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Abstract: With the expansion of multi-microgrid networks
incorporating inverter-based distributed energy resources (IBDER),
maintaining and enhancing system stability has become a
significant challenge. The complex interactions between
microgrids and control levels can reduce the damping of system
eigenvalues or modes. These low-damping modes (LDMs) degrade
system stability and increase oscillations. To address this
challenge, this paper presents a method for stability monitoring and
enhancement in islanded multi-microgrid networks controlled
through a three-level hierarchical structure. At the primary level,
droop control is employed for power sharing among generation
units. At the secondary level, voltage and frequency deviations
from nominal values are restored using a distributed consensus
method. At the tertiary level, the proposed method, known as
Reduced Consensus Coefficient Estimation (RCCE), is utilized to
monitor and improve system stability adaptively. In the RCCE
method, the consensus coefficient is reduced until the damping of
LDMs is enhanced, leading to improved dynamic system stability.
Simulation results in MATLAB demonstrate that the proposed
method effectively enhances stability and reduces frequency and
voltage oscillations in multi-microgrid systems.
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Extended Abstract
Introduction

conducted in this study reveals that consensus
gains, in distributed secondary control, play a

This paper presents a novel adaptive stability
enhancement method for multi-microgrid (MMG)
systems using a two-layer hierarchical control
structure. The proposed method, termed Reduced
Consensus  Coefficient ~ Estimation (RCCE),
conducts stability monitoring at the second control
layer. Initially, the overall system state matrix is
computed, and modes with a damping ratio below
0.1 are identified as low-damping modes (LDMs)
that adversely affect system stability. The analysis

crucial role in the emergence of these critical
modes. The consensus gain that contributes most
significantly to the LDMs is selectively adjusted to
improve system stability. Consensus gains are
adjusted through a bi-level optimization process
that iteratively establishes a direct relationship
between damping ratios and consensus gains. This
represents the first instance in which such a
relationship has been systematically integrated into
a stability improvement framework. Furthermore, a
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small-signal stability analysis is conducted to
evaluate the impact of consensus gains on the
overall dynamic performance of the system.

Materials and Methods

The RCCE method is designed to monitor and
improve system stability adaptively by analyzing
eigenvalues. To identify the key parameters
influencing stability, the eigenvalues of the entire
system are computed and analyzed. Utilizing the
participation coefficient method, these eigenvalues
are categorized into three distinct groups based on
their frequency ranges. The results indicate that the
active power controller has a significant impact on
the low-frequency modes, which are particularly
sensitive to system stability. A comprehensive
stability analysis is conducted for three consensus

gains: C,, C,, and C, . Among these, C, has the

most significant effect on stability. Increasing c,

results in system instability, while decreasing it
improves stability. However, an excessive

reduction in C, can prolong the response time of

the system. Therefore, it is essential to maintain an
optimal balance between stability improvement and
response speed. The RCCE method formulates a
bi-level iterative optimization problem that
minimizes the number of computational iterations.
The damping ratio is calculated at the first level by
updating dynamic system data and recomputing the
eigenvalues. Notably, most system data remain
static, while only a small portion of dynamic
variables such as load power is updated in each

iteration. At the second level, the new value of c,

is estimated by approximating the slope of the
tangent line to the response curve. The process then
returns to the first level. These iterations continue
until all critical modes (LDMs) are eliminated.

Results

The proposed method was tested on a multi-
microgrid system consisting of three microgrids,
each of which contains four inverter-based
distributed energy resources (IBDERS). The system
was simulated using MATLAB and analyzed both
in frequency and in time domains under three
diverse operational scenarios. In the frequency
domain analysis, the system initially exhibited two
LDMs. By using the proposed RCCE algorithm,
the most significant contributor to the emergence of
these LDMs was identified as IBDER3 in the first
microgrid. As a result, the corresponding consensus

control parameter (C,,) was reduced from 75 to 51

after four iterations, eliminating the LDMs and
enhancing system stability. In the time-domain

analysis, a load disturbance scenario was
implemented in which the second load in the first
microgrid increased from 22.3 A to 74.6 A at the
10th second and ,then, decreased to 47.8 A at the
20th second. The simulation results indicated that
when employing the RCCE method, the
oscillations in angular frequency, voltage, and
active power were dampened significantly faster
compared to the system not using this method.
Specifically, oscillations in angular frequency and
voltage were dampened approximately 2 seconds
faster than those observed without the RCCE
method. These findings validate the effectiveness
of the RCCE method, confirming that it enhances
system stability by reducing oscillation durations
following disturbances. The results underscore the
method’s ability to provide a more efficient and
responsive solution to sudden system changes,
thereby ensuring an improved overall performance
under dynamic conditions.

Discussion and Conclusion

This paper proposed the Reduced Consensus
Coefficient Estimation (RCCE) method to enhance
the adaptive stability of multi-microgrid systems by
utilizing a two-layer hierarchical control structure.
The RCCE method operates at the second control
layer, beginning with the computation of the
overall system state matrix and the identification of
critical modes that compromise stability. By
adjusting the control gains of Inverter-Based
Distributed Generators (IBDERS), the system's
stability can be significantly improved. The tuning
of these control gains is accomplished through a bi-
level optimization problem, which iteratively
establishes a direct relationship between damping
ratios and consensus control gains for the first time.
Furthermore, a small-signal stability analysis is
conducted to assess the impact of control gains on
the overall system stability. To evaluate the
effectiveness of the proposed RCCE method, both
time-domain and frequency-domain analyses were
conducted on a multi-microgrid test system under
three diverse operational scenarios. The results
indicated that, in comparison to cases without
RCCE, the proposed method significantly reduced
oscillation durations, improved stability, and
enhanced the system's resilience against
disturbances. The findings confirm that the RCCE
method provides a robust and efficient approach for
enhancing adaptive stability in multi-microgrid
systems. By enabling adaptive control gain tuning,
multi-microgrid systems can effectively respond to
sudden fluctuations in load and generation while
maintaining optimal performance across various
operational conditions.
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