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Adaptive Mitigation Control for Wideband
Oscillations of Offshore Wind Farms With
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Abstract—With offshore becoming the main battlefield of
wind power generation, modular multilevel converter-based high-
voltage DC (MMC-HVDC) transmission technology has become
an ideal solution for offshore wind power integration and received
rapid development. However, wideband oscillation events have
seriously threatened stable operation of power systems. By far,
existing oscillation mitigation methods are usually designed for
specific oscillation cases and are not capable of mitigating
wideband oscillations. In order to mitigate various oscillations
adaptively, this article proposes an adaptive wideband oscillation
mitigation control for MMC-HVDC system connected to offshore
wind farms. Analytical wideband impedance models of the
wind farm side MMC (WFMMC) and offshore wind farm
composed of permanent-magnetic synchronous generator-based
wind turbine generators (PMSG-WTGs) are derived, respec-
tively, which are verified by measured impedances from time-
domain simulations. Then, a wideband oscillation mechanism is
revealed by impedance-frequency characteristics. On this basis,
an adaptive wideband oscillation mitigation control is proposed,
and its working principle as well as implementation process are
elaborated. Case studies of a sub-/super-synchronous oscillation
(SSO) event and a high-frequency oscillation (HFO) event of an
offshore wind farm with MMC-HVDC system are carried out to
verify effectiveness of the proposed adaptive wideband oscillation
mitigation control.

Index Terms—Adaptive mitigation control, MMC-HVDC,
offshore wind farm, wideband oscillation.

I. INTRODUCTION

FFSHORE has become the main battlefield of wind
Opower generation due to its vast space resources and
huge wind energy reserves. Among many schemes for offshore
wind farm integration, modular multilevel converter-based
high-voltage DC (MMC-HVDC) transmission technology has
become the mainstream scheme gradually [1], [2]. Many
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countries in the world have carried out engineering practice
of offshore wind farm with MMC-HVDC system [3], [4].

However, with rapid growth of engineering projects of
offshore wind farms with MMC-HVDC system, wideband
oscillation events occurred frequently in practical projects and
seriously threatened stable operation of power systems [5]-
[7]. These oscillations have brought a series of serious conse-
quences. Therefore, a wideband oscillation mitigation strategy
is urgently needed.

According to oscillation frequency, wideband oscillations
can be classified into two types: sub-/super-synchronous os-
cillation (SSO, 3 to 100 Hz) and high-frequency oscillation
(HFO, above 100 Hz). In existing research, oscillation mit-
igation methods are usually designed for specific oscillation
cases, in other words, can only mitigate specific SSO or HFO.

There are three types of existing SSO mitigation methods:
active damping control [8]-[11], controller parameter opti-
mization [12], [13], and using extra equipment [14]-[17].
A virtual arm resistance control scheme for SSO mitigation
was proposed in [8], but it couldn’t ensure adequate damping
for HFOs. A supplementary sub-synchronous damping con-
trol (SSDC) scheme was investigated in [9], in which the
parameters of SSDC were carefully designed to mitigate SSO.
Filter-based active damping control schemes were proposed
in [10] and [11], in which bandpass filters were designed with
fixed parameters according to prior torsional mode analysis,
to mitigate SSOs that lie on the vicinity of known torsional
modes. Controller parameters were optimized in [12] and [13]
to enhance AC-side and DC-side stability of MMC-HVDC
systems, respectively, but only the frequency range of SSO
was considered. Extra equipment such as synchronous con-
denser [14], static var compensator [15], static synchronous
compensator [16] and shunt voltage-source converter [17] were
designed to mitigate SSOs, respectively.

Existing HFO mitigation methods are mainly based on
ideas of modifying the voltage feed-forward channel [18],
[19], active damping control [20]-[22] and paralleling ex-
ternal impedance [19]. Negative damping characteristics of
high-frequency range introduced by the voltage feed-forward
channel of MMC controller is one of the main reasons for
HFOs, so inserting a low-pass filter into the voltage feed-
forward channel [18], [19] was recognized as a simple and
effective HFO mitigation method. Most active damping control
schemes for HFOs were implemented by feedbacking high-
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frequency oscillation signals to the control system through
high-pass filters. The harm of control delay was eliminated by
a high-pass filter-based damping control in [20], so HFO risk
was reduced. High-frequency damping was increased in [21]
by adding additional signals processed by high-pass filters to
modulation voltage signals. In [22], high-pass filters with ad-
equate cut-off frequencies were adopted in control systems of
wind power converters and wind farm side MMC (WFMMC)
to implement active damping control. A third-order bandpass
filter was adopted in MMC controller to increase the stability
of two potentially risky HFO modes in [23]. Besides, an HFO
mitigation method based on paralleling external impedance
was investigated in [19], in which external impedance was
provided by passive devices or small-scale converters. It is
obvious the above low-/high-/band-pass filter-based methods
are ineffective for SSO mitigation, and the method of paral-
leling external impedance brings extra cost and power loss to
the project.

The aforementioned mitigation methods focus on oscilla-
tions in a specific frequency range, design control schemes or
set fixed parameters according to prior mechanism analysis.
Therefore, they can only mitigate oscillations of the corre-
sponding frequency range. However, oscillations at various
frequencies (from tens of hertz to thousands of hertz) may
occur in a system of offshore wind farms with MMC-HVDC.
Existing methods cannot effectively mitigate oscillations in
such a wide frequency range, that is, cannot achieve the goal
of wideband oscillation mitigation.

In order to mitigate various oscillations adaptively, this
article proposes adaptive wideband oscillation mitigation con-
trol for systems of offshore wind farm with MMC-HVDC.
Innovations and contributions of this article are as follows:

1) An adaptive mitigation control which is applicable to both
SSOs and HFOs (i.e., wideband oscillations) in the system of
offshore wind farms with MMC-HVDC is proposed, to break
through limitations of existing methods which are merely
suitable for SSOs or HFOs.

2) The working mode of online monitor and adaptive miti-
gation of wideband oscillations is studied, in which parameters
of virtual resistor control loop are set adaptively based on on-
line oscillation monitor results, so wideband oscillations with
various frequencies can be mitigated and no prior mechanism
analysis is required.

The remaining part is arranged as below. Section II de-
scribes structure and control of the system under study.
Section III gives impedance modeling results of wind farm
and WFMMC and reveals wideband oscillation mechanism.
The basic principle, key function modules and implementa-
tion process of the adaptive mitigation control for wideband
oscillations are elaborated in Section I'V. Section V shows case
study results to validate effectiveness of adaptive mitigation
control. Section VI presents the conclusion.

II. SYSTEM INTRODUCTION
A. System Structure

Configuration of an offshore wind farm with an MMC-
HVDC system is presented in Fig. 1. The wind farm is com-
posed of permanent-magnetic synchronous generator-based
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Fig. 1. Configuration of an offshore wind farm with an MMC-HVDC system.

wind turbine generators (PMSG-WTGs). The WFMMC station
is offshore while the grid side MMC station is onshore.
Ty, Ty and T35 are the wind farm step-up transformer and
HVDC converter transformers, respectively. PCC is the point
of common coupling.

B. System Control

1) Control of PMSG-WTG

Grid-side subsystem dynamics of PMSG-WTG can be de-
coupled with machine-side subsystem dynamics due to the
large DC-bus capacitor, so grid-side subsystem dynamics are
hardly affected by machine-side subsystem dynamics [24].
Therefore, PMSG-WTG integration characteristics can be sim-
plified as that of a grid-side converter with a DC constant
power source. Fig. 2 presents the main circuit and control
of grid-side converter of PMSG-WTG. The control objective
of the grid-side converter is to stabilize DC-bus voltage Uy,
and in the meantime adjust output reactive power of the
PMSG-WTG. Controllers of outer and inner loops, as well
as the phase-locked loop (PLL) are all proportional-integral
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Fig. 2. Main circuit and control of the grid-side converter of PMSG-WTG.
2) Control of Wind Farm Side MMC

Figure 3 presents the control structure of WFMMC. The
control objective of the WFMMC is to provide stable AC
voltage of PCC for wind power integration, so its control
system mainly consists outer AC voltage loop and inner
current loop. In addition, a circulating current suppression
controller (CCSC) is adopted to suppress internal circulating
current. Controllers of outer and inner loops, as well as the
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Fig. 3. Control of WFMMC.

CCSC are all proportional-integral regulators. Control delay is
considered in this study.

III. SYSTEM MODELING AND WIDEBAND OSCILLATION
MECHANISM ANALYSIS

A. Impedance Models of the Studied System

Wideband impedance models of wind farm and WFMMC
are derived analytically in this work. Since impedance models
of the PMSG-WTG and MMC have been elaborated in our
previous work [24], [25], modeling processes are not presented
in this article.

Simulation models of the PMSG-WTG and WFMMC are
built in Simulink to validate derived wideband impedance
models. Tables I and II show electrical parameters of PMSG-
WTG and WFMMC, respectively.

TABLE I
MAIN ELECTRICAL PARAMETERS OF PMSG-WTG

Parameters Value
Rated capacity 4 MW
Pole pairs 32
Flux linkage 8.4 Wb
PMSG Stator resistance 46.1 mQ2
Mutual inductance 17.2 mH
Rated rpm 120
Rated DC-bus voltage 1120 V
Grid side Capacitance_ of DC-bus  32.64 mF
Rated AC-side voltage 690 V
converter

(0.03 mH, 0. 471 mS2,
0.9469 mF, 59.3 mQ2)

Filter parameters
(Lg, Ry, Ct, Rg)

TABLE 11
MAIN ELECTRICAL PARAMETERS OF WFMMC

Parameters Value
Rated power 1100 MW
Rated AC-side voltage 416 kV
Rated DC-bus voltage + 400 kV
Arm inductance 133 mH

Submodule number per arm 400
Capacitance of submodule 11 mF

Figures 4 and 5 exhibit comparisons of analytical impe-
dances from impedance models and measured impedances
from simulations of PMSG-WTG and WFMMC, respectively.
It is clear analytical impedances of the PMSG-WTG and
WEFMMC have good consistency with measured impedances
within the full frequency range. Therefore, derived wideband
impedance models are accurate.
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Fig. 4. PMSG-WTG wideband impedance model validation.
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Fig. 5.  WFMMC wideband impedance model validation.

B. Wideband Oscillation Mechanism Analysis

Based on derived impedance models, two oscillatory cases,
an SSO event (Case 1) and an HFO event (Case 2) of an actual
offshore wind farm with an MMC-HVDC system are carried
out to reveal wideband oscillation mechanism by impedance-
frequency characteristics. The offshore wind farm is comprised
of 275 PMSG-WTGs. System parameters are the same as
Tables I and II.

1) Mechanism of SSO

As shown in Fig. 6, impedance magnitude of the wind
farm shows a downward trend in frequency range below
100 Hz as wind farm output power increases. Magnitude-
frequency characteristics of WFMMC impedance contain res-
onance peaks at both ends of the fundamental frequency
(50 Hz). Based on analysis of WFMMC impedance character-
istics, it is found such resonance peaks are introduced by its
current control and internal dynamics. With wind farm output
power increases, the magnitude-frequency curve of the wind
farm impedance is likely to intersect with resonance peaks
of WFMMC impedance, and when the corresponding phase
difference is close to or exceeds 180°, stability margin is
inadequate or negative, the interconnected system will oscillate
at the intersection frequency. That’s the main mechanism of
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SSOs. In Case 1, intersection frequency and stability margin  contrary, phase of WFMMC impedance is positive and exceeds
are 65 Hz and —0.48°, respectively, as shown in Fig. 6. 90° in some frequency ranges, indicating WFMMC presents
2) Mechanism of HFO as an inductor along with a negative resistor in some frequency
ranges. Besides, negative resistor characteristics are enhanced
as control delay of the WFMMC increases, which are likely to
cause negative stability margin of the interconnected system.

- Therefore, control delay of WFMMC is the mechanism of
""""" Wind Farm (0.1 p.u.)

Wind Farm (0.15 p.u.) HFOs. In Case 2, the HFO frequency is 685 Hz.
200 || — Wind Farm (0.2 p.u.)

As illustrated in Fig. 7, the wind farm shows capacitive
characteristics in most of the high-frequency ranges. On the

IV. ADAPTIVE MITIGATION CONTROL FOR
WIDEBAND OSCILLATIONS

A. Basic Principle of Adaptive Mitigation Control
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Parameters of the VRCL are adaptively adjusted according
to online monitored oscillation frequency, so the proposed
adaptive mitigation control can mitigate oscillations at various
frequencies.

The four key function modules of the proposed adaptive
mitigation control are introduced in detail as follows, respec-
tively.

B. Key Function Modules of Adaptive Mitigation Control

1) Virtual Resistor Control Loop

As presented in Fig. 8, VRCL consists of an oscillated
current filter and a virtual resistor Ry . The oscillated current
filter is essentially a bandpass filter which only allows input
components near its center frequency fc to pass through.
Transfer function of the bandpass filter can be expressed as

2&&)08

G =
bp(S) 82+2§WCS+W%

D

in which damping ratio £ and center angular frequency wc
together determine bandwidth fpw of the bandpass filter,
that is.

fow = 26fc = %= @

In the proposed adaptive mitigation control, the oscillated
current filter is used to filter out the oscillated current com-
ponent of PCC current. Since supplementary control signals
of VRCL are superposed to modulation voltage signals of
WEFMMC, filtered oscillated current signals should be ampli-
fied by a virtual resistor Ry . Essentially, VRCL superimposes
a voltage component whose phase is opposite to oscillation
voltage to the original modulation signal of WFMMC. Ry
determines magnitude of the superimposed voltage compo-
nent, and its setting method will be discussed in detail later.
Therefore, VRCL plays a role in blocking propagation of
oscillation components, so corresponding oscillation can be
mitigated.

2) Online Oscillation Monitor

Figure 9 shows the working process of online oscillation
monitor. PCC current signal is sampled by a rectangular
window to acquire real-time current data. Sampling rate is fg
and length of the rectangular window is N/ fs. To ensure real-
time characteristics of current data, the rectangular window
should slide every other period of time, and time step is At.
With sampled real-time current data, DOF fo and CDOC Co

PCC current . o )
waveform Sampling with fg - L 1, /ot
w7 Co(t))
FFT ovl
N Samples
+ p
/\ t+At of £ &
7 Recognition|
\/ 7 \/ -------- T of DOF and
. gl CDOC fu( t,+Af)
n . . . > ~
Rectangular Sampling @ . : ; Colty A7)
window sliding in with fg W
time-domain N Samples
of t,+At

Fig. 9. Working process of online oscillation monitor.

can be obtained by applying FFT to current data. If there are
multiple oscillation components at the same time, the one with
highest amplitude is considered as the dominant oscillation
component.

3) Adaptive Parameter Setting

There are three parameters that need to set for the VRCL,
Ry, fc and &.

Virtual resistor Ry is used to amplify filtered oscillated
current signals, and amplified signals are superposed to the
modulation voltage signals of WFMMC. Therefore, the order
of magnitude of Ry is the same as the ratio between the rated
phase voltage and current of WFMMC, that is

Ry ~ “& 3)
1gN

After determining the order of magnitude of Ry using
(3), fine-tuning can be performed to achieve better oscillation
mitigation effect.

In order to filter out the dominant oscillated component of
PCC current, DOF f5 needs to be within the passband of the
bandpass filter. Therefore, as shown in Fig. 8, DOF fq is used
as the bandpass filter center frequency fc.

Damping ratio can be set according to oscillation types.
According to our previous research, oscillation frequency of
SSO is relatively onefold. In other words, compared with
the dominant SSO component, amplitudes of other oscillation
components in the vicinity of the dominant SSO component
are negligible. Therefore, in an SSO event, it can be considered
the oscillated PCC current only contains oscillated compo-
nents of the dominant oscillation frequency and its mirror
frequency. However, there are many oscillation components
around the dominant HFO component in frequency-domain,
which cannot be ignored due to their large amplitudes. In order
to select oscillation components of AC current, bandwidth
of the bandpass filter should be designed properly according
to spectrum characteristics of different oscillations. When an
SSO occurs, the passband of the bandpass filter is supposed
to be a bit narrower to accurately select the SSO component.
When an HFO occurs, the bandwidth should be wider to make
the bandpass filter select the dominant HFO component while
taking oscillation components in the vicinity of dominant HFO
component into account.

According to (2), when monitored oscillation frequency is
lower than 100 Hz, indicating an SSO occurred, damping ratio
is supposed to be set as a smaller value, while damping ratio
for HFOs can be larger to make the bandwidth wider.

In addition, damping ratio should be designed to ensure
adequate damping of the interconnected system. With the
derived WFMMC impedance model, wideband impedance
curves of WFMMC with VRCL of different damping ratios
can be obtained.

In Case 1, impedance curves of WFMMC with VRCL of
different damping ratios are shown in Fig. 10. For clarity, black
dashed arrows are used to indicate the trend of WFMMC
impedance curves as damping ratio increases. It is clear
as damping ratio increases, WFMMC impedance magnitude
shows a downward trend in the frequency range below 50 Hz,
especially, impedance magnitude around the resonance peak
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is reduced and the corresponding phase is increased. In the
frequency range of 50 to 100 Hz, the resonance peak remains
almost unchanged, but the impedance phase at the frequency
below resonance frequency is reduced with damping ratio
increase. Combined with SSO mechanism analysis, it can be
found the larger the damping ratio, the more damping is added
to the system.

In Case 2, impedance-frequency characteristics of WFMMC
with VRCL of different damping ratios are shown in Fig. 11.
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Fig. 11. Impedance curves of WFMMC with VRCL of different damping
ratios (Case 2, fc = 685 Hz).

As illustrated in Fig. 11, with damping ratio increase, the
WFMMC impedance phase in the frequency range of HFO risk
is decreased as indicated by the black dashed arrows, i.e., the
negative damping of WFMMC is weakened. Therefore, VRCL
with a larger damping ratio performs better in mitigation of
HFOs.

To summarize the above analysis, to ensure adequate damp-
ing of the interconnected system, larger damping ratios are
preferred, irrespective of SSOs or HFOs.

Comprehensively considering bandpass filter bandwidth and
impacts of damping ratio on WFMMC impedance character-
istics, damping ratio for SSOs cannot be set too large or too
small, to make the bandpass filter accurately select the SSO
component and ensure adequate damping when the VRCL is
activated. By trade-off, the damping ratio for SSOs can be
selected as 0.5.

Damping ratio of a bandpass filter is typically a value
between 0 and 1. Considering characteristics of SSO and HFO,
a damping ratio larger than the one selected for SSOs is
supposed to be selected for HFOs. Therefore, the damping

ratio for HFOs can be selected as 0.707 which is the optimal
damping ratio for second order systems. In the meantime, the
damping ratio of 0.707 can ensure adequate damping of the
system.

Damping ratio of bandpass filter is not unique. In practical
engineering, damping ratio can be selected based on the actual
situation. For instance, a larger damping ratio is preferred for
a system with weak damping.

4) Activation of Virtual Resistor Control Loop

Threshold Cs is a percentage indicating that the oscillation
component reaches a certain proportion of the fundamental
component. To ensure sensitivity and reliability of the pro-
posed adaptive mitigation control, Cg should be designed
properly. Considering sensitivity, VRCL should be sensitive
enough to be enabled immediately when an oscillation occurs,
so C's cannot be set too large. Considering reliability, prevent-
ing the VRCL from wrong actions due to noise interference,
Cs cannot be set too small.

The technical rule of China for wind farm integration
requires the total harmonic distortion (THD) of wind farm
current should not exceed 5%. That is to say, when THD of
the wind farm output current is lower than 5%, the system can
be considered to be operating in a normal state. Therefore, C's
can be determined as 5%.

Threshold Cf is not unique, and it can be adjusted appro-
priately based on the actual situation and relevant regulations
of the region where the project is located.

When the content of dominant oscillation component Co
exceeds threshold C', the activation module outputs a trigger-
ing signal St to activate the VRCL whose parameters have
been set adaptively according to online oscillation monitor
results.

V. CASE STUDY

A simulation model of a practical offshore wind farm with
an MMC-HVDC system has been built in Simulink. Simula-
tions of Case 1 and Case 2 are conducted to validate efficacy of
the proposed adaptive wideband oscillation mitigation control
strategy.

A. Case 1: An SSO Event

Frequency-domain analysis results of Case 1 are shown in
Fig. 12, in which wind farm outputs active power of 0.2 p.u.

~200 —Wind farm (0.2 p.u.)

2] — WFMMC

e 150 - | =--WFMMC (with VRCL)
<

2
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)

<

=

Phase (deg)

Frequency (Hz)

Fig. 12.  Frequency-domain analysis of Case 1.
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As indicted by the red arrow, the system without VRCL faces
an SSO risk of 65 Hz.

The proposed adaptive mitigation control monitors the os-
cillation component online, then sets parameters for the VRCL
according to the monitor results and attaches the VRCL to the
WFMMC controller. As indicated by the green dashed line in
Fig. 12, stability margin has been improved to a positive value
of 34.12° by the attached VRCL, meaning the interconnected
system with the proposed adaptive mitigation control is stable.

In the simulation of Case 1, initial wind farm output level
is set to 0.1 p.u., then it is increased to 0.2 p.u. at 2 s. Fig. 13
exhibits simulation results. It shows PCC current increases
gradually after the wind farm output level is increased to
0.2 p.u. at 2 s, then the waveform becomes distorted. FFT
analysis results of the current waveform indicate the oscillated
frequencies are 65 Hz and 35 Hz, in which 65 Hz is the
dominant oscillation frequency. The oscillation component of
35 Hz is generated by the mirror frequency coupling [26].
The simulation results are identical to the oscillation frequency
predicted in Figs. 6 and 12.
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Fig. 13. Simulation results of Case 1 without adaptive mitigation control.

(a) PCC current waveform. (b) FFT analysis results of the PCC current.

Then adaptive mitigation control is applied to the simulation
of Case 1. Parameters of the online oscillation monitor are
selected as: sampling rate fg = 100 kHz, time step At =
0.005 s, number of samples N = 20000. Threshold Cs =
5%.

In the same way, wind farm output level is increased to
0.2 p.u. at 2 s. Simulation results with adaptive mitigation
control are exhibited in Fig. 14. It shows dominant oscillation
component with frequency of 65 Hz is recognized by the
online oscillation monitor at 2.255 s, and amplitude of the
oscillation component is monitored continuously. Relative con-
tent of dominant oscillation component exceeds the threshold
5% at 2.45 s. According to online monitor results, the VRCL
is set adaptively and put into use automatically. Then SSO is
well mitigated, as illustrated by Fig. 14(a).

B. Case 2: An HFO Event

Frequency-domain analysis results of Case 2 are shown in
Fig. 15. As indicted by the red arrow, the system without
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Fig. 14.  Simulation results of Case 1 with adaptive mitigation control.
(a) PCC current waveform. (b) Outputs of online oscillation monitor.
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Fig. 15. Frequency-domain analysis of Case 2.

VRCL suffers from an HFO risk of 685 Hz when the WFMMC
controller has a control delay of 350 ps.

Similarly, the proposed adaptive mitigation control detects
the oscillation component online and attaches corresponding
VRCL to the controller of WFMMC. It is observed in Fig. 15
with VRCL, negative resistor characteristics of WFMMC
impedance disappear. As indicated by the green dashed line in
Fig. 15, stability margin has been improved to a positive value
of 39.76° by the attached VRCL, meaning the interconnected
system with the proposed adaptive mitigation control is stable.

In the simulation of Case 2, initial control delay of
WEFMMC is set to 250 ps, then it is increased to 350 us at
0.8 s. Fig. 16 shows simulation results. It is clear PCC current
waveforms diverge gradually, and FFT analysis results show an
HFO of 685 Hz is aroused in the system. Dominant oscillation
frequency is identical to oscillation frequency predicted in
Fig. 7 and 15.

The proposed adaptive mitigation control is then applied
to simulation model of Case 2. Parameters of the online
oscillation monitor and threshold are the same as Section V-A.

Control delay of WFMMC is increased to 350 ps at 0.8 s.
Fig. 17 shows simulation results. It’s observed the three-phase
currents at PCC oscillates after control delay is increased.
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Fig. 16. Simulation results of Case 2 without adaptive mitigation control.

(a) PCC current waveform. (b) FFT analysis results of the PCC current.

The virtual resistor control
loop is activated at 1.085 s
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Fig. 17.  Simulation results of Case 2 with adaptive mitigation control.
(a) PCC current waveform. (b) Outputs of online oscillation monitor.

The online oscillation monitor recognizes dominant oscillation
frequency of 685 Hz at 0.9 s, then amplitude of the oscillation
component is monitored continuously. At 1.085 s, the Co
exceeds threshold 5%, then VRCL is set adaptively and
activated automatically. As a result, the HFO is well mitigated.

VI. CONCLUSION

An adaptive mitigation control for offshore wind farms with
an MMC-HVDC system was proposed in this article to miti-
gate various oscillations adaptively. Efficacy of the proposed
adaptive mitigation control is verified by two oscillatory cases
of a practical MMC-HVDC system for offshore wind farms.
Conclusions can be obtained from this work:

1) The proposed adaptive mitigation control strategy is ap-
plicable to mitigate both SSOs and HFOs of the interconnected
system adaptively.

2) A virtual resistor control loop can ensure adequate
damping of the interconnected system by tuning its damping
ratio. The larger the damping ratio, the more damping is added
to the interconnected system.

3) The proposed working mode of online monitor and adap-
tive mitigation of wideband oscillations has good performance
in the studied system.
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