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As power systems become increasingly dominated by renewable resources interfaced 
through power electronic inverters, achieving stable and flexible grid synchronization is a 
critical challenge. Conventional Grid-Forming (GFM) and Grid-Following (GFL) inverters offer 
complementary capabilities, but are typically treated as separate paradigms, making seamless 
transitions between modes difficult.

This talk presents a hybrid GFM–GFL control framework based 
on Virtual Oscillator Control (VOC), which integrates both power-
synchronization and droop-synchronization mechanisms within 
the Andronov–Hopf nonlinear oscillator. The proposed approach 
enables multi-mode operation: the inverter can function as 
either Frequency-Forming or Frequency-Following, and as either 
Voltage-Forming or Voltage-Following. By adjusting the strength 
of grid feedback signals, smooth and continuous transitions 
trajectories between these operating modes are achieved. 
The effectiveness of the framework is demonstrated through 
simulations, highlighting seamless on-grid transitions and robust 
performance in islanded operation.
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