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The rapid expansion of lithium-ion battery (LIB) applications in electric vehicles (EVs) and battery energy storage 

systems (ESS) has intensified the demand for reliable health monitoring and optimal control solutions. Ensuring 

safe, efficient, and long-lasting battery operation is critical, as LIB degradation due to aging, manufacturing de-

fects, and operational stresses can lead to catastrophic failures, including thermal runaway. Existing battery man-

agement systems lack comprehensive and trustworthy online health monitoring frameworks that address issues 

such as system heterogeneity, explainability, and concept drift. 

 

This Special Session will focus on cutting-edge developments in trustworthy artificial intelligence (AI) for LIB health 

monitoring and control, specifically integrating explainable AI (XAI), federated learning, and transfer learning to 

enhance reliability, privacy, and adaptability. The key themes include: 

 

1. AI-Driven Battery Health Diagnostics – Leveraging deep learning, physics-informed machine learning, and fe-

derated learning to track capacity loss, predict residual life, and detect anomalies. 

2. Explainability and Trustworthiness in AI for Batteries – Implementing interpretable AI models for decision 

transparency and ensuring accountability in safety-critical applications. 

3. Adaptive Control for Battery Optimization – Utilizing AI-based control strategies to maximize battery efficien-

cy, lifespan, and safety in dynamic operational environments. 

4. Mitigating Concept Drift and Data Heterogeneity – Developing transfer learning frameworks to ensure robust 

AI model adaptation across different LIB types and operating conditions. 

 

The IEEE SMC community will benefit from this Special Session by fostering interdisciplinary collaboration between  

mailto:huadong.mo@unsw.edu.au
mailto:daoyi.dong@uts.edu.au


 
 
 
 
 

experts in AI, energy storage, and cyber-physical systems, addressing real-world challenges in battery health moni-

toring and control. The session will contribute to advancing intelligent, scalable, and privacy-preserving AI solu-

tions for battery management, ultimately supporting the transition to a more sustainable and resilient energy 

infrastructure. 


