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Abstract—The integration of flexible loads and
distributed energy resources (DERs) into microgrids is
increasing the complexity and uncertainty of these
systems. This has led to challenges in the control and
operation of microgrids, as well as opportunities for
novel data-driven methods to address these challenges.
One such method is harmonic compensation, It involves
minimizing the distortion of the current and voltage
waveforms brought on by non-linear loads. There are
numerous techniques for harmonic compensation that
can be used in both islanded and grid-connected
microgrids. This paper provides a comprehensive
review on harmonic compensation in microgrids. The
paper begins by discussing the basics of harmonics and
their impact on microgrids. It then reviews the different
methods of harmonic compensation, including passive,
active, and hybrid methods. The paper also discusses
the challenges and future trends in harmonic
compensation in microgrids. The paper concludes by
providing a summary of the key findings and
recommendations. The findings of this paper suggest
that harmonic compensation is a promising method for
improving the operation and control of microgrids.

Index Terms—microgrids, harmonic compensation,
non-linear loads, harmonics, power electronic devices.

I. INTRODUCTION

With the growing consumer expectations and
growing environmental concerns, the production of
electricity is changing quickly. A collection of
distributed  generation (DG)  units, loads,
communication systems, safety devices, and
distributed energy storage systems that act as one
controlled entity is known as a microgrid (MG). Low
voltage grids known as microgrids can function in
both autonomous and non-autonomous modes.
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Meaning that microgrids can be operated in grid-tied
and islanded modes [1]. Due the growing use of
distributed energy production systems, microgrids are
one of the viable options to integrate the various
DERs with the utility grid [2]. The use of non-linear
load can result in harmonic contamination of the
distribution system. Harmonic issues in distribution
networks have given rise to various filtering
approaches. These methods are designed to
compensate for the cyclic distortions in the output
voltage resulting from the distorted load current and
its harmonic components, with power electronics
converters serving as interfaces between renewable
energy sources (RESs) and the grid [2]. Recently,
RESs based DGs have enhanced the world's energy
supply networks. The utility grid's deployment of
DERs is rapidly expanding both in developed and
developing countries [1]. DGs can run in a MG mode
or concurrently with the main grid. Grid-connected
inverters are primarily utilized by these DGs to
transmit clean energy such as photovoltaic (PV)
electricity [2].

The concept of microgrids is extremely encouraging
as a potential solution to the issue of future fossil fuel
shortages in traditional power generation. It is also
effective in mitigating the effects of the current
generating system on the environment.

Due to non-linear load interruptions, as well as
increase in the use of power electronic devices, the
power quality (PQ) domain has attracted a lot of
interest in microgrid systems and the development of
RES:s. It is anticipated that implementing microgrids
will improve PQ, ease network congestion, minimize
radiations, and power losses, potentially improving

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2568



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002

the system's profitability, and increase energy
efficiency [3].

Various strategies have been suggested for
compensation of harmonics in island and grid
connected MGs. Harmonic currents produced by non-
linear electronic loads raise end-user energy costs and
power system heat losses. These harmonic-related
losses raise power and cooling costs, decrease system
effectiveness, and lead to overheating of apparatus
[4]. By monitoring total harmonic distortion (THD)
at different crucial microgrid sites, it is feasible to
assess the harmonics effect on PQ across various
points. Examples are load connection points, Point of
Common Coupling (PCC), and DERs interfaces [5].
Voltage quality issues account for at least 50% of
power quality issues with 18% caused by harmonics.
THD of the grid must be kept at a low level per
industrial norms [6]. In addition to harmonic
distortion mitigation, harmonic current sharing is
crucial for enhancing the power quality of microgrids
[7]. Transformers, electric motors, and other
networked equipment, as well as electronic
appliances, are all susceptible to damage arising from
the presence of harmonics [8].

II. MICROGRID

A microgrid consists of interconnected loads and
DERs that act as a unified, manageable system which
can be operated in grid connected or freestanding
mode. Thus, MGs have the ability to connect to or
disconnect from the grid [9]. Thermal power plants,
microturbines, solar panels, wind turbines, and
microturbines are some of the DERs that makes up a
typical MG structure [10]. Using microgrids makes it
possible to employ RESs while enhancing PQ,
reducing transmission congestion, minimizing
emissions, and reducing energy losses [6]. Harmonic
currents produced by nonlinear devices like switched
mode power supply (SMPS), variable-speed motors,
drive systems, computers, and power -electronic
inverters, are applicable to MGs and thus, needs to be
mitigated [5]. Figure 1 depicts a typical MG
architecture.
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Fig 1. Microgrid Architecture [11]
III. MICROGRID OPERATION MODES

There are two ways a microgrid power system can
run islanded mode and grid-connected mode:

A. Freestanding

The utility grid does not supply any electricity when
the static switch is open. Thus, a MG can function
independently when the utility grid is down,
preventing power outages [9]. Microgrids without
PCC are referred to as isolated microgrids, or simply
independent microgrids. This grid category
encompasses remote locations that remain
unconnected to the main utility grid due to technical
or economic constraints. In such areas, independent
MGs can be employed to supply power. Achieving
island status improves service, power quality, and
dependability while reducing outages. Islanding may
occur accidentally or on purpose. Islanding can
happen during scheduled maintenance or when the
utility main grid's power quality endangers the
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performance and quality of the microgrid. On the
other hand, in the MG, faults and other unpredictable
events may lead to unintentional islanding. [12].

B. Grid-connected

In this mode, electricity is connected to the
microgrid. There are two types of grid connection.
One type is linked to the grid without generating
excess electricity for it, while the other type produces
power for the utility grid. When connected to the
utility grid, a static switch is closed. The utility grid
has established all the necessary connections,
allowing the microgrid to contribute surplus
electricity to the main grid [9]. In order to transfer
power without experiencing any technical issues, the
frequency needs to be coordinated with the main
electric grid. The main and mini grids must be
disconnected and connected at the PCC [12].

IV. CONTROL OF MICROGRID

Three hierarchical control structure of MGs exists
and they are the primary, secondary and tertiary
control methods [13].

A. Primary Control

This is the local control action by the local controllers
at the grid/load interfacing converters terminals. It
provides internal control of the converters’ output
voltage and current, as well as power-sharing using
centralized and decentralized control techniques. As
the primary control is the fastest among all the
control levels, it also includes islanding detection,
power-sharing, output control and subsequent change
of controller modes. Voltage and current control are
the two primary types of local control used in MG
systems to manage power electronic converters [13].
They are typically organized in a cascaded structure
with and outer voltage loop and an inner current loop.
i. Current control: Several methods of control have
been developed to enhance PQ by way of adjusting
the MG [14]. A current control loop is responsible for
managing the grid current within the grid-side
electrical converter. In the case of the current-
controlled voltage source inverter (VSI), pulse width
modulation (PWM) techniques are applied to control
both the active and reactive components of the
current supplied to the grid. A current controller is
less susceptible to grid voltage distortion and voltage
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phase shifts. The most popular technique for the grid
linked mode to manage the output voltage and
frequency inside confinement sites is current control
[9]. Thus, implies that this method of control is
applicable in grid-tied mode.

P,Q control, a type of current control, delivers
constant active and reactive power to the microgrid
by DGs. P,Q control is utilized especially for wind
and solar based DGs to extract maximum available
energy. Inverters in this control category functions as
a voltage source with current control [15].

ii. Voltage control: This type of control is essentially
about maintaining stable voltage levels within the
acceptable range despite fluctuations in generation,
load, and other factors. Whether the microgrid
operates in island mode or connected to the main
grid, this helps to assure its dependability, stability,
and efficiency. Large harmonic currents may develop
if the grid voltage is distorted, and voltage regulation
is sensitive to even small phase errors [9]. There are
diverse voltage control strategies but in this study,
emphasis will be made on V/f and droop control.
Both find application in islanded operation mode of
MGs.

Droop Control is a type of decentralized control since
it uses local information only and the energy
available in DG is more than the demand. For a
synchronous generator, if the active power output
increases, its load angle increases thereby decreasing
the frequency. Similarly, if the reactive power drawn
increases, its terminal voltage decreases. This
frequency and voltage droop characteristics are
assigned to the inverters and they are made to imitate
the behaviour of synchronous generators. For an
inverter in a microgrid, if we are required to increase
the active power drawn from it, its frequency is
reduced as per the frequency droop characteristic.
The case is similar with reactive power also. The
whole idea of this machine mimicking is to make the
microgrid look more like a normal utility grid run by
synchronous generators. In this mode, the MG
inverter will work as VSI and operates in parallel
with other inverters [16].

For V., f control, also known as VSI. Here, the inverter
is operated as a voltage source with controllable
magnitude and frequency [15]. When a power
sharing process occurs, the voltage and frequency
deviates from their nominal values as per the droop
characteristics of the inverters. V,f control helps in
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bringing back the frequency and voltage to their
nominal values. It further plays a vital role during
synchronization - switching between islanded mode
to grid connected mode [16].

B. Secondary Control

This is the energy management system (EMS) of the
microgrid. It is responsible for power quality
enhancement, restoring frequency and voltage in the
microgrid caused due to primary level droop control
actions. It is also responsible for resynchronization of
microgrid to the utility grid and ensuring optimal and
coordinated operation of DER wunits within the
microgrid [13].

C. Tertiary Control

The purpose of tertiary control is to manage the
power flow between the microgrid and utility grid
and to optimize the operation of a microgrid. It
coordinates the operation of multiple microgrids and
communicates the requirements such as voltage and
frequency regulation from the host grid. Tertiary
control receives power references from the
distribution management system (DMS) and
processes the error between the actual and reference
values. It is however, the slowest control in the
hierarchy [13].

V. CLASSIFICATION OF MICROGRID

Microgrids exist in three categories: direct current
(DC) microgrids, alternating current (AC) microgrids
and hybrid microgrids [12].

A. AC microgrids

Since it requires additional power conversion
equipment and uses a plug-in method for all DERs,
the AC microgrid is the most popular of the three
[12]. AC microgrids are microgrids that operate and
supply AC electricity to the utility system with which
they are integrated. Power generation sources,
storage devices, and various system components are
interconnected with the AC network to meet the
demands of AC loads. These microgrids can be
readily integrated into existing electricity grids and
do not require any special control methods. Single-
phase, grounded three-phase, and ungrounded three-
phase are the three types of AC microgrids [17] .
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B. DC microgrids

DC loads including communication/computing
equipment, liquid crystal displays, and variable speed
drives are most suited for DC microgrids since they
require the fewest power conversion components
[12]. DC microgrids use the concept of generating
and storing power in DC forms. These microgrids
employ a variety of converters and power electronic
devices to communicate with the current distribution
system. When feeding DC loads, DC microgrids are
more efficient and need less conversion than AC
microgrid systems. Certain commercial applications
of DC microgrids include telephony, -electric
vehicles, naval power systems, and so on. DC
microgrids are further classed as mono-polar, bi-
polar, and homo-polar microgrids [17].

C. Hybrid microgrids

A hybrid microgrid is an energy system composed of
multiple power sources such as photovoltaic panels,
wind turbines, fossil-fuel generators, converters,
battery storage systems, and an EMS that guarantees
stability and balance of the entire system. According
to the system operation and the meteorological
conditions, the microgrid can be linked to the
electrical grid or work as a standalone system [18].
The most popular type is the AC/DC hybrid MG
[19].

VI. HARMONIC DISTORTION

Harmonics have a multitude of negative
consequences for power system loads and
components. Power electronic loads regulate power
flow by pulling current only at specific intervals of
the 50/60 Hz cycle. This causes the load current
waveform to be non-sinusoidal. Thus, when the
system impedance and the non-sinusoidal current
interact, this results in distortion [20]. The presence
of harmonic currents from nonlinear loads results in
voltage distortion at the PCC due to losses induced
by the grid-side inductors of microsource inverters
[21]-[22]. Through the distortion of waveform in
both voltage and current, nonlinear loads can produce
harmonics. The effective value of the harmonic
voltage (THD), or current (THD); is measured as
THD. In contrast to high value harmonics that have a
high chance of having disruptive effects, low value
harmonics with a low possibility, can be found in
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utility networks. Voltage distortions are expected to
remain below limitations for 95% of the 10-min
averages collected in a week, according to EN 50160,
which specifies harmonic standards. When an AC
source is used to power a nonlinear load with h
harmonics, the root mean square (rms) voltage is
calculated using Equation (1) as shown in [14].

1
Vims = ﬁ\/Vf +VE+VE LV =

\/Vl rms + VZ rms V3 rms * thmax rms (1)

The peak intensities of the first, second, third and
higher order current harmonics are denoted by the
letters V1, V2, V3...Vh. The current's corresponding
rms value is represented by

1
loms = = J1§ AR =

\/Ilzrms + IZZ,TmS + I??,rms e I}%max'rms (2)

The fundamental voltage and current harmonic levels
are known as THDs. THD in voltage and current are
represented by Equation (3) and (4).

R 172 V2 +V3 thax
THDy = ( [Z Vims ) V2 = " (3)
[ 12412..17
THDi — ( ZZmax Ih,rms) /V1 = %hmax (4)

Harmonics in voltage and current fall between h=2
and hy,q, with V; or I; standing for the rms value of
fundamental voltages or currents. A distorted voltage
and current waveform's rms value is given by

ms=<\[zhma* ) \/V2+2’,1m‘” 5)
Ims=(\[22"*f"1h) \/12+ZZ’"“" (6)

The rms values of the harmonic components are Vj,

and [,. THD can be related to the rms values of
distorted voltage and current waveforms by

ms = Viy/1+ (THD/100)? = V;\/1 + THDZ, (7)
Iyms = I1y/1+ (THD/100)2 = I;3/1 + THDZ, (8)
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VII. EFFECT OF VOLTAGE AND CURRENT
HARMONICS

The presence of harmonics (current or voltage) is
detrimental to any electrical power system. The
following are some of the negative effects of the
presence of either voltage or current harmonics:
equipment overheating, affects fuses and circuit
breaker interruption abilities, leads to motor
performance deterioration, leads to transformer losses
by way of eddy current or core losses, causes
electromagnetic interference, decreased efficiency,
measurement error [23]-[24].

A. Voltage Harmonics

In most power systems, voltage harmonic distortion
THDv is less than 5%, and the size of harmonic
components is minor when compared to the
fundamental. According to ANSI-C.27-1920, the
losses caused by voltage harmonics are indicated as
follows if harmonic distortion is substantial and
needs to be taken into account [25].

P=Py [Ph + Py (VV’”’“)Z] ©)

rms

Where V., and Vy,,s are the rms values of
fundamental voltage and harmonic voltage,
respectively, P is the losses under fundamental
voltage, Py, is the losses under harmonic voltage, Py,
denotes the hysteresis losses and P, is eddy current
losses.

B. Current Harmonics

Current harmonics is more significance in the
majority of power systems. Increased losses in the
transformer are caused by current harmonics. Due to
the presence of current harmonics, the load current
increases, increasing losses proportional to the square
of the current [25].

VIII. HARMONIC REDUCTION TECHNIQUES
UTILIZED IN MICROGRIDS

To achieve a high level of reliability, it is imperative
to enhance the performance of microgrids in both
isolated and grid-connected modes. Numerous
researchers have explored the impact of harmonics in
microgrids across various operational modes, as well
as diverse approaches for mitigating these harmonics.
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Some of the various strategies used to mitigate
harmonics will be discussed in this section.

A. Virtual Impedance

Inverter control loops can reduce voltage harmonic
distortion at the PCC by using a capacitive virtual
impedance loop [26]. The study executed by [22]
focused on selective harmonic correction in islanded
microgrids. The authors were able to enhance the
virtual impedance loop at the PCC in order to
minimize voltage harmonics. Thus, voltage THD was
reduced from 3.36% to 2.57% while for the study
carried out by [26], Vyypdecreased from 24.3% to
1.826%.

B. Virtual Admittance

The fundamental objective of the virtual admittance
strategy is to distribute the required actions among
several parallel connected inverters in order to reduce
the harmonic content and unbalances at the PCC in
microgrids.  Because = microgrids
incorporate non-linear loads (NLL), harmonic
components are regularly detected at the PCC [27].

commonly

C. Zero-Sequence Control

A zero-sequence control method is capable of
removing current and voltage harmonics without the
need of active and passive filters. This strategy was
employed by [28] to achieve 0.3% and 0.2% voltage
and current THD from 5.73% and 27.41%
respectively. In this method, the controller uses a
specific control loop to manage the zero-sequence
current circulating between the microgrid inverter
and the grid.

D. Filtering Methods

Passive and active power filters have long been
utilized to mitigate harmonics within a system [29].
Passive filters have proven effective in attenuating
harmonic currents and voltages. Their simplicity and
reliability make them a viable choice for applications
where harmonic sources are relatively constant.
Another approach for diminishing and ultimately
eradicating the harmonic amplitudes in current and
voltage is through the utilization of the active power
filter module (APFM). This module optimizes control
coefficients and applies them to harmonic loops
associated with voltage, current, and the controller
error [30]. APFs can be categorized as series or shunt
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according to their topology. Shunt APFs for instance
can be employed to compensate for reactive power
and unbalanced current in addition to reducing
harmonic currents brought on by NLLs. Furthermore,
active compensation techniques remarkable dynamic
response  capabilities. They enable real-time
harmonic mitigation, making them suitable for
situations where harmonic sources vary rapidly. The
common types of passive filters are presented in Fig.
2 while the general block diagram of an APF is
shown in Fig. 3. In addition to using individual
passive or active filters for harmonic suppression,
passive as well as active filter topologies (series and
parallel) can be hybridized for more -effective
performance. This hybrid combination of passive or
active filters or both are now employed for
addressing harmonic problems in microgrids [24].
Hybrid solutions that combine passive and active
methods offer enhanced flexibility and performance.
They can address a broader range of harmonic
scenarios and provide synergistic benefits.

DT
I T ¢

1st-order 2nd-order 3rd-oeder
High-pass High-pass High-pass

Single-tuned

Figure 2: Common type of passive filter and their
configuration [31]
supply
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Figure 3: General block diagram for an APF [24]
E. Current Control Method
This method can also be employed to achieve

control
effort

harmonic compensation. Thus, in a microgrid, this
approach can effectively accomplish harmonic
compensation within the Distributed Generation
(DG) unit(s). To attain harmonic suppression in the
study carried out by [32], the DG line current was
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adjusted based on the need for harmonic
compensation and the inverter's available power
rating. Owing to the fact that compensations for
voltage and current harmonics are connected,
compensation for current harmonics significantly
reduces the amount of distortion in the voltage at the
PCC [33].

F. Voltage Control Method

This method is also an appropriate technique for
achieving harmonic compensation in microgrids.
With this technique, the fundamental voltage
reference signal, V,..r r, can be generated through
droop control mechanisms like real power-frequency
(P-f) droop and reactive power-voltage (Q-V) droop.
This enables effective power distribution among
multiple DG units when they are interconnected
within the system [32].

The current and voltage control methods can be
hybridized to achieve harmonic minimization and
this strategy was employed in the studies executed by
(2], [34]-[35].

G. Hybrid Voltage and Current method (HCM).

An adaptive hybrid voltage and current controlled
technique (HCM) has been proposedin [2]. It
demonstrates the ability of the proposed adaptive
Hybrid Control Method (HCM) to reduce the number
of low-pass/bandpass filters required in the digital
controller of the DG unit. In cases where DG units
are equipped with converters employing LCL filters,
a hybrid approach that combines voltage and current
control techniques (HCM) was implemented [34].
The suggested control strategy manages harmonic
line currents to account for the specific harmonic
loads in the vicinity and enhance the quality of line
currents at the selected harmonic frequencies.
Fundamental voltage tracking is employed alongside
droop control to govern the fundamental power flow
of the DG unit. The HCM also ensures changeover
between islanding and grid-connected operation
modes [34]. For a grid-connected PV inverter to
perform a variety of functions, a hybrid control
technique was developed. Despite the intermittent
nature of solar energy, this method guarantees
reliable energy delivery. Power quality methods such
as harmonic elimination and power factor
enhancement also contribute to the reduction of
power output. The control strategy comprises a
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voltage control loop founded on proportional-integral
principles, ensuring reliable operation even during
intermittent or zero-generation
Additionally, it incorporates a current control loop
grounded in passivity theory, enhancing the quality
of power from the inverter [35].

scenarios.

H. Repetitive-based controller

A positive feedback strategy for the delay line is
examined for the repeating method, instead of
placing it in the direct path like other recorded
repetitive schemes, it is placed in the feedback path.
[36]. An illustration of a repetitive-based control
technique is presented for a boost-based power factor
pre-compensator, guaranteeing swift adjustment of
the output voltage to a predetermined constant level
while achieving a power factor that closely
approaches unity [37].

A novel recurring technique created to account for
the harmonics, 6£+1 (£=0,1,2,...,0) of the
fundamental frequency w,. "This approach was
devised to incorporate a positive-feedback repeating
system within a synchronous frame that rotates at the
frequency w,. The objective of the positive-feedback
method was to generate a continuous sequence of
resonant peaks centered at 6fw,, which, due to
frequency shifts resulting from the rotations in the
synchronous frame, produce a resonant peak at (6 +
Dw, [38]. A new repetitive-based control system has
been introduced for the pulse-width modulated
(PWM) boost converter with the aim of diminishing
the output voltage fluctuations arising from harmonic
distortions in the input voltage [36]. As a controller,
the cascade connection of inner and outer loops has
been considered [39]. The inner loop was designed
using a repeating scheme and a standard proportional
term, whereas the outer loop was designed using a
low pass filter and an integral term. The repetitive
technique was devised to offset the odd harmonic
elements arising from periodic distortion in heavily
distorted loads. Even in the presence of distorted and
imbalanced load currents, a three-phase inverter
managed to produce an approximately sinusoidal and
well-balanced voltage, thanks to the implementation
of a repetitive-based controller. The repetitive
method is designed to counteract the periodic
distortion in the output voltage resulting from the
distorted load current and its atypical harmonic
components. In the repeating scheme, which included

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2574



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002

a feedforward loop and a negative feedback structure,
only odd harmonics were analyzed for compensation
[40].

IX. FINDINGS AND RECOMMENDATION

This section presents the findings derived from the
comprehensive analysis of various harmonic
compensation methods:

Passive filters have proven effective in attenuating
harmonic currents and voltages. Their simplicity and
reliability make them a viable choice for applications
where harmonic sources are relatively constant.
Active compensation techniques, including shunt and
series compensators, exhibit remarkable dynamic
response capabilities. They enable real-time
harmonic mitigation, making them suitable for
situations where harmonic sources vary rapidly while
hybrid solutions that combine passive and active
methods offer enhanced flexibility and performance.
They can address a broader range of harmonic
scenarios and provide synergistic  benefits.
Advancements in control techniques, such as model
predictive control and artificial intelligence-based
strategies, offer potential for improved accuracy and
adaptability in harmonic compensation systems.
Based on the findings and insights presented in this
review paper, the following recommendations are
made for future research and  practical
implementations in the field of harmonic
compensation:

Researchers and practitioners should focus on
integrating cutting-edge control strategies such model
predictive control and artificial intelligence-based
techniques into harmonic compensation systems.
These strategies can enhance the adaptability and
precision of compensation systems, ensuring efficient
harmonic mitigation. Exploration of hybrid and
distributed harmonic compensation solutions is
encouraged. These approaches leverage the strengths
of both passive and active methods while aligning
with the trend of decentralized energy resources.
Investigating their performance in diverse scenarios
and their scalability in larger systems is crucial.

X. CONCLUSION

This review paper meticulously explored various
harmonic compensation methods to counter the
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adverse effects of harmonics on power systems.
Passive harmonic compensation methods, such as
passive filters, were examined for their effectiveness
in attenuating harmonic currents and voltages. Active
harmonic compensation techniques, encompassing
different control strategies for shunt and series
compensators, were thoroughly analyzed for their
dynamic response capabilities. Furthermore, the
advantages of hybrid harmonic compensation
approaches, which amalgamate passive and active
techniques, were underscored for their ability to
deliver enhanced performance and flexibility. The
impact of harmonic compensation on power system
operation, stability, and reliability was thoroughly
evaluated. It became evident that harmonic
compensation plays a pivotal role in mitigating power
quality issues and grid disturbances caused by
harmonics.

Advancements in control techniques, such as model
predictive control (MPC) and artificial intelligence
(Al)-based strategies, offer potential for improved
accuracy and adaptability in harmonic compensation
systems. Thus, future researchers and stakeholders
interested in this study area should focus on
integrating these cutting-edge control strategies into
harmonic compensation systems. These strategies can
further ensure efficient harmonic mitigation.
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