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The research on the grid-forming energy storage inertia estimation method based
on dominant oscillation mode feature extraction
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Abstract: Compared to grid-following converters, grid-forming converters are widely used due to their voltage
source characteristics. With the increasing share of renewable energy and the gradual replacement of traditional
generators, the system’s inertia level is continuously decreasing. Accurately estimating system inertia is crucial
for ensuring stable new power system operation. This paper proposes an inertia estimation method based on
small disturbance response using grid-forming energy storage systems. By analyzing the detailed model of grid-
forming control and examining each control loop in the time domain, an inertia response model suitable for the
electromechanical scale is developed. Based on the small-signal model of grid-forming energy storage control, the
electromechanical oscillation response characteristics under small disturbances can not only derive an analytical
expression of inertia but also effectively avoid scenarios where inertia estimation lacks practical significance. The
proposed method uses the variational mode decomposition technique to extract the primary oscillation modes,
providing a foundation for multi-machine system inertia estimation. The effectiveness of the proposed method is

validated through simulations on the IEEE 3-machine system, demonstrating its accuracy and reliability.
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Fig. 1 Control framework for grid type inverter
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Fig. 14 Four machine two zone power system with grid type

energy storage
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Tab. 4 Inertia estimation results

ML H, H, K (%)
% BESS 7.5 6.512 13.17
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