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Ojective: Enabling deployment of predictive
digital twins (DTs) for real-time forecasting,
monitoring, control and optimization.
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Big Data
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Digital Siblings

« Risk Assessment

« What if? Analysis

« Uncertainty Quantification
« Process Optimization

Scenario 1 Scenario 2 Scenario 3
Standalone Diagnostic Prescriptive
Standalone description of the asset Can present diagnostic information which Can provide prescription or recommendations
disconnected from the real environment. supports users with condition monitoring and based on what if / risk analysis and uncertainty
The physical asset may not yet exist. troubleshooting. quantification.

Predictive Autonomous
CAD-models and real-time stream of sensor Can predict the system's future Can replace the user by closing the control
data describe the up to date state of the asset states or performance and can support loop to make decisions and execute control
at any point of time. prognostic capabilities. actions on the system autonomously.

Accurate predictive modelling is paramount!

Physics-based modelling (PBM) and data-driven modelling
(DDM) have been the dominant modelling paradigms.
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PBM: + uses known first-principles
- does not model all physics

DDM: + data manifests all physics
- lacks the robustness of PBM

Hybrid Analysis and Modelling (HAM) combines PBM and
DDM to keep their strengths and limit their weaknesses [2].
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Solution: CoSTA — a novel HAM approach

For any dynamical system, the Corrective Source Term Ap-
proach (CoSTA) augments a PBM of the system with a deep
neural network (DNN)-generated corrective source term [1].
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CoSTA

Experiments on 2D Transient Heat Diffusion
Why model heat diffusion?

1. Heat diffusion drives temperature changes.
2. Temperature can be measured easily and non-intrusively.

3. Temperature data is often used in condition monitoring.

The systems we modelled
1.2DP: A system with unknown uniform heating.
2.2Dk: A system with unknown periodic thermal conductivity.

The models we compared
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The errors of the predicted temperature fields are illustrated above for the systems
2DP (left) and 2Dk (right). Relative />-norms of these errors are illustrated below.
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Highlights

CoSTA is over one order of magnitude more accurate than
stand-alone PBM and DDM in our experiments.

CoSTA facilitates physics-based interpretation of the DDM
component = Increased applicability of DDM.

CoSTA can leverage novel developments within both PBM
and DDM due to its modular framework.
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