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Autonomous and resilient grid operation can be 

ensured by equipping IBRs with constraint-enforcing 

and cooperative controls and physics/data-driven 

modeling of IBR dynamics.
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• Existing controls for inverter-based resources (IBRs) 
require tuning and bring upon stability issues in the 
grid with high penetration of IBRs.

• The project provides closed-form controls that are 
distributed and adaptive at the network level, state-
constraint-enforcing and autonomous at the device 
level, and plug-and-play for resilient and secure grid 
operation.

• A nonlinear state-space vector control design to ensure 
that IBRs meet all the operational constraints in terms 
of frequency, current, voltage, and power. 

• A data-driven Hammerstein-Wiener modeling method 
to capture electromagnetic transients.

• A distributed subgradient-based control for IBRs to  
cooperatively meet grid forming/support functionality.

• A game-theoretical competitive interaction network as 
the digital twin of IBRs to achieve robust operation the 
presence of cyber attacks.

• Data-driven dynamic modeling and real-time 
compensation of an IBR’s electromagnetic transient.

• An integrative GFM/GFL primary control for 
asynchronous black starts, automatic transitions 
between GFM/GFL modes, unbalanced operations, etc. 

• A resilient, distributed, secondary control for GFM/GFL 
IBRs to achieve voltage stability and load sharing.

• Demonstrated scalability (using an 1k-node 112-IBR 
system) and resilience, as well as field demonstration. 

• Systematic control designs are demonstrated for IBRs 
to operate adaptively and autonomously at both 
primary and secondary levels. 

• The advanced controls incorporate both physics-based 
circuit model and data-driven electromagnetic transient 
(EMT) model of IBR dynamics. 

• A resilient implementation is provided for IBRs to 
interact and support robust grid operations under cyber 
attacks on communication and remote terminal units. 

• The project outcomes enable autonomous and resilient 
grid operation with high IBR penetration.
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3. Sample Result from Field Demonstration

Events:
• PVGFM inverter does soft blackstart of the microgrid 
• A load is applied after the grid voltage is established
• PVGFL comes online, and substantial reactive power is 

observed
• A level-2 charger is activated, the network becomes 

unbalanced, and reactive power increases further. 
Other observations from field demonstration:
• The 2.5kW GridLink can blackstart the grid with 75kVA 

transformer. The grid voltages are balanced and stable.
• Balanced voltages are maintained under both balanced and 

unbalanced operations.
• The combination of GFM and GFL supports the addition of 

heavier loads.
• Currents are unbalanced due to unbalanced operation of 

level-2 charger, and power are oscillatory. 
• DC fast charge requires no reactive power but causes more 

current distortions. 

1. Asynchronous Starts, GFM/GFL Transitions, and Resilient Operation

2. Modeling and Compensation of EMT

• A data-driven Hammerstein-Wiener modeling method to capture electromagnetic transients.
• A nonlinear state-space vector control design for IBRs to meet all operational constraints in terms of frequency, 

current, voltage, and power. 
• A distributed subgradient-based control for IBRs to  cooperatively meet grid forming/support functionality.
• A game-theoretical competitive interaction network as the digital twin of IBRs to achieve robust operation the 

presence of cyber attacks.

• Integrative, closed-form GFM/GFL controls that are distributed and adaptive at the network level, state-constraint-
enforcing and autonomous at the device level, and plug-and-play for resilient and secure grid operation.

• Use both physics-based circuit model and data-driven electromagnetic transient (EMT) model of IBR dynamics. 
• A resilient implementation is provided for IBRs to interact and support robust grid operations under cyber attacks 

on communication and remote terminal units. 
• The project outcomes enable autonomous and resilient grid operation with high IBR penetration

• Data-driven dynamic modeling (with maximum error of 5%) of an IBR’s electromagnetic transient, and real-
time compensation of EMT.

• An integrative GFM/GFL primary control for asynchronous black starts, automatic transitions between 
GFM/GFL modes, unbalanced operations, etc. 

• A resilient, distributed, secondary control for GFM/GFL IBRs to achieve voltage stability and load sharing.
• Demonstrated scalability (using an 1k-node, 112-IBR system) and resilience, as well as field demonstration. 

• Software defined inverter working group (UCF, Siemens, PNNL, EPRI) to share codes and facilitate 
knowledge and technology transfers. 

• An open-source Github repository that contains experimental data and the codes for modeling, Raspberry 
Pi implementation, and DLL implementation according to Cigre/IEEE interfaces. 

• HWPV Implementation for ATP TACS software 
• Participation in UNIFI and IEEE standard development

(1a) A 20-IBR test system, and asynchronous start
(1b) GFM/GFL transitions in 4-DG test system
(1c) 4-DG test system under attacks on RTU1 and 
hRTU1

(1a) (1b) (1c)

(2a) HWPV modeling process
(2b) Model reference control to compensate for  EMT

(2a)

(2b)
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