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power grids. Unlike traditional large power plants, which
predominantly use synchronous generators, these
distributed units exhibit significantly lower inertia and
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have become a critical area of research. This study
proposes an optimal control method for virtual
synchronous generators (VSGSs), using power electronics
and advanced mechanical control techniques to provide
the necessary virtual inertia for grid stability. A nonlinear
model of a power network, containing multiple parallel
VSGs along with local loads, is developed and analyzed
in both grid-connected and islanded operating modes.
The nonlinear models are subsequently linearized, and a
model predictive control (MPC) strategy is employed to
enhance frequency regulation within the grid. To validate
the effectiveness of the proposed approach, simulations
are conducted in the MATLAB/SIMULINK environment
under various disturbance scenarios.
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Introduction environmental sustainability. Unlike conventional

The increasing integration of renewable energy  synchronous generators, inverter-based renewable
sources in power grids is driven by concerns over  energy units lack inherent inertia, which leads to
fossil  fuel depletion, climate change, and reduced system stability and frequency regulation
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challenges. As the share of renewable generation
rises, maintaining grid stability becomes crucial,
particularly in the microgrids that operate in both
grid-connected and islanded modes.Virtual
Synchronous Generators (VSGs) have emerged as a
promising solution for addressing the inertia deficit in
power systems. By emulating the dynamic behavior
of synchronous generators, VSGs provide virtual
inertia and damping characteristics, which contributes
to improved frequency  stability.  However,
conventional VSG control strategies often rely on
proportional-integral-derivative  (PID) controllers,
which may not perform optimally under varying
operating conditions and disturbances.

Methodology

This research proposes a Model Predictive Control
(MPC)-based VSG strategy to enhance frequency
regulation in microgrids. The study begins with the
development of a nonlinear dynamic model of a
microgrid incorporating multiple parallel VSGs and
local loads. The model is analyzed under both grid-
connected and islanded scenarios, considering the
impact of line impedances and system parameters. To

facilitate control design, the nonlinear model is
linearized into a state-space representation. The MPC
strategy is, then formulated to optimize the control
inputs while minimizing frequency deviations and
ensuring smooth transient responses. The cost
function of the MPC includes terms for tracking
frequency setpoints, for minimizing control effort,
and for accounting for system constraints.

Results and Discussion
The effectiveness of the proposed MPC-based VSG
control is validated through simulations in
MATLAB/SIMULINK under various disturbance
scenarios. The performance of the conventional VSG
control is compared against the MPC-based control in
terms of:

e  Frequency deviation reduction

e  Transient response improvement

e Damping enhancement

¢ Robustness against load variations and grid

disturbances

The simulation results indicated that the MPC-based
VSG control significantly reduced frequency
overshoot and settling time compared with traditional
approaches. Additionally, the proposed controller
effectively mitigates frequency oscillations in
islanded operation, addressing a key challenge in
microgrid stability.

Conclusion

This study has demonstrated that MPC-based control
can significantly enhance the frequency stability of
microgrids employing VSGs. The proposed strategy
has improved transient performance, reduced
frequency deviations, and ensured stable operation
under both grid-connected and islanded conditions.

Future research will focus on extending the control
framework to multi-VSG networks and exploring
hybrid control techniques for further optimization.
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