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ICONIC Project partners



Key Ambition of ICONIC



Main Objectives of ICONIC



Research Highlights #1

Control-Oriented Wind Farm Modelling via CFD and Machine learning 

⚫ CFD models - accurate but slow

⚫ Analytical wake models - fast but inaccurate

High fidelity LES by SOWFA

Low fidelity model FLORIS



Research Highlights #2

AI-Based Farm-Level Control and Decision-Making to Improve 

Operating Efficiency of Wind Farms 
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Online RL-based wind farm control Offline RL-based wind farm control

Offline RL-based wind farm control 

Y. Huang and X. Zhao, Wind Farm Control via Offline Reinforcement Learning with Adversarial Training, IEEE 

Transactions on Automation Science and Engineering, under revision, 2024.
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Research Highlights #3

Advanced Turbine-Level Control with Load-Reduction Abilities 

⚫ A novel stochastic MPC for pitch and torque control to 
reduce conservativeness and enhance performance.

⚫ A novel tube MPC method for yaw control to
ensure strict safety requirements

⚫ Time-critical justification for MPC methods to achieve 
complexity reduction and computational time boundedness

⚫ Control performance enhancement with LIDAR 
measurements 



Research Highlights #4

Wind Farm Digital Twin via Physics-Informed Deep Learning 



⚫ Data (Lidar) + Physics (NS equations) + ML

⚫ Reconstruct in situ spatiotemporal wind turbine wake flow fields
Lidar measurements: line-of-sight, sparse 

Physics-informed neural networks: fusing Lidar data and NS equations

Dynamic flow fields

Input

Output

J. Zhang and X. Zhao, Reconstruction of dynamic wind turbine wake 
flow fields from virtual Lidar measurements via physics-informed neural 
networks, Journal of Physics: Conference Series 2767, 2024.



Research Highlights #5

Digital Twins and Lifetime/RUL Estimations of Critical Components



Research Highlights #6

Current Status, Outlook, Impact & Ways for future 20MW Wind Turbines 



Research Highlights #7

Comprehensive Validations of Controls and Digital Twins 

⚫ Wind tunnel tests

⚫ Numerical Simulations – various fidelities

⚫ Field tests

⚫ Case study #1: C-power (offshore)

⚫ Case study #2: BP (onshore)

⚫ Case study #3: Virtual farm design (20MW) 



Professor Xiaowei Zhao

Intelligent Control and Smart Energy Research Group

University of Warwick

Xiaowei.zhao@warwick.ac.uk

10 September 2024

Thanks for your attention


	Diapositiva 1
	Diapositiva 2: ICONIC Project partners
	Diapositiva 3:  Key Ambition of ICONIC 
	Diapositiva 4:  Main Objectives of ICONIC 
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15

