies were
studied in [8] and [9]. The topology shown in Fig.1 is one
of the best choices in terms of parallel system stability and
flexibility in high power applications, which was attacked by
its lower compensation accuracy. All APF units shown in
Fig.1 adopt the feed forward control. Therefore, good stability
is realized [10], and the convenience of installation and
utilization makes the topology more acceptable to customers.
To significantly enhance the compensation accuracy, improved
selective harmonic current control is applied to a single APF
unit which forms the basis of multi-APF parallel operation,
which theoretically realizes harmonic currents compensation
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with zero steady-state error [11]-[15].
In this paper, a selective harmonic current control based

on multiple synchronous rotating reference coordinates is pre-
sented and a combined decoupling strategy is further proposed
to simplify the selective harmonic current control. Due to the
detection and control in the respective frame, a proportional
integral (PI) controller in the harmonic frame is one of the
best choices when compared to the controllers adopted in the
existing selective harmonic current control strategies such as
the generalized integrator [12], the repetitive-based controller
[13] and the proportion resonance controller [15]. However, a
PI controller in the harmonic frame requires extensive compu-
tation resources from the control chip. The proposed parallel
control strategy in capacity proportion frequency allocation
mode not only overcomes the aforementioned difficulty but
also significantly improves the compensation accuracy and
the overall system stability in high power applications. The
proposed parallel control strategy has been validated for some
special industrial applications which have high requirements
for harmonic current compensation accuracy.

This paper is organized as follows: In Section II, the
block diagram of a single APF unit in a parallel system is
described, and a selective harmonic current control adopting
the combined decoupling strategy is proposed. In Section III,
the parallel control strategy in capacity proportion frequency
allocation mode is proposed and explicitly explained. The
experimental results for the improved selective harmonic cur-
rent control and the parallel control strategy are shown in
Section IV. Finally, a discussion and conclusion are presented
in Section V.

II. IMPROVED SELECTIVE HARMONIC CURRENT
CONTROL FOR A SINGLE APF UNIT

The main objective of an APF is to generate currents which
are the inverse of the load harmonic currents to make the grid
currents sinusoidal and the power factor of a power system
unity. The basic block diagram of a single APF unit with a
nonlinear load connected to a three-phase three-wire power
system is shown in Fig.2.

The part in the dashed box is the control system of a single
APF unit that compensates each order of harmonic current.
The control system includes a direct current (DC) link voltage
control loop, a fundamental current control loop, and multiple
selective harmonic current control loops. Note thatonly a
selective n-th order harmonic current control loop is shown
in Fig.2. Multiple loops will be explained in detail in Fig.4.
The reference voltage of the APF unit is the superposition of
the fundamental current controller output and all the harmonic
current controllers outputs, and it is realized by a space vector
pulse width modulation (SVPWM) unit.

The DC link voltage controller is a PI control unit, which
receives the reference voltage U∗dc and the measured DC link
voltage Udc, and outputs the fundamental active reference
current. The fundamental current controller receives the fun-
damental active current references and the measured output
current of APF unit in the fundamental frame to keep the DC
link voltage stable at the reference voltage U∗dc.

The selective harmonic current controller receives the refer-
ence signals from the corresponding selective harmonic current
extraction unit, and controls the output currents of the APF
unit to track the corresponding current components of the
nonlinear loads, which is shown as the upper part of Fig.4.
In this paper, we are only concerned with selective harmonic
current detection and control.

A. Mathematical Model of an APF Unit

The configuration of a single APF unit is shown in Fig.3.
Sa1, Sa2, Sb1, Sb2, Sc1, Sc2are the switches of the three bridge
arms, L is the sum of the inner inductor L1 and the outer
inductor L2. R is the sum of the inductor internal resistance
and the equivalent resistance caused by the dead band effect of
the upper and lower switchs of each phase. dc is the DC link
capacitor which plays the role of storage energy. RL expresses
the load effect which is drawn by the power loss of the APF.

didn
dt = −RL idn + nωiq − Sdn

L Udc
diqn
dt = −RL iqn − nωidn −

Sqn

L Udc
dUdc

dt = 3Sdn

2Cdc
idn +

3Sqn

2Cdc
iqn − 1

Cdc
idc2

. (1)

The mathematical model of a single APF unit is similar
to the model of a PWM rectifier, which is presented along
with the power system voltage disturbance and the output
inductor current coupling in the fundamental frame [14].
In this paper, the mathematical models of the positive and
negative sequence harmonic synchronous rotating coordinates
are built as equation (1), where the power system voltage is
neglected because the harmonic voltage component is very
small. The model (1) reveals that the mathematical models
of the positive and negative sequence harmonic synchronous
rotating coordinates have the same mathematical form.

In equation (1), n is the harmonic order. The mathematical
relation can be deduced by the Park transformer. Tabc−dqn
is one of the equations (2) or (3). Equation (2) is the n-th
positive harmonic transformer and equation (3) is the n-th
negative harmonic transformer from the three-phase stationary
coordinate to the corresponding positive or negative harmonic
synchronous rotating coordinates.

TPabc−dqn =
2

3

[
cosnωt cos(nωt− 2π

3 ) cos(nωt+ 2π
3 )

− sinnωt − sin(nωt− 2π
3 ) − sin(nωt+ 2π

3 )

]
(2)

TNabc−dqn =
2

3

[
cosnωt cos(nωt+ 2π

3 ) cos(nωt− 2π
3 )

− sinnωt − sin(nωt+ 2π
3 ) − sin(nωt+ 2π

3 )

]
. (3)

B. Selective Harmonic Currents Detection and Control

The detection of selective harmonic currents in a syn-
chronous rotating frame is simplified from the theory of syn-
chronous rotating transformation. The three-phase harmonic
currents in a stationary frame are alternating current (AC)
components. The three-phase n-th order harmonic currents
iahn, ibhn and ichn are transformed to the DC components
idhn and iqhn in the corresponding n-th harmonic synchronous
rotating coordinate.

More specifically, the selected three-phase n-th order har-
monic currents of the load currents are transformed to DC
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Fig. 2. Block diagram of APF unit.

Fig. 3. The configuration of APF.

components on d axis and q axis, while the other non-selected
harmonic currents and the three-phase fundamental currents
are still AC components in the n-th order harmonic syn-
chronous rotating coordinate, whose frequency is an integral
multiple of the power system frequency, and the average value
in a period is zero. Then the transformed DC components can
be extracted by low pass filters (LPFs) on the d axis and the q
axis. In this paper, a moving average LPF is used to improve
the dynamic response performance and the computational
accuracy [16], whose Z domain transfer function is shown
as equation (4).

idhn(Z) =
1

Z
(

Z

Z − 1
− Z

Z − 1
Z−N )idn(Z) (4)

where N is the number of samplings per power frequency
period, and is set to 200.

As mentioned above, the DC components idhn and iqhn
on the d axis and the q axis in the harmonic frame are
correspondences with the three-phase n-th order harmonic cur-
rents iahn, ibhn and ichn in the three-phase stationary frame.
Therefore, the detection of the selected n-th order harmonic
currents of each phase is achieved. When multiple selected
order harmonic currents need to be compensated, multiple
corresponding extraction units are used and easily connected in
parallel and conveniently realized in the program of a control
chip. The detection method of the selective harmonic currents
is shown in Fig.4.

Compared to the nonselective harmonic current control, the
selective harmonic current control has several advantages in
terms of flexibility and stability.

1) When the load harmonic currents are larger than the

rated currents of the APF unit, the control system has
the ability to select the most harmful harmonic currents
to compensate for the purpose of overload protection.

2) In case of hybrid APFs, the LC passive filters and the
APFs parallel connect to the power system. The former
restrict the fixed order harmonic currents and the latter
compensate the remaining harmonic currents. Under
these circumstances, selective harmonic current control
makes for a better utilization ratio of APF capacity and
overall system stability.

3) The output inductor parameters may change with dif-
ferent frequencies of the output current. For selective
harmonic current control, the selected harmonic cur-
rents are detected and separately controlled in their
own corresponding frames. Changes in the inductor
parameters and different delay times can be taken into
account more easily with individual controllers since
the selected frequencies are respectively designed, which
can improve the overall system stability.

As described above, the selective three-phase harmonic
currents are transformed into DC components, while the
other non-selected harmonic currents and the fundamental
currents are still AC components in their respective harmonic
frames. The DC components can be extracted by a moving
average LPF as in equation (4). A PI controller can track the
DC components with zero steady-state error, and have good
performance in terms of tracking accuracy, dynamic response
and project practicality. Therefore, the PI controllers in the
harmonic frames are adopted in this paper. As mentioned
above, the DC components idhn and iqhn on the d axis and the
q axis in the selective n-th order harmonic frame are correspon-
dences with the selective three-phase harmonic currents by
the Park transformer. Therefore, the output currents can track
the three-phase selective harmonic currents by controlling the
DC components idhn and iqhn in the harmonic frame. The
complete harmonic current controllers are achieved as the
superposition of all of the harmonic current PI controllers,
which is shown in Fig.4.

Due to detection and control in its respective frame, the
PI controller in the harmonic frame is one of the best choices
when compared to the controllers adopted in the existing selec-
tive harmonic current control strategies such as the generalized
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Fig. 4. Control system of APF unit.

integrator, the repetitive-based controller and the proportional
resonant controller.

C. Combined Decoupling Strategy

SVPWM is realized in the fundamental frame and selective
harmonic detection and control are in the harmonic frame.
Therefore, the selective harmonic current control outputs need
to be transformed to the fundamental frame. The transformer
is equation (5) or (6) corresponding to the positive sequence
harmonic or the negative sequence harmonic currents.

As we can see in equation (1), the d axis and the q
axis currents have the coupling effect, which increases the
control complexity. The traditional decoupling methods are
implemented in their respective harmonic frames. As a result,
control is complicated since multiple decoupling units are
used. The combined decoupling strategy is proposed and
shown in Fig.4. In this method, all the decoupling is achieved
in the fundamental frame. Thus, the number of decoupling
units is significantly reduced since only one decoupling unit
is used. In order to prove the equivalent effect of the afore-
mentioned combined decoupling strategy, transformation from
the harmonic frame to the fundamental frame is needed.

For the positive sequence harmonic currents, the transformer
from the harmonic coordinate to the fundamental coordinate
is shown as equation (5).

TPdqn−dq1 = TPdqn−abc × [Tabc−dq1]T

TPdqn−dq1 =

[
cos((n− 1)ωt) sin((n− 1)ωt)
− sin((n− 1)ωt) cos((n− 1)ωt)

]
. (5)

For the negative sequence harmonic currents, the corre-
sponding transformation is shown as equation (6).

TNdqn−dq1 = TNdqn−abc × [Tabc−dq1]T

TNdqn−dq1 =

[
cos((n+ 1)ωt) − sin((n+ 1)ωt)
− sin((n+ 1)ωt) − cos((n+ 1)ωt)

]
. (6)

Taking the d axis as an example, the mathematical model
in the harmonic coordinate is shown as equation (7).

didn
dt

= −R
L
idn + nωiqn −

Sdn
L
Udc. (7)

The above mathematical model can be transformed to the
fundamental frame by equation (5) or (6), which is shown as
equation (8).

did1n
dt

= −R
L
id1n + ωiq1n −

Sd1n
L

Udc. (8)

Comparing equation (7) with equation (8), iqn in equation
(7) is a DC component while iq1n in equation (8) is an AC
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component, what is more, nωiqn is equivalent to nωiq1n.
The conclusion is derived that the coupling parameter nωL is
different in different order harmonic coordinates, but they have
the same value in the fundamental frame, which means that
the traditional decoupling method and the proposed combined
decoupling strategy have the same effect.

The improved selective harmonic current control is applied
to a single APF unit in a parallel system. Although the con-
trol has good characteristics such as compensation accuracy,
dynamic response and good stability, it requires extensive
computation resources from the control chip, which limits its
application to situations where many different order harmonic
currents need to be compensated.

With an increase in non-linear load capacity, the harmonic
current that needs to be compensated may exceed the rated
power of a single APF unit. In this case, an APF unit with
a large capacity or the parallel operation of several APFs
provides solutions. The former is limited by the industry
device level and existing technology. In terms of flexibility,
redundancy and credibility, the latter is still a mainstream
solution in the applications of low and medium voltage power
systems. In order to improve the stability and compensation
accuracy, a novel parallel control strategy is proposed in this
paper.

III. PARALLEL CONTROL OF APFS IN CAPACITY
PROPORTION FREQUENCY ALLOCATION MODE

In general, two types of harmonic compensation loops are
applied in the control of APFs. One is a feedback loop and the
other is a feedforward loop [8]. The feedback loop has better
compensation accuracy compared to the feedforward loop.
However, it may become unstable especially under unknown
grid conditions. Furthermore, the installation and testing is
inconvenient for end users, so it is not especially suited to
industrial applications. On the other hand, the feedforward
loop has good stability and straightforward installation, but the
compensation accuracy is lower. Comparatively speaking, the
feedforward loop is a better choice in industrial applications.

This paper focuses on improving the compensation accuracy
of APFs in parallel systems adopting a feedforward loop, in
order to satisfy situations where there is a high requirement for
the reduction of every single order harmonic current distortion
and total harmonic current distortion (THD). The parallel
control of APFs in capacity proportion frequency allocation
mode based on the improved selective harmonic current con-
trol is proposed to overcome the aforementioned difficulties
in high power applications. A proper optimization based on
APFs’ capacities and load current spectrums is realized so that
the APFs with a larger capacity compensate more harmonic
currents and the ones with a smaller capacity compensate
less harmonic currents. Simultaneously, zero steady-state error
compensation is obtained. The proposed parallel control signif-
icantly improves the compensation accuracy and the stability
of the overall system in high power applications.

The output inductor parameters change with the output
current’s frequency as mentioned above. A single APF unit
outputs a single order or several adjacent order harmonic

Fig. 5. Distributed parallel control of APFs.

currents, which improves the stability of the parallel system.
When multiple selective harmonic currents need to be com-
pensated, the multiple corresponding PI controllers of a single
APF unit are used, which requires the DSP chip to do a large
computation. According to the proposed parallel strategy, an
APF compensates a single order or several adjacent order
harmonic currents, which relieves the burden on the chip.
Furthermore, it can be successfully applied in high power
applications to improve the compensation accuracy of the
APFs in a parallel system. The proposed strategy design will
be described in more detail hereinafter.

As shown in Fig.5, m is the number of the APFs in a parallel
system, ih is the total effective value of the load harmonic
currents, iratej (j=1,2,m) is the rated current of each single
APF unit and irefj (j=1,2, m) is the corresponding reference
current. Then the parallel system rated current value is shown
as equation (9).

isum = irate1 + irate2 + irate3 + · · · · · ·+ iratem

=

m∑
j=1

iratej . (9)

The number of the APFs in a parallel system is determined
by the mathematical relation between the total effective value
of the load harmonic currents and the total rated currents of the
APFs to be put into operation as shown in equation (10), which
improves the utilization ratio and is beneficial for decreasing
the overall system power loss.

m−1∑
j=1

iratej ≤ ih ≤
m∑
j=1

iratej (10)

Then, the order of the harmonic current to be compensated
by a single APF should be clear according to the paral-
lel strategy proposed. Each single order harmonic current’s
effective value can be calculated by the recursive Discrete
Fourier Transform (DFT) within a period [17]. The THD and
each single order harmonic current distortion can be derived
according to the definition of the harmonic current distortion.
Namely, the proportion of each single order harmonic current
in the total harmonic current is determined. Correspondingly,
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the proportion of the capacity for each single APF unit in the
parallel system is easily obtained. Therefore, the specific order
harmonic currents to be compensated by the corresponding
APF units with different capacities can be obtained according
to the two proportion relation obtained above, which is shown
as (11).

∑
j≤m iratej

isum
≥
∑
k<50 ikth

ih
. (11)

Usually, APFs are required to compensate harmonic currents
within the fiftieth order. In equation (11), k is the order of
the harmonic currents that need to be compensated, k < 50
means the order of the compensated harmonic current is less
than 50 and

∑
k<50 ikth is the effective value of a single order

harmonic current or the sum of the effective values of several
adjacent order harmonic currents.

For a single APF unit APFj, if the harmonic currents that
need to be compensated are larger than the rated current of
this APF unit, then is the effective value of a single order
harmonic current within the range of the APFj capacity. Thus,∑
k<50 ikth in equation (11) can be substituted by ikth, and∑
j≤m iratej can be substituted by ikth, iratej ≤ ikth. Since

the rated current of the single APF unit is insufficient for
the single order harmonic currents, the other APFs with the
proper capacity are required to work together with APFj to
compensate the order harmonic currents.

Conversely, if the capacity of APFj exceeds the single order
harmonic current, APFj can compensate the other adjacent
order harmonic currents according to the capacity proportion
frequency allocation compensation strategy.

The proposed strategy has achieved success in some ap-
plications where compensated currents with a high quality
waveform are required. Dynamic change of the load harmonic
spectrum components is small in these typical situations. The
proportion of each single order harmonic current in the load
current has little change even if the load currents change
fast, which makes the computation of change in the proposed
parallel control small. Further research will be conducted when
the load harmonic spectrum components have fast dynamic
changes.

IV. EXPERIMENT

TABLE I
MAIN PARAMETERS OF APF UNIT

Capacity 66kVA
Output inductor 0.35mH
DC link capacitor 20mF
DC link voltage 750V
Switching frequency 9.6kHz
Effective value of phase voltage 220V
Frequency of the power system 50Hz

The experimental results are presented in two parts: firstly,
the improved selective harmonic current control is verified by
compensating the fifth order harmonic current and the seventh
order harmonic current separately, and then, the proposed
parallel control strategy is verified by two APFs in parallel

Fig. 6. General diagram of laboratory platform.

operation on the laboratory platform. Two APFs with the same
capacity are adopted due to the conditional restrictions of the
laboratory

A. Implementation

The proposed parallel control strategy is tested in the
laboratory platform shown in Fig.6, which is composed of two
APF units, a reference generator and a nonlinear uncontrolled
rectifier load with a resistor and an inductor. The load currents
are detected by the current transformers (CTs), and signals
indicative of the load currents are provided to the reference
generator and each single APF unit. The APF units commu-
nicate with the reference generator based on the CAN bus.

The reference generator receives the information on the APF
units such as the unit number, the capacity and the working
condition. Then it carries out the proposed parallel control
algorithm to determine the reference instructions so that each
single order or several adjacent order harmonic currents can
be compensated by specific APF units. The APF units receive
the reference instructions from reference generator and execute
the improved selective harmonic current control to output the
corresponding harmonic currents to make the power system
currents isys sinusoidal and the power factor of the power
system unity.

The main electrical parameters of a single APF unit are
listed in Table 1. The load is a typical three-phase uncontrolled
rectifier with a resistor and an inductor. The values of the
inductor and the resistor in the DC link are respectively 0.5mH
and 8Ω.

B. Experiment results

The load current waveform of one phase and its magnitude
spectrum are shown in Fig.7. We can see that, the load current
is seriously distorted due to the nonlinear load when the APF
units do not operate. In this situation, the load current is the
power system current. According to the spectrum analysis, the
THD is 29%, the fifth order harmonic current distortion (5th)
is 23.27%, the 7th is 10.43%, the 11th is 9.25%, the 13th is
5.20%, the 17th is 5.34% and the other order harmonic current
distortions are less than 3.5%. The low frequency harmonic
current distortion is especially serious.
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(a)

(b)

Fig. 7. (a) Steady waveform of distorted load current of one phase, (b)
magnitude spectrum.

Firstly, we verify the improved selective harmonic current
control in a single APF unit. The fifth order harmonic current
and the seventh order harmonic current are separately com-
pensated. The experimental results are shown in Fig.8. For the
fifth order harmonic current, the 5th is reduced from 23.27% to
0.798% and the THD is correspondingly reduced to 15.934%.
For the seventh order harmonic current, the 7th is reduced from
10.43% to 0.525% and the THD is correspondingly reduced
from 29% to 25.948%. We can see that the compensation
accuracy of the selective order harmonic current is signifi-
cantly improved. Another important characteristic is that the
nonselective harmonic currents and their harmonic distortions
are unchanged. The reason is that the improved selective
harmonic current control is independently implemented in a
respective harmonic frame, which effectively decreases the
influence on the other order harmonic currents and enhances
the overall system stability. In addition, the output inductor
parameters are more easily confirmed, and the different time
delays caused by sampling and digitization are more easily
compensated.

Secondly, the parallel strategy proposed is verified by the
parallel operation of two APF units having the same ca-
pacity. Referring back to Fig.7, the effective value of the
fifth harmonic current is 11.90A, the total effective value of
the other order harmonic currents is 11.95A, which can be
calculated from a magnitude spectrum analysis of the load
current. According to the proposed parallel control strategy
described above, APF unit1 compensates the fifth order har-
monic current and APF unit2 compensates the other order
harmonic currents. As the experimental results shown in Fig.9,
the THD is reduced from 29% to 2.7% and each order
harmonic current distortion is less than 1.3%. The power

(a)

(b)

(c)

(d)

Fig. 8. (a) Power system current with only compensating the fifth order
harmonic current and output current of APF, (b) magnitude spectrum, (c)
Power system current with only compensating the seventh order harmonic

current and output current of APF, (d) magnitude spectrum.
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(a)

(b)

Fig. 9. (a) Compensated currents of the parallel system and output current
of APF, (b) magnitude spectrum.

system current waveform quality is significantly improved.
Namely, the proposed parallel control strategy can enhance
the compensation accuracy in high power applications. It is
necessary to explain that the strategy proposed is successfully
applied where the harmonic current spectrum components
do not fast change very much. Further improvement will be
conducted when the load harmonic spectrum components have
rapid dynamic changes.

V. CONCLUSIONS

The proposed parallel control strategy based on an improved
selective harmonic current control in capacity proportion fre-
quency allocation mode can achieve significant compensation
accuracy. The compensated currents meet the requirement for
high power applications which demand that the THD and each
single order harmonic distortion are effectively reduced. Its
design is explained and verified on a laboratory platform.

The most significant characteristics of the proposed parallel
strategy are as follows:
• Each single harmonic distortion is obviously reduced to

less than 1.3%.
• The THD is significantly reduced from 29% to 2.7% and

the compensated current’s waveform quality is clearly
rectified in the field of high power.

• A single APF unit compensates a single order harmonic
current or several adjacent order harmonic currents, and

thus the overall system stability is enhanced.
• Selective harmonic current control with a PI controller in

the harmonic frame reduces the disturbance among the
adjacent order harmonic currents.

• Straightforward installation and flexible compensation is
practical, which makes it more acceptable to customers.

The proposed parallel control strategy based on an improved
selective harmonic current control focuses on the application
of APFs in high power applications. Both compensation ac-
curacy and dynamic response are significantly improved.
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