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Special Issue on Transforming Power System Operations with Foundation Models,
Explainable Al, and Cyber-Resilience (TPSO)

Driven by large-scale renewable integration, electrification, and increasing operational complexity,
modern power systems are undergoing a rapid, intelligence-driven transformation. As electric grids
become highly data-intensive and software-dependent, traditional data-driven methods struggle to
unify forecasting, optimization, and control under stringent constraints. This Special Issue addresses
this critical gap, focusing on deploying advanced Al methodologies to enhance grid forecasting,
operator trust, cyber-physical security, and decision-support in evolving electricity markets.

Three key focus areas are addressed in this special issue as follows.

1. Foundation Models & Large Language Models (LLMs): LLMs offer a transformative
opportunity to intelligently interact with heterogeneous grid data by leveraging natural language
understanding, logical reasoning, and knowledge fusion. The main objectives of this special issue
focus area is to publish advances in industry-ready, physics-informed, and tool-augmented LLM
frameworks to unify forecasting, dynamic pricing optimization, and grid control considering the
challenges addressed related to Real-world implementation hurdles, including hallucination
mitigation, inference latency, computational cost, handling multi-timescale data, and embedding
safety/feasibility constraints.

2. Explainable Artificial Intelligence (XAI): As Al becomes embedded in safety-critical grid
operations, the "black-box" nature of complex deep learning models poses a barrier to adoption. XAl
is essential for ensuring safe, fair, and transparent Al deployment. The main objectives of this special
issue focus area is to publish advances in fostering trustworthy Al by enabling system operators to
understand abnormal behaviors, identify prediction errors, and take corrective actions based on
interpretable diagnostics. The methodologies addressed include advances in both transparent glass-
box models (e.g., Explainable Boosting Machines, Generalized Additive Models) and model-
agnostic frameworks (e.g., SHAP, LIME, Permutation Feature Importance, Grad-CAM).

3. Cyber-Physical Security & Resilience (CPSR): The proliferation of smart grids, IoT devices,
and automation has increased operational efficiency but expanded the attack surface for threat actors
aiming to manipulate infrastructure. The main objective of this special issue focus area is to
demonstrate robust security frameworks and resilient system designs to safeguard infrastructure from
devastating attacks with a focus on Cyber-physical threat modeling, intrusion detection, and
enhancement to ensure reliable and sustainable power delivery.

Topics of interest include, but are not limited to:

In the area of Large Language Models (LLMs) & Foundation Models (LLMs), papers are invited
especially on these topics:
e Advanced Forecasting: Utilizing LLMs and multimodal foundation models for accurate wind,



solar, and load prediction.

Grid Enhancing Technologies (GETs): Applying LLMs to support Dynamic Line Rating
(DLR), Topology Optimization (TO), and active distribution network management.

Support & Operations: LLM-enabled frameworks for control room assistance, scenario
generation, and comprehensive system planning.

Resilience & Restoration: Tool-augmented LLM frameworks for extreme weather resilience
analysis, black start coordination, and system restoration.

Market Strategy & VPPs: Leveraging LLM-agents for electricity market analysis, price-
driven bidding, and the autonomous coordination of Virtual Power Plants (VPPs).
Human-Al Interaction: Natural-language interfaces for system operators, EV
charging/discharging management, and user-friendly grid interaction.

Physics-Informed Management: Developing constraint-aware, physics-informed LLMs for
battery management and renewable energy zone planning.

Deployment Standards: Establishing standardized benchmarks, evaluating reliability and
safety, and addressing privacy/cybersecurity issues for field-deployed Power LLMs.

In the area of Explainable Artificial Intelligence (XAI), papers are invited especially on these

topics:

Transparent Modeling: Design and application of high-performance glass-box models (e.g.,
KANSs) and model-agnostic XAl frameworks (e.g., SHAP, LIME).

Explainable Forecasting: Utilizing XAl to interpret complex time-series predictions for load,
renewable generation, and extreme grid events.

Diagnostics & Monitoring: Applying XAl for measurement-based analytics, anomaly
detection, fault diagnosis, and condition monitoring in transmission/distribution.
Explainable Control: Integrating XAI into system control and optimization, including
explainable reinforcement learning for preventive and corrective decisions.

Visual Explanation Tools: Implementing human-in-the-loop learning and visual tools (e.g.,
Attention Maps, Grad-CAM) to enhance Al usability for engineers.

Trust & Bias Mitigation: Evaluating interpretability metrics, robustness, and fairness while
deploying XAI methods to understand and mitigate data-driven bias.

Privacy-Preserving XAl: Exploring federated learning and decentralized XAl in multi-agent
environments, such as peer-to-peer energy trading markets.

Physics & LLM Integration: Fusing XAI with physical modeling (causality-aware
approaches) and LLMs to provide natural-language system documentation and ensure
regulatory compliance.

In the area of Cyber-Physical Security and Grid Resilience (CPSR), papers are invited especially
on these topics:

Security Frameworks & Standards: Development of regulatory, legal, and policy frameworks
tailored for power system cyber-physical security.

Advanced Threat Detection: Application of advanced Intrusion Detection Systems (IDS) and
Al/machine learning techniques for real-time anomaly monitoring.

Risk & Vulnerability Analysis: Comprehensive vulnerability assessments, risk analysis
models, and cyber-physical co-simulation testing environments.

Resilient Architectures: Design of self-healing networks, resilient grid architectures, and
microgrids capable of withstanding operational disturbances.

Renewable Energy Security: Tailored cybersecurity solutions addressing the unique
vulnerabilities of distributed renewable generation and integration.

Control System Protection: Safeguarding critical infrastructure, including SCADA, Energy
Management Systems (EMS), and power system protection relays.



o Incident Response & Recovery: Strategies for active defense, rapid incident mitigation, and
comprehensive recovery techniques.
e Al in Cyber Defense: Leveraging artificial intelligence and machine learning specifically for
automating cybersecurity response and monitoring.
Submission Guidelines
Authors must submit an extended digest (double column, 2 pages, IEEE Format) to Dr. Chaojie
LI (chaojili@cityu.edu.hk), Dr. Wenlong Liao (wlliao@tju.edu.cn), Dr. Ravi Yadav at
raviyee(@iitj.ac.in, and copy to Prof. Sukumar Kamalasadan, University of North Carolina at
Charlotte, USA skamalas@charlotte.edu. Please write “IAS Call on Transforming Power
System Operations (TSPO)-Topic Area Acronym (such as: IAS Call on Transforming Power
System Operations (TSPO)-XAI)” in the subject of your submission email. Authors with
accepted digests will receive a formal invitation with detailed instructions for submission of the
complete manuscript to the IAS ScholarOne Manuscripts site. Refer to
https://ias.ieee.org/publications/ieee-transactions-on-industry-applications/ for general
information about electronic submission through ScholarOne Manuscripts. Manuscripts
submitted for this Special Issue will be reviewed separately and will be handled by the guest
editorial board identified below.
Important Dates
e July 1, 2026: Call for papers announcement
e August 15, 2026: Deadline for extended abstract submission (Two pages- See Template)
e October 1, 2026: Notification to invite full paper submissions
e November 15, 2026: Deadline for full paper submission in ScholarOne Manuscript Central
e June 30, 2027: Notification of final decisions
e July 30, 2027: Deadline for submission of Final Files in ScholarOne
e January/February 2028: Publication in the IAS Transactions
Key Guest Editorial Board Members
e Wenlong Liao, Southeast University, China
Email: wlliao@tju.edu.cn
e Mahesh Illindala, Ohio State University, USA
Email: illindala.1@osu.edu
e Chaojie Li, University of Hong Kong, HK,
Email: chaojili@cityu.edu.hk
e Ravi Yadav, IIT Jodhpur, India,
Email: raviyee@iitj.ac.in
e Nand Kishore, Ostfold University College, Norway,
Email: nand.kishor@hiof.no
e Ashok Kumar Pradhan, IIT Kharagpur, India,
Email: akpradhan@ee.iitkgp.ac.in

Committee Administrator

e Sukumar Kamalasadan, UNC Charlotte, Charlotte, NC, USA. Email:
skamalas@charlotte.edu

Paper Review Chair

¢ ] J Dai, Independent Consultant, USA Email: jj.dai@ieee.org
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