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Research Mission

INTELLIGENT POWER (IP) LAB AT KSU
Advance power systems through inverter-based resources
(IBRs) and artificial intelligence (Al) to enable secure, resilient,
and economical power supply.

Control Secure & economic Al-enabled
Device physics | |  capability |, operation decisions
Models & stability Modes, parameters Planning, dispatch Physics-grounded
& reserves & validation agents

KANSAS STATE | MikeWiegers
UNIVERSITY

¢ Department Retreat | Research + Teaching



IEEE Power & Energy Society Prize Paper

2026 IEEE PES PRIZE PAPER AWARD
Awarded paper

Virtual Inertia Scheduling (VIS) for Real-Time Economic
Dispatch of IBR-Penetrated Power Systems

1 ACTIVE IBR PARTICIPATION

Deployment and scheduling enter system-level
decisions.

2 DYNAMICS-AWARE DECISIONS

Dynamic behavior enters planning and operation.

This paper marks two system-level shifts. This
also accommodates emerging data center loads.

KANSAS STATE Mike Wiegers Department of

UNIVERSI Ty | Hecticland Computer Engineering  D€PArtment Retreat | Research + Teaching



IBR-Rich Power Systems

Security-Constrained Operation of IBR-Dominated Vision paper
Power Systems: Static and Dynamic Security
Across Preventive and Corrective Decisions

Buxin She, Member, IEEE
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Al for Power Systems

CAPABILITY PROGRESSION

O— O— O— ©®

CLASSICAL Al LLM AGENT WORLD MODEL
fitting - predicting understand plan - use tools anticipate real-world
optimization - control communicate learn - adapt consequences

Artificial General Intelligence (AGI)

More capability requires stronger physical grounding and verification, particularly in
power systems tasks.
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A Tractable and Self-Evolving Power-Flow Agent

SIMPLIFIED ARCHITECTURE
| User Interface

PFAgent: A Tractable and Self-Evolving Power-Flow Agent for

Interactive Grid Analysis

Buxin She, Member, IEEE, Brian Chen, Luanzheng Guo, Member, IEEE, and Fangxing Li, Fellow, IEEE

P st st vrtos ittty ot . o
o, gy 1 ity % ot .
S e T o e 0 vyt st ntent Parsing
e syt ot sl oo sy o
e e B T i imamor scdom e oty .
e et o e o

Evolution Loop

KANSAS STATE | Mikew

UNIVERSITY Electrical and Computer Engi

[eess.SY] 12 Apr 2026

ton, and structursd epoting 1) sl evltion mechanim

Teedback: i) an Atasited .‘.‘...m.. i e oo
code, and exccution

eros T e s and 'anevluton framemac o
ing task success, convergence valdity, numerical consistency,

Shows that PFAgent can automate case change, analyze votage.
lathons, perform -1 contingency analyss, generate i
and concise summaries, and return reproducible results with

4k o coumatcal sicon ol e Bricfe, Encibl,
and self-evolving agents

Indes Terms—Pow

outpus under such domain-specific consrins. 17

Recent literature motivates this framing. Both the opportu-
nities and the limitations of LLMs are discussed in clectric-
nergy systems, emphasizing that domain grounding, tool use,
and safety remain essential for practical deployment (9], [10].
Around these perspectives, task-oriented studies have shown

i LLMs can assst with fault diagnosis in power grids [11],
cybersecurity analysis of smart-grid applications [12], and
retrieval-augmented carbon-footprint accounting [13]. These
works establish that LLMs are useful in the power and energy
‘domain, but they do not solve the implementation problem
of reliable textto-simulation. Even for simple load-flow code
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geneation, ‘models hallucinate technical de-
tails and silently alter network specifications [14], and intro-
ducing natural-language interfaces raises nontrivial security

| Knowledge Retrieval

| Tool Execution |_|Error Fixing Loop
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Research Summary

2026 year to date | Paper pipeline
Leading Work

Collaborative Work

Stream Work

Stream Work

PFAgent: tractabl If-evolving PF t
Agentic Al gent: tractable, self-evolving PF agen
Benchmark PFBench for LLM-based power-system agents

IBR operation IBR capability in security-constrained operation

Inertia-aware GFM storage planning (NAPS)

Planning . -
Grid access Co-st of Delayed Gr|d-Energ|zat|on (NAPS)
VIS + Al Drift-aware DNN-assisted VIS (NAPS)

SMR data center SMR~-data-center cogeneration TEA

Selected proposal activity

NSF DOE OE / EPSCoR
Grid-Q; secure VDC testbed. H-PRAVOR; grid agents.

Al education Bridging Al and power-system education

Physics-informed safe RL for GFM control

Safe RL

AIDC modeling Workload-aware BESS-AIDC scheduling

DC dynamics Data-center modeling & parametric analysis
DOE Genesis K-State SEI

HAGRID; partner concepts. Secure Power for Kansas DCs.
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Al for Power System Education

Generic examples miss the domain Barriers appear before the first model

Graduate  Faculty Industry ~ Undergrad  Overall
9.6%
W Very relevant Lack ofbackgrownd [l o WE 6 W 5 W 5 |Wm 25
15.4% I Somewhat relevant
B Newa Hardware limits [l c Bl s | 4 W 3/ 2
eutral
[ Stightly irrelevant Env. sewp [l 6 M s B 2 i 2 W 15
["] Not relevant at all 08 differences [ kI | 2 0 2 1 1|0 8
Debugging [ 3 0 ol 1l 4
Only 11.5% found image-based Al examples The leading barriers are background knowledge,
very relevant to power-system applications. hardware, and environment setup.

92% report at least one barrier before running an Al model.
94% would use or consider a one-click, power-specific hands-on course.
This work is conducted under the IEEE PES Atrtificial Intelligence in Power Systems Coordinating Committee (AIPSCC).
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Hands-On Al Notebooks

3 Aug 2026

Bridging Artificial Intelligence and Power Systems Education Using

a Hands-On Executable Framework

Junjie Yin, Graduate Student Member, IEEE, Buxin She, Member, IEEE,
Xinyu Feng, Graduate Student Member, IEEE, Fangxing (Fran) Li, Fellow, IEEE

Abstract—Artificial intelligence (AI) is inclm!ngly central to
power and energy systems, supporting mod recasting,
optimization, and control. Yet most existi emphasize
apccilized applications and offer It rewsable matoral for
newcomers or interdisciplinary learners, who increasingly rely
on large language models rather than building their own. This
gap points to a need for engineering-grounded Al (EGAD), in
which AI workflows follow established engineering and power-
system domain rules rather than acting as task-agnostic black
boxes. Motivated by a community survey of researchers and
practitioners, which shows 92% report at least one barrier
before running an Al model and 94% want a power-specific
hands-on course. This paper presents a framework consisting of
open, executable module library that lowers the entry barrier
power systems. The modules follow a progressive
difficulty ladder that maps core AT concepts onto representative
poersystentaks: ) foundation decp neural network (DNN)
templates i g3 (i)
domain-coupled convolutonal neural network (CNN) pover flow
surrogate for a S-bus system; and (ii) frontier modules on DNN-

However, most of the existing academic work still empha-
sizes high-level research contributions or specialized applica-
tions. While these results are valuable to experts, they are not
always accessible to beginners, students, or practitioners from
other disciplines. For the general public, geiting started with
Alis still not straightforward: the workflow may seem abstract,
the leamning curve is steep, and many open-source codes are
cither too fragmented or lack context.

Therefore, there is a clear need for simple and generic
hands-on codes that can lower the entry barricr. By providing
progressive examples which start from basic function approx-
imation, then moving to dataset fitting under noisy conditions,
and finally to a real-world inspired power system case, we aim
to make AI more approachable. Such examples can serve as
stepping stones for students, engineers, and interdisciplinary
learners, cnabling them to quickly grasp fundamental ideas and
adapt the methods to their own problems, whether in power

Hands-On Notebook Library

TIER 1: FOUNDATIONAL
01 DNN Function Fitting
02 DNN Load-Curve Fitting

TIER 2: DOMAIN-COUPLED

03 CNN Power-Flow Surrogate
PJM 5-bus system

TIER 3: FRONTIER

04 DNN-Assisted Optimization

05 DRL Battery Storage Control

06 PINN Frequency Dynamics

Open, executable Jupyter notebooks for local or Google Colab use.
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Advanced IEEE Course

Al for Power & Energy Systems Program Overview

What you will learn:

* Toidentify the relevant fundamentals of artificial intelligence and machine learning for power and energy u Program: A flVe'hOUr |EEE
* To understand specific power industry needs and challenges regarding Al program ta rg etl ng research
* To become familiar with typical applications of Al in power and energy . N

 To identify future trends of Al applications in power and energy and 1 I’]d uStry a ud lences.

Courses included in this program:

* Al for Power & Energy Systems: Applications, Challenges, and Opportunities = AUdlence: POWSI’ and

o Al for Power & Energy Systems: Computation Acceleration in Modeling Analysis and Control energy researchers and
* Al for Power & Energy Systems: Forecasting, Awareness, and Data Augmentation .
Al for Power & Energy Systems: Physics-Informed, Explainable, and Safe Al Applications prOfeSSIOnalS .

* Al for Power and Energy Systems: Generative Al and Large Language Models

= Objective: Build practical Al
literacy for engineering
challenges.

Instructors: Fangxing (Fran) Li and Buxin She

Supported and organized by IEEE Education Committee
IEEE Power & Energy Society
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ECE 685: Power System Design

SENIOR-LEVEL
UNDERGRADUATE

Steady-state modeling, analysis, and design of interconnected three-phase power systems.

~30 STUDENTS e 1 REMOTE

What students learn Combined teaching approach

Model components and build a consistent Handwriting / board work: develop the
1 per-unit network. 1 reasoning step by step.

Analyze DC and AC power flow and Slides: organize the system and support
2 evaluate operating limits. 2 review.

Design and defend an interconnected Executable notebooks: connect models
3 power system. 3 to computation.

| Executable models support defensible engineering decisions.
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Takeaways

Power systems

- ",
Make IBR capabilities P

active.

Make decisions intelligent
and dynamics-aware.

Education

. Go Wildcats!

Make Al use visible and
accountable.
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