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Abstract. In this paper, a novel active power filter (APF) for 3-phase 4-wire power
(3P4W) system under unbalanced non-linear load and various non-ideal mains voltage
test cases is presented. The determination of current references for APF with 4-leg in-
verter is based on linear adaptive notch filter and instantaneous symmetrical components
algorithm. The fuzzy adaptive hysteresis band current control strategy is developed, where
the band is modulated with the system parameters to maintain the modulation frequency
nearly constant. Simulation experiment results are presented to verify the effectiveness
and the viability of the proposed APF.
Keywords: 3-phase 4-wire power system, 4-leg shunt active power filter, Linear adap-
tive notch filter, Instantaneous symmetrical component, Fuzzy adaptive hysteresis band
current control

1. Introduction. Nowadays, 3-phase 4-wire distribution power system has been widely
used in residential and office buildings, manufacturing facilities, schools, etc., to supply
low level voltage. The typical loads connected to the 3-phase 4-wire power system may be
balanced 3-phase non-linear loads such as motor drivers, silicon controlled rectifiers, large
un-interruptible power supplies or single phase non-linear loads such as switch-mode power
supplies in computer equipment, inverter air conditioners and other power electronic re-
lated facilities. Most of these loads have a nonlinear input or unbalanced characteristic,
which may cause two problems of high input current harmonics and excessive neutral cur-
rent [1]. The existence of current harmonics in power systems increases losses in the lines,
decreases the power factor and causes timing errors in sensitive electronic equipment. The
harmonic currents produced by balanced 3-phase non-linear loads are positive-sequence
harmonics and negative-sequence harmonics. However, harmonic currents produced by
single phase non-linear loads which are connected phase to neutral in a 3-phase 4-wire
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system are third order zero-sequence harmonics. These triplen harmonic currents unlike
positive and negative-sequence harmonic currents do not cancel but add up arithmetically
at the neutral bus. This can result in neutral current that can reach magnitudes as high
as 1.73 times the phase current [2]. Since the size of the neutral conductor is usually
less than the size of the phase conductor, excessive neutral current may cause overheat,
which may potentially damage the neutral conductor and distribution transformer while
affecting the safety of the consumers.
Two fundamental approaches for improving power quality are passive filter and active

filter. Passive filters are widely used to eliminate harmonics in power system for its
simplicity and low cost. However, passive filters have several drawbacks such as large size,
tuning and risk of resonance problems. At present, the 4-leg active filters have proven to
be very effective to solve problems of current harmonics, reactive power, unbalanced load
current and excessive neutral current simultaneously in 3-phase 4-wire system, and can
be a much better solution than conventional passive filters.
The detection of harmonics and compensation strategies are very important components

of APF. Instantaneous reactive power (IRP) theory was introduced by Akagi et al. at the
beginning of the 1980s [3]. It has been used very successfully to design and control of the
active power filter (APF) for 3-phase 3-wire system and was extended by Aredes et al. [4],
for applications in 3-phase 4-wire systems. The IRP theory was widely applied to calculate
the compensating currents assuming ideal mains voltages. However, mains voltage may
be unbalanced and/or distorted in industrial systems. Therefore, the 4-leg APF using the
p-q theory does not provide good performance [2]. For improving the APF performance
under non-ideal mains voltage conditions, various improved methods based on IRP have
been proposed [5-11] while good results have been achieved. However, IRP methods for
harmonic detection in the 3P4W systems need phase-locked-loop (PLL), low-pass filter
and the complex coordinate transformation. In this paper, a novel harmonics detection
algorithm under unbalanced-distorted mains voltage case in 3P4W system based on linear
adaptive notch filter without PLL and low-pass filter is proposed; the amplitude and phase
of fundamental positive sequence component of load current are accurately extracted. An
ideal notch filter (NF) is a linear filter whose frequency response is characterized by a
unit gain at all frequencies except at a particular frequency called the notch frequency at
which its gain is zero. Such an ideal filter is not feasible and a realistic NF is characterized
by its bandwidth. The original version of the adaptive notch filter (ANF) in a lattice-
based discrete-time form was first proposed by Regalia [12]. Regalia’s algorithm was later
adopted for continuous-time by Bodson and Douglas [13] and finally a modified version
of the original algorithm was proposed in [14]. Since then, ANF is widely applied to
power system as a signal analysis, individual signal follow and harmonics detection [15-
17]. Recently, it has become popular signal analysis algorithm for no DFT frequency
leakage, no strict demands of time window and no wavelet basis functions selection.
There are various compensation strategies proposed for active power filter; hysteresis

current control strategy has the highest rate among other current control strategies such
as sinusoidal PWM. Because it is very simple and easy to implement, hysteresis current
control strategy is widely used in active power filter for its high precision, good stability
and dynamic performance, but has several known disadvantages such as uncontrollable
high switching frequency and induced important switching losses. Some interesting im-
proved versions of this technique are presented in literature [18-21]. Fuzzy logic is an
alternative approach to handle this type of problem, which has become more popular
during past four decades due to its advantages of robustness against parameter variation,
popularity, customization, etc., [22-28]. Use of fuzzy logic for hysteresis current control is
not a new issue; rather various authors have introduced some innovative methodologies
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using this tool [29]. According to the literature [30] shows the relation of the hysteresis
band; a fuzzy adaptive hysteresis controller (FAHC) is proposed in this paper. Because
the hysteresis band of the hysteresis current controller can adapt as variety of the current
deviation and supply voltage, the switching frequency and switch frequency range can be
reduced effectively.

This paper presents a novel linear adaptive notch filter and fuzzy hysteresis controller
based active power filter for 3P4W system, the harmonic current compensation and the
elimination of the neutral current are effectively achieved under unbalanced non-linear
load and various non-ideal mains voltage test cases. The system considered in this paper
is shown in Figure 1. Section 2 of this paper provides the fundamentals of 3P4W APF. In
Section 3, linear adaptive notch filter algorithm, instantaneous symmetrical component
algorithm and fuzzy adaptive hysteresis band current control strategy are considered.
Finally, simulation results verify the feasibility and validity of the proposed 3P4W APF.

Figure 1. Power circuit of the 4-leg shunt APF

2. Shunt Active Power Filter. The main objective of the 4-leg APF is to compensate
harmonics, reactive power, neutral current and unbalancing of non-linear loads locally.
In 3-phase 4-wire systems, two kinds of VSI topologies such as 4-leg inverter and 3-leg
inverter (split capacitor) are used. The 4-leg inverter uses 1-leg specially to compensate
zero sequence (neutral) current. Figure 1 shows the basic compensation principle of the
shunt APF. A shunt APF is designed to be connected in parallel with the load, to detect
its harmonic current and to inject into the system a compensating current, identical with
the load harmonic current. Therefore, the current drawn from the power system at the
coupling point of the filter will result in sinusoidal.

3. Description of the Proposed Method. The active power filter proposed for 3-
phase 4-wire power system under unbalanced non-linear loads and non-ideal mains volt-
age cases consists of linear adaptive notch filter algorithm, instantaneous symmetrical
components algorithm and fuzzy hysteresis current controller strategy. The harmonic de-
tection algorithm proposed employs a linear adaptive notch filter to extract asymmetrical
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fundamental component for each phase respectively. The fundamental positive sequence
component in the asymmetrical fundamental component can be obtained with instanta-
neous symmetrical component algorithm.

3.1. linear adaptive notch filter algorithm. The input signal of linear adaptive notch
filter is given as follows:

i(t) = I sin(ωt+ ϕ)

= I cosϕ · sinωt+ I sinϕ · cosωt (1)

where ω denotes angle frequency.
According to [31], the statue variables are selected as Equation (2).

x(t) =

[
x1(t)
x2(t)

]
=

[
I cosϕ
I sinϕ

]
(2)

Therefore, the estimate î(t) can be expressed as:

î(t) = x1(t) · sinωt+ x2(t) · cosωt (3)

The deviation between i(t) and î(t) is given as:

e(t) = i(t)− î(t) (4)

According to least squares, the cost function can be defined as:

J(x) = 0.5e2(t) = 0.5(i(t)− î(t))2 (5)

Using the gradient descent method, therefore

ẋ = −µ
∂J(x)

∂x
(6)

where µ is a coefficient matrix to adjust x(t) to the optimal convergence speed and
stability.
Assume µ1, µ2 > 0, µ can be defined as:

µ =

[
µ1 0
0 µ2

]
(7)

Thus, the following linear dynamic system can be obtained:

ẋ = A · x+B · i(t) (8)

where

ẋ = [ ẋ1(t) ẋ2(t) ]T , x = [ x1(t) x2(t) ]T ,

A =

[
−µ1 sin

2 ωt −µ1 sinωt · cosωt
−µ2 sinωt · cosωt −µ1 cos

2 ωt

]
,

B =

[
µ1 sinωt
µ2 cosωt

]
Define the rotating coordinate transformation:

y(t) =

[
y1(t)
y2(t)

]
=

[
sinωt cosωt
cosωt − sinωt

]
·
[
x1(t)
x2(t)

]
(9)

So, the estimate î(t) can also be expressed as:

î(t) = y1(t) = x1(t) sinωt+ x2(t) cosωt (10)



APF FOR UNBALANCE 3P4W SYSTEM BASED ON ANF AND FAHC 2623

Substituting Equation (9) into Equation (8), then[
ẏ1(t)
ẏ2(t)

]
=

[
−µ1 sin

2 ωt− µ2 cos
2 ωt ω

−ω 0

]
·
[
y1(t)
y2(t)

]
+

[
µ1 sin

2 ωt+ µ2 cos
2 ωt

(µ1 − µ2) sinωt · cosωt

]
(11)

If µ1 = µ2 = µ, ω = η, 2-D linear filter algorithm is given as:[
ẏ1(t)
ẏ2(t)

]
=

[
−µ η
−η 0

]
·
[
y1(t)
y2(t)

]
+

[
µ
0

]
· i(t) (12)

where y(t) = [ y1(t) y2(t) ]T is state variable, µ is the speed parameter of the filter
to adjust the filter bandwidth and transient convergence rate, η is the center frequency
parameter of the notch filter. y1(t) is output of the filter, which represents the fundamental
component of the input signals, ω is the angular frequency; y2(t) is the same as y1(t) in
frequency of the sinusoidal signal, but phase orthogonal each other.

Set y1(0) = 0, y2(0) = 0, the filter transfer function H(s) is given as:

H(s) =
µs

s2 + µs+ η2
(13)

Substituting s = jω into Equation (13), then:

H(jω) =
jωµ

(jω)2 + jωµ+ η2
(14)

So, the amplitude frequency characteristics of the linear adaptive notch filter is given
as:

|H(jω)| = ωµ√
(η2 − ω2)2 + (ωµ)2

(15)

and the phase frequency characteristics of the linear adaptive notch filter is given as:

arg[H(jω)] =
π

2
− arctan

ωµ

η2 − ω2
(16)

In the case of η = ω, the amplitude frequency characteristics and the phase frequency
characteristics of the linear adaptive notch filter are given as:

|H(jω)| = ωµ√
(η2 − ω2)2 + (ωµ)2

= 1 (17)

arg[H(jω)] =
π

2
− arctan

ωµ

η2 − ω2
= 0 (18)

Therefore, while the signal frequency is equal to η, the filter will accurately track
the signal amplitude and phase. As the signal frequency changes, the filter amplitude-
frequency characteristic and phase-frequency characteristic curve is shown in Figure 2. As
long as the parameters µ and η are selected reasonably, the filter will have a good frequency
selectivity and no phase shift, accurately track the input signal frequency components
specified in the amplitude and phase. The linear adaptive notch filter block diagram for
the APF is shown in Figure 3.

3.2. Instantaneous symmetrical components algorithm. With proposed method,
three linear adaptive notch filters are employed to extract 3-phase asymmetrical funda-
mental components respectively. The fundamental positive sequence component in the
asymmetrical fundamental component can be obtained with symmetrical component al-
gorithm. As the traditional symmetrical component method is actually to use the current
value of the phase advance rather than the instantaneous value, the error may occur in the
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Figure 2. Bode plots of filter (µ = 0.05, η = 314)

Figure 3. The linear adaptive notch filter block diagram

engineering applications. Therefore, a method based on the instantaneous symmetrical
components is employed to extract the fundamental positive sequence component.
Assuming asymmetric three phase instantaneous current: ia(t)

ib(t)
ic(t)

 =

 Iam sin(ωt+ ϕa)
Ibm sin(ωt+ ϕb)
Icm sin(ωt+ ϕc)

 (19)

where ia(t), ib(t), ic(t) denote three phase current instantaneous value respectively; Iam,
Ibm, Icm denote the three phase current amplitude respectively; ϕa, ϕb, ϕc denote the
initial phase respectively.
Set the rotation phasor as İa, İb, İc corresponding to three-phase current ia(t), ib(t),

ic(t) respectively.  İa
İb
İc

 =

 Iam cos(ωt+ ϕa) + jIam sin(ωt+ ϕa)
Ibm cos(ωt+ ϕb) + jIbm sin(ωt+ ϕb)
Icm cos(ωt+ ϕc) + jIcm sin(ωt+ ϕc)

 (20)

Because of the imaginary part of the phasor İa, İb, İc is the instantaneous current value,
as long as the real part of the phaser can be determined, the phasers can be calculated.
According to the literature [32], an improved trigonometric decomposition method is used
to calculate the rotating phasor.



APF FOR UNBALANCE 3P4W SYSTEM BASED ON ANF AND FAHC 2625

Let phase ‘A’ instantaneous current value can be expressed as:

ia(t) = Iam sin[ω(t−∆t+∆t) + ϕa]

= Iam sin[ω(t−∆t) + ϕa] · cosω∆t (21)

+Iam cos[ω(t−∆t) + ϕa] · sinω∆t

that is

ia(t) = ia(t−∆t) · cosω∆t

+Iam cos[ω(t−∆t) + ϕa] · sinω∆t (22)

so

Iam cos[ω(t−∆t) + ϕa] =
ia(t)− ia(t−∆t) · cosω∆t

sinω∆t
(23)

and because

Iam cos(ωt+ ϕa) = Iam cos[ω(t−∆t+∆t) + ϕa]

= Iam cos[ω(t−∆t) + ϕa] · cosω∆t (24)

+Iam sin[ω(t−∆t) + ϕa] · sinω∆t

so,

Iam cos(ωt+ ϕa) =
ia(t) · cosω∆t− ia(t−∆t)

sinω∆t
(25)

Similarly available

Ibm cos(ωt+ ϕb) =
ib(t) · cosω∆t− ib(t−∆t)

sinω∆t
(26)

Icm cos(ωt+ ϕc) =
ic(t) · cosω∆t− ic(t−∆t)

sinω∆t
(27)

Substituting Equations (25)-(27) into (20), the instantaneous rotation phasor is re-
ceived, the positive sequence component of the asymmetrical three-phase current is: iap(t)

ibp(t)
icp(t)

 = Im

1

3

 1 a a2

a2 1 a
a a2 1

 ·

 İa
İb
İc

 (28)

where Im{} denotes the imaginary part of complex computing requirements; a = ej2π/3,
a2 = e−j2π/3, 1 + a+ a2 = 0.

While the sampling time is determined, cosω∆t and sinω∆t in Equation (28) are
constant, no trigonometric function numeration is required.

3.3. Fuzzy adaptive hysteresis band current control strategy. The conventional
hysteresis control is very simple and easy to implement, but has several known disadvan-
tages such as uncontrollable high switching frequency and induced important switching
losses for its fixed hysteresis band. To improve the drawback of the conventional hysteresis
control, an adaptive fuzzy hysteresis band current control technique can be programmed
as a function of the active filter and supply parameters to minimize the influence of current
distortions on modulated waveform. The band can be modulated at different points of
fundamental frequency of the cycle to control the PWM switching pattern of the inverter.

The hysteresis band (HB) is given by [30]:

HB =
0.125Vdc

fcL

[
1− 4L2

V 2
dc

(
Vsa

L
+

di∗ca
dt

)]
(29)

where fc is the switch frequency, Vdc is the DC voltage, i∗ca is the source reference current

and di∗ca
dt

represents its slope.
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Equation (29) shows that adaptive hysteresis band current control needs a precise
knowledge of the APF parameters (L and Vdc), the switch frequency will change with
changes of supply voltage and current bias differential while the hysteresis band is fixed.
In order to reduce switching frequency and maintain its for constant, hysteresis band must
be changed with the change of the supply voltage and the differential of reference current.
As the changes of the DC voltage of the inverter is a relatively small, the approximate
fixed-frequency can be achieved as long as the hysteresis band changes with the supply
voltage and the differential of the reference current. While the sampling time interval is
very small, the error reference current is available to approximate the deviation of the
reference current. Therefore, a fuzzy controller including two input variables (error current
∆i and supply voltage vs) and output variable (hysteresis bandHB) can be obtained. The
block diagram of the fuzzy adaptive hysteresis band current control is shown in Figure
4. Figure 5 shows the membership functions of the input and the output variables. Each
input variables is transformed into linguistic size with five fuzzy subsets, PL, PM, EZ,
NL and NM. For the output variable HB, PVS is positive very small, and PVL is positive
very large. The resulting rule is presented in Table 1.

4. Simulation Results. The proposed system shown in Figure 1 is simulated using
Matlab/Simulink software under four mains voltage cases, including ideal mains voltage,

Figure 4. Simplified model for fuzzy adaptive hysteresis band current control

Figure 5. Membership functions for input variables ∆i, vs and output
variable HB
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Table 1. Rule base for the fuzzy model

current error
voltage

NZ NM EZ PM PL
NZ PVS PS PM PS PVS
NM PS PM PL PM PS
EZ PM PL PVL PL PM
PM PS PM PL PM PS
PL PVS PS PM PS PVS

unbalanced mains voltage, balanced-distorted mains voltage and unbalanced-distorted
mains voltage cases. The purpose of the designed case studies is to show the validity and
performance of the proposed APF, even if the mains voltages are highly distorted and
unbalanced. The parameters of 3P4W APF system are shown as Table 2. The three phase
unbalanced non-linear load is composed by a three phase diode rectifier feeding an R-L
load and two single phase R-L loads. The comprehensive simulation results are discussed
below.

Table 2. System parameters used in simulation

Parameter Value
Source
Voltage (Vsabc) 220Vrms/phase-neutral
Frequency (f) 50Hz
Impedance (RS, LS) 10mΩ, 50µH

4-Leg shunt APF
DC-link voltage (Vdc) 800V
DC capacitor (Cdc) 1500µF
Switching frequency (fs) 40kHz/average
AC side filter (RC , LC), (RF , CF ) (0.1Ω, 1mH), (2Ω, 20µF)

Load
3-Phase Load 12Ω, 20mH
1-Phase diode rectifier 15Ω, 1mH, 470µF

Filter
Frequency parameter (η) 314rad/s
Speed parameter (µ) 1.8 (t < 0.01s), 0.5 (t > 0.01s)

4.1. Ideal mains voltage case. Figure 6(b) shows the harmonic current filtering and
load current balancing simulation results with proposed method for the 4-leg APF under
ideal mains voltages. The neutral current is successfully canceled with proposed control
methods as shown in Figure 6(d). The reactive power compensation simulation results
with proposed method is shown in Figure 6(e). Compensated source currents are in phase
with 3-phase mains voltages. Detailed summary of load currents, source currents and their
total harmonic distortion (THD) levels are shown in Table 3. The proposed method is
feasible under ideal mains voltages case.

4.2. Unbalanced mains voltage case. For this case, the unbalanced 3-phase mains
voltages are shown in Equation (30). The power system has not zero-sequence voltage
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Figure 6. Load current (a), source current (b), load neutral current (c),
source neutral current (d) and reactive power compensation (e) under ideal
mains voltage case

Table 3. Summary of load current, source current and their THD under
ideal main voltage case

load current source current
A, B, C, N

t < 0.2s t > 0.2s 0.1s < t < 0.2s t > 0.2s
THD (%)
A phase 20.08 20.08 2.03 3.12
B phase 40.83 63.67 1.90 1.90
C phase 20.07 20.07 0.85 3.12
Neutral 78.39 78.34 − −
RMS (A)
A phase 47.21 47.19 63.83 73.57
B phase 131.04 216.21 63.25 73.57
C phase 47.19 47.20 62.73 72.53
Neutral 84.68 169.04 0.38 0.43

component.  vab = 380 sin(ωt) + 38 sin(ωt)
vbc = 380 sin(ωt− 120◦) + 38 sin(ωt+ 120◦)
vca = 380 sin(ωt+ 120◦) + 38 sin(ωt− 120◦)

(30)

Harmonic current suppression and load current balancing simulation results with pro-
posed method for the 4-leg APF under unbalanced mains voltages are shown in Figure
7(b). Since the harmonic detection method proposed has nothing to do with mains volt-
age, negative-sequence component of mains voltage with the proposed method has no
effect, after compensation 3-phase source currents are balanced and sinusoidal as shown
in Figure 7(d). The neutral current elimination and reactive power compensation is suc-
cessfully done with proposed control methods as shown in Figure 7(e). Detailed summary
of load currents, source currents and their THD levels are shown in Table 4. The un-
balanced mains voltage in a 3-phase 4-wire power system will not affect the 4-leg APF
performance with proposed algorithm.
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Figure 7. Load current (a), source current (b), load neutral current (c),
source neutral current (d) and reactive power compensation (e) under un-
balanced mains voltage case

Table 4. Summary of load current, source current and their THD under
unbalanced main voltage case

load current source current
A, B, C, N

t < 0.2s t > 0.2s 0.1s < t < 0.2s t > 0.2s
THD (%)
A phase 17.22 17.22 1.94 3.00
B phase 39.34 51.55 1.14 1.27
C phase 23.11 23.11 1.91 2.92
Neutral 78.46 78.4 − −
RMS (A)
A phase 23.84 23.84 31.65 36.77
B phase 61.11 101.24 31.12 37.23
C phase 23.85 23.85 29.94 35.65
Neutral 40.27 80.40 0.44 0.48

4.3. Balanced-distorted mains voltage case. When 3-phase mains voltages are balan-
ced-distorted, mains voltages contain harmonic voltage components except fundamental
component. 3-Phase balanced-distorted mains voltage is expressed as Equation (31)

vab = 380 sinωt+ 4.56 sin 3ωt+ 22.8 sin(5ωt− 120◦)
+5.7 sin 7ωt+ 3.8 sin(11ωt− 120◦)

vbc = 380 sin(ωt− 120◦) + 4.56 sin 3ωt+ 22.8 sin 5ωt
+5.7 sin(7ωt− 120◦) + 3.8 sin 11ωt

vca = 380 sin(ωt+ 120◦) + 4.56 sin 3ωt+ 22.8 sin(5ωt+ 120◦)
+5.7 sin(7ωt+ 120◦) + 3.8 sin(11ωt+ 120◦)

(31)

Figure 8(b) shows that the harmonic current filtering and load current balancing sim-
ulation results with proposed method for the 4-leg APF under balanced distorted mains
voltages. While the load current THD level is 39.26% before 0.2s, 49.45% after 0.2s in
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phase B. 3-Phase source currents are balanced and sinusoidal after compensation with the
proposed method and THD level of source current after compensation is 2.34% during
0.1 < t < 0.2s and 2.19% after 0.2s in phase B. Figure 8(d) and Figure 8(e) show the neu-
tral current elimination and reactive power compensation performance with three control
methods for the 4-leg APF, respectively. At the same time, the 4-leg APF compensates
reactive current of the load and improves power factor and eliminates zero-sequence cur-
rent components. Detailed summary of load currents, source currents and their THD
levels are shown in Table 5. There is a significant reduction in harmonic distortion level
with the proposed technique. The balanced distorted mains voltage in a 3-phase 4-wire
power system will not affect the 4-leg APF performance by using the proposed method.

Figure 8. Load current (a), source current (b), load neutral current (c),
source neutral current (d) and reactive power compensation (e) under
balanced-distorted mains voltage case

Table 5. Summary of load currents, source currents and their THD levels
under balanced-distorted mains voltage case

load current source current
A, B, C, N

t < 0.2s t > 0.2s 0.1s < t < 0.2s t > 0.2s
THD (%)
A phase 20.01 20.01 2.75 3.23
B phase 39.26 49.45 2.34 2.19
C phase 20.98 20.98 2.69 3.12
Neutral 70.81 70.74 − −
RMS (A)
A phase 8.19 8.19 11.64 13.93
B phase 22.87 37.54 11.62 14.01
C phase 8.19 8.19 11.49 13.59
Neutral 14.70 29.37 0.63 0.59
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4.4. Unbalanced-distorted mains voltage case. When 3-phase mains voltages are
unbalanced and distorted, mains voltage contains negative-sequence component and har-
monic voltage components. For this case, the unbalanced 3-phase mains voltages are
shown Equation (32). The mains voltage waveform is shown in Figure 9.

vab = 380 sinωt+ 38 sinωt+ 4.56 sin 3ωt
+22.8 sin(5ωt− 120◦) + 5.7 sin 7ωt+ 3.8 sin(11ωt− 120◦)

vbc = 380 sin(ωt− 120◦) + 38 sin(ωt+ 120◦) + 4.56 sin 3ωt
+22.8 sin 5ωt+ 5.7 sin(7ωt− 120◦) + 3.8 sin 11ωt

vca = 380 sin(ωt+ 120◦) + 38 sin(ωt− 120◦) + 4.56 sin 3ωt
+22.8 sin(5ωt+ 120◦) + 5.7 sin(7ωt+ 120◦)
+3.8 sin(11ωt+ 120◦)

(32)

Figure 9. The unbalanced-distorted mains voltage waveform

Figure 10(b) shows the harmonic current filtering and load current balancing simula-
tion results with proposed method for the 4-leg APF under unbalanced distorted mains
voltages. While the load current THD level is 33.95% before 0.2s, 43.52% after 0.2s in
phase B. After compensation the source currents become sinusoidal and balanced with the
proposed method and THD level of source current after compensation is 3.25% during
0.1 < t < 0.2s and 2.75% after 0.2s in phase B. The neutral current elimination and
reactive power compensation are successfully done with proposed methods as shown in
Figure 10(d) and Figure 10(e). Detailed summary of load currents, source currents and
their THD levels are shown in Table 6. The unsymmetrical distorted voltage system is
the most severe condition. However, good results can be obtained by the proposed theory.

Table 6. Summary of load currents, source currents and their THD levels
under unbalanced-distorted mains voltage case

load current source current
A, B, C, N

t < 0.2s t > 0.2s 0.1s < t < 0.2s t > 0.2s
THD (%)
A phase 17.54 17.54 3.08 3.16
B phase 33.95 43.52 3.25 2.75
C phase 24.15 24.15 3.43 3.51
Neutral 64.47 64.41 − −
RMS (A)
A phase 6.96 6.96 9.49 11.46
B phase 16.54 27.15 9.65 11.56
C phase 6.96 6.96 9.31 11.08
Neutral 10.69 21.36 0.68 0.65
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Figure 10. Load current (a), source current (b), load neutral current
(c), source neutral current (d) and reactive power compensation (e) un-
der unbalanced-distorted mains voltage case

4.5. Switching performance of the inverter. Figure 11 shows the switching frequency
and its change range of the inverter simulation results with conventional hysteresis control,
adaptive variable hysteresis band control and proposed control methods. As the hysteresis
band of the hysteresis current controller can adapt variety of the current deviation and
supply voltage, the switching frequency and switch frequency change range have been
reduced effectively with the control method of the proposed. Detailed summary of the
switching frequency and its change range with three control methods are shown in Table
7. In current tracking precision improvement and switch frequency reducing, good results
can be obtained by the proposed control method.

Figure 11. Switching frequency with conventional hysteresis band (a),
adaptive variable hysteresis band (b) and proposed hysteresis band (c) con-
trol methods

5. Conclusion. In this paper, a linear adaptive notch filter and instantaneous symmet-
rical components based algorithm and fuzzy adaptive hysteresis band current control
strategy are proposed. A three-phase four-wire active power filter system is studied. The
performance of the 3P4W APF system is analyzed. There are no PLL, LPF and reference-
frame transformation requirement with the proposed harmonic detection algorithm. The
fuzzy adaptive hysteresis control strategy significantly reduces the number of switching
and the variation range of switching, compared with a conventional hysteresis control.
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Table 7. Summary of the switching frequency and its change range with
three control methods

conventional adaptive proposed
hysteresis hysteresis hysteresis

t < 0.1s t > 0.1s t < 0.1s t > 0.1s t < 0.1s t > 0.1s
THD (%) 20.08 2.01 20.08 5.48 20.08 0.03

freq. Max. (kHz) − 250 − 330 − 80
range of freq. (kHz) − 10-250 − 12-330 − 10-80

The APF is able to suppress current harmonics, to compensate reactive power, to balance
load current and to eliminate excessive neutral current for 3-phase 4-wire power system
under unbalanced non-linear loads and non-ideal mains voltage cases. Since the proposed
harmonic detection algorithm and current control strategy are independent of the system
parameters, the performance of the APF has a strong robustness to the variation of the
system parameters. The simulation results validated the performance of the proposed
APF.
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