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During system operationWithout knowledge about 

structure

Guaranteed uncertainty 

bounds

Objective

Reasonable 

computational effort

Reasonable memory 

requirements
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Grey Box

Model structure is partially known

Examples:

• First principle modeling

• Parameter estimation

• Physics informed neural 

networks

Modeling Approaches

White Box Black Box

Model structure is unknown and 

learned from data

Examples:

• Maximum likelihood methods

• Gaussian Process modeling

• Neural networks

Model structure can be derived 

from physical laws

Examples:

• First principle modeling

• Parameter estimation
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Stochastic

Guaranteed uncertainty 

bounds

Guaranteed Uncertainty Bounds

Set-based

Not guaranteed Guaranteed
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Guaranteed Uncertainty Bounds
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Identification
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Identification
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Identification
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Identification
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Identification

Interval Observer

Measurements
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Identification

For every time-step
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For every time-step
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Forward-Backward-Contractor

Constraint:

New information:
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Computational Effort
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Computational Effort
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Computational Effort
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Example: Lithium-Ion Battery

?
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Example: Lithium-Ion Battery
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Example: Lithium-Ion Battery

True Estimate

[𝑐11] [1.54, 23.59] [−50, 50]
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Example: Lithium-Ion Battery

Z. Wang, C.-C. Lim, and Y. Shen, “Interval Observer Design For Uncertain Discrete-Time Linear Systems,” Systems & Control Letters, vol. 116, pp. 41–46, 2018.
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Constraint:

New information:
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Example: Lithium-Ion Battery
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Example: Lithium-Ion Battery
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Conclusions

Uncertainty

Quantification

Obtaining

Interval Boxes

Improving the 

Approximation
Objective
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During system operationWithout knowledge about 

structure

Guaranteed uncertainty 

bounds

Conclusions

Reasonable 

computational effort

Reasonable memory 

requirements

  
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Challenges and Future Work

‒ Precise state estimation (Wrapping effect)

‒ State observer design

‒ Identifying functions with 𝑓 0 ≠ 0

‒ Extension to nonlinearities that depend on multiple state variables

‒ Extension to functions with 𝑓 0 ≠ 0
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Questions?

Marit Lahme

marit.lahme@uni-oldenburg.de

www.uol.de/en/computingscience/dcis

mailto:marit.lahme@uni-oldenburg.de
http://www.uol.de/en/computingscience/dcis
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