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Cognitive Battery Digital Twin

Towards Intelligent Battery Management

About Us

CAP is an acronym for the “Cloud Application and Platform

Lab” in the College of Computing and Data Science at NTU,
led by Prof. Wen Yonggang. We are a leading research group
conducting innovative and fundamental research across a
broad range of applications and platforms.

Cloud Application and Platform Group
College of Compuling and Data Science, NTU, Singapore

For more information, please contact :
Professor Wen Yonggang | YGWEN@ntu.edu.sg

Project background:
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Problem:

and demand advanced battery
health monitoring and management to maintain efficient and safe operation

Critical limitations in current BMS:

@ Low accuracy in critical state estimation Low robustness in dynamic opeation conditions

4, Limited predictive maintenance capability @ e Il ma_nagement ko Improt
performance across lifecycle

Our solution: Five-tier cognitive battery digital twin

Leveraging advanced Al, the cognitive battery digital twin seamlessly integrates multi-physics with data-

driven intelligence to achieve intelligent management, adaptive update, and autonomous decision-
making for various applications across the lifespan.

% Tier 5 — Autonomous Physicat,
Tier-5: =g » Closed-loop, self-adaptive control
ey . ¢ Execute decisions independently

% Tier 4 — Prescriptive
Translate predictions into optimized control strategies

Prescriptive

% Tier 3 — Predictive
Tier-3:

Predictive - P * Apply physics-informed ML to forecast degradation,
- SOH, and RUL

% Tier 2 — Descriptive
* Integrate real-time sensor data into the 3D model
Visualize voltage, temperature, ...

Descriptive

% Tier 1 — Geometric

Build high-fidelity 3D maodels of cells, modules, and
packs

» Visualization
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