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Harmonic Mitigation in a Hybrid Power System
Integrated Shunt Active Power Filter Employing FLC

and an Adaptive Current Control Technique
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ABSTRACT

The main objective of this study is to mitigate current
harmonic issues in hybrid renewable energy systems
based on solar photovoltaic (SPV) and wind energy
distribution. This is achieved with the help of a suit-
able controller-based shunt active power filter (SAPF).
The SAPF is designed using a modified synchronous
reference frame (MSRF) to reference current generation,
an adaptive hysteresis current controller (AHCC) for
switching pulse generation, and a fuzzy logic controller
(FLC) for DC-link voltage regulation. The results of the
proposed SAPF model developed in MATLAB/Simulink,
show that the filter performs remarkably well in sup-
pressing harmonics under different loading conditions.
It is capable of fast corrective action under dynamic
conditions and outperforms previous methods in terms
of harmonic mitigation and dc-link voltage stabilization.
The control techniques are compared on the basis of
parameters such as harmonic compensation and dc-link
voltage ripple reduction capability under changing load
conditions. The results obtained through simulation
represent the validity of the filter performance.

Keywords: Harmonics, Power Quality, Hybrid Power
System, Solar Photovoltaic, Shunt Active Power Filter,
Wind Energy System

1. INTRODUCTION

Energy is the life of the modern global economy and
the underlying driving force by which society works. As
the most vital form of energy, electricity is generally
considered to be the backbone of modern civilization.
Access to electrical power has become a basic human
need like food, clothing, shelter, water, and clean air.
Maintaining service reliability and being able to access
good quality electrical power in terms of voltage, current,
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and frequency is generally referred to as electrical power
quality (PQ).

Furthermore, the planet is currently in the grip of a
massive power crisis. Conventional energy sources are
not only scarce and costly but also harmful to the en-
vironment [1]. The modern world requires unrestricted
access to clean, uncontaminated, and plentiful energy
sources. Due to their inevitable benefits, governments
around the globe are gravitating toward renewable
sources. Renewable sources are safe for the environment,
abundant in nature, and cost-effective [2]. Solar, wind,
and fuel cells are examples of renewable sources [3].

Solar energy is very pure and freely available through-
out the planet. It also has a lower carbon footprint
and produces no greenhouse gases [4]. To increase its
efficiency, the solar system must be linked to electronic
equipment. The maximum power point tracking (MPPT)
strategy is used to collect the most power from solar
panels [5].

Wind energy is also environmentally friendly and
emits no greenhouse gases and uses much less water than
other energy sources [6]. Electricity generated by a wind
power plant is less expensive than that provided by other
sources [7]. The most effective wind energy solution
(WES) consists of permanentmagnet synchronous gener-
ator (PMSG)-based wind turbines with a fixed pitch angle
[8]. The energy generated by the WES is first converted
to dc and then fed to a boost converter through a diode
rectifier. The system’s power is optimized by using a
boost converter with an MPPT controller. An inverter
can be employed at the boost converter’s terminals to
give optimal power to three-phase customer loads [9].
The missing energy can be provided via a battery energy
storage system [10] if the user load rises or the wind
speed drops suddenly.

The combination of complementary renewable energy
sources and conventional generators, a controller, power
conditioning equipment, and an energy storage device is
called a hybrid energy system. It is reliable, cost-effective,
and eco-friendly. The nonlinear load drawing a non-
sinusoidal current, creating harmful harmonic effects
in a renewable energy distribution system, is now of
great concern and the traditional passive filters have
several drawbacks in the compensation of harmonics.
Therefore, to find a dynamic and adjustable solution for
harmonic mitigation, a Japanese group of power quality
pioneers have developed an attractive and viable solution
to power quality problems. Such equipment for harmonic
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mitigation is known as an active powerline conditioner
or simply an active power filter (APF).

APFs are also employed for load balancing, flickering
reduction, neutral current correction, and reactive power
compensation, among other things [11]. APFs address
the limitations of PFs with the use of switching devices.
For harmonic current and reactive power adjustment,
the shunt active power filter (SAPF) is linked to the
point of common coupling (PCC) [12]. A variety of time
domain-based control approaches for the SAPF, such
as the instantaneous “p-q” theory method, synchronous
reference frame (SRF), modified synchronous reference
frame (MSRF) method, and so on are cited in [13].

SAPFs in current harmonic compensation, based
on instantaneous reactive power theory and the SRF
method, are applied in domestic, commercial, and in-
dustrial applications [14–16]. The design/simulation and
experimental investigations on the SAPF for harmonics
and reactive power compensation are carried out in [17].
In the majority of the existing literature, the generation
of the theta angle method is implemented using basic
SRF and modified SRF schemes, minimizing the inherent
drawbacks of the SRF method [18]. Hence, in this
work, the MSRF technique is implemented in the SAPF
control algorithm. In this control stage, switching pulse
width modulation (PWM) pulses are obtained by the
error signals generated from the comparison between
reference current and sensed actual currents. Various
gating signal generation methods are reported in the
literature.

In [19], the authors proposed a hysteresis current
controller (HCC) based PWM current control method
for generating pulses for SAPF. This method achieves
constant switching and is easy to implement. However,
the disadvantage of HCC is that the change in switch
frequency is unequal within a specific band. An adaptive
hysteresis current controller (AHCC) was designed in
[20] to circumvent these constraints by adjusting the
hysteresis band according to supply and load parameters
to improve PWM inverter performance. Moreover, as
explained in [21], the dc side voltage of SAPF should
be regulated to ensure the transient stability of the
distribution system. The DC side capacitor in SAPF is
used to maintain the power balance in the system. If
the load is suddenly increased, the capacitor discharges
and delivers power to the load to achieve source and load
power balance. Similarly, if the load is suddenly removed,
the capacitor overcharges, maintaining power balance.
To achieve this, the voltage across the DC side capacitor
needs to be regulated. The DC voltage controller
generates the desired charging current reference which
is given to the inner current loop.

Following a disturbance in source or load, the DC
voltage controller generates the desired shift of the
reference current so that under transient conditions
the SAPF also compensates for reactive and harmonic
currents. In [9], the authors proposed a linear control
method for regulating the DC side voltage of the SAPF.

A PI controller is designed and implemented to control
the DC voltage. The classic PI controller has a fixed gain
value and produces high overshoot and time delay during
transient conditions which degrade the effectiveness of
the SAPF. The time-consuming tuning process and iden-
tifying the exact mathematical model are also drawbacks
of the PI controller. Therefore, the fuzzy logic controller
is more preferable than the PI controller [22–25]. A
fuzzy logic controller is designed and implemented to
control the DC voltage. Conventionally, the SAPF uses
PI controllers to compute the active power losses and
reactive power compensation control loops. Moreover,
for better performance, the FLC is implemented in this
study.

Following a review of the literature, the MSRF-based
control methodology is used in this study for generating
the reference signal, the AHCC technique for switching
the signal, and the FLC for DC-link voltage control.

The key objectives of this study are as follows:
• To design a hybrid power system (HPS) compris-
ing solar photovoltaic (SPV), a wind energy system
(WES), and battery energy storage system (BESS) as
an alternative energy source in MATLAB/Simulink
environment.

• To design a DC-DC boost converter with a suitable
MPPT controller for both SPV and WES in an HPS.

• To design a SAPF with different control schemes.
• To analyze and mitigate the PQ issue by integrating
the proposed controller-based SAPF under inductive
and capacitive type nonlinear loads.
This paper is organized as follows: the proposed

HPS with an MPPT and boost converter is modeled in
Section 2. The SAPF’s setup and proposed control scheme
are examined in Section 3 and Section 4. In Section 5,
the suggested hybrid system is integrated with the SAPF
for harmonic mitigation. The study finishes with a brief
conclusion in Section 6.

2. HYBRID POWER SYSTEM MODEL

2.1 Modeling of the solar photovoltaic

Solar energy is very pure and freely available through-
out the planet. It also has a lower carbon footprint
and produces no greenhouse gases. Solar energy is a
superb alternative source for electrical power generation
because it is pollution-free and abundant in nature. The
following section explains the specifics of the SPV system
design.

2.2 Modeling of the solar panel

The proposed system uses a PV array as shown in
Fig. 1, simulated using a model based on the existing
literature. The nonlinear output characteristics of the
SPV model are written as in Eq. (1), while the perturb
and observe (P&O) MPPT flowchart is shown in Fig. 2.
Table 1 contains the parameters of the SPV system. The
boost converter design is shown in Fig. 3. The output DC
voltage is determined using the duty ratio 𝐷. The SPV
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Fig. 1: Solar photovoltaic model.

Fig. 2: MPPT flowchart.
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Fig. 4: SPV model with MPPT and boost converter.

Table 1: SPV system specifications.

Parameters Ratings

𝑉𝑚𝑝 81.5 V
𝐼𝑚𝑝 8.6 A
𝐼𝑠𝑐 10.2 A
𝑉𝑜𝑐 90.5 V
𝑁𝑝 72
𝑁𝑠 012
𝑉0 230V

system with boost converter and MPPT is presented in
Fig. 4, while Fig. 5 depicts the output voltage.

𝐼2 = 𝐼𝐿 −𝐼0 (𝑒𝑞(𝑉2+𝐼2𝑅𝑠)∕𝑘𝑛𝑇 − 1)−(
𝑉2 + 𝐼2𝑅𝑠

𝑅𝑠ℎ ) (1)

2.3 Modeling of the wind energy system

In the hybrid source structure, the wind system is
another distributed generator (DG). To generate energy,
a PMSG-based WEC is implemented using Eq. (2). The
fundamental WEC system is depicted in Fig. 6, while

Fig. 5: Output waveform of SPV.

Figs. 7 and 8 show the overall model and output
waveform.

𝑃0 = 1
2𝜋𝜌𝐶𝑃 (𝜆, 𝛽) 𝑅2𝑉 3 (2)

2.4 Modeling of the battery energy storage system

Batteries with electrical appliances store energy in an
electric state, saving the extra energy for later use. In
both solar and wind power systems, the battery bank has
a switch connected to a standard DC bus with a constant
voltage. Power transmission occurs with this DC bus at a
constant voltagewhether from a generator to a charger or
battery bank or from a battery bank to a charger. Battery
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Fig. 6: Block diagram of the WES.

Fig. 7: Overall WES model.

Fig. 8: Output waveform of WES.

power flow does not guide each route. Therefore, a
bidirectional converter is required to create bidirectional
power flow. It charges or discharges the battery during
surplus and power outage conditions, respectively. The
circuit diagram of the bidirectional converter is presented
in Fig. 9.

3. DESIGN OF THE SHUNT ACTIVE POWER FILTER

3.1 Components of the Shunt Active Power Filter

To cancel out the harmonic currents of the nonlinear
load and compensate for reactive power, the SAPF sys-

VH

L

S1
S2

D1

D2 CL
CH

VL

Fig. 9: Circuit diagram of the bidirectional converter.

tem responds by supplying/drawing a harmonic current
to/from the supply. As a result, the current generated by
the utility grid is sinusoidal and harmonic-free. Fig. 10
shows a block diagram of the SAPF.

3.1.1 VSI

To generate the compensating current, six insulated
gate bipolar transistors (IGBTs) are employed to handle
the charging and discharging of the DC-link capacitor.
This converter’s switching operation is entirely depen-
dent on the control block design.
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Fig. 10: Basic structure of SAPF.

Fig. 11: SRF method.

3.1.2 DC-Link Capacitor

This capacitor provides the load with the required
reactive power. Large capacitors are typically used to
maintain a steady DC voltage.

3.1.3 Control Block

The SAPF’s overall performance is determined by
the control block. The reference current and are used
to create control signals for the power switches. The
SAPF injects an appropriate amount of compensating
current in the opposite phase of the harmonic current to
eliminate harmonics from the source current (𝑖𝑠).

The following fundamental equations are used to
recognize the SAPF functionality.

𝑖𝑐 (𝑡) = 𝑖𝑠 (𝑡) − 𝑖𝑙 (𝑡) (3)
𝑣𝑠 (𝑡) = 𝑉𝑠 sin 𝜔𝑡 (4)

In the case of nonlinear load

𝑖𝑙 (𝑡) = 𝑖1 sin (𝜔𝑡 + 𝜑1) +
∞

∑
𝑛=2

𝑖𝑛 sin (𝑛𝜔𝑡 + 𝜑𝑛) (5)

where 𝑖𝑠(𝑡) is the source current, 𝑖𝑙(𝑡) is the load current,
𝑖𝑐(𝑡) is the compensating current, and 𝜑1 is the angle
between the current and fundamental voltage.

4. SAPF CONTROL SCHEME

4.1 Reference Current Generation

4.1.1 SRF control technique

The basic SRF scheme model is revealed in Fig. 11,
where the load current (𝑖𝑙𝑎, 𝑖𝑙𝑏 and 𝑖𝑙𝑐) and transfer to
𝑖𝑑 − 𝑖𝑞 are acknowledged in Eq. (6).

⎡
⎢
⎢
⎢
⎣

𝑖𝑙𝑑

𝑖𝑙𝑞

𝑖𝑙0

⎤
⎥
⎥
⎥
⎦

= 2
3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

cos 𝜃 cos (𝜃− 2𝜋
3 ) cos (𝜃+ 2𝜋

3 )

− sin 𝜃 − sin (𝜃− 2𝜋
3 ) − sin (𝜃+ 2𝜋

3 )
1
2

1
2

1
2

⎤
⎥
⎥
⎥
⎥
⎥
⎦

⎡
⎢
⎢
⎢
⎣

𝑖𝑙𝑎

𝑖𝑙𝑏

𝑖𝑙𝑐

⎤
⎥
⎥
⎥
⎦

(6)
The load current is then passed via an low pass filter

(LPF) to filter out the harmonic components, leaving only
the fundamental component. Finally, the inverse park-
transformation approach is used to convert this current
to a three-phase stationary frame.
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Fig. 12: MSRF-based control scheme.

Fig. 13: Unit vector generation technique.

4.1.2 MSRF method

Instead of using a phase-locked loop (PLL) circuit
like in the SRF approach, the MSRF method uses a
simplified unit vector generating scheme to accomplish
synchronization [19]. Fig. 12 shows a block diagram of
the MSRF design. In this scheme, the synchronization
angle is fed as an input for the transformation of
concerned signals (𝑣𝑠) to 𝛼 − 𝛽 reference frame (i.e. 𝑉𝑠𝛼
and 𝑉𝑠𝛽 ). Thereafter, LPFs are used to reduce the voltage
harmonics of the corresponding signals. A block diagram
of the reference current generation scheme is shown in
Fig. 13. The process for generating the 𝜃 angle is defined
in Eqs. (7) and (8).

cos 𝜃 = 𝑉𝛼

√(𝑉𝑠𝛼
2) + (𝑉𝑠𝛽

2)
(7)

sin 𝜃 =
𝑉𝛽

√(𝑉𝑠𝛼
2) + (𝑉𝑠𝛽

2)
(8)

4.2 Generation Scheme for Switching Pulses

Due to its simplicity, the HCC current control tech-
nique is chosen for this study.

4.2.1 HCC Scheme

Many methods have been documented in the liter-
ature, but the HCC strategy has proven to be more
advantageous for the SAPF. Fig. 14 shows the HCC’s
detailed control mechanism in action.

4.2.2 AHCC Scheme

Due to the drawbacks of the fixed-band HCC men-
tioned above, AHCC is proposed in this study since
it builds the hysteresis bandwidth, calculated instanta-
neously according to the compensation current variation
and voltage, hence the switching speed becomes smooth
and the frequency switching fixed considerably. Ac-
cording to the system topology presented in Fig. 15, the
relationship between the hysteresis band (𝐻𝐵) and 𝑓𝑠 is
presented by Eq. (9).

𝐻𝐵 = 0.125𝑉𝑑𝑐
𝑓𝑠𝐿𝑖 [

1 −
4𝐿2

𝑖
𝑉 2

𝑑𝑐
(

𝑉𝑠
𝐿𝑖

+ 𝑑𝑖∗
𝑠𝑎

𝑑𝑡 )]
(9)

where 𝑓𝑠 is the modulation frequency.

4.3 DC side Voltage Regulation

The SAPF is connected primarily to inject 𝑖𝑐 into
the PCC, lowering the harmonic content and necessary
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Fig. 16: PI controller.

reactive power. This scheme uses PI and FLC-based 𝑉𝑑𝑐
regulation as presented in the following section.

4.3.1 PI controller

The classic PI controller is typically used to manage
the 𝑉𝑑𝑐 in the SAPF. Maintaining a steady 𝑉𝑑𝑐 is
essential for achieving the desired SAPF compensating
performance. If the active power is reduced to the point
where the converter is unable to compensate for its
losses, the active power will not remain constant. The
measured 𝑉𝑑𝑐 is compared to the 𝑉𝑑𝑐,𝑟𝑒𝑓 , as shown in
Fig. 16. With the use of PI controller parameters 𝐾𝑝 and

𝐾𝑖, the PI controller regulates the generated error.

4.3.2 Fuzzy logic controller

The purpose of implementing the FLC is to maintain a
constant dc-link voltage with minimum ripple. The FLC
is characterized as follows.
• The triangular membership function is used for sim-
plicity.

• A Mamdani-type min-operator for implication.
• Defuzzification using the centroid method.
The fuzzy sets for input and output variables in Table 2

are as follows. NB: Negative Big, NM: Negative Medium,
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Fig. 17: Fuzzy logic controller.

Table 2: Fuzzy rules.

𝑐𝑒(𝑛)
𝑒(𝑛) NB NM NS ZE PS PM PB

NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB

NS: Negative Small, ZE: Zero Error, PS: Positive Small,
PM: Positive Medium, and PB: Positive Big.

The dc-link capacitor voltage 𝑉𝑑𝑐 is sensed and
compared with the reference voltage 𝑉𝑑𝑐,𝑟𝑒𝑓 . The error
signal 𝑒𝑛 = 𝑉𝑑𝑐,𝑟𝑒𝑓 −𝑉𝑑𝑐 and the change in error signal are
used as input to the fuzzy processing as shown in Fig. 17.

The FLC computes the magnitude of the peak refer-
ence current 𝐼𝑚𝑎𝑥. 𝐼𝑚𝑎𝑥 takes care of losses and the active
power balance in the system. At the fuzzification stage,
the numerical variables are transformed into linguistic
variables. According to rules, inputs are processed by
an inference mechanism to produce a suitable fuzzified
output. This refers to the process by which the fuzzified
outputs are converted back to the numerical values or
control signal. The FLC is more widely used in active
power filters than conventional controllers due to its
better performance.

5. RESULTS ANALYSIS

Fig. 18 shows the proposed hybrid DG integrated with
the SAPF. The performance of the proposed approach is
examined in a variety of scenarios, as outlined below.

a) Scenario 1: Evaluation of performance under
various nonlinear loads without the SAPF.

b) Scenario 2: Comparative performance analysis
between the SRF-PI-HCC and MSRF-PI-AHCC schemes.

c) Scenario 3: Comparative performance analysis
between the MSRF-PI-AHCC and proposed MSRF-FLC-
AHCC scheme.

5.1 Analysis under Scenario 1

Under Scenario 1, the model simulated with an induc-
tive/capacitive type nonlinear load without connecting
the SAPF and the source current waveform with the
harmonic spectrum are presented in Figs. 19(a) and 19(b)
for the inductive case and Figs. 20(a) and 20(b) for the
capacitive case, respectively.

It can be observed from Figs. 19(a) and 19(b) that the
source current waveform is distorted with a typically
high THD value of typically around 26.74%. Similarly,
the source current for a capacitive load is also distorted or
non-sinusoidal, with a THD of typically 20.25%, as shown
in Figs. 20(a) and 20(b), respectively, according to the FFT
analysis.

5.2 Analysis under Scenario 2

Under Scenario 2, the SAPF-based (using SRF-PI-HCC)
control scheme is turned on to create a sinusoidal source
current. The compensating current injected at the PCC
point is shown in Fig. 21(a). As a consequence, the THD
level drops to 3.52% as shown in Fig. 21(c), while the
source current waveform becomes almost sinusoidal as
shown in Fig. 21(b). Similarly, the comparable waveforms
for the capacitive load are given in Figs. 21(d) to 21(f). The
compensatory current created by the SAPF is illustrated
in Fig. 21(d), reducing the THD level to 3.40% as seen in
Fig. 21(f).

As can be observed from the 𝑉𝑑𝑐 waveform shown in
Figs. 21(g) and 21(h), the ripples in the 𝑉𝑑𝑐 waveform are



HARMONIC MITIGATION IN A HYBRID POWER SYSTEM INTEGRATED SHUNT ACTIVE POWER FILTER 9

Fig. 18: Proposed system.

(a)

(b)

Fig. 19: Inductive load (a) 𝑖𝑠 without SAPF (b) THD of 𝑖𝑠.

(a)

(b)

Fig. 20: Capacitive load (a) 𝑖𝑠 without SAPF (b) THD of 𝑖𝑠.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 21: SAPF with SRF-PI-HCC scheme-based compensation; (a) 𝑖𝑐 (inductive case), (b) 𝑖𝑠 inductive case after
compensation, (c) THD level (inductive case), (d) 𝑖𝑐 (capacitive case), (e) 𝑖𝑠 capacitive case after compensation, (f) THD
level (capacitive case), (g) 𝑉𝑑𝑐 waveform for the inductive case, and (h) 𝑉𝑑𝑐 waveform for the capacitive case.

nearly 20 V in both cases. However, the study reveals
that there is a scope for a further reduction in the source
current THD and ripples in the 𝑉𝑑𝑐 waveform. Hence,
the SAPF is tested in a similar way using the MSRF-
PI-AHCC control scheme. The waveforms for inductive
and capacitive loads are shown in Figs. 22(g) and 22(h),
respectively.

It can be seen from the figures that the THD is reduced
to 2.32% and 2.18% for the inductive and capacitive
load cases, respectively. Moreover, the ripples in the
𝑉𝑑𝑐 waveform are reduced to almost 8 V in both cases.
Hence, it is clear from the study that the SAPF shows

superior performance with the MSRF-PI-AHCC-based
control scheme.

5.3 Analysis under Scenario 3

Owing to the drawbacks of the PI controller, it can
be concluded that there is still scope for a further
reduction in the THD source current and ripples in
the 𝑉𝑑𝑐 waveform. Hence, the proposed controller in
Scenario 3 is similarly tested using the proposed MSRF-
FLC-AHCC control scheme. The 𝑉𝑑𝑐 waveforms for
inductive and capacitive loads are shown in Figs. 23(g)
and (h), respectively.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 22: SAPF with MSRF-PI-AHCC scheme-based compensation; (a) 𝑖𝑐 (inductive case), (b) 𝑖𝑠 inductive case after
compensation, (c) THD level (inductive case), (d) 𝑖𝑐 (capacitive case), (e) 𝑖𝑠 capacitive case after compensation, (f) THD
level (capacitive case), (g) 𝑉𝑑𝑐 waveform for the inductive case, and (h) 𝑉𝑑𝑐 waveform for the capacitive case.

As can be seen from the figures, the THD is reduced
to 1.85% and 1.73% for the inductive and capacitive
load cases, respectively. Moreover, the ripples in
the 𝑉𝑑𝑐 waveform are reduced to almost 4 V for both
cases. Hence, it is clear from the study results that the
SAPF with the MSRF-FLC-AHCC-based control scheme
demonstrates superior performance and good robust-
ness. If the compensating current used is from 𝑡 = 0
to 0.2 s then it can clearly be observed that the source
current waveform is sinusoidal for both loads.

Table 3 summaries the analysis under three scenarios.

6. CONCLUSION

Harmonics in a hybrid power system (HPS) consisting
of solar and wind energy are investigated in this study
by integrating the proposed controller-based SAPF under

different loading conditions. According to the results of
experiments conducted in a MATLAB/SIMULINK envi-
ronment, it can be observed that the proposed controller-
based SAPF performs exceptionally well in mitigating
the harmonics and reducing the dc-link voltage ripple
under different load conditions. Based on a numerical
comparison of the findings, the proposed controller-
based (MSRF-FLC-AHCC) SAPF can reduce the source
current harmonics by around 1.82% and 1.73% and ripples
in the 𝑉𝑑𝑐 waveform to almost 4 V for inductive and
capacitive loading, respectively. The THD levels and
dc-link voltage ripple are within the permissible limits
set by IEEE-519. Thus, the performance of the filter
is satisfactory under steady state and dynamic loading
conditions.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 23: SAPF with MSRF-PI-AHCC scheme-based compensation; (a) 𝑖𝑐 (inductive case), (b) 𝑖𝑠 inductive case after
compensation, (c) THD level (inductive case), (d) 𝑖𝑐 (capacitive case), (e) 𝑖𝑠 capacitive case after compensation, (f) THD
level (capacitive case), (g) 𝑉𝑑𝑐 waveform for the inductive case, and (h) 𝑉𝑑𝑐 waveform for the capacitive case.

Table 3: Performance comparison.

Controller THD (without APF) THD (with APF) 𝑉𝑑𝑐 ripple

SRF-PI-HCC 26.74% (inductive load) 3.52% (inductive load) 20 V
20.25% (capacitive load) 3.40% (capacitive load)

MSRF-PI-AHCC 26.74% (inductive load) 2.32% (inductive load) 8 V
20.25% (capacitive load) 2.18% (capacitive load)

MSRF-FLC-AHCC 26.74% (inductive load) 1.82% (inductive load) 4 V
20.25% (capacitive load) 1.73% (capacitive load)
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