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• Real-time simulation 

• Real-time calibration 

• Real-time data-assimilation 

• Real-time data-completion 

• Real-time data-analytics 

• Real-time data-driven modeling 

• Real-time decision making

What is needed?



Real-time simulation via MOR

FEM

KU = F
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POD learning
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�i(x), i = 1, · · · , R
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ku = f
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u(x, t) ⇡
NX
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Ui(t)Ni(x)
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PGD u(x, t) ⇡
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Ti(t)Xi(x)
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u(x, t, p) ⇡
MX
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Ti(t)Xi(x)Pi(p)
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Vademecum



Machining vademecum



Parametric solutions in action

u(x, t, p) ⇡
MX

i=1

Ti(t)Xi(x)Pi(p)
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• Real-time simulation 

• Real-time optimization 

• Real-time inverse analysis 

• Real-time uncertainty propagation 

• Real-time control

Almost



Non-Intrusive PGD-based meta-modeling

Commercial 
software

Parametric solutions

u(x, t, p) ⇡
MX

i=1

Ti(t)Xi(x)Pi(p)
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SSL, sPGD, NI-PGD, lPGD, …

Vademecum



PAM-CRASH-based vademecum



AIRBAG-based vademecum



Real-Time Calibration



Real-Time Data-Based Model Learners

What is a model? 
the relation between inputs and outputs
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When the model is known
KU = F

U = K�1F

Given U compute F:

Given F compute U:

Usual model-based simulation tools

When model is unknown: 
Deep learning

Pro: it provides in general     
very good predictions 
Con: Physical foundations



Resin Transfer Moulding



Parametric filling
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Addressing noise:  
(i)  Kalmann filters 
(ii) Bayes within a probabilistic framework 

Data assimilation & Online calibration

Data assimilation



Calibrated model



Without correction

With divergence model

Modeling the ignorance



System Modelling



CONLUSIONS & PROSPECTS

MODEL DATA

Data-Driven 
deviation model: 

modeling the 
ignorance

Smart-Data: 
what data, when 

and where?
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