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Introduction: three levels of digitalization
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The twin continuum



The twin continuum



Thermodynamics Informed: TINN & PINN

TINN PINN



THE TWIN CONTINUUM: AUGMENTED LEARNING



The Hybrid Twin
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Model Order Reduction: the art of surrogating !

Physics–Based Model 

FEM 

simulation

Data 

collection

Physical asset 

MOR 

MACHINE
LEARNING

TECHNIQUES

Ignorance 

model



Surrogate construction: General workflow



Parametric real-time physics



Modelling from data: Machine Learning
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Data-Driven modelling of riveting



A SUCCESFULLY APPLIED HAI TECHNOLOGY FOR PREDICTING FAST & WELL
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SYSTEM HYBRID TWIN
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From Hybrid Twins to Generative Design



Removing data correlations

Latent space
Embedding

Encoder Decoder

Reduction: looking for the smallest “d” such that:  

Available data: 

Training the encoder and decoder:  



Issues



Enforcing interpolation capabilities: the rank reduction autoencoder – RRAE 

If latent space were linear



Geometry to Solution



Generative Design

Optimal design



USE CASE  

Encoder Decoder

Encoder Decoder

PCA Linear 

embedding

MLP 
I



USE CASE  
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USE CASE: topology to performances  
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USE CASE: performances to topology  
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