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Overview of Task Progress To date



Technical Content: Design Imperatives of Digital Twins

ASU Design: Creation of recurrent neural-network based digital twin

• L.-W. Kong, H.-W. Fan, C. Grebogi, and Y.-C. Lai*, “Machine learning prediction of 
critical transition and system collapse,” Physical Review Research 3, 013090, 1-14 
(2021)

• L.-W. Kong, Y. Weng, B. Glaz, M. Haile, and Y.-C. Lai*, “Digital twins of nonlinear 
dynamical systems,” working paper (2022). 

Reservoir computing: general architecture

• H. Jaeger and H. Haas, Harnessing nonlinearity: 
Predicting chaotic systems and saving energy in 
wireless communication, Science 304, 78 (2004);

• J. Pathak, B. Hunt, M. Girvan, Z. Lu, and E. Ott, 
Model-Free Prediction of Large Spatiotemporally 
Chaotic Systems from Data: A Reservoir Computing 
Approach, Phys. Rev. Lett. 120, 024102 (2018);

• J. Jiang and Y.-C. Lai, Model-free prediction of 
spatiotemporal dynamical systems with recurrent neural 
networks: Role of network spectral radius, Phys. Rev. 
Research 1, 033056 (2019).



Technical Content: Parameter Adaptable Training of Digital Twins
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Parameter-dependent training of digital twin An example



Technical Content: Forecasting Global Dynamics
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Technical Content: Continual Forecasting with Sparse System Updates

A driven ecosystem: Annual blooms of 
phytoplankton under seasonal driving



Product: A Working Manuscript to be Submitted Shortly



Commercialization Plan

Past encounter with commercialization (Lai):

• In August 2020, the Air Force/MIT Artificial Intelligence Accelerator launched a public challenge to 
help create the artificial intelligence needed to solve the magnetic navigation problem. 

• The specific call was for the signal enhancement for magnetic navigation (MagNav) challenge problem 
with the goal to use magnetometer readings recorded from within a cockpit and remove the aircraft 
magnetic noise to yield a clean magnetic signal. 

• The ASU team led by Lai responded and tested three types of machine learning methods: multilayer 
perceptrons (MLPs), reservoir computing, and long short-term memory (LSTM) neural networks. 

• In December 2020, the Air Force/MIT Artificial Intelligence Accelerator placed the ASU team as the 
winning team. 

• The involved Air Force officers suggested to Lai to commercialize the machine-learning technique. 

The ASU Task 11 team will work with Nexant to incorporate the principle and methodologies of 
digital twins for AI-based intrusion detection into the existing industrial Operational Technology and 
Industrial Control Systems management software tools. 
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