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AERE (Plenary Reports)
wRE—
RS &: 7826 314 09:00-09:50
t m EEBEESREST

REA: Prof Jong Min Lee (Seoul National University)

&
m

Advancing Process Control with Reinforcement Learning:

From Algorithms to Industrial Impact
ERFA SRR R (FEREKS)
AEHRE:

Reinforcement learning (RL) has emerged as a transformative tool across diverse
engineering fields, yet its adoption in chemical process control and optimization
remains at an early stage. While numerous RL algorithms have been developed in
computer science and operations research, systematic understanding of their
applicability and effectiveness in process systems is still limited.

This plenary talk presents a comprehensive study of RL' s role in chemical process
control. We first trace the evolution of RL applications in process systems, from early
adaptive control strategies to recent advances in deep reinforcement learning (DRL).
A comparative evaluation of modelfree and model-based RL approaches is presented
using standard process control benchmarks, focusing on convergence behavior,
computational demands, and robustness to disturbances. Furthermore, we discuss the
integration of RL with conventional control frameworks such as model predictive
control (MPC), and how hybrid strategies can enhance stability and performance.

The talk concludes by outlining future research directions, including offline RL for
data-efficient training and domain-specific reward engineering, to bridge the gap

between theoretical innovation and industrial deployment.
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PAEN:

Jong Min Lee is a Professor in the School of Chemical and Biological Engineering
at Seoul National University (SNU) (Seoul, Korea). From September 2016 to August
2017, he was a Visiting Associate Professor in the Department of Chemical
Engineering at MIT. He also held the Samwha Motors Chaired Professorship from 2015
to 2017. He obtained his B.Sc. degree in Chemical Engineering from SNU in 1996 and
completed his Ph.D. in Chemical Engineering at the Georgia Institute of Technology
(Atlanta, United States) in 2004. He subsequently held a research associate position in
Biomedical Engineering at the University of Virginia (Charlottesville, United States)
from 2005 to 2006. From 2006, he served as an Assistant Professor of Chemical and
Materials Engineering at the University of Alberta (Edmonton, Canada) before joining
SNU in 2010. He is also a registered professional engineer with APEGA in Alberta,
Canada.

His current research interests include modeling, control, and optimization of
large-scale chemical process, energy, and manufacturing systems under uncertainty,
as well as reinforcement learning-based control. He has been a member of the
National Academy of Engineering of Korea (NAEK) since March 2022 (Chemical and
Biological Engineering Division). Since June 2023, he has served as Chair of the IFAC
Technical Committee TC 6.1 on Chemical Process Control. He has also been a Senior
Editor of the International Journal of Control, Automation, and Systems (IJCAS) since
February 2022 and has served on the Editorial Board of Computers & Chemical

Engineering since June 2018.
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& H: Probabilistic Reduced-Dimensional Modeling of Multi-

a1

dimensional Time Series from Dynamic Systems
ERAD BIE #9R (REETAS)
ABE:

Multi-dimensional time series are ubiquitous in engineering, science, and

economics. While the dimension of sensors increases with modern sensing
technology and data acquisition, the dimension of dynamics is often relatively small.
In this talk | will present a probabilistic latent vector autoregressive framework, where
dimension reduction and optimal dynamic prediction are simultaneously achieved.
The dynamic latent variables are enforced by a reduced dimensional predictive model
with maximized predictability. The solution requires an oblique projection to achieve
uncorrelated realizations of noises in the dynamic and static subspaces. An iterative
solution is developed using a maximum likelihood framework. Many popular
algorithms such as slow factor analysis are special cases of the PredVAR framework.
Data from a chaotic Lorenz oscillator and industrial processes are used to show the
superiority of the proposed algorithms. The reduced-dimensional dynamic modeling
framework has wide applications in prediction, control, and diagnosis of anomalies.
MAEN:

FHRIERFIRFRAN BEIKEUER IR, o5 F 1984 5540 1987 LB
HRF B RBEFEAMEFN, HET 1992 FRSEESE=AFHFTEE LTS
i, fbeREEREE: EBHMHAFEIEN ZF b IREIRR SRR . BB EUERIZH
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@ B EFAREMELOT SEIREIESTE

F NS SERHE T SHMERFEPRIISTIAREX, Sl TREMERIRITIERCE.
AR ERT AR T TR AHE EELAG TSI S ERTNES (MPC) 75i%, BER
NAENEIHEIRAN MPC (ULERERIBAESR. BAAMS, BT RIS
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BRLRIBEMRIER BB MR ITRITIE. &fa, MMBRTRIS AR BISLER=H R FRIN FARL

R.
MAEN:
BN, PRSI SRARIFAREARR, BT4ESIH,. 2007 FFEaAAEREL

F4I, 2012 THRERHFSEARFARBERELFN, ARTSETEFIFEEARER
FROEHI SR, YITERRRENS, AR TGRSR SIS b EMIEC AR
GERR, TRHERESZNEFETFERMB, FERNSETRE, ItRmESERMBS,
IREPRIERAR—FL, pETISNBAHFFENRAHFETFRER. FEEIMNFESR
AR (BUFTEIRN) . P ERIFEF e FEEIRAIR SRS 3% IEEE DDCLS 2018, CCC 2019, CCDC
2022 FRWANIEN R, BriEE (EHEeSNAY 8/FE%, IFAC Journal of Control
Engineering Practice HrERE, BEFEBINFSEFIEFCEZSWBK. PEEES

EHIFSESESE,
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i R SN0 2 EBET

REAN: (T KEBHUR (BEE)

B B RERARKSENIH T2 ERAR
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MEERFIEN A RS RLTEMEXRIIAIES, TRZEMIHERAREIGEARY. 2R
HL "BES" RBEABKSENR, ENCETFRIBERETEREM E, 5IHaIESR
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BRI, TRAEE SR BT MEENE T IRRAIHRIARAR. TSR b
BRAFRFERAEIRN AR KAT R ETT A,

MBI

fiim, BEAFEIMERKBYE. KEEHRAARPOERE. RBIEHERE R
FHEIARER A, ARDEANERFERPRNSMET, &2, SRS, &
ERSMNATISIN E&RIEN 300 RiE. EFEREARFESER/MAE 1 L. @LWA 3 I,
2015 FREBERNBES, 2021 FRPEENMUFESEFTFRFRE., WE IEEE Senior
Member, Z[E Sigma Xi FEERZE Full Member, FEBEM{FSHISICHEESRIEE
FWBK, IEEHEERRIEE. FEREEFSTEHSRREEZRETE. Ghtztl5R
REZREIEE. CAREDUFERFESEE. B [EEE TNNLS, IEEE TASE. Control
Engineering Practice /M EFREATINSRZE. 2012 &5k SAFEPROCESS EFREIY Paul
Frank SREFICICIIRER, 2021 FIRSFRERELCN—FR, 2022 Fi 2023 FHiRIKH
RETTMFICIE, 3K 2018 FEMBRHTHL—FR, 2015 F£5 2020 FHEEHNMFR
BARFR—FR 2022 FHEBIMFESIAKB—FR,. 2023 FItEHBEARE_"F
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& H: Distributed Control of DC Microgrids: Our Recent
Results

AEHE:

Direct current (DC) microgrids are gaining increasing attention in modern power

systems due to their high efficiency and compatibility with renewable energy sources
and storage systems. A critical challenge in the operation of DC microgrids is to
achieve accurate current sharing among parallel converters. Traditional droop control
methods can address this, but at the cost of undesirable voltage deviations on the DC
bus.To overcome this limitation, we introduce two novel concepts: Virtual Voltage
Drop (VVD) and Virtual Current Directive (VCD). By dynamically averaging VVD and
VCD across the network, the proposed control strategy achieves both accurate current
sharing and voltage regulation. Additionally, we analyze the stability issues that arise
when constant power loads (CPLs) are connected to the microgrid, providing insights
into how the proposed method maintains robustness under such challenging
conditions. The effectiveness of our approach is validated through both simulation
and experimental studies.

MAETT:

M=%, WRKFEHFRHEE. BTESH, ExRg/IMLT, WRERE. IIkEL
FiEt, BRERAANIET=RAFELEARR, FHIMEFETAERKELEHAR
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HEBMPRINARATR, BRIEXERFEARS|HE 1300 X, HiRRXEE—3, BE3% ICIEA
2021 EfFEiNGEIe 2, IBETRHAT! IEEE Transactions on Industrial Electronics #]

|IEEE Transactions on Smart Grid El%s.
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& H: Inverse Problemsin Optimal Control and Dynamic Games
AEHE:

Inverse optimal control (I0C), also referred to as inverse reinforcement learning

(IRL), has witnessed significant advancements in the robotics and control community.
The goal of IOC is to reconstruct the optimization mechanism underlying the observed
expert demonstrations, where the unknown cost function is identified from partial and
noisy observations of the optimal policies. In this talk, we first present some recent
development in finite time-horizon inverse linear quadratic optimal control. Well-
posedness of the inverse problem is justified and robust data-driven algorithms are
designed to identify the true cost function with almost sure convergence. We then
extend the results into a class of noncooperative dynamic games, where individual
objectives of the players are recovered from noisy and permutated observations of
the Nash equilibria. To address the issue of unlabeled data that usually arises in large-
scale networks, a linear sum assignment problem (LSAP)-based framework is
proposed that is able to tackle the unknown and time-varying permutations in the
data. Identifiability of the game model is guaranteed and efficient least squares
identification algorithms are designed.
MBI

FAFEEIARRT 2022 F 6 BRXEIRHEER T FRMFRIELFA, 2022 F 9 5-2024
F 8 BFHIEEFET AENSIELEMAR, 2024 F 9 BESHEIRTHERZRHFESER
FRIF AR, WRERARR. NEERSERATETFRE, BEFHinE Wallenberg-
NTU SREETEESE. KE 39 APERHISNKEER. Er=+=EAKXE (IARC) I
KX E_—ZERIN, IHEE (Journal of Systems Science and Complexity). {Control
Theory and Technology ) FHRHIIREIRSS, EEMAFNKBEELRBNUFS, ShSERRS.
ZE RN R FHIRBA IS
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& H: From Simulation to Discovery: Empowering LLMs in
Power Systems

REEE:

Large language models (LLMs) have evolved from problem solvers to versatile

research assistants. Yet in power systems, their application remains limited. This talk
poses a central question: Can we “optimize” algorithms in energy systems,
particularly those that are modular and not easily expressed through numerical
variables? Addressing this challenge calls for rethinking optimization and expanding
the role of LLMs in the research process. As an early exploration in this direction, the
talk first introduces a feedback-driven multi-agent framework that enables LLMs to
manage power system simulations, one of the essential tools for algorithm validation.
This framework achieves over 93% success on benchmark tasks, significantly
outperforming standard models and fine-tuned baselines. Building on this, the talk
presents RePower, an autonomous platform that enables LLMs to operate devices,
design methods, test approaches, and iteratively refine algorithms. Validated on key
tasks such as optimization and state estimation, RePower demonstrates strong
performance and adaptive learning capabilities. Finally, the talk concludes with a
discussion of open questions.

MBI
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FANZ, FHBE(E IEEE Systems Journal, IET Renewable Power Generation, Cyber-Physical
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Two-point coupled control of residual chlorine during
tap water disinfection in response to sudden contami-
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Multi-Physics Coupled Energy Consumption Modeling
for Direct Seawater Electrolysis Hydrogen Production
process
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Design of Single-Phase Power Inverter System Based
on Model-Free Adaptive Control
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15:20-15:40 SatA2.1

An Extended Data-Driven Quality Optimization Method
for Injection Molding Based on Large Language Models

HaiPeng Zou Xiamen University of
Technology
Yuxuan Xie Xiamen Institute of Technology
Xiaoyu Li Xiamen university of
technology
Ke Yao Guangzhou HKUST Fok Ying

Tung Research Institute
Xiamen University of
Technology

Xiangsong Kong

15:40-16:00 SatA2.2

Dynamic Modeling of Arsenic Removal Process in Cop-
per Electrolyte Purification Based on Electrodeposition
Decontamination Technology
Yixiao Ding Pengjiaping Campus of
Lanzhou University of
Technology

Institute of Electrical
Engineering and Information
Engineering, Lanzhou
University of Technology

Aimin An
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Multivariable Model Predictive Control of Wastewater
Treatment Process Based on EKF
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Distributed Model Predictive Control for BOG Treatment
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Intelligent Learning-Based Distributed Predictive Oper-
ational Optimization Control for Rotary Kiln of Calcina-
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Model Predictive Control for Train Convoy Operation:
Hardware-in-the-Loop Simulation Performance Valida-
tion
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haoran zhang Beijing Jiaotong University

Debiao Lu Beijing Jiaotong University
Bai-gen Cai Beijing Jiaotong University
Jian Wang Beijing Jiaotong University
Jiang Liu Beijing Jiaotong University
Wei Jiang Beijing Jiaotong University
Yibo Cui China Academy of Railway

Sciences
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Conditional Disturbance-Compensation Control of P-
neumatic Control Valve System

Zhi Song Wang
Xing Fang

Jiangnan University
Institute of Automation,
Jiangnan University
Jiangnan University
Jiangnan University, China

Huang Chenxin
Fei Liu

16:00-16:20 SatA3.3

Development of a Sliding Mode Control Method for
Permanent Magnet Synchronous Motors using Time-
Sharing Fused Reaching Law

Xiantao Zhu Jiangsu University of
Technology
Wei Guo Jiangsu University of
Technology
Ranran Liu Jiangsu University of
Technology
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Neural network-based adaptive iterative learning con-
trol for unknown nonlinear nonaffine discrete-time sys-
tems

Mingming Lin Qingdao Universtiy of Science
Technology
Ronghu Chi Qingdao University of Science
Technology

17:40-18:00 SatA3.8

Active Disturbance Rejection Control Based Regulating
Valve Control in High-Altitude Chamber



Yize Chen Fuzhou University
HEHONG ZHANG NTU
Hongyu Lin Fuzhou University
Xiang Xu Fuzhou University
Bo Feng Fuzhou university
Chao Zhai China University of

Geosciences
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Nonlinear Homotopy-Penalty Interior-Point Method for
Six-DoF Powered Landing Guidance

Kai Chen Zhejiang University
Zhenyu Wei Zhejiang University
Zhijiang Shao Zhejiang University
15:40-16:0 SatA4.2
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16:00-16:20 SatA4.3

Research on Quality Defect Diagnosis Method for Tire
Joints Based on Improved MHA-IDON

Qingduo Hu Qingdao University of Science
and Technology
wei zhang Qingdao University of Science
and Technology
Bao-Lin Zhang Qingdao University of Science
and Technology
Bingzheng Guan MESNAC CO.,LTD
16:20-16:40 SatA4.4

Dynamic closed-loop constraint identification test for
model predictive control

Xiao Zheng Zhejiang University
Zuhua Xu Zhejiang University
JUN ZHAO zhejiang university
Chunyue Song Zhejiang University
16:40-17:00 SatA4.5
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Model Predictive Control Strategy Based on Deep Neu-
ral Networks for Inverted Pendulum Systems

Meng Kang Wang Beijing University of Chemical

Technology

Han Yang College of Information and
Science Technology
Xiaolei Li Beijing University of Chemical
Technology, Beijing, China.
Yukun Shi Beijing University of Chemical
Technology
Youging Wang Beijing University of Chemical
Technology

17:20-17:40 SatA4.7

Adaptive Iterative Learning Economic Model Predictive
Control for Non-repetitive Disturbances
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A simplified finite control set repetitive model predic-
tive control method for improving the performance of
grid-connected inverters

Shao Yuanyuan Lanzhou University of
Technology

Institute of Electrical
Engineering and Information
Engineering, Lanzhou

University of Technology

Aimin An
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Design of an Automatic Optical Power Calibration
Mechanism and System for Fiber Identifiers
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Laser-induced breakdown spectroscopy chemical ele-
ment online analysis technology and equipment
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16:20-16:40 SatA5.4

A hyperspectral image compression method based on
superpixel segmentation

Xuegian Yu Central South University

Can Zhou Central South University

Yan Sun Central South University
16:40-17:00 SatA5.5

SASGNN: A Sparse Attention Graph Neural Network for
Long Sequence Multivariate Forecasting in Industrial
Processes

Wang Yulong Central South University
Xiaoli Wang Central South University
17:00-17:20 SatA5.6
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17:20-17:40 SatA5.7

Quality Index Prediction for Polypropylene Batch Pro-
cesses Based on Data Features

Jinmiao Wang China University of Petroleum
Zhu Wang China University of Petroleum
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08:30-08:50 SunAl.l
A Feedback-Enhanced Soft Actor-Critic Control Method
for Industrial Processes

Zhixuan Peng
Bei Sun
Fakun Zheng

Central South University
Central South University
Fujian Science & Technology
Innovation Laboratory for
Optoelectronic Information of
China

Yucheng Ke Fujian Metal-New Aluminum
Technology Co., Ltd.
08:50-09:10 SunAl.2
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09:10-09:30 SunAl.3

Global Asymptotic Tracking Control with Input Satura-
tion and Adaptive Performance: A Low-Complexity Ap-
proach

Wenxin Lai Shanghai jiao tong university

Yuanlong LI Shanghai Jiao Tong University

Bo Yang Shanghai Jiao Tong University
09:30-09:50 SunAl.4

String-Stable Controller Design for Nonlinear Vehicular
Platoons

Weinan Gao Northeastern University

Nairong Qiao Northeastern University

Tianyou Chai Northeastern University
09:50-10:10 SunAl.5

A Dynamic Multi-objective Evolutionary Algorithm
based on Difference Prediction

Xiaoli Li Beijing University of
technology
Anran Cao beijing university of
technology
Kang Wang Beijing University of
Technology

10:10-10:30 SunAl.6

Semi-Supervised Discriminant Analysis for Out-of-
Distribution Detection with Limited Labeled Data

Meng-hui Guo China University of Petroleum,
Beijing
Jian-wei Liu China University of Petroleum,
Beijing Campus

10:30-10:50 SunAl.7

Physics-Informed Multi-Source Stationary Subspace
Analysis for Fault Detection in Blast Furnace Ironmak-

ing

Siwei Lou Zhejiang university
Yi Li Zhejiang University
Chunjie Yang Zhejiang University

University of Science and
Technology Beijing

Hanwen Zhang

Ping Wu Zhejiang Sci-Tech University
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Dynamic Event-Triggered Consensus of Multi-Agent
Systems: New Insights into Event-Separation Proper-
ties

Sikang Zhan Key Laboratory of System

Control and Information

Processing, Ministry of

Education of China, Shanghai

200240, China

Ruchao Su Shanghai Jiao Tong University

Xianwei Li Shanghai Jiao Tong University

Shaoyuan Li Shanghai Jiao Tong University
08:50-09:10 SunA2.2

Semi-Supervised Detection of Sub-Micron Scratches on
Laser Chips via Recursive Texture Entropy Optimization

Pan Liu Central South University

Liang Wang Central South University

Weihua Gui Central South University
09:10-09:30 SunA2.3

StictionGPT: Detecting Valve Stiction in Control Loops
using Large Vision Language Model

Tianci Xue Xi'an Jiaotong University

Chao Shang Tsinghua University

Dexian Huang Tsinghua University
09:30-09:50 SunA2.4

A coal price prediction method based on DeepSeek-R1
fusion of quantitative multi-scale event characteriza-
tion

Jiang Luo Central South University
yalin wang central south university
Chenliang Liu Central South University
Xiaofeng Yuan Central South University
Weihua Gui Central South University
09:50-10:10 SunA2.5

Infrared and Visible Image Fusion Method under Scat-
tering Medium Disturbance
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10:10-10:30 SunA2.6

Multi-objective Optimization for Effective Drift Motion
Control

Bei Zhou Zhejiang University
Lei Xie Zhejiang University
Hongye Su Zhejiang University, China
10:30-10:50 SunA2.7
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Process monitoring based on Autoregressive-JITL-MSET
Method for air separation unit

Yiyang Shou Zhejiang University
Yan Liu Zhejiang University
Zuhua Xu Zhejiang University
JUN ZHAO zhejiang university
Rugiang Xue Hangzhou Oxygen Plant Group
Co., Ltd
Kai Wang Hangzhou Oxygen Plant Group
Co., Ltd
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09:10-09:30 SunA4.1

GammaVAE: Generation of Time-Series Data for Con-
strained in Fermentation Processes

chengcheng liu jlangnan university

Zhao Shunyi Jlangnan University
Fei Liu Jiangnan University, China
09:30-09:50 SunA4.2

Battery Inconsistency Detection using K-means Cluster-
ing with Center Optimization

Hu Yang Anhui University

Tianhong Pan Anhui University

Jiagiang Tian Xi'an University of Technology
09:50-10:10 SunA4.3



Water Body Remote Sensing Image Augmentation and
Eutrophication Prediction Based on Multimodal Fusion
of Atmospheric and Water Quality Information

W ItRIFAE
F37 ItRIFAE
FNZ ItRIFAE
pUE=3% ItRIEAZ
2025/07/27 09:10 2 BB RT
PRBRFIEERRMA 1

£ FAF PEFLXE

09:10-09:30 SunAS.1

Gaussian reinforcement learning for optimal tracking
control of unknown systems with random disturbances

Xincheng Li Liaoning Petrochemical
University
Yiging Gang Liaoning Petrochemical
University
Jinna Li Liaoning Petrochemical
University

09:30-09:50 SunA5.2

ETHEENASTUNARE AR IER L HEREZ
HRERRRIN FREAFS

HiEs TRAS
WA pMNEEp N
09:50-10:10 SunA5.3

Template for Preparation of Papers for Chinese Process
Control Conference

AR AR A
S FRER kS
S AR kS
At AR kS
e e

2025/07/27 10:50

BRUSTSREHHR

R PRBEOIMITWAE

10:50-11:10 SunBl.1
Product Quality Prediction of Deisobutanizer Column
Based on Attention Mechanism and Bidirectional Long
Short-Term Memory (Bi-LSTM) Network

Zehui Li China University of Petroleum
Renchu He China University of Petroleum
11:10-11:30 SunB1l.2

BETHEMETT-RREIEKAIEHRARE SOC fiit

[=paES KEETKZE
HEFa KRBT XS
{Faie AEETAS
[Af=EES NEEBTX=E
11:30-11:50 SunBl.3

Branch and Bound Identification Method for Time Delay
Systems

X5 AMI TS
PG NI TR
11:50-12:10 SunBl.4

Parameter Transfer identification for NARX model
based on sparse Bayesian learning.

Siyuan Li Jiangnan university
Shuang Gao Jiangnan University
Xiaojing Ping Jiangnan University
Xiaoli Luan Jiangnan University, China
Feng Ding Jiangnan University
Fei Liu Jiangnan University, China
12:10-12:30 SunBl.5

An Expectation Gradient Descent Samples-Transfer |-
dentification Method for Dynamic Systems with Non-
Ideal Data

Yan Huang Jiangnan University
Shuang Gao Jiangnan University
Xiaojing Ping Jiangnan University
Xiaoli Luan Jiangnan University, China
Fei Liu Jiangnan University, China
2025/07/27 10:50 2 BHSRT
SRR EIEE 1

£ B EAXE FEEFE

10:50-11:10 SunB2.1

Observer-Based Active Disturbance Rejection Control
for Multi-Agent Leader-Following Consensus via Dy-
namic Event-Triggered

e P |3 T A
I techR VKA
=A% P || TS
it P || TR
11:10-11:30 SunB2.2

The finite-time distributed formation control of USVs
based on FTESO

Lulu Wang Harbin University of Science
and Technology
Ao Xu Harbin University of Science
and Technology
Ning Yang Harbin University of Science
and Technology
Ge Song Harbin University of Science
and Technology
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11:30-11:50 SunB2.3

Multi-Agent Resilient Coverage Control in Unknown Dy-
namic Environments

Zheyuan Ning
Hao Luo

hao wang
YunFeng Zhang
Yuchen Jiang

Harbin Institute of Technology
Harbin Institute of Technology
Harbin Institute of Technology
Harbin Institute of Technology
Harbin Institute of Technology

11:50-12:10 SunB2.4

Observer-based adaptive neural network control for
multi-agent systems with input delay and input satu-
ration

li xin Northeastern University
dakuo he Northeastern University
12:10-12:30 SunB2.5

Distributed Game-Based Dynamic Formation Control
and Obstacle Avoidance for Multiple UAVs

Yong Xiao Northwestern Polytechnical
University

Xiaoxiang Hu inertial technology research
center

chen yang Northwestern Polytechnical
University

Bing Xiao Northwestern Polytechnical
University

2025/07/27 11:10 2 SRR

BRI, SHTSIRER 2

F FEEHE

11:10-11:30 SunB3.1

AR Tl B2 i R RIS R AB AN SR K R R RO AT B4
fIERETE

HRBTKF

K—458 HFRET K
i KRBT KE
11:30-11:50 SunB3.2
LIS ER AN E RS E SRR

syan FREAHAL
SelEst FEGHAZE
FAET FREARAZE
g FEGHAZE
11:50-12:10 SunB3.3

E VAR AT S TS RIS W A6

bav

BRAEiD HHREBT S
et HREBT S
B2 HRET RS

2025/07/27 11:10

HORIKRhERE 2
- Ny N
11:10-11:30 SunB4.1
FAWEBLTRRE Koopman R/REIEK
BHIBE LTEAF
RIR TEAE
ST LTEAF
m=F TR
11:30-11:50 SunB4.2

TCGA-Net: A Temporal Convolution and GRU Based D-
ual Attention Network for Multiscale Soft Sensor Mod-
eling

Huangi Sun Jiangnan University

Weili Xiong School of Internet of Things

Engineering, Jiangnan

University

Junxia Ma Jiangnan University

Xudong Shi Jiangnan University
11:50-12:10 SunB4.3

A Topology-Enhanced Hierarchical Spatio-Temporal De-
coupled Attention Architecture for Soft Sensing of Key
Water Quality Indicators in Wastewater Treatment

ESAP FEXFE
e FEXFE
B rhEg A
2025/07/27 11:10 2 EBRT
VRRFEIFERAA 2
* FEEWF mIKFE
11:10-11:30 SunB5.1

Bone Marrow Cell Classification Based on Multi-scale
Feature Fusion

=5 iTFEAZE
g3l LEAF
ma iTRIRSF
HRIR iy
11:30-11:50 SunB5.2

PatchX-MLP: —FhFF SCR N[O NOx SREFTNIAYHT
FOMEL £

FAALIR HRIAS
et HIKE
KA IMIKE
RHIR IMIKE

11:50-12:10 SunB5.3

57



A Study on Spartina Alterniflora Monitoring Method
Based on Deep Learning and UAV Images

Ziang Li Zhejiang University
Baiyu Zhu Zhejiang university
Pingjie Huang Zhejiang University
Hongjian Zhang Zhejiang University
Yuqgi Cao Zhejiang University

2025/07/27 13:30
DI RERSHRRRSR

3 ST

E B EE TERE

SunCl.1

13:30-13:50

Research on multi-objective optimization method for
continuous casting and hot rolling production schedul-

ing

HBRE FREAE
EEAE FREAE
BE FRXFEMEER
RETF FrEXE
D% FREXE
13:50-14:10 SunCl.2

Optimization scheduling of electrolytic copper foil pro-
duction process based on hierarchical genetic algorith-
m

REE "RRIAY
=EIE REIAS
F0EIE SRR
EPNE RIS
14:10-14:30 SunCl.3

Optimization of Integrated Energy System Schedul-
ing Based on Multi-Strategy Collaborative Presolve Ap-
proaches

=g AT RS

(G EaES P I |l =
14:30-14:50 SunCl.4
HUESTERMSHEAMEE EaeGR RS I

5K FEGHAF

Fihath FREAEAS

B FEGHAZE
14:50-15:10 SunCl.5

A Multi-Parameter Fusion Intelligent Decision-Making
Framework for Mixed Oil Cutting

Huajun Xu China University of Petroleum
YONG LI China petroleum pipeline
engineering corporation
Tao Wang China Petroleum Pipeline
Engineering Corporation
Jinghao Guo Beijing Research Institute of

Building Materials Science and
Technology
China University of Petroleum

Xiaoyong Gao

2025/07/27 13:30 2 KRT
SEREEIDRIEE 2

£ B ET ERERRAE
13:30-13:50 SunC2.1

Simulated Annealing-Optimized Artificial Potential
Field Method for Multi-Agent Collision Avoidance

Liu Xianghang Lanzhou University of
Technology

Aimin An Institute of Electrical
Engineering and Information
Engineering, Lanzhou
University of Technology
13:50-14:10 SunC2.2

Trajectory Tracking Control for Flexible Manipulator
Based on Combined Neural Network Control

yongquan Li Lanzhou University of
Technology
Aimin An Institute of Electrical
Engineering and Information
Engineering, Lanzhou
University of Technology
14:10-14:30 . _..SunC2.3
BETRERUFINTANZ LB ERRITEHAR
A PRIBESR AL
IR VPRMEIA ALY
b VPRSI R A
FFR BERRESANR RS
14:30-14:50 SunC2.4

A Hierarchical Framework for Event-Triggered Fault-
Tolerant Consensus Control of Multi-Agent Systems Un-
der DoS Attacks

Yunan Qu Jiangnan University
Xiaoli Luan Jiangnan University, China
Haiying Wan Jiangnan university
Fei Liu Jiangnan University, China

2025/07/27 13:30 2 SRR

SR, SHSRR 3
E EXiE JEETIARE
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13:30-13:50 SunC3.1
Few-shot Fault Diagnosis for Electric Submersible
Pump Based on Transformer-enhanced Prototypical
Network

Liang Cheng China University of Petroleum,
Wang Beijing
Kang Li China University of

Petroleum-Beijing

Xiaoyong Gao China University of Petroleum

13:50-14:10 SunC3.2

E TS IEIBH Sk RIR SRS AR I 0T
ZREK | = |y =2
XUl ERTIAE
BRLTAE LRI K=

14:10-14:30 SunC3.3

Cascading Failure-Oriented SGC Critical Topology lden-

tification for Renewable Energy Grids
Min Yin Shanxi University
Xiaomin Wang Shanxi University
Jianrong Wang Shanxi University
Xinchun Jia Shanxi University
Yunfei Xie Shanxi University
Yuhang Wang Shanxi University

2025/07/27 13:30 2 IBET
YoEIRahE1E 3
T FWBEF BEXFE
13:30-13:50 SunC4.1

Individual Thermal Comfort Assessment Based on In-
frared and Linear Skin Temperature Data-driven Mod-

eling

FIBES CEp
EEe BEAF
il ek
RIER mEAR
B ER
s mEAY
5KIX BEAF
13:50-14:10 SunC4.2

Learning Spatiotemporal Dependencies for Time Series
Imputation via Adaptive Multi-task Gradient Guidance

guodong Li central south university
yalin wang central south university
Chenliang Liu Central South University
Jiang Luo Central South University
Yitao Chen Central South University
Hongrui Liu Central South University
14:10-14:30 SunC4.3

Optimization of Structural Parameters of Multi-step Pre-
diction Neural Network Based on Sequence Similarity
Evaluation

59

Jiawang Zheng China University of
Petroleum-Beijing
Zhu Wang China University of Petroleum

14:30-14:50 SunC4.4

A Study on the Modeling and Prediction Method of the
FCC Fractionation System Based on ISSA-AM-LSTM

Shaowei Han China University of Petroleum
Jingjing Han Zhongshi Intelligent Control
Jun Tong ZhongShi x-Conreol

Technology CO., Ltd, Beijing

Xiaoyong Gao China University of Petroleum

2025/07/27 13:30 2 BB =T

NEBRFIFERRIA 3

£ B RLOK HEAFE

13:30-13:50 SunC5.1
HT VMD-ALA-Transformer-BiLSTM BO5GHA X BB THZRFR
s

ESas chEGHAS
Iy =Py HerR TR BIRAE]
=K FEARAFE
13:50-14:10 SunC5.2
%EF ACE-Match BYRIREER T AR ENX AR5 2RI
HER FREXE
Z= =) FRRIA
I2I1E PN
ESAD FEAE
14:10-14:30 SunC5.3
ETF ECI-YOLO ByiRimKis BimeNE%
LR ItRERETER
A% ItREREIER
i ItREREIER
pdES IR ERMEIER
T2 IR ERE T 6
SREFIE IERIRE
14:30-14:50 SunC5.4

Online Accelerated Gradient Algorithm Based on Typi-
cal Samples for Self-Organizing RBF Neural network

YanNi Su Beijing Institute Of
Petrochemical Technology
Miaoli Ma Beijing Institute Of
Petrochemical Technology
Bin Wang Beijing Institute of

Petrochemical Technology
Beijing Institute of
Petrochemical Technology

Zhaofeng Zhao



2025/07/27 13:30

AL

E B R IR IRE

13:30-13:50 SunCé6.1
ETEENMSRBEDS BiXHIFR SN
) P13 TR
E ¥ P13 TR
REXH ) |44 TR
Bl )| TR
13:50-14:10 SunC6.2

Multi-Objective Optimization Method for Optimal Ex-
citation Parameters of Controllable Active Seismic

Source
A BrREM =R
HA X BASRAEHR F F
EGE] PN S Esasalid
SKBRZR FEGHAZE
X IR
14:10-14:30 SunC6.3

Optimization Method for Hammer Impact Excitation of
Controllable Active Seismic Source

SR BRI
e N
3Kag PrSRRH I
KBrR rREAHAY
i AL
14:30-14:50 SunC6.4

ET RS B R UEE RIS ER T AN =45

S

3 BN TSR
i R TSRS
EHF BN T A TR
JI%8 NS T B
G T N T

2025/07/27 13:30 3 BRI

HEEH SRR

F EiFE HPEARBRKE
13:30-13:50 SunC7.1
EEHITER RIS TR R RIRIT
FLIGRK FEGHAZE
EINEE] FEGHAZE
BEF FEGHAZE
g FEGHAZE
13:50-14:10 SunC7.2
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Reliability Analysis of Nuclear Power Plant Reactor Pro-
tection System Based on Bayesian Network

Kaiyue Ma Zhejiang University
tong guan Zhejiang University
Zhiyuan Zhang Zhejiang University
Yinxiao Zhan Zhejiang University
jun liang Zhejiang University
14:10-14:30 SunC7.3
{%%BZEﬁEE)EE@ -BIEMN PLECER R Lamb SRR E A
=/3i
EBxfE FEITWXE
S FeTlkE
KB FETIAS

2025/07/27 15:10 3RSTT

T ERReEH SERERIE

B TR

15:10-15:30 SunD1.1
HTF DT-PPO EHERINE NSRRI T %

wEN A
>t el
XA hEE AS
RO SR RS
15:30-15:50 SunD1.2

Research on Workpiece Recognition and Robot Grasp-
ing Technology Based on Improved YOLOv8 and Binoc-
ular Vision

pJES FEGHAZE
XIX=E FEGBHAZE
FRAthiR FEGHAZE
REZF B BEFETMERBIRATE
15:50-16:10 SunD1.3

Design of Adaptive Controller Based on BP Neural Net-
work and Internal Model Control

HhEHL R ASEE S ST T Ti2h
1 S4% 1B-415B
KIET EMAE
IS B A
R B A
2R B A
AR Rk
16:10-16:30 SunD1l.4
BT B RR AR
MBS WA
£EER L STAS
FARRE T AR



2025/07/27 15:10

Multi-Source Domain Transfer Learning with Feature
2 BKRT Fusion for Fault Diagnosis

BRI ESTARS Haoze Li University of Science and
Technology Beijing
" Jiahao Wang University of Science and
T B EIFK BEEXE Technology Beijing
Linlin Li University of Science and
15:10-15:30 _ SunD2.1 technoloty Beijing
Gait Recognition Method Based on Fusion of Gait Sil-  Xin Peng East china university of
houette and 2D Skeletal Features science and technology
Binghan Zhan Sichuan University of Science Maiying Zhong Shandong University of
and Engineering Science and Technology
Xiaogang wang Sichuan University of Science
Engineering ' ' _ _ 15:50-16:10 SunD3.3
Keyu Chen Sichuan University of Science A Bearing Fault Diagnosis Algorithm Incorporating
Engineering , , _ _ Time-Frequency Analysis and Sparse Swin Transformer
Zhiwei Yin Sichuan University of Science
Engineering ; ; ; ;
Renjie Zou SUSE Zihan Xu Beijing University o‘lfe(c:ﬂﬁmcl)cgayl
15:30-15:50 SunD2.2 Jinhao Ge Beijing University o_lfe(ciﬂﬁgrlmcl)cgayl
> =ERETSOEI4N 3
ETF0# YOLOV8 HIBRIFAZRMSL BN BIEIA Haogian Wang Beijing University of Chemical
WEM RET R Technology
A5 chE A Sheng Gao Beijing University of Chemical
Technology
15:50-16:10 SunD2.3 Xin Ma Beijing university of chemical
A Non-intrusive Thermal Comfort Prediction Method In- _ technology
tegrating RGB Images and Human Pose Keypoints Youging Wang _ , -
N s Rui Fan Zhongdian Herui Technology
RIER FEEXE Co., Ltd
A RIS '
e MEXY  16:10-16:30 SunD3.4
e @Ej{i Few-shot Learning Photovoltaic Fault Diagnosis Based
EEK BEXE  on PCATIFTCN
FRERX MEXRF Yanbo Jian Lanzhou University of
16:10-16:30 SunD2.4  simin An Institute c;l;eérencczlrci)gayl
ay W\ b 7 LA [T . | (
&7 Transformer BYRTHIGRPEATIURES - e Engineering and Information
SR iBHERE Engineering, Lanzhou
RIKIE BERE University of Technology
REE e B
=) N

2025/07/27 15:10 2 B ET

2025/07/27 15:10

2 sk [l SESEESITSER

B, SETSHUR 4

* FDEE TEAY

T FwE PRELRF 15:10-15:30 SunD4.1
A [ AR A | i
15:10.15:30 sunps.) ETTSESTRGNLERCNEREE
A Novel Diffusion Generation Model for Chip Edge De- ~ TLEES LFATF
tection %ﬂggﬁ—_\ 'Igi_"f
EER Ay DB . AL, v
BogRZE chigg A REfHAN LRI T2 R
= I
ek FREAZ  15:30-15:50 SunD4.2
15:30-15:50 SunD3.2 BEEESIESMALEFMIRMERLSGE
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Bl PRI
P FRIAF
=W hEIAS
SRATK RRIAT
pheE "R
15:50-16:10 SunD4.3

Adaptive Causal Inference Spatio-Temporal Graph Con-
volutional Networks for Correlation Modeling in Dis-
junction Processes

Chenhao Ren Beijing University of

Technology
Honggui Han Beijing University of
Technology
Fangyu Li Beijing University of
Technology
Zheng Liu Beijing University of
Technology
2025/07/27 15:10 2 BT
MREFIFERF 4
* E RENTF IEKFE
15:10-15:30 SunD5.1

A Hybrid Model for Few-Shot Attribute Extraction Using
Prototypical Networks and k-Nearest Neighbors

Taiyu zhang Jiangnan University
Yuqging NI Jiangnan University
Ziyang Guo Hong Kong University of
Science and Technology

15:30-15:50 SunD5.2

An Edge Detection Algorithm of the Improved Canny
Operator

bowen zhang Sichuan University of Light

Industrial Technology

Shiyong Yang Sichuan University of Science
Engineering
Chunlan Luo Yibin College
hongping pu University of Electronic
Science and Technology of
China
15:50-16:10 SunD5.3

Improving NOX Emission Prediction in SCR Systems vi-
a Continual Learning under Dynamic Operating Condi-
tions
Peng Chen
Xu Baochang

China University of Petroleum
College of Information Science
and Engineering, China
University of Petroleum,
Beijing

Wei He China National Petroleum
Corporation
Hongtao Hu China University of Petroleum

16:10-16:30 SunD5.4
Uncertainty-Aware Soft Sensor with Dual-Branch Mod-
eling Architecture

Yongjing Wang Zhejiang University

Bocun He Zhejiang University
Xinmin Zhang Zhejiang University
Zhihuan Song Zhejiang University
Zhijiang Shao Zhejiang University
2025/07/27 15:10 2 BT
ERUERS

F EEER BERFE

15:10-15:30 SunD6.1

Analysis and Simulation for Multiple Resonant-Point
Phenomena in Complicated Power Transfer System

iz A
R A
ESTED AL
i RS
15:30-15:50 SunD6.2

A High-Precision Reference Source Design With Expo-
nential Curvature Compensation

STl PR T A
¥ RIS
BRI EBFRIEAS
15:50-16:10 SunD6.3

Recursive State Estimation With Self-Energized Relays:
Integrating Parameter Design for Simultaneous Infor-
mation and Wireless Power Transfer

Jiahao Song Tsinghua University

Zidong Wang Brunel University London

Xiao He Tsinghua University
16:10-16:30 SunD6.4

Event-triggered Prescribed Performance Model-free
Adaptive Sliding-mode Control for Robot Arm with Data
Dropouts

Changxiao Ma
Huarong Zhao

Jiangnan university
Jiangnan University

Dezhi Xu Southeast University
Zhengdao Zhang Jiangnan University
Li Peng Jiangnan University

2025/07/27 15:10 3 IR LT

ATERSEENBA

T FEEEN BEAF

15:10-15:30 SunD7.1
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Microrobot Actuation Modeling by Angle Constraints Dynamic Modeling and Focus Control of a Piezo-

and Infinity-Norm Current Optimization Actuated Liquid Tunable Lens
LLRE T e
Yanbo Hua Jiangnan University SRS RS
Haiying Wan Jiangnan university
Xiaoli Luan Jiangnan University, China ~ 15:50-16:10 e _ SunD7.3
Fei Liu Jiangnan University, China E BRI B R IR S 28 A BREX
FR (N
15:30-15:50 SunD7.2
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SRTIIRERSHA 1

RliE: 2025/07/26 15:20
M 2 BKRT

15:20-15:40 SatAl.l

Two-point coupled control of residual chlorine
during tap water disinfection in response to
sudden contamination

WX, ZEET, 5KIN, REEEE
(FREIHIERKE)

This paper addresses the control challenges asso-
ciated with sudden ammonia nitrogen contamination
in raw water by designing a two-point coupled control
method for residual chlorine in the drinking water disin-
fection process. This method effectively controls resid-
ual chlorine concentrations by leveraging the distinct
mechanistic characteristics of the pre-chlorination and
mid-chlorination stages. During the pre-chlorination
control stage, considering the complexity and nonlin-
ear characteristics of residual chlorine consumption
caused by raw water quality pollution, this paper de-
signs a pre-chlorination self-disturbance controller that
integrates a nominal model with time-delay input. This
is combined with a raw water quality state classifica-
tion expert system, a feedforward controller based on
the nominal model of residual chlorine changes dur-
ing pre-chlorination under raw water quality pollution
conditions, and an extended state observer with time-
delay input. The water quality state classification ex-
pert system is used to identify the raw water quali-
ty state, the feedforward controller is used for com-
pensation dosing, and the expanded state observer
with time-delay input is used to estimate disturbances
caused by sudden pollution, enabling dynamic adjust-
ment of sodium hypochlorite dosing control parame-
ters to quickly and accurately respond to the impact
of sudden raw water quality pollution. During the in-
termediate chlorination control stage, to achieve sup-
plementary disinfection for the pre-chlorination stage
and ensure the stability of residual chlorine concen-
tration in the clear water tank, this paper designs a
feedforward dynamic compensation-adaptive PID inter-
mediate chlorination feedback controller. By combin-
ing feedforward information from the pre-chlorination
stage with residual chlorine feedback information from
the intermediate chlorination stage, coupled control is
employed to suppress the impact of sudden water qual-
ity pollution.

15:40-16:00 SatAl.2
EH T TEEHIA PID 4S8 3EE
g, EPZ*.:.E, 26, 245
(FEAHBKRZE)

PID =HIES I TS iEiEsh HiEEEE g,
HizHRREURT PID 281, ASIRHT —MEFNL
M5 A LASCI B i N\ BR i) HH R AN S N Z )
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x B 7pEW PEN A
HESE PID I=HISR S48 E, TENESTERSR
[734 PID = %J%%E’Jiﬂ%&ﬁ*i@*%m, LJ;Hk"‘)i

”Eﬁaﬂ S (SFPC) SRHg, LASEIE PID fH2sAIEL A,
. BORENBYTE, LI EERATENAT
ﬂ*‘%ﬂid\j} EFRERE, SRaNKIESEIES PID a8
HILLRN, B0, HoSH. &5, FA Matlab RHGH
MNSLPIRBFIZT AR — M ERAR, RERE-ER. 1R
ERVNEETE.

16:00-16:20 SatAl.3

ET R RS RS ERAL
YIES, B, e
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TR TISERLAD RO, Rk
BECEHOD SR, Rieme LR
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SRR EZEITEI I, BA BRI,

16:20-16:40 SatAl.4

ETRSSERER S SR EEECRT5)E

é‘k B“E DI, IFi

| ETHEERS fﬁlﬂ*ﬁﬁ: HXENMRESHmANE L
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[EEEECXS D%, BIPASTERDTRARIH Z BRIX
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i A EER AN, SCINE RS PID 8 R o
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16:40-17:00 SatAl.5
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ERE BN, SHER AR SRS e
B2 . R, o S e L A
REHITIA, AT RIS R e e
= LAY, (EG S R A R T B S — R T RiE
R, REFLLFEMINEHIRE. X AR



IR R ORISR B TSI, A
B — R T AR D OB R E A AL TS
. AR PR AN R R B R — S0\ AJR, 7
SRS R A R T UAIE R |, KA
TP IR, BT 3726
(T RE R S BRI Sy, HTIIEE
RO BT AR S B, 6 DAL AL
RIFIROE £ AR AHOE AR

17:00-17:20 SatAl.6
BT NREHEEIASEER DDPG Exi=&Eh:Hh
FEACPR I ISR
=R=Z, XIF
At IS

ER PSP (Regenerative Thermal Oxidiz-
er, RT0) E2—MERFITUANESAENES, 8
BB ERAENEELEEIILEY (Volatile Organic
Compounds, VOCs) #tAFTTERN_S(EFIK. =18
RTO %é}’ﬁéﬁf@%?‘: Eﬁ)\iﬁﬂjﬁin\%fﬁﬁé , (EFIEE|
T EMELERN S ESEW, MELASSIIRERIESIME
B8, FIXNIX—IBIRR, AJGRE 7 —FhEF I NESIHENIA
=[EE+g DDPG(Deep Deterministic Policy Gradient) &
ER=EERA AN WIPERICRES, Z 5B
IR AT M 28 55 Bl ) 3 B in SimEn =] B
M,EEE$E%WW§%%§#6EW(%E%§%
IERYZRIABE]. BU#H/SHY DDPG %}iﬁf@&éﬁzﬂﬂ’ﬁ?ﬂ@
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T 8EIERI FIRER,

17:20-17:40 SatAl.7

Multi-Physics Coupled Energy Consumption
Modeling for Direct Seawater Electrolysis
Hydrogen Production process

T, R00Z, ST, 20
(FEiEAS)

Direct seawater electrolysis represents a promis-
ing route for green hydrogen production, effectively al-
leviating the freshwater resource constraints inheren-
t to conventional water electrolysis. However, its in-
dustrial adoption is challenged by the complex compo-
sition of seawater, tightly coupled multi-physics phe-
nomena, and high energy consumption under dynamic
operating conditions. To address the excessive energy
demand in the direct seawater electrolysis process, this
paper presents a multi-physics-coupled mathematical
model for DC energy consumption that systematically
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elucidates the key mechanisms of energy loss and en-
ables energy-efficient operation and system optimiza-
tion. First, by incorporating corrections for Faradaic ef-
ficiency, thermal balance, and gas recovery rate, an
analytical expression for specific DC energy consump-
tion is derived. Next, a two-dimensional seawater elec-
trolyzer model is implemented in COMSOL Multiphysic-
s, coupling electrochemical reactions, electric field dis-
tribution, gasliquid two-phase flow, ion transport, and
heat transfer to achieve integrated electro-thermal-
chemical-fluid simulation. Using this model, the effects
of operating temperature, system pressure, and elec-
trolyte concentration on the cell voltage are investigat-
ed. The results provide practical guidance for adjusting
electrolyzer operating conditions, reducing energy con-
sumption, and enhancing the viability of direct seawa-
ter electrolysis for hydrogen production.

17:40-18:00 SatAl.8
Design of Single-Phase Power Inverter System

Based on Model-Free Adaptive Control

F=RHS, SKIET, EIFIIEFﬁ s':)'eE* KER

(lﬂElll =+

Inverters, which convert direct current (DC) to al-
ternating current (AC), are widely used in new energy
systems such as photovoltaic and wind power genera-
tion. Traditional control methods rely on precise system
models. However, the nonlinearity of the system, pa-
rameter uncertainties, and external disturbances make
it difficult for these methods to achieve ideal perfor-
mance in practical applications. To address this chal-
lenge, this paper proposes a control strategy for single-
phase power inverters based on model free adaptive
control (MFAC) combined with dynamic data reconcili-
ation (DDR) filtering technology. The proposed method
estimates system parameters in real time using input-
output data, thereby avoiding the complexity of tradi-
tional modeling and effectively handling the system’s
nonlinearity and uncertainties. Moreover, the integra-
tion of DDR filters effectively suppresses measurement
noise, enhancing the system’s dynamic response and
stability. Simulation results demonstrate the superiori-
ty of this control method under various noise interfer-
ences. The findings show that the MFAC-based con-
trol strategy significantly improves the control accura-
cy and stability of the inverter system. This study pro-
vides a new approach for the efficient control of power
inverters and offers theoretical support for the control
design of complex inverter systems.
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15:20-15:40 SatA2.1

An Extended Data-Driven Quality Optimization
Method for Injection Molding Based on Large
Language Models

HaiPeng Zou ,Yuxuan Xie ,Xiaoyu Li ,Ke Yao ,Xiangsong
Kong
(Xiamen University of Technology)

Injection molding remains the most widely used
polymer processing method in modern manufactur-
ing. The quality of injection-molded products is in-
fluenced by the complex interplay of multiple param-
eters, encompassing both process settings and con-
trol settings, making the optimization of quality con-
trol performance a critical challenge. The quality con-
trol process in injection molding can be conceptual-
ized as an iterative search procedure for optimal pro-
cess parameter settings. Conventional quality con-
trol approaches predominantly rely on quality feed-
back data derived from either process models or real-
world manufacturing operations during these itera-
tive cycles. However, substantial repositories of text-
based engineering expertise and operational rules in
the injection molding quality control domain remain un-
derutilized. The failure to effectively leverage these
domain-specific knowledge poses a significant con-
straint on advancing the efficiency of quality control
methodologies. To address this challenge, an Extend-
ed data-driven optimization framework based on large
language model (LLM-EDO), which systematically in-
tegrates textual expertise, process models, and op-
erational data holistically, is proposed. Leveraging
advances in artificial intelligence (particularly large
language model architectures) and data-driven opti-
mization, this methodology synthesizes multi-source,
heterogeneous, and multimodal manufacturing da-
ta. The framework incorporates an offline-online
dual-channel data collaboration architecture and a
feature-alignment-driven text-numeric cross-modal fu-
sion mechanism, enabling knowledge extraction from
multi-source heterogeneous data streams, optimiza-
tion decision-making, and dynamic adaptation to com-
plex production environments. This method is validat-
ed through comparative experiments to demonstrate
its effectiveness.

15:40-16:00 SatA2.2

Dynamic Modeling of Arsenic Removal Process
in Copper Electrolyte Purification Based on
Electrodeposition Decontamination Technology
Yixiao Ding ,Aimin An
(Pengjiaping Campus of Lanzhou University of
Technology)
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Copper electrolyte purification is a key step in the
wet metallurgy process to produce high-purity cathode
copper. Among them, the electrodeposition desulfur-
ization process, due to its high efficiency and low pollu-
tion characteristics, has become the mainstream tech-
nology for the removal of arsenic. This paper focuses
on the complex characteristics of the dynamic coupling
between copper and arsenic ions in the electrodepo-
sition desulfurization process. Based on the continu-
ous stirred tank reactor (CSTR) model, a nonlinear dy-
namic mechanism model was constructed, taking into
account the combined influence of electrochemical re-
action kinetics, thermodynamic equilibrium, and pro-
cess parameters (such as current density, flow rate,
copper-arsenic concentration ratio). The model param-
eters were optimized using the sequential quadratic
programming (SQP) algorithm, achieving precise pre-
dictions of ion concentrations and temperatures in the
reactor (copper ion concentration prediction R = 0.983,
arsenate R = 0.944). The simulation results show that
the dynamic regulation of copperion concentration and
current density in the electro-deposition desulfuriza-
tion process is the core factor for improving arsenic
removal efficiency, and the stepped flow distribution
can effectively inhibit the generation of arsenic hydride
gas. This research provides theoretical basis and dy-
namic control strategies for the industrial optimization
of the electro-deposition desulfurization process, im-
proving the quality of cathode copper and production
safety.

16:00-16:20 SatA2.3

Multivariable Model Predictive Control of
Wastewater Treatment Process Based on EKF

Tao Chang ,Aimin An
(Lanzhou University of Technology)

In order to improve the operating performance of
urban sewage treatment plants, optimize the effluen-
t quality and improve the operating costs. This pa-
per proposes a multivariable model predictive control
method for sewage treatment process based on ex-
tended Kalman filter (EKF). First of all, since the sewage
treatment process is an extremely complex, uncertain,
nonlinear and strongly coupled system, it is very diffi-
cult to design a control system using its process mod-
el. Therefore, based on the analysis of the sewage
treatment process model, a simplified model of the bio-
chemical reaction process of sewage treatment is es-
tablished; secondly, a multivariable model predictive
control method for sewage treatment process based
on EKF is designed using the simplified model. The
tracking performance of dissolved oxygen concentra-
tion and nitrate nitrogen concentration is maintained



by adjusting the two key variables oxygen transfer co-
efficient and internal recirculation flow in the sewage
treatment plant; finally, the proposed method is veri-
fied in the benchmark simulation model 1 (BSM1). The
simulation results show that the method can achieve
the control requirements, improve the effluent quality
and reduce the operating energy consumption.

16:20-16:40 SatA2.4

Distributed Model Predictive Control for BOG
Treatment System in LNG Receiving Terminal

XU, *"‘L A5, HiE

Liquefied Natural Gas (LNG) inevitably generates
Boil Off Gas (BOG) during transportation and storage,
necessitating rational recovery and utilization. Tradi-
tional BOG treatment processes suffer from high en-
ergy consumption and energy waste, especially under
low export conditions. We take a domestic LNG receiv-
ing terminal as the research object and propose a Dis-
tributed Model Predictive Control (DMPC) for the recon-
densation process in BOG treatment. The approach
ensures the safe operation of storage tanks, recon-
denser, and high-pressure pumps, optimizes compres-
sor operation, reduces compressor load switching fre-
quency and energy consumption, and increases BOG
recovery in the recondensation process under low ex-
port conditions by elevating recondenser pressure to
provide a temperature rise margin for LNG at the high-
pressure pump inlet, thereby enhancing the terminal’s
operational benefits. The proposed DMPC algorithm
decomposes the BOG compressor and recondenser in-
to two subsystems for independent control: Subsys-
tem Controller 1 considers the impact of compressor
load on storage tank pressure and LNG temperature at
the high-pressure pump inlet. By incorporating a com-
pressor energy consumption term into the loss function
and using a modified compressor load sequence gen-
eration strategy to accelerate integer programming
problem solving, it optimizes BOG compressor loads.
Subsystem Controller 2 controls recondenser pressure
and liquid level by adjusting spray flow rate and lig-
uid level valve opening. It introduces time-varying con-
straints to calculate the time-varying lower limit of re-
condenser pressure based on LNG temperature at the
high-pressure pump inlet, ensuring the LNG pressure
exceeds the saturation vapor pressure. The DMPC algo-
rithm is validated on the K-Spice digital twin platform.
Results show that the method maintains stable opera-
tion of storage tanks and recondensers, optimizes com-
pressor performance, and significantly increases BOG
processing capacity in the recondensation process un-
der low export conditions, bringing greater economic
benefits to the receiving terminal.

16:40-17:00 SatA2.5

Intelligent Learning-Based Distributed
Predictive Operational Optimization Control for
Rotary Kiln of Calcination

B, B, KR, 5T
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For the optimal control problem of path-
constrained nonlinear switched systems, existing
methods often fail to simultaneously guarantee the
global optimality of the solution and the strict satis-
faction of constraint conditions. To address this issue,
this paper proposes a hybrid intelligent optimisation
method that combines dual-objective particle swarm
optimisation (PSO) and gradient descent (GD) strate-
gies, effectively overcoming the technical bottlenecks
of traditional deterministic optimisation methods prone
to local optima and heuristic algorithms struggling
to strictly satisfy path constraints. First, Control Vec-
tor Parameterisation (CVP) technology and Switching-
Time Parameterisation (STP) methods are employed
to transform the infinite-dimensional discrete dynamic
optimisation problem into a finite-dimensional contin-
uous optimisation problem; Then, path constraints in
the switched system are discretised, converting them
into a series of discrete point constraints. A relaxation
factor Epsilon is introduced to transform the original
constraint condition of ‘less than or equal to 0" in-
to ‘less than or equal to -Epsilon’ ; Subsequently,
a dual-objective unconstrained optimisation model is
established. The PSO algorithm’s swarm intelligence
search mechanism enables particles to dynamically
adjust target weights based on their current position-
s, efficiently exploring potential optimal regions that
satisfy discrete point constraints across the global do-
main; Based on this, the gradient descent method is
employed for refined search within the identified opti-
mal region to ensure that the obtained solution strictly
satisfies the Karush-Kuhn-Tucker (KKT) optimality con-
ditions. Theoretically, it is proven that this method can
converge to a feasible solution satisfying the first-order
approximate KKT conditions within a finite number of
iterations. Numerical simulation results demonstrate
that the designed method can both strictly satisfy path
constraints and identify the globally optimal switching
time and control input parameters.
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15:20-15:40 SatA3.1

Model Predictive Control for Train Convoy
Operation: Hardware-in-the-Loop Simulation
Performance Validation

haoran zhang ,Debiao Lu ,Bai-gen Cai ,Jian Wang
Jiang Liu ,Wei Jiang ,Yibo Cui
(Beijing Jiaotong University)

With the growing demand for urban rail transit,
traditional train operation methods struggle to meet
short-term, unidirectional capacity demands. While
train convoy technology improves line utilization by re-
ducing inter-train spacing, challenges remain in safe-
ty control, real-time coordination, and experimental
validation. This paper investigates the application of
model predictive control (MPC) algorithms in train con-
voy operations based on train dynamics models and
convoy-following safety braking models. A train con-
voy control system was developed using a hardware-
in-the-loop (HIL) simulation platform comprising cen-
tral, ground, and train layers, with the three-station,
two-section route of Guangzhou Metro Line 18 serving
as the simulation environment for multi-scenario test-
ing. Experimental results demonstrate that the MPC
control algorithm effectively enables convoy-following
control, while the HIL simulation platform integrated
with convoy-following capabilities meets requirements
for user-friendly and repeatable testing environments.

15:40-16:00 SatA3.2

Conditional Disturbance-Compensation Control
of Pneumatic Control Valve System

Zhi Song Wang ,Xing Fang ,Huang Chenxin ,Fei Liu
(Jiangnan University)

As the control core of the regulating valve, the
valve positioner determines the adjustment precision
and response speed of the pneumatic regulating valve,
playing a crucial role in its operation. To enhance the
performance of the pneumatic requlating valve sys-
tem, this paper deeply investigates the conditional
disturbance-compensation control of pneumatic con-
trol valve system. First, a nonlinear observer is used
to estimate the lumped disturbance in the pneumat-
ic regulating valve. On this basis, disturbance char-
acteristic indices are proposed to analyze the lumped
disturbance, which is then categorized into beneficial
and harmful disturbances. Furthermore, by integrating
the backstepping control method, the strategy not only
leverages beneficial disturbances and compensates for
harmful disturbances but also eliminates the chatter-
ing phenomenon caused by switching actions. Finally,
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a simulation analysis of the pneumatic valve position-
ing system is conducted to verify the effectiveness and
superiority of this method.

16:00-16:20 SatA3.3

Development of a Sliding Mode Control Method
for Permanent Magnet Synchronous Motors
using Time-Sharing Fused Reaching Law

Xiantao Zhu ,Wei Guo ,Ranran Liu
(Jiangsu University of Technology)

Abstract: The Permanent Magnet Synchronous Mo-
tor (PMSM) is a nonlinear system characterized by
strong coupling and multivariate dynamics. Owing to
PMSM" s insensitivity to disturbances and parameter
variations coupled with rapid dynamic response char-
acteristics, sliding mode control (SMC) has been ex-
tensively adopted in PMSM control. However, the tra-
ditional exponential reaching law (TERL) employed in
sliding mode control inherently suffers from a funda-
mental trade-off between convergence rate and per-
sistent chattering phenomena. To address this issue, a
time-sharing fused reaching law (TSFRL) is introduced.
This enhancement incorporates a power term of the
system state variable to expedite the system’s reach-
ing to the sliding surface. Moreover, the traditional sign
function in the exponential reaching law is replaced by
a hyperbolic tangent switching function, which is used
to mitigate the chattering induced by sign function dis-
continuities. Verifications of the proposed method are
designed by using the Matlab and a real PMSM system.
Results from simulations demonstrate the superiority
of the time-sharing fused reaching law over the tradi-
tional exponential reaching law in enhancing system
control performance.
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17:20-17:40 SatA3.7

Neural network-based adaptive iterative
learning control for unknown nonlinear
nonaffine discrete-time systems
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Mingming Lin ,Ronghu Chi
(Qingdao Universtiy of Science Technology)

This paper proposes a novel neural network-based
adaptive iterative learning control (NN-AILC) scheme
for unknown nonlinear nonaffine discrete-time system-
s. By leveraging Taylor expansion and the differen-
tial mean value theorem, we first derive an equiva-
lent affine representation of the original nonaffine sys-
tem. Based on this affine model, an NN-AILC scheme
is developed, incorporating a dead-zone technique for
weight adaptation. The proposed method is data-
driven and relaxes conventional requirements such as
identical initial conditions and identical reference tra-
jectories. Both theoretical analysis and simulation re-
sults demonstrate the effectiveness of the NN-AILC ap-
proach.

17:40-18:00 SatA3.8

Active Disturbance Rejection Control Based
Regulating Valve Control in High-Altitude
Chamber

Yize Chen ,HEHONG ZHANG ,Hongyu Lin ,Xiang Xu ,Bo
Feng ,Chao Zhai
(Fuzhou University)

The high-altitude chamber regulating valve mo-
tion control system faces significant challenges due to
high-frequency noise and unknown disturbances dur-
ing aero-engine testing. It limits its ability to achieve
high-response and high-precision in valve position con-
trol. To address these issues, this paper proposes a
control scheme based on the Active Disturbance Re-
jection Control (ADRC) algorithm incorporating a fast
synthesis tracking differentiator (fst-TD). A Linear Ex-
tended State Observer (LESO) is employed to com-
pensate for unknown disturbances within the system,
and a tracking differentiator based on the fst con-
trol synthesis function is constructed to suppress high-
frequency noise. Simulation results show that under
various valve opening frequency profiles, the fst-TD
exhibits excellent tracking and filtering performance
with favorable phase characteristics. The ADRC al-
gorithm enhanced by fst-TD outperforms the conven-
tional PD control method, achieving a steady-state
accuracy of 0.02 and reducing the overall response
time by 12.08%. These improvements ensure that the
high-altitude chamber regulating valve motion control
system meets stringent requirements for both high-
response and high-precision control.
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15:20-15:40 SatA4.1

Nonlinear Homotopy-Penalty Interior-Point
Method for Six-DoF Powered Landing Guidance

Kai Chen ,Zhenyu Wei ,Zhijiang Shao
(Zhejiang University)

This study presents a Nonlinear Homotopy-Penalty
Interior-Point Method (HPOPT), a novel optimization
method for addressing degeneracy and indefiniteness
in the Six-DoF powered landing guidance. HPOPT inte-
grates homotopy methods with penalty interior-point
methods into a three-stage internal-homotopy frame-
work, efficiently solving successive homotopy sub-
problems while optimizing computational resources.
The trajectory planning problem is reformulated by
constructing a homotopy problem, where the verti-
cal landing problem serves as the homotopy auxil-
iary problem. Numerical experiments validate the pro-
posed method, demonstrating its robustness and ef-
fectiveness in overcoming trajectory optimization chal-
lenges in powered landing scenarios.
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16:00-16:20 SatA4.3
Research on Quality Defect Diagnosis Method

for Tire Joints Based on Improved MHA-IDQN

Qingduo Hu ,wei zhang ,Bao-Lin Zhang ,Bingzheng
Guan
(Qingdao University of Science and Technology)

In the tire manufacturing industry, the require-
ments of intelligent industrial production are often not
met by existing tire joint defect prediction methods.
To enhance the feature extraction and decision-making
capabilities of the classification prediction model, an
integrated Deep Q-Network model based on the multi-
head self-attention mechanism is proposed in this pa-
per. The ability to capture non-linear feature relation-
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ships is not only strengthened by the model, but al-
so an integrated framework is successfully construct-
ed. The classification stability and prediction accuracy
are improved by the framework through the use of dy-
namic weighted voting. To further enhance its practical
applicability in actual production, the high-dimensional
feature representation is improved in this paper. Mean-
while, the state-space exploration rate is increased by
introducing double experience replay and dynamic de-
cay strategies, and the error convergence is accelerat-
ed by adopting a periodic hard-update strategy. Com-
parative experiments show that the proposed model
can effectively extract defect features, greatly improve
decision-making, and has high accuracy and general-
ization.

16:20-16:40 SatA4.4

Dynamic closed-loop constraint identification
test for model predictive control

Xiao Zheng ,Zuhua Xu ,JUN ZHAO ,Chunyue Song
(Zhejiang University)

In view of the fact that the parameters of indus-
trial processes models evolve over time due to equip-
ment aging and failures, necessitating re-identification,
a dynamic closed-loop constrained identification test
method for model predictive control (MPC) is proposed.
Starting from a seed model of the process, probabilis-
tic dynamic constraints on the output variables are de-
signed using a power spectral density approach. Based
on this, a probabilistic optimization problem for test
signal amplitude, satisfying D-optimal design, is devel-
oped to maximize the signal-to-noise ratio of the test
data. Compared with traditional steady-state model-
based amplitude design method, the proposed method
can persistently excite the process dynamics and sig-
nificantly enhance the quality of the test data. An MPC
zone control method is then employed to design a test
signal tracking controller, which ensures that the opti-
mized test signal sequence is accurately followed while
strictly maintaining input and output constraints. This
enables an automatic closed-loop constrained identi-
fication test method, effectively avoiding safety risks
associated with manually set amplitudes in traditional
unconstrained open-loop test.

16:40-17:00 SatA4.5
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17:00-17:20 SatA4.6

Model Predictive Control Strategy Based on
Deep Neural Networks for Inverted Pendulum
Systems

Meng Kang Wang ,Han Yang ,Xiaolei Li ,Yukun Shi
,Youging Wang
(Beijing University of Chemical Technology)

This paper presents a theoretical and experimen-
tal study of model predictive control (MPC) strategies
based on deep neural networks (DNNs), with an in-
verted pendulum system as a benchmark platform.
This proposed framework replaces traditional analyti-
cal dynamic models with data-driven prediction mod-
ules constructed by training DNNs, thereby reducing
the reliance on explicit system modeling. Within the
MPC framework, this approach achieves high-precision
control of complex nonlinear systems. Comparative
simulations under disturbance-free and disturbed con-
ditions demonstrate that DNN-MPC considerably out-
performs conventional MPC, in terms of control accu-
racy, robustness, and energy efficiency, validating its
effectiveness for controlling systems with unknown or
difficult-to-model dynamics.

17:20-17:40 SatA4.7

Adaptive Iterative Learning Economic Model
Predictive Control for Non-repetitive
Disturbances

BFO, BRE, XIER
(BB IR

Iterative learning model predictive control with
strong time-domain tracking performance is an ad-
vanced control method for batch processes. However,
traditional iterative learning model predictive control
can usually only cope with small enough disturbances.
For batch processes with large values of disturbances,
the control performance of the system is degraded,
which poses a challenge for its application. In this re-
gard, this paper proposes a non-repetitive disturbances
adaptive iterative learning economic model predictive

72

control strategy. The disturbances with large values are
classified into two parts, repetitive and non-repetitive
disturbances, through iterative relations, and two e-
conomic optimization problems are built at the same
time, in which the repetitive perturbations are solved
by an batch-to-batch EMPC strategy based on the IL-
C, and the non-repetitive perturbations are solved by
an within-batch EMPC strategy based on the ILMPC. In
order to suppress the impact of non- repetitive distur-
bances on the system, an extended state observer is
introduced to estimate the non-repetitive disturbances
during the optimization process within the batch to pro-
vide a more accurate state to the system. The effec-
tiveness of the proposed algorithm is verified by simu-
lation experiments on a batch reactor.
17:40-18:00 SatA4.8
A simplified finite control set repetitive model
predictive control method for improving the
performance of grid-connected inverters

Shao Yuanyuan ,Aimin An
(Lanzhou University of Technology)

The finite control set model predictive control
(FCS-MPC) algorithm is characterized by fast dynam-
ic response, strong multi-constraint control capability
and robustness, but the traditional FCS-MPC algorithm
for grid-connected inverter control needs to traverse
all possible voltage vectors, which results in a large
amount of computational work and poor power qual-
ity and stability, and restricts its application in real-
time control. To address this problem, this paper pro-
poses a simplified finite control set repetitive model
predictive control (S-FCS-RMPC) algorithm for T-type
three-level grid-connected inverter control, which sig-
nificantly reduces the number of prediction and traver-
sal searches for the FCS-MPC of the T-type three-level
grid-connected inverter from 27 to 10 to 7 times by op-
timizing the voltage vector selection strategy. The sys-
tem control performance can be significantly improved,
the computational complexity can be reduced, and the
harmonic component of the output current can be min-
imized to improve the power quality and the stability
of the system for different operating conditions. Simu-
lation results show that the proposed S-FCS-RMPC con-
trol strategy for the T-type three-level grid-connected
inverter improves the control performance while signif-
icantly reduces the computational complexity, which
verifies its feasibility and effectiveness.
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15:20-15:40 SatA5.1

Design of an Automatic Optical Power
Calibration Mechanism and System for Fiber
Identifiers

EAERL, BRRERR, ERAK, Bt
(IaKRZF)

To address the challenges of low efficiency, poor
consistency, and significant errors associated with
manual optical power calibration of fiber identifiers in
production environments, this paper presents a novel
method and system for online optical power calibration
and testing. Leveraging the measurement principles of
fiber identifiers, a task-scheduling-driven modular au-
tomatic calibration mechanism is developed. Models
forinsertion loss compensation, macro-bending loss fit-
ting, and adaptive threshold matching are established.
Furthermore, an integrated system architecture fea-
turing hardware-software co-design is designed to for-
m a closed-loop control process encompassing "con-
figurationexecutionverificationregulation." Experimen-
tal results demonstrate that the proposed system sig-
nificantly improves testing accuracy and consistency,
establishes a complete data traceability framework, re-
alizes the automation of the testing process and sig-
nificantly reduces system operation and maintenance
costs.

15:40-16:00 SatA5.2

Laser-induced breakdown spectroscopy
chemical element online analysis technology
and equipment

P

(FEMZFBBHB AR FAT)

Online analysis of chemical elements is a key
enabling technology for the digital transformation of
process industries. Laser-induced breakdown spec-
troscopy (LIBS) is a technique that utilizes laser-excited
plasma to analyze atomic emission spectra. It offer-
s unique advantages in applications such as mineral
processing, metallurgy, energy, deep space, and deep-
sea element detection, with vast application potential.
However, it also faces challenges such as poor sig-
nal stability, difficulties in quantitative model analysis,
and significant environmental interference. This pre-
sentation introduces the principles, development his-
tory, and scientific issues of LIBS technology, as well as
some key technologies studied to address core issues.
For example, methods such as plasma image feedback-
based spectral fluctuation correction, weak feature ex-
traction and lightweight modeling for complex matri-
ces, and online adaptive calibration under dynamic en-
vironmental interference. Based on this, the first do-
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mestically developed LIBS online analyzer for ore slurry
grade and liquid metal LIBS online analyzer were devel-
oped, overcoming environmental adaptability and reli-
ability challenges in harsh operating conditions. These
analyzers have been successfully applied in the bene-
ficiation of strategic mineral resources such as iron ore
and phosphate ore, as well as multiple metallurgical
fields, opening up important avenues for the industrial
application of LIBS.

16:00-16:20 SatA5.3
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16:20-16:40 SatA5.4

A hyperspectral image compression method
based on superpixel segmentation

Xuegian Yu ,Can Zhou ,Yan Sun
(Central South University)

Zinc concentrate is an important raw material for
zinc metallurgy. Rapid and accurate estimation of zinc
concentrate component content is crucial for produc-
tion efficiency and equipment safety. Hyperspectral
imaging (HSI) can capture abundant spatial and spec-
tral information, providing a key basis for the analysis
of material compositions. However, the massive vol-
ume of HSI data poses challenges to data transmission
and storage. To address this issue, this paper improves
the simple linear iterative clustering (SLIC) algorith-
m and proposes a hyperspectral compression method
based on superpixel segmentation with local complex-
ity. A local complexity index is introduced to measure
the uniformity of the distribution of HSI data. Based on
this local complexity, the non-uniform initialization of

o



clustering centers and the calculation of dynamic dis-
tances are realized. The proposed method achieves
more accurate segmentation of zinc concentrate HSI
in scenarios with complex spatial distributions. Com-
bined with spectral aggregation, it realizes spectral av-
eraging in homogeneous regions while retaining spec-
tral details in inhomogeneous regions. Consequently, a
label map, centroid coordinates, and corresponding av-
erage spectra representing the original high-resolution
HSI data are obtained, achieving the compression of
HSI data. Experimental results demonstrate that our
method can compress the original high-resolution data
to 10.51% of its original size, while the estimation ac-
curacy of the reconstructed data is only 0.32% lower
than that of the original high-resolution data.

16:40-17:00 SatA5.5

SASGNN: A Sparse Attention Graph Neural
Network for Long Sequence Multivariate
Forecasting in Industrial Processes

Wang Yulong ,Xiaoli Wang
(Central South University)

In process industries, achieving timely and effec-
tive control is highly challenging due to long material
residence times and significant delays in the availabili-
ty of product index measurements. In comparison, the
state variables in the middle of the process can respond
to the adjustments with a minor time lag. Consequent-
ly, operators often use these state variables in practice
to adjust the control variables. Multivariate time-series
forecasting (MTSF) provides an alternative by predict-
ing these critical state variables, but existing meth-
ods typically neglect the complex inter-variable rela-
tionships and suffer from error accumulation in long-
sequence forecasting tasks. This work addresses two
main challenges in industrial MTSF: (1) constructing ac-
curate variable relationships under complex industri-
al dynamics, and (2) mitigating the error accumulation
over long prediction horizons. The objective is to devel-
op a forecasting model that can accurately predict both
middle-state and final product variables over long se-
quences, thereby enabling timely process adjustments
and enhancing control performance.’propose a novel
Sparse Attention Spectral Graph Neural Network (SAS-
GNN), to tackle the aforementioned challenges: (1)
Graph Structure Learning Module: This module builds
a robust and interpretable graph by combining a do-
main knowledge-based prior-based adjacency matrix
with an adaptively learned matrix from a Sparse At-
tention Mechanism (SAM). SAM significantly reduces
computational complexity from O(L) to O(LInL), mak-
ing it efficient for long sequences. (2) Long Sequence
Forecasting Module: This module achieves comprehen-
sive feature representation learning. The construct-
ed graph is first transformed into the spectral domain
by Graph Fourier Transform for effective graph convo-
lution. A Temporal Convolutional Network (TCN) ex-
tracts multiscale temporal patterns of individual vari-
ables. Concurrently, a Graph Convolutional Network
(GCN) captures spatial associations in the spectral do-
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main. Furthermore, a variant Gated Recurrent Unit
(GRU), which incorporates skip connections, is used
to effectively extract long-term temporal dependencies
and mitigate information loss in long sequences. The
synergistic integration of TCN, GCN, and the variant
GRU enables the model to comprehensively capture lo-
cal and long-term temporal patterns as well as spatial
correlations, thus achieving accurate long sequence
MTSF.°on a real-world tungsten flotation process and
two public benchmark datasets, SASGNN consistent-
ly demonstrates significantly superior performance in
MAE and RMSE compared to CNN/RNN-based, GNN-
based, and Transformer-based models, especially for
long sequence forecasts. This performance highlight-
s SASGNN's improved robustness to industrial fluctua-
tions. This work presents SASGNN as a powerful and
practical forecasting framework for complex industri-
al processes, supporting accurate long sequence pre-
diction, advanced predictive control, and digital twin
development. Future work will explore dynamic graph
structures for process condition drift and further com-
putational complexity reduction for large-scale applica-
tions.’
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17:20-17:40 SatA5.7

Quality Index Prediction for Polypropylene
Batch Processes Based on Data Features

Jinmiao Wang ,Zhu Wang
(China University of Petroleum)

In polypropylene batch production processes, the
lag in testing the quality index of melt flow rate (MFR)
prevents production personnel from obtaining timely
MFR values for adjustments, resulting in low production
efficiency. To address this issue, a quality prediction
method for polypropylene batch processes is proposed
to improve production efficiency and enable real-time
monitoring and adjustments for subsequent batch op-
erations. First, the key factors influencing the quality
index within a single batch are identified by analyzing
the process mechanism of the polypropylene unit, and



historical batch data is determined. Second, for spe- similarity between online and historical batch data. Fi-
cific long-time-series data, data features are extract- nally, the proposed prediction method was validated
ed using Singular Value Decomposition (SVD). In on- through testing experiments on a polypropylene unit
line prediction, a mathematical representation method in a refinery and petrochemical plant in China, demon-
based on a quasi-fourth-order central moment is intro- strating its feasibility.

duced to perform quality prediction by comparing the
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08:30-08:50 SunAl.l

A Feedback-Enhanced Soft Actor-Critic Control
Method for Industrial Processes

Zhixuan Peng ,Bei Sun ,Fakun Zheng ,Yucheng Ke
(Central South University)

The complex dynamic environment of industrial
processes poses significant challenges to the adapt-
ability and generalization capability of control method-
s. Traditional feedback control, such as proportional-
integral-derivative (PID) control, struggles to handle
uncertainties in industrial processes due to the mod-
el dependency of its control parameters, while data-
driven control, such as reinforcement learning (RL) con-
trol, shows insufficient generalization in unknown op-
erating conditions caused by the lack of structured
guidance in state representation. To address these is-
sues, this paper proposes a feedback-enhanced soft
actor-critic (FE-SAC) control method based on state-
space feedback augmentation and error dynamics-
driven mechanism. Firstly, the control error along with
its integral and derivative signals are embedded into
the SAC state space, leveraging the structured prior
knowledge from classical feedback control to enhance
control performance and improve the generalization
capability of the controller. Subsequently, a multi-
objective reward function is designed based on error
dynamic characteristics and statistical features, effec-
tively balancing the system’ s transient and steady-
state performance. Finally, a case study on pH control
in the zinc leaching process (ZLP) demonstrates that
the proposed FE-SAC control method achieves more
potential performance in handling unknown environ-
ments.

08:50-09:10 SunAl.2
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Global Asymptotic Tracking Control with Input
Saturation and Adaptive Performance: A
Low-Complexity Approach

Wenxin Lai ,Yuanlong LI ,Bo Yang
(Shanghai jiao tong university )

In this paper, we address the output tracking prob-
lem for uncertain MIMO nonlinear systems subject to
input saturation and propose a global asymptotic track-
ing control strategy. A novel global adaptive perfor-
mance function is introduced, which not only elimi-
nates the dependence on initial conditions but also
resolves the conflict between actuator saturation and
performance requirements. Based on this function,
an adaptive controller is developed using a carefully
designed sliding surface. The proposed method does
not require any additional structures to approximate
unknown nonlinearities or external disturbances, and
it avoids recursive design steps, resulting in a low-
complexity implementation. Theoretical results show
that the asymptotic tracking can be achieved when the
actuator no longer saturates. Simulation results are
provided to validate the effectiveness of the proposed
approach.

09:30-09:50 SunAl.4

String-Stable Controller Design for Nonlinear
Vehicular Platoons

Weinan Gao ,Nairong Qiao ,Tianyou Chai
(Northeastern University)

The string stability of vehicular platoons can effec-
tively improve both traffic safety and road throughput,
which is usually concerned by whether the speed vari-
ations of upstream vehicles are attenuated. Different
from traditional string stability controller design which
assumes the dynamics of vehicles is°®, this paper design
a string-stable controller for nonlinear vehicular pla-
toons based on relaxed policy iteration methods. Simu-
lation results validate the effectiveness of the proposed
controller.

09:50-10:10 SunAl.5

A Dynamic Multi-objective Evolutionary
Algorithm based on Difference Prediction

Xiaoli Li ,Anran Cao ,Kang Wang
(Beijing University of technology)

In industrial areas, dynamic scheduling, resource
allocation, and metal rolling are typical Dynamic
multi-objective optimization problems (DMOPs). Track-
ing Pareto-optimal solution (PS) and/or Pareto-optimal
front (PF) in a constantly changing environment by
prediction-based Evolutionary algorithms (EA) is a



common method. Many dynamic multi-objective op-
timization evolutionary algorithms (DMOEAs) adopt a
single predictor to initialize the population when a
change occurs, which could result in unsatisfactory per-
formance in some DMOPs. To deal with DMOPs, this
paper devises a difference prediction strategy, includ-
ing first-order prediction and gradual search. The for-
mer adopts a first-order difference method to predict
the moving distance of population; the latter select-
s a Gaussian mutation to generate the new individu-
als. Based on probabilistic selection, two predictions
effectively work in dealing with the changing environ-
ment. To test the performance of DP, nine classical D-
MOP benchmarks and three state-of-the-art compared
algorithms are selected. The experimental results im-
ply that DP is able to solve different kinds of DMOPs.

10:10-10:30 SunAl.6

Semi-Supervised Discriminant Analysis for
Out-of-Distribution Detection with Limited
Labeled Data
Meng-hui Guo ,Jian-wei Liu
(China University of Petroleum, Beijing )

Out-of-distribution (OOD) detection is crucial for
ensuring the reliability of deep learning models in open-
world applications; however, existing methods often
exhibit limited performance when labeled data is s-
carce. To address this challenge, this paper propos-
es a novel OOD detection framework based on Semi-
Supervised Discriminant Analysis (SSDA). This frame-
work aims to learn more discriminative feature repre-
sentations that are sensitive to the intrinsic manifold
structure of the data by integrating limited labeled da-
ta with abundant unlabeled data information. Specifi-
cally, we formulate a joint optimization objective that
maximizes class separability using labeled data while
preserving the geometric structure of unlabeled data
via a manifold regularization term. The method op-
erates directly on the feature representations of pre-
trained models, requiring neither model fine-tuning nor
reliance on auxiliary outlier data. Extensive experi-
ments on the ImageNet-1K benchmark and multiple
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00D datasets demonstrate that the proposed SSDA
method significantly enhances OOD detection perfor-
mance across various backbone networks, including
ViT, BiT, and ResNet-50d. Notably, under conditions
with limited labeled data (e.g., 20%), it shows marked
advantages over fully supervised baselines and other
post-processing methods.

10:30-10:50 SunAl.7

Physics-Informed Multi-Source Stationary
Subspace Analysis for Fault Detection in Blast
Furnace Ironmaking

Siwei Lou ,Yi Li ,Chunjie Yang ,Hanwen Zhang ,Ping Wu
(Zhejiang university)

The ongoing digital transformation in steel indus-
try has spurred advancements in multivariate fault de-
tection for Blast furnace (BF) ironmaking processes.
However, BF ironmaking’s inherent complexity, includ-
ing strict physical constraints and the hybrid nature
of continuous and switching variables, poses signifi-
cant challenges to reliable fault detection. To address
these challenges, this study proposes a novel Physics-
informed multi-source stationary subspace analysis
(PMSSA) framework. First, we reformulate physical
constraints and switching variables into a probabilis-
tic framework using probability truncation and bina-
ry encoding, enabling their integration into a unified
latent variable model. The solution, derived via an
Expectation-maximization (EM) algorithm, jointly opti-
mizes continuous and switching representations while
ensuring theoretical guarantees on probability trunca-
tion validity and model convergence. Furthermore, to
accommodate performance degradation in industrial
settings, we develop an incremental model update al-
gorithm that operates in the orthogonal complement
of original model space, preserving efficiency while in-
corporating new data. A rigorous orthogonality anal-
ysis ensures geometric consistency between updated
and original models. Extensive validation on real-world
BF ironmaking datasets demonstrates that PMSSA out-
performs both baseline and state-of-the-art methods in
reliability and accuracy, providing a robust solution for
industrial fault detection.
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08:30-08:50 SunA2.1

Dynamic Event-Triggered Consensus of
Multi-Agent Systems: New Insights into
Event-Separation Properties

Sikang Zhan ,Ruchao Su ,Xianwei Li ,Shaoyuan Li
(Key Laboratory of System Control and Information
Processing, Ministry of Education of China, Shanghai
200240, China)

In multi-agent coordination, dynamic event-
triggered (DET) sampling mechanisms are a prevail-
ing and effective technique for saving communication
burdens, however it is widely accepted that only build-
ing on DET mechanisms cannot guarantee designable
minimum inter-event times. This paper revisits the con-
sensus problem of multi-agent systems on undirected
graphs and (re-)design event-triggered protocols to-
gether with distributed DET sampling mechanisms.
By introducing new comparison functions for evaluat-
ing inter-event times, it is shown that distributed DET
mechanisms, even without merging other triggering
techniques, are still able to ensure a designable lower
bound of inter-event times. This fact reveals enhanced
event-separation properties of DET mechanisms, in
contrast to existing results where only Zeno-freeness
of inter-event times can be claimed. Moreover, both
node-based and edge-based DET mechanisms are de-
signed to solve the consensus problem while guaran-
teeing positive minimum inter-event times. Finally,
simulation results are provided to illustrate the theo-
retical results.

08:50-09:10 SunA2.2

Semi-Supervised Detection of Sub-Micron
Scratches on Laser Chips via Recursive Texture
Entropy Optimization

Pan Liu ,Liang Wang ,Weihua Gui
(Central South University)

Laser chips, pivotal components in optoelectron-
ic systems, demand exceptionally high manufacturing
standards for their emission surfaces, as even submi-
cron scratches can severely impair performance. Tradi-
tional detection methods are significantly constrained
by low-contrast defects and scarce labeled data. To
address these challenges, we propose TexRecNet, a
semi-supervised network integrating recursive opti-
mization and texture entropy analysis. Our architec-
ture employs a recursive encoder-decoder framework
that progressively enhances edge detection accuracy
through cyclic prediction refinement and positional en-
coding updates. To exploit unlabeled data, we intro-
duce a texture entropy consistency metric quantifying
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edge distribution patterns, enabling reliable pseudo-
label generation from unsupervised inputs. A novel
recursive consistency constraint loss further stabilizes
training by minimizing output sequence variance. Ex-
periments demonstrate scratch detection accuracy of
75.6% and recall of 74.8%, surpassing U-Net by 8.5%
and 33.6% respectively. This approach significantly en-
hances quality control while reducing annotation de-
pendency, offering an effective industrial solution for
micro-defect detection.

09:10-09:30 SunA2.3

StictionGPT: Detecting Valve Stiction in Control
Loops using Large Vision Language Model

Tianci Xue ,Chao Shang ,Dexian Huang
(Xi"an Jiaotong University)

Stiction detection in control valves is a critical chal-
lenge in control loop performance assessment and fault
diagnosis within the process industry. Existing stiction
detection methods often require determining a thresh-
old or rely on large number of data to train deep neural
networks. However, they face challenges such as d-
ifficulty in threshold determination, poor transferabili-
ty, and lack of interpretability. Recent advancements
in large language models (LLMs) and large vision-
language models (LVLMs) offer new possibilities for
improving the generalization of detection models by
leveraging their multimodal understanding and rea-
soning capabilities. We propose StictionGPT, an LVLM-
based agent for valve stiction detection. To overcome
traditional method’ s limitations, we leverage LVLMs to
mimic human decision-making, combining textual se-
mantics with visual shape features to determine the p-
resence of stiction. First, we transform time-series data
into images that contain shape features. These images
are time-series plot, PV-OP plot, OP-PV plot and CRD-
PV plot. Then, we create a multimodal dataset based
on the semantics of these shapes for image-text align-
ment. Next, low-rank adaption (LoRA) is employed to
foundation LVLMs to enable efficient few-shot general-
ization to stiction detection tasks. Finally, we test the
model on the ISDB benchmark and deploy it in a chemi-
cal plant. StictionGPT achieves the highest accuracy on
the ISDB benchmark and demonstrates excellent per-
formance on the plant dataset.

09:30-09:50 SunA2.4

A coal price prediction method based on
DeepSeek-R1 fusion of quantitative multi-scale
event characterization
Jiang Luo ,yalin wang ,Chenliang Liu ,Xiaofeng Yuan
,Weihua Gui
(Central South University)



Accurate coal price prediction holds strategic sig-
nificance for production planning optimization, cost
control, and market risk mitigation in process indus-
tries such as salt lake chemical engineering, power
generation, and steel manufacturing. However, un-
expected events including extreme weather, geopoliti-
cal conflicts, and energy policy adjustments frequently
trigger non-linear fluctuations in coal supply-demand
relationships, resulting in substantial uncertainties for
price forecasting. Existing approaches face multiple
limitations: manual analysis relies heavily on expert
experience with strong subjectivity and difficulties in
quantifying event impacts; traditional statistical mod-
els are constrained by linear assumptions and fixed
parameters, failing to capture complex market distur-
bances from multi-factor coupling; while deep learn-
ing models can mine latent patterns in structured data,
they exhibit delayed responses to sudden events and
suffer from reduced interpretability due to the "black-
box" nature of internal weight matrices, hindering their
trusted application in operational decision-making. To
this end, this paper proposes a coal price prediction
method based on DeepSeek-R1 fusion with quanti-
tative multi-scale event characterization (QMEC-DS).
First, the method designs a two-phase DeepSeek-R1
fine-tuning scheme combining vertical domain knowl-
edge fine-tuning and structured data fine-tuning, es-
tablishing an event-driven multi-scale analysis frame-
work to quantify impact intensity and extract explic-
it reasoning paths for event transmission. Second,
impulse response functions are employed to extend
event impacts into three temporal dimensions: short-
term shocks, medium-term transmission, and long-
term trends. Finally, the quantified event impacts are
incorporated as external inputs for subsequent numer-
ical tasks, enhancing model responsiveness to sudden
event interventions. Experimental evaluations on the
Qinhuangdao coal price dataset (2005-2022) demon-
strate that compared with baseline models including
Prophet, GRU, and Transformer, the proposed method
achieves average reductions of 35.9% in RMSE and im-
provements of 0.0579 in R2, providing novel insight-
s for handling unexpected events in price prediction
tasks.

09:50-10:10 SunA2.5

Infrared and Visible Image Fusion Method under
Scattering Medium Disturbance

R, B, BEE, NEF ERE
(FREKRE)

Image fusion can enhance the expression ability
of multi-source information and effectively overcome
the problems of information loss and decline in imaging
quality caused by the interference of scattering media.
At present, the image fusion methods under the inter-
ference of scattering media still have problems such as
a single fusion scene and poor robustness, which limit
their application in complex environments. To this end,
this paper proposes an infrared-visible light image fu-
sion method under the interference of scattering me-
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dia to improve the analysis and perception ability of
the target scene. Specifically, this framework consists
of a multimodal differential cooperative enhancemen-
t module (DCEM) and a deep residual multi-stage fu-
sion module (DRMF). The former effectively enhances
the information complementarity and regional feature
matching ability between modalities for the problems
of information inconsistency and quality degradation of
infrared and visible light images. The latter effectively
enhances semantic consistency and detail restoration
ability in response to the problems of difficult deep se-
mantic alignment and easy loss of details in infrared
and visible light images. The qualitative and quanti-
tative evaluation results show that the fusion method
proposed in this paper exhibits good robustness un-
der the interference of scattering media, significantly
improves the clarity and information expression ability
of the fused image, and outperforms the existing nine
mainstream SOTA methods in multiple evaluation indi-
cators.

10:10-10:30 SunA2.6

Multi-objective Optimization for Effective Drift
Motion Control

Bei Zhou ,Lei Xie ,Hongye Su
(Zhejiang University)

Drifting plays a vital role in motorsports by en-
abling vehicles to maintain high speeds through sharp
turns, and it also offers valuable strategies for improv-
ing safety in everyday driving under extreme condition-
s. ‘objectives of drifting are multifaceted: the vehicle
must follow a predefined path, maintain stable drifting,
and ensure a comfortable driving experience. °, the
complex dynamics involved, such as large sideslip an-
gles and rear tire saturation, present significant chal-
lenges for control algorithms.’balance these objec-
tives, we propose a multi-objective optimization ap-
proach coupled with a model predictive controller (M-
PC) for effective drift motion control.’approach strikes
a balance between computational efficiency and pre-
diction accuracy, ensuring optimal performance in dy-
namic driving scenarios. °‘multi-objective optimization
serves as a supervisory layer, learning path tracking
control laws and drift equilibrium points to guide the
low-level MPC drift controller.’this paper, we compare
several optimization techniques—gradient-based opti-
mization, genetic algorithms, particle swarm optimiza-
tion, and Bayesian optimization (BO)—for controlling
the drift vehicle. *proposed framework is validated on
the Matlab-Carsim platform. °results demonstrate that
BO yields the best system performance for effective
drift motion control.
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Process monitoring based on
Autoregressive-JITL-MSET Method for air
separation unit

Yiyang Shou ,Yan Liu ,Zuhua Xu ,JUN ZHAO ,Rugiang
Xue ,Kai Wang
(Zhejiang University)

Conventional MSET-based fault detection method-
s suffer from underdetermined problems due to in-
sufficient equations for multiple parameters. To ad-
dress this, we propose a process monitoring method
for air separation unit based on Autoregressive-)ITL-
MSET. Through the Just-in-time learning method, top-k
similar samples are selected according to the similari-
ty weighted distance. Applying autoregressive recon-
struction, we reconstruct the dataset from memory ma-
trix to improve estimation accuracy. Multi-way Partial
Least Squares modeling is then used for online state
estimation. A health index (EHI) is introduced to evalu-
ate system status based on residuals from normal op-
eration. Industrial case studies on a real air separation
unit demonstrate that the proposed method achieves
superior fault detection performance and meets prac-
tical operational requirements.
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GammaVAE: Generation of Time-Series Data for
Constrained in Fermentation Processes

chengcheng liu ,Zhao Shunyi ,Fei Liu
(jlangnan university)

Although existing synthetic data generation tech-
nigues have made some progress, they often fail to
adequately satisfy the stringent process constraints in-
herent in fermentation systems. This study introduces
an enhanced variational autoencoder based on the
Gamma distribution (GammaVAE) for generating multi-
variate time-series data that meet minimum value con-
straints. By introducing the Gamma distribution as the
prior and employing a rejection sampling-based repa-
rameterization technique, the method effectively cap-
tures the non-negativity and asymmetry characteristic-
s of fermentation data. Compared to existing constrain-
t enforcement approaches that impose constraints by
incorporating penalty terms into the loss function or
applying post-processing to the generated data, the
proposed method provides a more principled frame-
work by integrating the constraint-aware prior directly
into the generative process. Experimental evaluation-
s on penicillin and succinic acid fermentation datasets
demonstrate that the proposed approach outperform-
s existing methods in terms of constraint satisfaction,
with generated data aligning more closely with indus-
trial requirements while preserving the statistical prop-
erties and temporal dynamics of the original data.

09:30-09:50 SunA4.2

Battery Inconsistency Detection using K-means
Clustering with Center Optimization

Hu Yang ,Tianhong Pan ,Jiagiang Tian
(Anhui University)

Lithium-ion batteries are widely used in energy s-
torage systems due to their high energy density and
long cycle life. However, inconsistencies among in-
dividual battery cells in large-scale battery packs can
significantly impact performance, safety, and lifespan.
Traditional methods for detecting these inconsistencies
often rely on manual inspection or threshold based ap-
proaches, which are time-consuming and prone to er-
rors. This paper proposes an improved K-means clus-
tering algorithm to identify inconsistencies in battery
packs by analyzing voltage data. The improved algo-
rithm optimizes the selection of initial cluster centers
and effectively excludes outliers, enhancing clustering
accuracy and efficiency. Voltage-based features, such
as mean and variance, are extracted from the volt-
age curves of individual battery cells to characterize
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their behavior. The proposed method is validated using
real-world data from a power station, which has better
clustering performance, reducing SSE by 8.9%, DB by
2.5%, and increasing CH by 16.5% compared with the
traditional algorithm. This approach provides a robust
solution for detecting inconsistencies in battery packs
and improving maintenance efficiency and system re-
liability.

09:50-10:10 SunA4.3

Water Body Remote Sensing Image
Augmentation and Eutrophication Prediction
Based on Multimodal Fusion of Atmospheric and
Water Quality Information

PR, T37, N, UET
e TEAS)

In existing studies on the prediction of water eu-
trophication based on remote sensing images, the o-
riginal water quality remote sensing data often suffer
from unequal sampling intervals and low sampling fre-
quency, resulting in uneven time gaps between data
samples and a limited dataset. This makes it difficult to
directly use the original data samples for modeling and
prediction. Additionally, there is a strong correlation
between the dry and wet deposition of atmospheric
pollutants and the eutrophication levels of target water
bodies. However, current research on water eutrophi-
cation prediction has not yet considered atmospheric
pollutant factors. To address these two issues, this pa-
per introduces atmospheric pollutant factors into the
study of water eutrophication prediction based on re-
mote sensing images and proposes a method for wa-
ter remote sensing image augmentation and eutroph-
ication prediction based on the fusion of atmospheric-
water quality multimodal information.First, atmospher-
ic pollutant images and semantic maps of the target
water body are superimposed to construct a transfer
learning-based multi-channel attention cascaded se-
mantic selection network model for augmenting water
remote sensing images.On this basis, the augmented
water remote sensing images and the spatiotemporal
features of atmospheric pollutant data are aligned to
construct a cross-attention convolutional long short-
term memory generative adversarial network model
for water eutrophication prediction. Simulation results
using actual water remote sensing images show that
the proposed prediction model outperforms the origi-
nal GAN model, with average improvements of 6.51%
in SSIM, PSNR, and COSIN metrics for the predicted im-
ages.
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Gaussian reinforcement learning for optimal
tracking control of unknown systems with
random disturbances
Xincheng Li ,Yiging Gang ,Jinna Li
(Liaoning Petrochemical University)

This paper investigates a Gaussian reinforcemen-
t learning (RL) method integrated the Proportional-
Integral-Derivative (PID) control to solve the linear
quadratic tracking (LQT) problem of unknown systems.
Accurate modeling of real-world systems is challeng-
ing, and complex systems are generally represented
as linear models with unknown perturbations. Thus, an
intractable issue appeared when solving the LQT is to
design the optimal policy that accounts for random per-
turbations for an unknown systems. To this end, a novel
Gaussian RL is developed based on the Gaussian pre-
diction theory and RL techniques, resulting the optimal
control policy can be found referring to the expectation
and variance of system states. This is the highlighted
contribution of this paper. Further, the rigorous theo-
retical proof of the system stability under the found the
control policy is provided. Simulation results verify the
effectiveness and advantages of the proposed method.
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Aiming at the problems of high model complexi-
ty and poor gangue detection in infrared coal gangue
sorting, a coal gangue infrared image recognition al-
gorithm SCAF-YOLO based on multi-scale attention and
lightweight convolution is proposed. SCAF algorithm is
based on the modular improvement of the YOLOv8 net-
work model, which significantly improves the perfor-
mance under the complex scene on the basis of keep-
ing the original efficient detection framework. Firstly,
for the problem of target localisation bias of YOLOVS in
complex scenes, the SloU loss function is introduced
as the YOLOvS loss function, and the detection accu-
racy of the algorithm in complex scenes is improved
by constructing an angle-aware mechanism between
the predicted bounding box and the real bounding
box; secondly, in order to solve the problem of insuf-
ficient multi-scale feature extraction in the detection
of gangue targets, the C2f module is introduced with
a MLCA attention mechanism, the formation of C2f-
MLCA multi-scale feature fusion architecture, through
the multi-layer convolution of the local details of the
reinforcement and lightweight attention mechanism of
the global context-aware idea, to enhance the algo-
rithm of the coal gangue target multi-scale feature ex-
pression ability to improve the ability of feature ex-
traction; Finally, for the traditional convolution oper-
ation in the process of feature extraction in the loss
of information and computationally inefficient problem-
s. SPD-Conv module is introduced as the basic con-
volution unit, combined with spatial pyramid pooling
and depth-separable convolution ideas, to improve the
feature extraction capability and operation efficiency
through multi-scale feature fusion and computational
efficiency optimisation. Tested on the dataset collected
by the infrared platform, the experimental results show
that the SCAF-YOLO algorithm exhibits excellent perfor-
mance and achieves significant improvement in both
mMAP50 and mAP50-95 indexes. Meanwhile, the mod-
el has made important breakthroughs in lightweight
design, and its model scale, number of parameters
and computational complexity are all significantly re-
duced compared with mainstream methods, and re-
source consumption is significantly reduced. Com-
pared with similar advanced algorithms, this algorithm
achieves a better balance between detection accura-
cy and lightweight performance, which avoids the re-
dundant computation caused by over-parameterisation
and effectively improves the recognition ability of s-
mall and fuzzy targets. This design enables it to show
greater practicality and deployment potential in indus-
trial sorting scenarios, providing reliable technical sup-
port for downhole environments with high real-time re-
quirements and resource constraints.
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Product Quality Prediction of Deisobutanizer
Column Based on Attention Mechanism and
Bidirectional Long Short-Term Memory
(Bi-LSTM) Network

Zehui Li ,Renchu He
(China University of Petroleum)

Aiming at the problems of difficult real-time moni-
toring of the product composition of the deisobutaniz-
er column, the lag of traditional laboratory analysis,
and the insufficient accuracy of a single modeling
method, a soft sensing method integrating mechanis-
m and data-driven is proposed. A mechanism model
based on the mass-transfer and heat-transfer equilib-
rium equations is constructed. Process data is gener-
ated through Aspen Plus simulation and is fused at the
feature level with the data collected by the on-site DCS
system (including variables such as temperature gra-
dient, bottom pressure of the column, and top pressure
of the column). The Pearson hybrid correlation coeffi-
cient is used to screen out key variables as the model
input. In view of the non-Gaussian noise and nonlinear
time-varying characteristics existing in the fused data,
a bidirectional LSTM network based on the attention
mechanism is developed. Experiments show that the
MAE of this model for predicting the concentration of
components is 0.264, which is 65.8% and 55.9% lower
than that of the traditional LSTM method and the bidi-
rectional LSTM method respectively.
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Branch and Bound Identification Method for
Time Delay Systems

SR, B
(T DllA=)

An branch-and-bound identification method based
on the redundancy rule and first-order difference strat-
egy is proposed in this study for a class of system-
s with unknown time delays. The original time-delay
model is first transformed into an augmented model
by utilizing the redundancy rule, and the parameter-
s of the model are preliminarily estimated using the
branch-and-bound algorithm. Subsequently, a novel
time-delay determination method is introduced to iden-
tify the system delay, which is then incorporated into
the original system. Afterwards, the branch-and-bound
algorithm is applied again to obtain the final parame-
ter estimates. Simulation experiments indicate that,
compared with the recursive least squares with redun-
dant parameters method and the adaptive momentum
gradient descent algorithm, the proposed identification
method demonstrates superior performance in terms
of parameter estimation accuracy for time-delay sys-
tems.

11:50-12:10 SunBl.4

Parameter Transfer identification for NARX
model based on sparse Bayesian learning.
Siyuan Li ,Shuang Gao ,Xiaojing Ping ,Xiaoli Luan
,Feng Ding ,Fei Liu
(Jiangnan university)

Abstract:°System identification aims to capture
the dynamic behavior of a system from measurements.
In practical applications, the nonlinear autoregressive
model with exogenous inputs (NARX), characterized by
its concise representation and flexibility through vari-
ous nonlinear functions, has been widely employed for
modeling nonlinear systems. Considering the charac-
teristics of the NARX model, one of the primary chal-
lenges in the identification process is selecting appro-
priate basis functions from a redundant model set, a
procedure known as structure identification. Recent-
ly, sparse identification methods have emerged as ef-
fective solutions to this challenge, simultaneously ad-
dressing structure identification and parameter esti-
mation. These methods include, but are not limited
to, subset selection, Bayesian modeling, and sparse
learning. However, some existing approaches often
rely heavily on abundant and high-quality measure-
ments to achieve reliable identification accuracy[1]. N-
evertheless, real-world processes frequently yield lim-
ited quantities of poor-quality measurements due to e-
quipment limitations, operational conditions, and ex-



ternal disturbances[2]. Additionally, precisely identi-
fied models of similar but distinct systems are often
readily available[3]. To address these issues, this paper
proposes a parameter transfer identification method
based on sparse Bayesian learning (PTI-SBL). Without
performing the identification from scratch, the pro-
posed method leverages useful prior knowledge from
similar systems, enabling effective identification with
fewer measurements, thereby significantly enhancing
identification accuracy at a reduced cost.’Given that
the source system is identified using abundant and
high-quality measurements, whereas the target sys-
tem relies on only a small number observations, a
transfer identification method is proposed, which trans-
fers the knowledge from the source system in the for-
m of a probability distribution. First, based on Bayes’
theorem, the transfer posterior distribution of the tar-
get system conditioned on the source knowledge can
be derived. Itis proportional to the product of the trans-
fer likelihood and the transfer prior both conditioned on
the source knowledge. In order to derive the unknown
transfer posterior distribution conditioned on the prob-
ability distribution of the source knowledge, the poste-
rior distribution of the source system, obtained via the
SBL method, is incorporated to characterize the trans-
fer likelihood distribution. Consequently, the transfer
likelihood distribution is fixed, and the transfer prior
serves as the only variational factor within the trans-
fer posterior distribution. According to the description
of probability density functions (PDFs)[4], the transfer
distribution is defined as an admissible set, where the
transfer likelihood remains fixed and variations are on-
ly allowed in the transfer prior within the transfer pos-
terior distribution. At this point, the first step of the
PTI-SBL method, namely the construction of the trans-
fer model, is completed. Given that the source sys-
tem and the target system are similar but not identi-
cal, transferring source knowledge may introduce un-
known biases into the target system identification pro-
cess. In the cases where the discrepancy is substan-
tial, such transfer may even result in negative transfer
effects. To address this, the KullbackLeibler (KL) diver-
gence is adopted to quantify the discrepancy between
the source and target systems, and the optimal distri-
bution of the target system is determined by minimiz-
ing this divergence. Before proceeding, it is necessary
to establish a reference, also referred to as the ideal
model. Specifically, the ideal distribution is obtained by
applying the SBL method to the target system identifi-
cation process without incorporating any source knowl-
edge. Subsequently, minimizing the KL divergence be-
tween the transfer model and the ideal model yields
the optimal transfer distribution of the target param-
eters conditioned on the source knowledge. This pro-
cess effectively discards inappropriate source knowl-
edge, thereby minimizing the discrepancy between the
transfer model and the ideal model. The resulting op-
timal transfer distribution not only resides within the
knowledge-constrained set but also reflects the pref-
erences of the ideal model. Finally, a numerical ex-
ample is simulated to demonstrate the superiority of
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the proposed method. and Discussions We conduct nu-
merical simulations to evaluate the identification per-
formance of the PTI-SBL algorithm. By setting up the
similar NARX models for the source and target system-
s, the simulations are designed to highlight the cost-
effectiveness advantage of the transfer identification
method by using a limited number of target samples
under relatively high noise level. In the simulations, the
Bayesian Lasso, the SBL algorithm, and the proposed
PTI-SBL algorithm are employed to identify the target
system, with the mean squared error (MSE) used as the
performance evaluation metric. The simulation result-
s show that the PTI-SBL algorithm achieves the lowest
MSE. Interestingly, even when the SBL algorithm fails
to correctly identify the system structure, the PTI-SBL
algorithm successfully recovers the correct structure.
Furthermore, to investigate the impact of the target
dataset size and data quality on identification perfor-
mance, we conduct 100 Monte Carlo experiments un-
der different dataset sizes and noise levels, recording
the MSE for each method. The results demonstrate that
across various dataset sizes and noise levels, the PTI-
SBL algorithm consistently achieves better identifica-
tion accuracy and lower dispersion. In particular, under
conditions of smaller datasets and higher noise levels,
the PTI-SBL method exhibits significantly superior iden-
tification performance.’The proposed PTI-SBL algorith-
m effectively leverages knowledge from similar yet dif-
ferent source systems to achieve high-accuracy identi-
fication, even when only a small number of poor-quality
measurements from the target system are available.
In the case where the baseline algorithm misidenti-
fies the system structure, the proposed method lever-
ages source knowledge to accurately identify the cor-
rect structure and enhance the precision of parame-
ter estimation.’Words: Nonlinear autoregressive mod-
el with exogenous inputs, sparse identification, sparse
Bayesian learning, transfer learning, Kullback-Leibler
(KL) divergence.’°°[1] X. Luan, X. Ping, S. Zhao, F. D-
ing, F. Liu. A highly-accurate identification method for
linear systems using transferred knowledge, Automat-
ica, 2025, 173: 112016.°[2] J. Xie, B. Huang, S. Dublje-
vic. Transfer learning for dynamic feature extraction
using variational Bayesian inference, IEEE Transaction-
s on Knowledge and Data Engineering, 2022, 34(11):
5524-5535.°[3] X. Ping, X. Luan, S. Zhao, F. Ding, F. Li-
u. Parameter transfer identification for nonidentical dy-
namic systems using variational inference, IEEE Trans-
actions on Systems, Man, and Cybernetics: Systems,
2025, 55(1): 712-720.°[4] A. Quinn, M. K, TV. Guy. Ful-
ly probabilistic design of hierarchical Bayesian models,
Information Sciences, 2016, 369: 532-547.°
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An Expectation Gradient Descent
Samples-Transfer Identification Method for
Dynamic Systems with Non-ldeal Data
Yan Huang ,Shuang Gao ,Xiaojing Ping ,Xiaoli Luan ,Fei
Liu
(Jiangnan University)



Abstract:“Traditional parameter identification
methods such as least squares (LS) and maximum like-
lihood (ML) have dominated dynamic system modeling
owing to their simplicity and theoretical guarantees.
However, these techniques rely on large, high-quality
datasets that follow identical distributions, a condition
seldom met in industrial scenarios. In practice, non-
ideal data, including noise contamination, missing val-
ues, and distribution shifts, significantly degrade per-
formance. To address the challenge of high-precision
identification under non-ideal data conditions, recent
studies have explored samples-transfer identification
(STI) techniques that leverage knowledge from source
systems to enhance target system identification[1-2].
Although existing STI methods improve parameter esti-
mation accuracy through the transfer of gain matrices
and dynamic weighting strategies, they still suffer from
high computational complexity, sensitivity to differ-
ences in source-target domain distributions, and risks
of negative transfer. To improve the above problems,
this paper proposes an expectation gradient descen-
t samples-transfer identification (EGD-STI) algorithm,
which explicitly models the source-target domain dis-
tribution difference as a latent variable by establish-
ing a unified probabilistic framework for transfer iden-
tification. It integrates gradient-driven optimization
with transfer learning principles to mitigate distribu-
tion discrepancies and resist data anomalies. The pro-
posed method aims to achieve robust parameter iden-
tification for dynamic systems under non-ideal data
conditions, ensuring high accuracy even with limited
samples, significant noise interference.’First, cross-
system modeling and discrepancy quantification es-
tablish a probabilistic foundation for knowledge trans-
fer. Two structurally analogous systems, designated
as the source system and target system, are formulat-
ed under zero-mean Gaussian white noise conditions.
While both systems share identical model structures,
their parameter vectors and noise characteristics di-
verge, reflecting real-world discrepancies in data dis-
tributions. The source system, with known historical
data, serves as a reference for transferring knowl-
edge to the target system. The key innovation is to
quantify the inter-system differences through a laten-
t variable framework that is able to match the pri-
or knowledge acquired from the source system with
the target system data, which is a key step for ro-
bust identification under non-ideal conditions. Second,
the expectation gradient descent (EGD) framework is
introduced to iteratively refine parameter estimates.
Traditional expectation maximization (EM) algorithms
alternate between expectation (E) steps, which com-
pute posterior distributions of latent variables, and
maximization (M) steps, which optimize parameters
by solving analytical equations[3-4]. In complex sce-
narios, particularly those involving high-dimensional
parameter spaces or non-convex objective functions,
the derivation of closed-form solutions for the M-step
proves computationally infeasible. To overcome this,
the proposed method replaces the explicit M-step with
a gradient-driven update rule. During the E step, the
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conditional distribution of latent variables is derived
using Bayesian inference, leveraging the Gaussian
properties of noise to simplify posterior calculations.
Subsequently, in the gradient descent (GD) step, pa-
rameters are updated incrementally by ascending the
expected log-likelihood gradient, circumventing the
need for analytical maximization. This fusion retains
EM’ s ability to handle latent variables while incor-
porating the flexibility of gradient-based optimization.
Third, convergence guarantees and gradient optimiza-
tion strategies ensure stability and efficiency. A key
challenge of the EGD-STI algorithm is to balance the
step size to avoid divergence or slow convergence.
The method uses a spectral radius criterion to limit
the learning rate and ensure that the iterative updates
shrink to the optimal parameters. Specifically, the step
size is dynamically adjusted based on the eigenval-
ues of the gradient Jacobian matrix.’and Discussions
The estimation performance of the proposed EGD-STI
algorithm is evaluated under non-ideal conditions, in-
cluding scarce sample numbers and significant noise
interference. To assess robustness, the mean square
error (MSE) served as the primary evaluation metric.
Simulation results demonstrate that the EGD-STI al-
gorithm achieves stable convergence across diverse
scenarios. Although initial MSE values are moderately
higher due to randomized parameter initialization and
the iterative nature of gradient-based optimization,
the errors exhibit a consistent decline as iterations
progressed, ultimately converging to a steady state.
The EGD algorithm effectively improves computational
efficiency by avoiding the explicit matrix inversion op-
eration involved in the parameter estimation process of
the classic EM algorithm. However, in high-dimensional
parameter space, its limited iterative step size reduces
the convergence speed. Comparative analysis with
traditional LS and TI algorithms reveals the superior-
ity of the EGD-STI algorithm. The expectation-driven
latent variable inference combined with gradient opti-
mization effectively reduces the impact of distribution
differences. In addition, the algorithm shows enhanced
robustness in high-noise environments and with limit-
ed sample sizes, and is able to leverage the migrated
knowledge from the source system to alleviate the
challenges of data scarcity."The results demonstrate
that the proposed EGD-STI algorithm enables accurate
parameter estimation for dynamic systems with non-
ideal data. By modeling distributional discrepancies
as latent variables and iteratively optimizing parame-
ters through expectation-driven gradient descent, the
algorithm adjusts transfer weights and mitigates neg-
ative transfer effects. Theoretical convergence guar-
antees and simulation validations confirm its superior
accuracy and robustness under high noise and limited
samples.’Words: expectation gradient descent, trans-
fer learning, system identification, samples-transfer
identification, non-ideal data’°[1]X. Luan, X. Ping, S.
Zhao, F. Ding, and F. Liu, “A highly accurate identi-
fication method for linear systems using transferred
knowledge,” Automatica, vol. 173, Art. no. 112016,
Mar. 2025.°[2]L. Xin, L. Ye, J. Chius, and V. Sundaram,



“Identifying the dynamics of a system by leveraging
data from similar systems,” in 2022 Amer. Control
Conf. (ACC), Atlanta, Georgia, USA, 2022, pp. 818-
824.°[3]). Chen, J. Gao, Y. Liu, C. Wang, and Q. Zhu, “A
comprehensive expectation identification framework
for multirate time-delayed systems,” IEEE Trans. Ind.
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Inform., vol. 19, no. 5, pp. 7011-7021, May 2023.°[4]N.
Sammaknejad, Y. Zhao, and B. Huang, “A review of
the Expectation Maximization algorithm in data-driven
process identification,” ]. Process Control, vol. 73, pp.
123-136, Jan. 2019.
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Observer-Based Active Disturbance Rejection
Control for Multi-Agent Leader-Following
Consensus via Dynamic Event-Triggered

3Kz, (T, S, B
()| TR

For multi-agent leader-following systems subjec-
t to unknown external disturbances and constrained
communication resources, this paper proposes an ac-
tive anti-disturbance consensus control method in-
tegrating an observer and dynamic event-triggered
mechanisms. To address the incomplete measurabil-
ity of follower agents’ states, a distributed state ob-
server is designed for dynamic state estimation. Aim-
ing to alleviate resource waste in traditional period-
ic communication, a dynamic event-triggered mecha-
nism is developed by incorporating a state-dependent
dynamic threshold function, which adaptively adjusts
triggering intervals to significantly reduce communica-
tion frequency while guaranteeing consensus. To coun-
teract the stability impacts of external disturbances,
a distributed disturbance observer is constructed for
estimating each follower’s disturbance, accompanied
by an active compensation strategy that dynamically
neutralizes disturbances. Theoretical analysis demon-
strates that the proposed approach prevents Zeno be-
havior and ensures uniform ultimate boundedness of
all closed-loop system signals. Finally, simulation re-
sults validate the effectiveness of the theoretical find-
ings.

11:10-11:30 SunB2.2

The finite-time distributed formation control of
USVs based on FTESO

Lulu Wang ,Ao Xu ,Ning Yang ,Ge Song
(Harbin University of Science and Technology)

This paper deals with the distributed formation
control problem for unactuated vessel. Firstly, a finite-
time extended state observer (FTESO) is designed to
quickly observe the compound disturbances and veloc-
ity information at the same time. Secondly, the cou-
pling term of surge velocity and heading angle is taken
as the control input in the kinematic equation, and the
velocity of the virtual leader does not need to be as-
sumed to be non-zero, that is, the containment control
of the virtual leader in any state can be realized. Then,
based on the observations of velocity and compound
disturbances, the finite-time virtual control law and the
finite-time containment controller of distributed forma-
tion are designed in combination with the containmen-
t control method. Then, the system stability analysis
proves that all signals of the closed-loop system are
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consistent and ultimately bounded. Finally, two sets of
simulation experiments are given to verify the effec-
tiveness of the proposed formation control method.

11:30-11:50 SunB2.3

Multi-Agent Resilient Coverage Control in
Unknown Dynamic Environments

Zheyuan Ning ,Hao Luo ,hao wang ,YunFeng Zhang
,Yuchen Jiang
(Harbin Institute of Technology)

Multi-agent coverage control is critical for applica-
tions like environmental monitoring, but sensor faults
may distort environmental parameter estimation and
degrade coverage performance. Existing methods as-
sume ideal sensor conditions, failing to address practi-
cal scenarios with sensors failures or cyber attacks. A
distributed resilient coverage control algorithm is pro-
posed to achieve joint estimation and control via dy-
namic environmental parameter modeling. Theoretical
proof demonstrates convergence of parameter estima-
tion. Simulation shows lower coverage cost compared
to conventional method with final performance match-
ing fault-free scenarios

11:50-12:10 SunB2.4

Observer-based adaptive neural network
control for multi-agent systems with input delay
and input saturation

li xin ,dakuo he
(Northeastern University)

In this paper, an adaptive neural network control
scheme based on state observer is studied for multi-
agent systems with input delay and input saturation.
Compared with existing literature, this paper consid-
ers both input delay and input saturation in multi-
agent systems, which poses difficulties for controller
design. On this basis, the Pade approximation com-
bined with Laplace transform and the introduction of
auxiliary variables respectively eliminate the effects
of input delay and input saturation. In addition, a s-
tate observer based on radial basis function neural net-
works are designed to approximate unknown nonlin-
ear functions and estimate unmeasurable states. Final-
ly, it is demonstrated through adaptive backstepping
techniques and Lyapunov stability theorem that multi-
agent systems can achieve consensus tracking control
objectives. The estimation error of the state observ-
er and tracking error converge within a small range of
zero. The effectiveness of the proposed method are
verified through simulation.

12:10-12:30 SunB2.5



Distributed Game-Based Dynamic Formation
Control and Obstacle Avoidance for Multiple
UAVs

Yong Xiao ,Xiaoxiang Hu ,chen yang ,Bing Xiao
(Northwestern Polytechnical University)

This paper presents a collaborative obstacle avoid-
ance control algorithm for multi-UAVs formation in dy-
namic environments, which integrates gradient de-
scent optimization, game theory, and distributed ob-
servers. By modeling the formation problem as a non-
cooperative game, a Nash equilibrium solution strate-
gy based on local cost functions and implement neigh-
bor state estimation through a consensus protocol is
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developed. This algorithm innovatively incorporates
a nonlinear potential fieldbased obstacle avoidance
mechanism, ensuring that UAVs consistently main-
tain a safe separation distance. Simulation result-
s demonstrate the algorithm’s effectiveness through
three operational phases: initial formation assembly
(0-30s), cruising stability maintenance (30-60s), and
fault-tolerant hexagonal reconfiguration (60-90s) un-
der communication failures. Compared with conven-
tional methods, our approach significantly reduces
communication load while maintaining excellent recon-
figuration capability during mission transitions, offer-
ing both theoretical insights and practical solutions for
complex UAV swarm control scenarios.
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11:30-11:50 SunB4.2

TCGA-Net: A Temporal Convolution and GRU
Based Dual Attention Network for Multiscale
Soft Sensor Modeling

Huangi Sun ,WeiLi Xiong ,Junxia Ma ,Xudong Shi
(Jiangnan University)

The multilevel coupling of reaction units in indus-
trial process technologies results in processes exhibit-
ing distinct multiscale characteristics and complex dy-
namic behaviors. Moreover, the presence of long-term
dependencies among process variables poses signifi-
cant challenges for effective temporal feature extrac-
tion. To address these issues, a multiscale soft mea-
surement model based on a two-stage attention frame-
work is proposed. First, a two-stage feature extraction
strategy is designed to simultaneously capture local
coupling relationships and global temporal dependen-
cies, thereby enhancing the model’ s ability to char-
acterize complex process dynamics. Second, a two-
stage attention enhancement mechanism is introduced
to dynamically explore potential correlations between
input and target features, highlight critical feature rep-
resentations, and evaluate the importance of different
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historical time points for more accurate prediction. Fi-
nally, the proposed method is applied to a wastewater
treatment process, and experimental results demon-
strate its superior predictive performance compared to
existing approaches.
11:50-12:10 SunB4.3
A Topology-Enhanced Hierarchical
Spatio-Temporal Decoupled Attention
Architecture for Soft Sensing of Key Water
Quality Indicators in Wastewater Treatment

5EéIz‘Z FRR, SHE

=5 N
KF)

The wastewater treatment process is character-
ized by multivariable coupling, dynamic time-varying
operational states, and complex topological relation-
ships among variables, posing significant challenges
to improving the performance of soft sensor model-
s. To address these challenges, this paper proposes
a soft sensing method for key water quality indica-
tors based on a topology-enhanced hierarchical spatio-
temporal decoupled attention architecture. First, to
resolve the difficulty in effectively extracting features
caused by multivariable coupling and dynamic opera-
tional states, we design a spatio-temporal decoupled
attention mechanism based on Transformer, which sep-
arately extracts decoupled temporal and spatial fea-
tures through two parallel branches. Second, to com-
prehensively capture feature variation patterns across
different scales, we construct a hierarchical pyramid
structure that utilizes convolutional downsampling op-
erations to extract cross-scale joint representations.
Finally, to overcome the insufficient characterization
of implicit topological relationships among variables
in the absence of prior knowledge, we introduce an
adaptive topology learning module that builds an end-
to-end trainable graph attention network. Experimen-
tal results demonstrate that the proposed method sig-
nificantly improves the online estimation accuracy for
three key indicators: BOD, TN, and COD.
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Bone Marrow Cell Classification Based on
Multi-scale Feature Fusion
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Morphological cIassmcatlon of bone marrow cells
constitutes a critical step in hematological disease di-
agnosis. However, the current gold-standard manual
microscopy method remains time-consuming and inef-
ficient due to cellular diversity and high inter-class fea-
ture overlap, failing to meet clinical demands for timely
patient assessment. To address the insufficient feature
representation in existing deep learning approaches for
bone marrow cell classification, this study proposes a
model based on residual neural networks with feature
enhancement mechanisms. The framework incorpo-
rates three key innovations: First, cross-scale feature
compression units are integrated into residual blocks
through pyramid-structured modules to enable multi-
receptive field feature interaction. Second, a cell fea-
ture enhancement module is designed to strengthen
the model’s capability in capturing critical morpholog-
ical parameters. Third, dynamic feature fusion chan-
nels are constructed with deformable attention mecha-
nisms to achieve hierarchical feature integration. Com-
parative experiments on public bone marrow cell im-
age datasets demonstrate that the proposed model
achieves a 3.1% accuracy improvement over baseline
networks, establishing a novel technical pathway for
digital bone marrow cell analysis.
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A Study on Spartina Alterniflora Monitoring
Method Based on Deep Learning and UAV
Images
Ziang Li ,Baiyu Zhu ,Pingjie Huang ,Hongjian Zhang
,Yugi Cao
(Zhejiang University)

Currently Spartina alterniflora is considered an in-
vasive alien species in many places. How to dynami-
cally monitor Spartina alterniflora in the coastal mud-
flat area has become a task that needs to be solved.
Traditional satellite remote - sensing monitoring meth-
ods face limitations such as low temporal resolution
and susceptibility to environmental factors. To address
these issues, this study integrates deep - learning tech-
niques with unmanned aerial vehicle (UAV) imagery to
inspect the growing situation of Spartina alterniflora.
Firstly, based on Sentinel - 2 NDVI time - series data
from 2021 to 2023, we combine the Harmonic Analysis
of Time Series (HANTS), Savitzky - Golay (S - G) filtering
algorithms, and the Jeffries - Matusita (] - M) discrimi-
nant algorithm to determine the critical detection pe-
riod for Spartina alterniflora in early May. During this
period, we collect UAV aerial images and preprocess
them. Then, we design an improved YOLOvV5 object
- detection algorithm by embedding the Convolution-
al Block Attention Module (CBAM) after the lower and
middle C3 blocks of the CSPDarknet framework. Ex-
perimental results on a dataset of approximately 1000
images show that the improved algorithm significant-
ly outperforms the original YOLOV5 in terms of mean
Average Precision (mAP) and F1 - score, especially in
detecting small targets and reducing misclassification
rates. This research provides a reliable technical ap-
proach for the efficient monitoring of Spartina alterni-
flora in coastal wetlands.
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Research on multi-objective optimization
method for continuous casting and hot rolling
production scheduling

OB, BERIE, BE, SR, DM
(FhRAs)

: As the key links in the steel production process,
the production scheduling level of continuous casting
and hot rolling processes is of great significance to the
energy conservation and consumption reduction, intel-
ligent transformation and upgrading of steel enterpris-
es. Most of the existing studies on continuous cast-
ing and hot rolling production scheduling are single-
objective optimization modeling, which does not con-
sider the synergistic relationship between steel pro-
duction indicators and energy consumption emissions.
Based on the hot rolling process constraints, this paper
establishes a vehicle path planning model that consid-
ers the length constraints of slabs with the same width
and the arrival order of slabs for the two goals of opti-
mal hot rolling production indicators and minimum en-
ergy consumption. A real-time solution method based
on graph attention neural network is proposed. By ad-
justing the selection window to limit the decision space
of the slab, the optimal Pareto frontier is obtained, and
experimental verification is carried out on the actual
production data of a steel plant. The results show that
the design method in this paper can effectively bal-
ance the conflict between production quality and ener-
gy consumption, and can provide guidance for the real-
time scheduling of continuous casting and hot rolling
production in steel enterprises.

13:50-14:10 SunCl1l.2

Optimization scheduling of electrolytic copper
foil production process based on hierarchical
genetic algorithm

BEE, EEIE FNETE EmAE
(FREXE)

The foil production process is a key step in the
manufacturing of electrolytic copper foil, characterized
by high energy consumption and strong continuity. Op-
timizing energy consumption and production schedul-
ing under the time of use electricity pricing policy is an
effective path for electrolytic copper foil enterprises to
reduce costs and increase efficiency, and achieve sus-
tainable development. The actual foil production pro-
cess mainly relies on manual experience for scheduling
decisions, and there are problems such as insufficien-
t dynamic electricity price response, low energy effi-
ciency, and lack of data model support. Meanwhile,
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there are three limitations in research based on tradi-
tional optimization scheduling models: static parame-
terization of current intensity, neglect or simplification
of production process soft constraints, and insufficient
consideration of energy cost optimization. Therefore,
in the context of time of use electricity pricing, this pa-
per considers the process soft constraints that reflect
the actual production elasticity demand, establishes a
cost optimization model for foil production electricity,
and uses the current intensity closely related to pro-
duction efficiency as the decision variable to achieve
three variable collaborative decision making for equip-
ment selection, process sorting, and current configu-
ration. A hierarchical genetic algorithm based on a
dual chromosome hierarchical coding mechanism is
designed for solving the problem. Experiments have
shown that compared to the original production plan,
the designed scheduling optimization reduces energy
costs by 15%. At the same time, compared to the
other four algorithms, the designed hierarchical genet-
ic algorithm has the lowest energy cost for optimiza-
tion. This study provides an intelligent optimization ap-
proach that integrates process constraints and power
scheduling for high energy consuming process indus-
tries, providing theoretical support and technical path-
ways for the green transformation of electrolytic cop-
per foil production.

14:10-14:30 SunCl.3

Optimization of Integrated Energy System
Scheduling Based on Multi-Strategy
Collaborative Presolve Approaches

R, PRSE
(I TAKZ)

In Integrated Energy Systems (IES), the strong cou-
pling between various energy forms and the introduc-
tion of discrete decision variables lead to issues such as
severe constraint redundancy and overly large variable
bounds in the Mixed-Integer Programming (MIP) mod-
els. A multi-strategy collaborative presolve process
is proposed in this paper. Techniques such as redun-
dant constraint removal, boundary strengthening, and
single-element equality substitution are applied to sim-
plify the model and improve solution efficiency. Experi-
mental results show that, when the Gurobi, CPLEX and
SCIP solvers are used to optimize IES systems, the pro-
posed method reduces the solution time while main-
taining the accuracy of the optimal solution. The effec-
tiveness of the proposed presolve process for efficient
modeling and real-time scheduling of IES is verified.
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A Multi-Parameter Fusion Intelligent
Decision-Making Framework for Mixed Oil
Cutting

Huajun Xu ,YONG LI ,Tao Wang ,Jinghao Guo ,Xiaoyong
Gao

( China University of Petroleum )

In multi-product pipeline transportation systems,
accurately predicting the interface of mixed oil seg-
ments and executing timely cutting operations remain
significant challenges. Traditional decision-making
methods, which rely solely on densitometer readings,
often suffer from limited accuracy and robustness.
This paper proposes an intelligent decision-making
framework that integrates a Kolmogorov-Arnold Net-
work (KAN) with a Long Short-Term Memory (LSTM)
network and an attention mechanism. By leveraging
both expert knowledge and multi-sensor time-series
data, the model effectively predicts key flow param-
eters and supports proactive intervention by the S-
CADA system. Experimental results demonstrate that
the proposed KAN-LSTM-Attention model achieves a
15% improvement in prediction accuracy over tradi-
tional approaches (e.g., ARIMA, LSTM), and a 3% gain
over CNN-LSTM models. The framework offers a re-
liable and interpretable solution for real-time mixed
oil monitoring and decision-making in long-distance,
multi-product pipelines.
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Simulated Annealing-Optimized Artificial
Potential Field Method for Multi-Agent Collision
Avoidance
Liu Xianghang ,Aimin An
(Lanzhou University of Technology)

The problem of collaborative multi-agent path
planning in complex multi-obstacle environments is
a current research hotspot in academia. However,
achieving efficient obstacle avoidance, smooth path
generation, and environmental adaptability for collab-
orative multi-agents in such scenarios remains a chal-
lenging task. This paper proposes a novel formation
obstacle avoidance control strategy that integrates the
leader-follower approach with the artificial potential
field method, optimized using a simulated annealing
algorithm. We introduce the simulated annealing al-
gorithm and combine its objective function optimiza-
tion results with the improved artificial potential field
method to enhance agents’ capability of escaping lo-
cal optima in complex obstacle environments, thereby
improving the overall performance of agent path plan-
ning. Simulation results demonstrate that the artificial
potential field method optimized by simulated anneal-
ing exhibits stronger adaptability, generates smoother
leader paths, achieves higher path planning efficiency,
and better addresses complex multi-obstacle environ-
ments.

13:50-14:10 SunC2.2

Trajectory Tracking Control for Flexible
Manipulator Based on Combined Neural
Network Control

yongquan Li ,Aimin An
(Lanzhou University of Technology)

Trajectory tracking control of flexible robotic ma-
nipulators is a research hot spot in the current aca-
demic field. However, the insufficient tracking accura-
cy and poor anti-disturbance performance caused by
the highly nonlinear characteristics of flexible manipu-
lator systems remain a critical challenge that requires
urgent breakthroughs. This paper focuses on the chal-
lenging issue of improving trajectory tracking accuracy
for flexible robotic manipulators, where control preci-
sion is inherently constrained by highly uncertain non-
linear dynamics. The flexible manipulator system is
a high-order nonlinear system, possessing strong cou-
pling characteristics. During the processing of estab-
lishing the dynamic model, highly uncertain nonlinear-
ities will be generated. Regarding the problem that
the trajectory tracking control accuracy of flexible ma-
nipulators is difficult to be improved due to the highly
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unknown nonlinearity. Design a neural network con-
troller , employing an RBF NN as a compensator to re-
alize compensation for the unknown nonlinearities of
the system , and by using the sliding mode control to
reduce the approximation error. The designed control
method is implemented using Radial Basis Functions
(RBF), combined with a Error Feedback Neural Network
(NN), where the Neural Network serves as a policy net-
work. Compared to traditional neural networks, in the
feedback framework, the Error Feedback Neural Net-
work can learn and provide feedback on the system’s
states, while the RBF NN can rapidly update its weights
based on the real-time feedback from the Error Feed-
back Neural Network, further adjusting the control poli-
cy to adapt to the dynamic changes of the system. This
results in a higher capability to approximate the sys-
tem’s nonlinearities, thereby achieving fast and pre-
cise control of the system. Additionally, the feedback
frame, through the feedback mechanism of the Error
Feedback Neural Network, can reduce the variance of
policy updates to some extent, enhancing the robust-
ness of the system and significantly improving its abil-
ity to resist external disturbances. The stability of the
system is proven through the Lyapunov stability theo-
rem, and the effectiveness of the proposed method is
ultimately demonstrated by simulation results.
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A Hierarchical Framework for Event-Triggered
Fault-Tolerant Consensus Control of Multi-Agent
Systems Under DoS Attacks
Yunan Qu ,Xiaoli Luan ,Haiying Wan ,Fei Liu
(Jiangnan University)

Objective Distributed consensus control, as a fun-
damental core issue in multi-agent systems (MASs),



aims to synchronize the states of all agents by en-
abling each agent to exchange information only with
its neighboring agents, based on a predefined com-
munication protocol. To achieve the goal of consen-
sus control, an important issue is the design and im-
plementation of distributed coordination control proto-
cols with limited network resources. Traditional con-
trollers are impractical because they require continu-
ous communication between agents and constant up-
dates to the controllers. In contrast, event-triggered
schemes can minimize communication resource usage
in networked control systems while maintaining good
performance[l]. However, agents often do not oper-
ate under ideal conditions. External disturbances, net-
work attacks, and actuator faults can lead to a degra-
dation in system performance, even affecting system
stability. Current research methods for actuator faults
mainly focus on post-fault remedies, often only taking
effect once the cooperation process in the MAS has al-
ready been impacted by actuator faults. Unlike existing
methods, this paper proposes a fault-tolerant consen-
sus control method for MASs under denial of service
(DoS) attacks based on a hierarchical strategy. The
goal is to enable the MASs pre-prevent the propagation
of fault effects, while implementing dual security guar-
antees of fault tolerance and attack resilience in cyber-
physical MASs. Firstly, we decouple the cooperation
rule and the individual regulation of the MAS into two
layers. The upper layer consists of a virtual reference
system with a dynamic event-triggered mechanism,
while the lower layer is an adaptive tracking controller
for the actual agents. Specifically, the virtual system
is composed of several nodes, each corresponding to
an actual agent. These nodes play the role of virtu-
al agents, completing the consensus cooperation tasks
in advance, while the actual agents track the trajecto-
ry signals of the virtual system through their tracking
controllers. This two-layer structure not only simplifies
the design of the control scheme but also pre-prevents
the propagation of fault effects. Secondly, to address
DoS attacks in the communication network and the lim-
itation of communication resources, a dynamic event-
triggered mechanism based on DoS attacks is designed
in the upper layer. Virtual agents only exchange infor-
mation with neighbors when the event-triggering con-
ditions are satisfied, effectively saving communication
resources. And an internal dynamic variable is intro-
duced in the event-triggering condition, which evolves
with the cooperation process and can prevent the oc-
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currence of Zeno behavior. Then, by combining Lapla-
cian matrix decomposition and graph theory with ma-
trix theory, the conclusions of undirected graphs are
extended to more general directed graphs containing a
spanning tree. Thirdly, an adaptive fault-tolerant track-
ing controller is proposed to help the lower-layer actual
agents track the trajectory signals of the upper-layer
virtual system. The model reference adaptive control
is used to estimate the unknown and time-varying bias
faults and partial loss of effectiveness (PLOE) param-
eters. The adaptive law for the PLOE parameters is
based on the projection operator method[3], which al-
lows for quick adaptive updates of the fault parameter
values under parameter constraints, while maintaining
system stability. Finally, through numerical simulation-
s, the effectiveness of the proposed method is verified
compared to traditional single-layer control method-
s.’and Discussions The performance of the proposed
hierarchical method in MASs under DoS attacks and
actuator faults is analyzed. To verify the effective-
ness of the proposed method, bias faults and PLOE
in the agents are considered, and DoS attacks are in-
troduced into the communication network. Simulation
results show that the states of all agents gradually
achieve consensus, demonstrating that the proposed
method can achieve event-triggered fault-tolerant con-
sensus control for MASs under DoS attacks. Compared
with traditional event-triggered mechanisms, the com-
munication interval of the upper-layer dynamic event-
triggered mechanism is significantly increased, effec-
tively saving communication resources. Compared to
traditional fault-tolerant control methods, it is found
that only the dynamics of agents experiencing actu-
ator faults are affected in the proposed method. How-
ever, with the help of the adaptive law, the fault pa-
rameters are quickly compensated, and the agents’ s-
tates reach consensus with their neighbors, meaning
that the cooperation process of the MAS is not affect-
ed. “The results show that under DoS attacks and ac-
tuator faults, the proposed hierarchical approach help-
s the MASs achieve consensus while pre-preventing
the fault propagation. The upper-layer dynamic event-
triggered mechanism assists the virtual reference sys-
tem in completing cooperation tasks in advance un-
der DoS attacks, effectively saving communication re-
sources while excluding Zeno behavior. The lower-layer
adaptive tracking controller quickly compensates for
bias faults and PLOE. The proposed method is practi-
cal, simple in structure, and robust.
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Few-shot Fault Diagnosis for Electric
Submersible Pump Based on
Transformer-enhanced Prototypical Network
Liang Cheng Wang ,Kang Li ,Xiaoyong Gao
(China University of Petroleum, Beijing)

Electric submersible pumps are important lifting
tools in oil fields, and real-time fault diagnosis is an
important measure to ensure economic benefits. How-
ever, the current fault diagnosis of submersible pump-
s faces the problems of scarce samples and difficulty
in extracting features from dynamic data. In recent
years, meta-learning has gradually become a poten-
tial solution to the problem of small sample fault diag-
nosis. To this end, based on existing research results,
we integrated the advantages of prototypical networks
and Transformers to develop a set of submersible pump
fault diagnosis procedures.
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Cascading Failure-Oriented SGC Critical
Topology Identification for Renewable Energy
Grids

Min Yin ,Xiaomin Wang ,Jianrong Wang ,Xinchun Jia
,Yunfei Xie ,Yuhang Wang
(Shanxi University)

The power supply under the high penetration of
renewable energy has become an important guaran-
tee for the smooth development of modern society and
economy, and it is of great practical significance to
quickly and accurately identify the critical topologies in
renewable energy grids to prevent large-scale blackout
accidents. In this paper, a data-driven method based
on the Simplified Graph Convolutional Network (SGC)
algorithm is proposed to quickly identify critical topolo-
gies that trigger grid cascading failures. First, cascad-
ing failures are modeled under various renewable ener-
gy penetration scenarios using the N k failure propaga-
tion mechanism of the grid, and the critical topologies
are defined based on risk theory. Then, a fine-tuned
SGC algorithm is used for the design of the critical
topology recognizer. Finally, the functional validation of
the recognition model is carried out on the IEEE39 and
IEEE57 systems containing different proportions of re-
newable energy. Case studies show that the proposed
method can effectively realize the critical topology i-
dentification task for grid cascading failures under re-
newable energy penetration and facilitate the efficient
deployment of modern grid security measures.
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Individual Thermal Comfort Assessment Based
on Infrared and Linear Skin Temperature
Data-driven Modeling

AT, AR, HRRl, KRBk, BEW, BB, KK
(BBEXZ)

Accurate and individualized thermal comfort as-
sessment is important for improving the comfort and
energy efficiency of the building environment. How-
ever, traditional methods mostly rely on single-modal
data, which are susceptible to individual differences,
uncertainties in data collection and application scenar-
ios, and are difficult to take into account the stabil-
ity and generalization ability of the model in known
groups (trained members) and unknown groups (un-
familiar members). To address the above problem-
s, this paper proposes a bimodal data-driven thermal
comfort assessment method based on infrared ther-
mography and linear skin temperature. By introduc-
ing a multi-scale weight proportion allocation strategy,
the RF and EfficientNet-B1 models are used to learn
the features of linear temperature data and infrared
thermography data, respectively, and combined with
SHAP and Grad-CAM graph parsing to validate, e.g.,
the radial artery of the arm, the dorsum of the hand,
and the nasal region and cheek of the face in the key
temperature-sensitive regions. The experimental re-
sults show that the model can synergize the two types
of modal advantages when the modal fusion weights
are 5:5. High accuracy is maintained in trained mem-
bers (all 92.68%), while for unfamiliar members, the
maximum performance enhancement after bimodal fu-
sion reaches 35.02%. This method provides a solution
for thermal comfort assessment that balances intra-
group accuracy and cross-individual adaptability, and
is expected to achieve large-scale application in smart
cities in the future, promoting the synergistic develop-
ment of low-carbon buildings and human health.

13:50-14:10 SunC4.2

Learning Spatiotemporal Dependencies for
Time Series Imputation via Adaptive Multi-task
Gradient Guidance

guodong Li ,yalin wang ,Chenliang Liu ,Jiang Luo ,Yitao
Chen ,Hongrui Liu
(central south university)

Multivariate time series data are widely utilized
across numerous domains; however, irregular missing
values frequently occur in real-world time series due
to various issues during data acquisition, which limits
the effective extraction of temporal features. Conven-
tional imputation frameworks, such as the dual-task
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structure, demonstrate excellent feature mixing and
learning capability but often overlook the correlation
between multiple training tasks and lack an adaptive
multi-task association mechanism. To address these
limitations, this paper proposes a time series imputa-
tion method via adaptive multi-task gradient guidance
for learning spatiotemporal dependencies. The pro-
posed model incorporates both spatial and temporal
perspectives: it adaptively learns the spatial relation-
ships between different tasks, thereby optimizing the
direction of network training gradients while simultane-
ously leveraging historical information in the temporal
dimension to reduce abrupt changes and oscillations
during training. The effectiveness and broad applica-
bility of the proposed approach are validated through
integration with various deep learning methods and ex-
tensive experiments on datasets from multiple domain-
S.
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Optimization of Structural Parameters of
Multi-step Prediction Neural Network Based on
Sequence Similarity Evaluation

Jiawang Zheng ,Zhu Wang
(China University of Petroleum-Beijing)

To address the issue that traditional metrics (e.g.,
MSE) in industrial process soft sensing fail to compre-
hensively consider both trend consistency and numer-
ical proximity during multi-step prediction evaluation,
this paper attempts to use sequence similarity metric-
s as alternative indicators. Sequence similarity met-
rics excel at capturing whether predictions accurately
reproduce the key dynamic features of sequences, as
they are more tolerant to phase deviations. First, via
Monte Carlo experiments combined with Rank-Biased
Overlap (RBO) analysis, it is verified that DTW with the
constrained Sakoe-Chiba Band (r=0.1) achieves the
best consistency with expert judgment among candi-
date time-series similarity metrics, and its sensitivity
to minor sequence deformations significantly outper-
forms metrics like Euclidean distance. Second, by em-
ploying DTW with the constrained Sakoe-Chiba Band
(r=0.1) as the fitness function of the Particle Swarm
Optimization (PSO) algorithm, the structural parame-
ters of the Gated Recurrent Unit (GRU) are optimized.
On the noisy dataset of the series-connected contin-
uous stirred tank reactor (CSTR), 200-step prediction
experiments show that the DTW-PSO framework can ef-
fectively complete the convergence task of model op-
timization, and the prediction trajectory fits well with
the ground-truth data.

14:30-14:50 SunC4.4



A Study on the Modeling and Prediction Method
of the FCC Fractionation System Based on
ISSA-AM-LSTM

Shaowei Han ,Jingjing Han ,Jun Tong ,Xiaoyong Gao
(China University of Petroleum )

Data-driven modeling plays a vital role in the
petrochemical industry, especially in the modeling and
prediction of the Fluid Catalytic Cracking (FCC) process.
However, FCC units are characterized by long oper-
ating cycles, a large number of variables, significant
signal lags, and complex coupling of operating condi-
tions, which limit the prediction accuracy of tradition-
al time series neural networks when dealing with raw
high-dimensional data. To address these challenges,
this paper proposes an improved prediction framework
that integrates feature selection and time series mod-
eling —ISSA-AM-LSTM. This method first employs Ex-
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treme Gradient Boosting (XGBoost) combined with mu-
tual information to conduct an initial assessment of
variable importance, reducing model redundancy and
overfitting risk from the outset. Subsequently, an LST-
M network is introduced to construct the predictor, and
an Attention Module is integrated to model the non-
linear dynamic relationships between the target vari-
able and its historical time steps. Additionally, to fur-
ther enhance the model’ s adaptability and general-
ization capability, an Improved Sparrow Search Algo-
rithm (ISSA) is employed for global optimization of hy-
perparameters. Experimental results demonstrate that
the proposed model outperforms traditional LSTM, AM-
LSTM, and modeling schemes without feature optimiza-
tion in terms of prediction accuracy and stability, show-
ing great potential for industrial application and promo-
tion.®
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Online Accelerated Gradient Algorithm Based on
Typical Samples for Self-Organizing RBF Neural
network

YanNi Su ,Miaoli Ma ,Bin Wang ,Zhaofeng Zhao
(Beijing Institute Of Petrochemical Technology)

This study builds upon previous research on acquir-
ing effective gradient information to enhance learning
performance in online learning processes. In this pa-
per, an Online Accelerated Gradient Algorithm (OAGA)
is designed to train Radial Basis Function Neural Net-
work (RBFNN). First, a Typical-Sample-based Improved
Levenberg-Marquardt (TS-ILM) algorithm is proposed,
incorporating a variance reduction mechanism to re-
duce computational complexity and accelerate conver-
gence. Second, an Adaptive Structure Adjustment S-
trategy (ASAS) is developed, leveraging sample resid-
uals and neuronal orthogonality to maintain a com-
pact network architecture while effectively assimilating
sample information. Third, a closed-loop collaborative
optimization framework integrating TS-ILM with adap-
tive network structure adjustment is established, re-
solving the conflict between parameter and structural
optimization objectives inherent in traditional method-
s. Finally, experimental studies on OAGA-SORBFNN and
comparisons with existing methods demonstrate its su-
perior performance in both learning speed and predic-
tion accuracy.
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Multi-Objective Optimization Method for
Optimal Excitation Parameters of Controllable
Active Seismic Source

HERI, EHRISE, 5KEE, SKBEAR, XU
(BARAEL R B)

To address the dual-objective optimization prob-
lem of maximizing excitation performance and en-
ergy efficiency in existing Controlled Active Seismic
Source (CASS), this study proposes a multi-objective
optimization-based design method for vibrator param-
eters. Focusing on an eccentric vibrator, a coupled
mathematical model linking excitation force, servo mo-
tor driving power, and geometric parameters (includ-
ing radius, thickness, and eccentric distance) is estab-
lished. Considering load constraints, structural con-
straints, and operational constraints of the seismic
source, a multi-objective optimization problem incor-
porating inequality and boundary constraints is formu-
lated and solved using the NSGA-II algorithm. This
work is the first to achieve synergistic optimization of
vibrator parameters and servo motor driving power
for CASS. Simulation experiments on a 50 kg seismic
source demonstrate that, while maintaining an excita-
tion force of 490.5 N, the driving power is reduced from
22.17 W in conventional designs to 17.94 W, achiev-
ing a 19.07% improvement in energy efficiency. The
proposed methodology provides theoretical support for
optimal parameter design of precision seismic sources
and enhances the exploration performance of CASS in
resource exploration and engineering detection appli-
cations.
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Optimization Method for Hammer Impact
Excitation of Controllable Active Seismic Source

E E: BRE BT

HERl, FREE, 5RO, SKBEAR, XU
(BESRA % Be)

To address the issue of low energy output in
low-frequency excitation of controllable active seismic
sources, this study proposes a hammer-impact exci-
tation method based on dynamically varying angular
velocity. By constructing a dual-eccentric-body mod-
el with time-varying angular velocity, the system en-
ables kinetic energy accumulation and concentrated
release at the target phase, thereby forming a pulse-
like impact excitation response. First, the relation-
ships among excitation force, angular acceleration,
and driving torque are derived in the time domain.
Then, through variable substitution, the dynamic mod-
el is mapped into the angular-position parameter do-
main. A phase-triggered excitation mode is designed
to concentrate kinetic energy release, and an opti-
mization model with instantaneous pulse characteris-
tics is formulated. The model aims to maximize the
vertical excitation force at the critical phase and trans-
forms the hammer-impact excitation optimization prob-
lem into a nonlinear optimization with inequality con-
straints, solved using a sequential quadratic program-
ming (SQP) algorithm. Simulation results show that,
compared with the conventional constant-frequency
mode, the proposed method achieves more than a
200% increase in excitation energy at 2 Hz, and an av-
erage increase of over 20% across the 225 Hz frequen-
cy range, significantly enhancing the low-frequency
excitation performance of the CASS system. This re-
search introduces, for the first time, a low-frequency
excitation optimization strategy for the CASS source,
offering a new design concept and optimization path-
way for advanced seismic source technologies.
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Reliability Analysis of Nuclear Power Plant
Reactor Protection System Based on Bayesian
Network

Kaiyue Ma ,tong guan ,Zhiyuan Zhang ,Yinxiao Zhan
,jun liang
(Zhejiang University)

With the continuous development of nuclear pow-
er technology, increasing attention has been paid to
its operational safety. To mitigate the potential risk of
Failure on Demand in critical safety systems of nucle-
ar power plants, this paper proposes a hybrid model-
ing approach integrating Fault Tree Analysis (FTA) and
Bayesian Network (BN). The Reactor Protection System
(RPS) of a domestic nuclear power plant is selected as

x B iFE FEGHLE

the case study. Based on the actual system architec-
ture and component parameters, an RPS Failure on De-
mand fault tree was constructed and then converted
into a BN model. The Probability of Failure on Demand
(PFD) was quantitatively assessed through probabilis-
tic inference and sensitivity analysis. The results show
that the overall PFD of the system is quite small, which
meets the relevant safety standards and demonstrates
the high operational reliability of the studied RPS.

14:10-14:30 SunC7.3
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15:30-15:50 SunD1.2

Research on Workpiece Recognition and Robot
Grasping Technology Based on Improved
YOLOv8 and Binocular Vision

S, SRS, SR,
(FEGHAZ)

Aiming at the low degree of automation and ef-
ficiency in the handling and assembly of steel struc-
ture welding parts, this paper took the tower foot of
the angle steel tower as the research object and pro-
posed a workpiece recognition, positioning and han-
dling system based on machine vision to achieve pre-
cise detection and grasping of the workpiece. Firstly, a
dataset of tower foot workpieces was constructed, and
the data quality was improved through data augmen-
tation and K-fold cross-validation strategies. Secondly,
the YOLOv8-BBDG model was proposed, which intro-
duced the BoT module and BiFPN structure to enhance
the feature extraction and fusion capabilities, and com-
bined DySample and GhostConv to reduce the compu-
tational complexity of the model while maintaining de-
tection accuracy. Further, a robot grasping pose calcu-
lation method was designed. Through binocular vision
and hand-eye calibration technology, the end grasp-
ing coordinate system was constructed to achieve the
pose solution of workpieces in any posture. Experi-
ments showed that compared with the original YOLOvS,
YOLOv8-BBDG had a 3.3% improvement in Precision on
the TJ-seg validation set, a 10% reduction in parame-
ters, and a 1GFLOPs decrease in computational cost.

E & PR

Vi

Through high-precision equipment calibration, the sys-
tem realized the category detection and spatial posi-
tioning of tower foot workpieces, with accurate grasp-
ing pose calculation and cumulative error less than 2m-
m, meeting the assembly process requirements and ef-
fectively improving production efficiency and operation
safety.

15:50-16:10 SunD1.3

Design of Adaptive Controller Based on BP
Neural Network and Internal Model Control

REE, SKIET, ™R, B, RN, KE=
(RMAFZBES5BFITRESFMR 1 5S4 1B-415B)

Against the backdrop of the ongoing intelligenti-
zation and systemic efficiency enhancement in mod-
ern industry, process control technology, as a critical
component of industrial control, has drawn significant
attention to the issues of control rapidity and robust-
ness. To address this challenge, this paper proposes
an adaptive controller design based on the BP neural
network and internal model control. First, this study
analyzes the requirements for temperature-controlled
objects and other control targets in current engineer-
ing applications, collecting problems caused by tem-
perature deviations across various industrial sectors.
It systematically analyzes and concludes that the core
of control systems lies in system identification and con-
troller design. Building on this conclusion, the research
deeply explores the use of BP neural networks for sys-
tem identification, which reduces parameter errors in
identification and improves the convenience of sys-
tem identification, providing a more robust foundation
for controller design. Additionally, this paper summa-
rizes and optimizes the parameter tuning method of
IMC-PID (Internal Model Control-Proportional-Integral-
Derivative) through simulation experiments, verifying
the practicality of the optimized method via numeri-
cal validation. Finally, taking a temperature-controlled
object as a case study, the paper conducts repeated
experiments to further validate the method' s appli-
cability. Results demonstrate that the proposed adap-
tive control approach effectively balances robustness
and rapidity, offering a promising solution for complex
industrial control scenarios with high demands on dy-
namic performance and disturbance rejection.

16:10-16:30 SunD1.4
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Gait Recognition Method Based on Fusion of
Gait Silhouette and 2D Skeletal Features

Binghan Zhan ,Xiaogang wang ,Keyu Chen ,Zhiwei Yin
,Renjie Zou
(Sichuan University of Science and Engineering)

Gait recognition plays a significant role in secu-
rity surveillance by enabling identity authentication
through learning pedestrians’ walking patterns and
appearance characteristics. However, current main-
stream silhouette-based gait recognition methods face
occlusion issues in walking scenarios with coats, lead-
ing to incomplete gait information acquisition and low
recognition accuracy. To address this, this paper pro-
poses a gait recognition method based on the fusion
of silhouette and 2D skeletal features. First, the de-
sign adopts a dual-branch input structure combining
silhouette and 2D skeletons. The silhouette branch em-
ploys GaitSet as the backbone network, incorporating
decoupling and collaboration mechanisms for region-
al feature self-extraction, while the skeleton branch u-
tilizes the GaitGraph algorithm to extract 2D skeletal
features. Subsequently, we introduce a Gait Cross-
Modal Feature Fusion module (GCMFM) to achieve dy-
namic weighted feature fusion between gait silhouette
and 2D skeletal features. Experiments conducted on
the CASIA-B dataset demonstrate an 11.2% average
accuracy improvement in coat-walking scenarios. The
proposed method effectively resolves the low recogni-
tion accuracy problem in gait identification under coat-
wearing walking conditions.

15:30-15:50 SunD2.2
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15:50-16:10 SunD2.3

A Non-intrusive Thermal Comfort Prediction
Method Integrating RGB Images and Human
Pose Keypoints

R, AEM, MRS, BZAE, BEEK, BH5EX

(FAEXZ)

Aiming at the problems of inconvenient use and
low prediction accuracy of traditional sensor-based in-
vasive and semi-invasive thermal comfort prediction
methods, this study proposes a non-intrusive thermal
comfort prediction method. The method integrates RG-
B images and human pose keypoints from surveillance
videos and can recognize 12 types of thermal adaptive
behaviors in real time. These behavior data are derived
from a questionnaire survey conducted by Nanchang
University. In the data collection phase, video data
of thermal adaptive behaviors were collected from six
perspectives (front, front-left, front-right, back, back-
left, back-right) of sitting and standing postures, and
a thermal comfort prediction model was constructed
based on this data. The results show that when con-
sidering all the actions, the thermal comfort prediction
accuracy of the model can reach 91.42%, effectively
verifying the feasibility and efficiency of this method.

16:10-16:30 SunD2.4
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A Novel Diffusion Generation Model for Chip

Edge Detection
BEK, BEE, BEE
(FRERF)

Semiconductor laser chips are vital for fiber and
solid-state lasers, with broad applications in optical
communication, lidar, optical storage, and medical
fields, where welding quality critically impacts de-
vice performance and reliability. However, detect-
ing the chip’ s bottom edge poses three major chal-
lenges: 1) High precision is required, with detection
errors constrained to 0.003 mm (3 pixels in 4000000
high-resolution images) to accurately assess the light-
emitting area; 2) Edge features are ambiguous due
to non-ideal chip geometry (not strictly parallelogram-
shaped) and solder creep obscuring the bottom edge,
degrading imaging quality and complicating feature i-
dentification; 3) Labeled datasets are scarce, as clear-
edge images are easily annotated, but annotating
unclear-edge images is time-consuming and costly,
limiting available data. Traditional edge detection
methods struggle with obscured edges, while deep
learning approaches are hindered by insufficient la-
beled data for effective training. This paper proposes
a time-frequency dual diffusion model that generates
unobstructed ideal bottom-edge images from input im-
ages, enabling indirect high-precision edge detection.
The model produces a set of images that retain key
components of the input while approximating ideal im-
age features. A sample family convergence module in-
tegrates global and local edge information, enhancing
detection accuracy and robustness. Trained solely on
clear-edge images and their labels, the model elimi-
nates the need for unclear-edge annotations. Industrial
simulations confirm its superior performance, offering
an efficient, innovative solution for laser chip welding
quality control.

15:30-15:50 SunD3.2

Multi-Source Domain Transfer Learning with
Feature Fusion for Fault Diagnosis

Haoze Li ,Jiahao Wang ,Linlin Li ,Xin Peng ,Maiying
Zhong
(University of Science and Technology Beijing)

Transfer learning methods have been widely ap-
plied in the field of industrial process fault diagnosis,
greatly improving the generalization ability of models
under different operating conditions. However, curren-
t methods used in this field rely on single-source do-
main adaptation strategies, which do not fully utilize

information from multiple source domains, potential-
ly leading to negative transfer. To address this issue,
a new multi-source domain transfer method (MFFN) is
proposed, aiming to solve industrial process fault di-
agnosis under multiple operating conditions. A net-
work based on the fusion of common and specific fea-
tures is designed for domain-invariant feature extrac-
tion. This method utilizes multi-source domain adapta-
tion to achieve effective knowledge transfer from mul-
tiple source domains, thereby improving prediction ac-
curacy in the target domain. Experimental results on
the CWRU dataset validated the effectiveness of MFFN
in process fault diagnosis.

15:50-16:10 SunD3.3

A Bearing Fault Diagnosis Algorithm
Incorporating Time-Frequency Analysis and
Sparse Swin Transformer

Zihan Xu ,Jinhao Ge ,Haogian Wang ,Sheng Gao ,Xin
Ma ,Youging Wang ,Rui Fan
(Beijing University of Chemical Technology)

With the increasing complexity of industrial sys-
tems, higher demands are being placed on the accu-
racy and efficiency of fault identification in fault diag-
nosis. In recent years, deep learning has shown great
promise in pump fault diagnosis due to its powerful
feature learning and self-adaptive capabilities. In this
study, a novel algorithm named sparse Swin Trans-
former is proposed based on time-frequency analysis
to achieve efficient extraction and accurate identifica-
tion of potential fault features in vibration signals. The
model employs Continuous Wavelet Transform (CWT)
to convert one-dimensional vibration signals into two-
dimensional time-frequency representations. On top of
the Swin Transformer’ s global modeling capabilities,
a Top-K sparse attention mechanism is integrated to re-
duce computational complexity, while a neighborhood
enhancement module is incorporated to strengthen the
perception of local features. The proposed method im-
proves training efficiency while maintaining high clas-
sification accuracy, And the effectiveness of the pro-
posed method has been verified on the bearing dataset
of Case Western Reserve University (CWRU) in the U-
nited States.

16:10-16:30 SunD3.4

Few-shot Learning Photovoltaic Fault Diagnosis
Based on PCA-TirTCN
Yanbo Jian ,Aimin An
(Lanzhou University of Technology)

To address the issues of scarce fault samples in
photovoltaic arrays and the tendency of traditional
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network models to overfit and perform poorly under
few-shot learning conditions, a fault diagnosis method
based on a triplet siamese network is proposed. By
constructing a photovoltaic array simulation model to
collect time-series data, the triplet strategy is em-
ployed to expand the sample set, thereby increasing
the number of samples. PCA dimensionality reduction
is applied to reduce computational complexity. A multi-
scale temporal convolutional network and a temporal
pattern attention mechanism are designed and embed-

ded into the triplet siamese network to effectively ex-
tract spatiotemporal features. The Euclidean distance
is used to calculate the feature distance between nu-
merical fault samples, enabling accurate diagnosis of
photovoltaic array fault types. Experimental results
demonstrate that this method exhibits strong general-
ization capabilities under few-shot learning conditions,
with high and stable test accuracy, outperforming tra-
ditional network models. It provides an efficient and
robust solution for photovoltaic array fault diagnosis.
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Adaptive Causal Inference Spatio-Temporal
Graph Convolutional Networks for Correlation
Modeling in Disjunction Processes

Chenhao Ren ,Honggui Han ,Fangyu Li ,Zheng Liu
(Beijing University of Technology)

The establishment of predictive models for the
Electronic Waste Disjunction Process (EWDP) holds sig-
nificant importance in optimizing disjunction process
parameters and enhancing disjunction reaction effi-
ciency. The external disturbances, such as raw material
replacement and equipment aging, cause fluctuation-
s in causal constraints among process variables and
make the causal relationships among process parame-
ters unclear. However, existing Spatio-Temporal Graph
Neural Network (STGNN) prediction models improve
prediction accuracy by modeling the static causal re-
lationships among reaction variables based on pri-
or knowledge. An Adaptive Causal Inference Spatio-
Temporal Graph Convolutional Network (ACSTG) is pro-
posed to address the decrease in prediction accuracy
caused by fluctuations in causal relationships. First, an
adaptive causal inference module based on the multi-
head graph attention is constructed to dynamically up-
date the connection weights among variables, effec-
tively extracting the dynamic causal features. Sec-
ond, a multi-scale spatio-temporal graph convolution-
al module is designed to extract multi-granularity tem-
poral features under different time patterns, enabling
causal inference across time scales. Finally, exper-
imental results on Tennessee Eastman (TE) dataset
demonstrate that, compared to existing models, AC-
STG effectively captures dynamic causal relationships
and achieves improved prediction accuracy.
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A Hybrid Model for Few-Shot Attribute
Extraction Using Prototypical Networks and
k-Nearest Neighbors
Taiyu zhang ,Yuging NI ,Ziyang Guo
(Jiangnan University)

In the accelerated progress of globalization, Chi-
nese customs play a vital role in safeguarding nation-
al sovereignty and public health, especially in the in-
spection and quarantine of imported goods. Howev-
er, varying regulatory standards across countries and
the emergence of new types of substances pose chal-
lenges for customs in detecting and identifying rele-
vant substances. Attribute extraction, a key task in
Natural Language Processing (NLP), is crucial for ex-
tracting compliance-related information from unstruc-
tured text for customs supervision. This paper propos-
es a few-shot attribute extraction model that combines
Prototypical Networks, k-Nearest Neighbors (kNN), and
Conditional Random Fields (CRF) decoding. The model
uses Bidirectional Encoder Representations from Trans-
formers (BERT) to generate embeddings, constructs
attribute prototypes, and enhances the perception of
class boundaries with kNN scores. The CRF decoder in-
tegrates these components to optimize label sequence
prediction. Experiments show that the model achieves
higher F1 scores than baseline models such as BERT-
CRF and ProtoNet under the 5-way-10-shot setting.

15:30-15:50 SunD5.2

An Edge Detection Algorithm of the Improved
Canny Operator

bowen zhang ,Shiyong Yang ,Chunlan Luo ,hongping
pu
(Sichuan University of Light Industrial Technology)

Abstract—This study proposes an improved Canny
edge detection algorithm, which effectively overcomes
the limitations of traditional methods in suppressing
salt-and-pepper noise and adaptively selecting dual
thresholds. The algorithm achieves performance im-
provement through the following innovations: (1) A K-
nearest neighbor median filter is used to replace the
Gaussian filter, which maintains image quality while re-
moving salt-and-pepper noise (the signal-to-noise ratio
is improved by 4.2 dB); (2) A dynamic threshold adjust-
ment mechanism is constructed based on the improved
Otsu algorithm, and the ratio of high and low thresh-
olds is optimized through the analysis of the gray his-
togram entropy value. To verify the effectiveness of the
algorithm, the connected component analysis method
is adopted to evaluate the edge continuity index. Ex-
perimental results show that for traditional edge detec-

tion algorithms (Sobel, Log, Roberts, and Canny), the
improved algorithm reduces the C/A index by 12% to
29%, 5% to 32%, 7% to 30%, and 11% to 31%, and re-
duces the C/B index by 6% to 28%, 3% to 32%, 10% to
33%, and 5% to 27%. This study provides a novel and
effective solution for image edge detection.

15:50-16:10 SunD5.3

Improving NOX Emission Prediction in SCR
Systems via Continual Learning under Dynamic
Operating Conditions

Peng Chen ,Xu Baochang ,Wei He ,Hongtao Hu
(China University of Petroleum )

Accurately predicting NOX concentration at the
outlet of selective catalytic reduction (SCR) systems
is crucial for optimizing process parameters in pow-
er plants, enhancing denitration efficiency, and reduc-
ing NOX emissions. Existing prediction models often
struggle to maintain long-term online prediction accu-
racy when operating conditions change and new da-
ta arrive. Therefore, frequent model updates are re-
quired in practical applications. However, new mod-
els often exhibit catastrophic forgetting of previously
learned operational patterns, leading to a deteriora-
tion in NOX concentration prediction accuracy. To ad-
dress these challenges, a novel continual learning al-
gorithm termed TMIR is proposed. This algorithm is in-
tegrated with the iTransformer architecture to establish
an online self-updating model, TMIRformer, for predict-
ing NOX emissions in SCR systems. The model utilizes
variate tokens to capture cross-feature correlations, ef-
fectively addressing prediction inaccuracies caused by
multivariate coupling in denitration processes. And it
employs the TMIR algorithm for online updates. Actual
data from the combustion boiler at the thermal pow-
er plant in Xinjiang was used in a case study. Experi-
mental results show that the TMIRformer outperform-
s existing approaches, achieving reductions in RMSE
of 53.4%, 32.3%, and 23.5% compared to the LSTM,
PatchTST, and iTransformer models, respectively. Com-
pared to continual learning algorithms, EWC, the model
also achieves RMSE reductions of 16.7%.

16:10-16:30 SunD5.4

Uncertainty-Aware Soft Sensor with
Dual-Branch Modeling Architecture

Yongjing Wang ,Bocun He ,Xinmin Zhang ,Zhihuan
Song ,Zhijiang Shao
(Zhejiang University)

Data-driven soft sensors have become essential
for estimating key variables in complex industrial pro-
cesses that are difficult to measure directly. Howev-
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er, conventional deterministic models often fail to ac-
count for the inherent uncertainties arising from data
noise and model limitations. To address this issue, we
propose a novel uncertainty-aware soft sensor frame-
work with a dual-branch architecture, which explicit-
ly quantifies both epistemic and aleatoric uncertain-
ty. The proposed method combines a Bayesian LSTM-
Transformer backbone for temporal modeling and a
dedicated noise estimation branch for aleatoric anal-
ysis. While the backbone network is primarily respon-
sible for accurate and robust temporal prediction, the

auxiliary noise branch is specifically designed to de-
couple uncertainty components, enabling more pre-
cise estimation of aleatoric uncertainty. A unified loss
function is designed to jointly optimize accuracy and
probabilistic calibration. During inference, Monte Car-
lo sampling is applied to obtain credible prediction in-
tervals. Experiments on a blast furnace dataset show
that the model improves soft sensing accuracy and
provides reliable uncertainty quantification. Further,
noise-injection experiments validate the effectiveness
of the uncertainty-aware components.
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Analysis and Simulation for Multiple
Resonant-Point Phenomena in Complicated
Power Transfer System

SRiEE, BT, TARM, e
(BHEXZF)

In power transfer systems, the theoretical foun-
dation of maximum power transfer is the conjugate
matching between the source impedance and the load
impedance, in which the core principle involves system
operation at the resonant frequency to eliminate the
imaginary part of the impedance, thereby achieving
maximum power transfer. However, the multi-solution
phenomenon of resonant frequencies, i.e. the multi-
resonant-point problem, may occur in third-order and
higher-order complex systems, leading to locking onto
non-target frequencies and degrading system’ s sta-
bility and efficiency. This paper focuses on theoret-
ical modeling and frequency-domain analysis of the
multi-resonant-point problem. First, a typical second-
order RLC series circuit model is constructed, and it-
s transfer function and impedance characteristics are
derived, which rigorously validates the uniqueness of
the resonant frequency in second-order systems. Fur-
thermore, a typical third-order circuit model is studied
and the impedance expression is established, and its
real and imaginary components are separated. By in-
tegrating constraints for the true resonant point, such
as zero imaginary part and target impedance magni-
tude, analytical conditions for the existence of multiple
resonant points are systematically derived. Numerical
simulations are further used to validate the parameter
ranges of these analytical solutions. Theoretical results
demonstrate that the third-order system exhibits multi-
solution resonant points, including true resonant points
and pseudo resonant points, with the latter’ s frequen-
cy shifting dynamically with parameter variations. The
results not only elucidate the fundamental reasons for
the multi-resonant-point problem in theory, but also lay
a foundational framework for mechanism analysis and
control strategy design in higher-order systems.

15:30-15:50 SunD6.2

A High-Precision Reference Source Design With
Exponential Curvature Compensation

BRTTAT, (I, DA
[ ass)

In order to optimize the performance of tradition-
al bandgap reference voltage sources, which typical-
ly exhibit poor temperature coefficient and power sup-
ply rejection ratio, improvements have been made to
the conventional structure. This study, based on the

Huazhong Shanghua(CSMC) 0.5um SOl process, de-
signs a bandgap reference voltage source that offer-
s higher precision and stronger load driving capabili-
ty across a wide input voltage range. Common out-
put errors and temperature drift issues are effectively
mitigated in this design. Furthermore, by introducing
exponential curvature compensation technology, the
bandgap reference voltage source demonstrates supe-
rior temperature characteristics over a wide voltage
range. The circuit consists of a startup circuit and a
core bandgap reference circuit. This design simplifies
the circuit structure and is more suitable for system in-
tegration. The design is simulated using cadence soft-
ware, and the simulation results show that, within a
temperature range of -55 to 125and an input supply
voltage range of 13-20V, the reference output voltage
remains stable at 3.71V, with a temperature coefficien-
t of 16.850-6-1 and a power supply rejection ratio of
-71.38dB at 100kHz.

15:50-16:10 SunD6.3

Recursive State Estimation With Self-Energized
Relays: Integrating Parameter Design for
Simultaneous Information and Wireless Power
Transfer

Jiahao Song ,Zidong Wang ,Xiao He
(Tsinghua University)

This paper is concerned with the networked state
estimation problem over communication channels with
self-energized relays, which are capable of harvest-
ing energy from wireless signals to support the data
forwarding functions. A comprehensive mathematical
model is proposed to formulate the workflow of self-
energized relays. Subsequently, a recursive state es-
timator is established, followed by the analysis of the
influence of self-energized relays on the data transmis-
sion process and the estimation performance. To op-
timize the estimation performance, the co-design of
relay parameters and estimator gains is conducted by
grid search. Finally, simulation examples are presented
to verify the effectiveness of the proposed approach.

16:10-16:30 SunD6.4

Event-triggered Prescribed Performance
Model-free Adaptive Sliding-mode Control for
Robot Arm with Data Dropouts

Changxiao Ma ,Huarong Zhao ,Dezhi Xu ,Zhengdao
Zhang ,Li Peng
(Jiangnan university)

This paper studies an event-triggered prescribed
performance model-free adaptive sliding mode control
issue for the selective compliance assembly robot arm
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system, tackling model uncertainties, communication
constraints, and dual-channel packet loss. A model-
free adaptive sliding mode control method is designed
to ensure robustness without relying on an accurate
system model. An event-triggered mechanism is devel-
oped to reduce the waste of communication and com-
putational resources by transmitting signals only when

113

the system threshold is reached. Additionally, a dual-
channel packet loss compensation mechanism is de-
veloped to address data loss issues in both the forward
and feedback channels, ensuring system stability. The-
oretical analysis confirms error convergence, and sim-
ulations validate the method’ s effectiveness.
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15:10-15:30 SunD7.1

Microrobot Actuation Modeling by Angle
Constraints and Infinity-Norm Current
Optimization
Yanbo Hua ,Haiying Wan ,Xiaoli Luan ,Fei Liu
(Jiangnan University)

This paper presents an accurate actuation mod-
eling method for a modified orthogonal three axis
Helmholtz coil electromagnetic actuation (EMA) sys-
tem, enabling the generation of arbitrary three dimen-
sional forces to drive magnetic microrobots and en-
hance overall system performance. Due to the num-
ber and configuration of the coils, the actuation equa-
tions may become inconsistent and can only be solved
via least squares; consequently, the currents obtained
produce only approximate forces, which impairs the ac-
curacy. Therefore, an angleconstraint strategy based
on the desired force is proposed to ensure consistency
of the actuation equations and thereby improve actu-
ation accuracy. Further, by exploiting the redundancy
arising from consistent actuation equations, the con-
ventional minimum 2- norm solution is replaced with
a minimum infinity-norm solution, enhancing magnet-
ic force generation while reducing peak coil currents.
The efficiency and superiority of the proposed method
are demonstrated through simulation experiments.

15:30-15:50 SunD7.2

Dynamic Modeling and Focus Control of a
Piezo-Actuated Liquid Tunable Lens
pists
(FAEXZF)

This study focuses on addressing the complex non-
linear coupling challenges and the pressing need for
enhanced control accuracy in the dynamic focal adjust-
ment of piezoelectrically actuated liquid tunable lens-
es. These lenses exhibit significant dynamic nonlin-
earities arising from electromechanical coupling, flu-
id dynamics, membrane-plate vibrations, and hystere-
sis effects, which pose substantial obstacles to achiev-
ing high-precision and fast-response focusing control.
Therefore, it is imperative to develop a systematic
and interpretable dynamic modeling and control frame-
work. To this end, a comprehensive modeling and con-
trol approach is proposed in this work, integrating mul-
tiphysics coupling mechanisms to establish a unified
dynamic model for piezo-actuated liquid lenses. Specif-
ically, the electromechanical behavior of the piezoelec-
tric actuator (PEA) is first described using an equiv-
alent electrical circuit model. Subsequently, a cou-
pled dynamics formulation based on a spring-damper-
mass particle chain system is developed to character-

ize the interactions among the membrane, fluid, and
elastic plate within the liquid lens, thereby capturing
the dynamic coupling between fluid motion, membrane
deformation, and structural vibration. For hysteresis
modeling, a discrete Duhem differential model is in-
troduced to effectively capture the hysteretic behav-
ior of the piezoelectric elements under varying voltage
amplitudes and frequencies. Building upon this mod-
el, a tunable, model-driven PID controller is designed.
The controller parameters are analytically tuned using
frequency response methods to ensure both rapid re-
sponse and system stability.”Experimental validation is
conducted using a fully constructed piezo-actuated lig-
uid lens test platform to assess model accuracy and
controller performance. Linear subsystem identifica-
tion is first performed using small-signal excitation, fol-
lowed by parameter fitting of the hysteresis model un-
der multiple frequencies (5 Hz, 10 Hz, and 20 Hz) and
voltage amplitudes (2 V, 3 V, and 4 V). The result-
s demonstrate high fidelity across varying test condi-
tions, with a maximum root-mean-square error (RMSE)
of 0.0407 and a peak modeling error of 9.50%. In
focusing control experiments, the proposed PID con-
troller achieved stable and rapid focal switching with-
in a diopter range of +0D to +0.58D. The fastest rise
time was recorded at 171 ms, with a fall time of 192
ms, and the steady-state RMSE was maintained be-
low 0.0069. Moreover, the controller significantly en-
hanced PCB image sharpness across different focal set-
tings.’In summary, this work establishes a dynamic
model of piezoelectric liquid lenses that comprehen-
sively accounts for electromechanical coupling, fluid
dynamics, structural vibration, and hysteresis nonlin-
earities. Based on this model, a model-driven precision
PID control strategy is developed, substantially improv-
ing both focusing accuracy and dynamic response. Ex-
tensive experimental results confirm the effectiveness
and accuracy of the proposed approach, indicating it-
s strong potential for application in high-speed zoom
imaging, active vision systems, and micro-optical ma-
nipulation devices. The methodology provides valu-
able technical support and theoretical reference for fu-
ture advancements in these related fields.”
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8 A Differential Evolution and Heuristic-fused Optimiza-
tion Algorithm for Online Meal Delivery Problem

Jingfang Chen Tsinghua University
Ling Wang Tsinghua University

9 A Reinforcement Learning-based Optimization algo-
rithm with Decoupling Strategy for On-Demand Food
Delivery Problem

Jingfang Chen
Ling Wang

Tsinghua University
Tsinghua University

10 Multi-parameter optimization and performance
Analysis of Injector Structure Based on TRIZ Theory

Hao Xing Qilu University of Technology
Ruiyang Zhao Shandong High-speed
Information Group Co., Ltd.

Hailun Zhang Shandong University
Wenxu Sun Shandong University
Shanshan Lv Qilu University of Technology
Lei Jia Shandong University

11 Optimization Design of Vertical-Tube Multi-Effect
Distillation Water Machine Based on TRIZ Theory

Yigian Cheng Qilu University of Technology
Wenxu Sun Shandong University
Xuejun Yan SHANDONG ZHENGZHONG
INFORMATION TECHNOLOGY

CO.,LTD.

Shanshan Lv
Lei Jia

Qilu University of Technology
Shandong University

12 Finite-Time Control for Nonlinear Systems: Theory,
Design, and Applications

Yuelin Yang Zhejiang University
Chunjie Yang Zhejiang University
Yunkai Li North China Electric Power

University
Yang Cao Zhejiang University
Siwei Lou Zhejiang university
Weibin Wang Zhejiang University
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15 Distributed Coordinated Optimal Scheduling of Inte-
grated Energy Systems With CHP Units and Wind Power
Storage

Lingyue Zhang East China University of
Science and Technology
Jiawen Mao East China University of
Science and Technology
Junbo Shao East China University of
Science and Technology
Yuxiang Niu East China University of
Science and Technology
Minxue Kong East China University of
Science and Technology
Xin Peng East china university of

science and technology

16 Operation optimization of LNG receiving terminal
based on first principle model

HanXiao Luo
Chenguang Liu
Guanghui Yang

Zhejiang University
Zhejiang University
Zhejiang University

Duo Zhang Zhejiang University
XIONGFENG HuZhou Institute of Industrial
FENG Control Technology
Zhijiang Shao Zhejiang University
Lingyu Zhu Zhejiang University of

Technology

17 Multicriteria Optimization for an FGD System Using
Ensemble Learning-Assisted Dragonfly Algorithm

Chunbo Wang Beijing University of
Technology
Xiaoli Li Beijing University of
technology
Kang Wang Beijing University of
Technology

18 Integrating Intrinsic Motivation and Fuzzy Rewards
in Reinforcement Learning for Robust Control of CDQ
System

Han Zhang Dalian University of
Technology
Yang Liu School of Control Science and
Engineering
Jin Jie Dalian University of
Technology
Jun Zhao Dalian University of
Technology
Wei Wang Dalian University of
Technology
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24 Adaptive Vehicle Parallel Control Strategy Based on
Multi Agent Reinforcement Learning
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25 Research on PV-Integrated Grid Frequency Control
Strategy Based on Enhanced MADDPG
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28 Intelligent Control and Simulation of Power-assisted
Exoskeleton Based on Image Signal Tracking Method

FENG ZHOU Sichuan Institute of Arts and
Science
Sichuan University of Arts and

Science

guanjun zhao
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32 Optimal Energy Storage Capacity for Wind-Solar-
Storage Power Systems Based on Improved Grey Wolf
Optimization Algorithm
Chenyi Zhang Chongging University of Posts
and Telecommunications
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35 Multi-objective genetic algorithm for suspension
system performance based on adaptive interval con-
gestion
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36 Optimization of Cutting Performance of Cantilever-
Type Road-header Based on Improved Seagull Opti-
mization Algorithm
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37 Data-Driven Adaptive PID Controller Design for Non-
linear Systems

Fei Xie Chongging University
Yi Chai Chonggqing University
Qie Liu Chongging University
Wenyi Lin Chonggqing University

38 Eventtriggered Impulsive Controller Optimization
Based on Adaptive Dynamic Programming

Z2HR88 IS E T BIRAE
39 Lithium Battery State of Charge Estimation and Op-
timization

EO =SB A
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40 Fault-Tolerant Control Based on Inverse Reinforce-
ment Learning of Expert Trajectory Imitation

Jiahui Shi Northeastern University
dakuo he Northeastern University

41 Design of Window Control System for Smart Fire Pro-

tection
WenDian Zhang Changchun Automobile

Industry higher College

42 Voltage control strategy based on IBWO-K-means
cluster division
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43 Design of a Trajectory Action Sequence Planning Al-
gorithm for Wellbore Based on Geometric Models
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44 Intraday Rolling Multi-Objective Optimal Scheduling
for Cascaded Hydropower-PV Complementary System
Considering Vibration Avoidance Zones

Somxay Central South University
PHANSOD
Runmin ZOU Central South University
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46 Macrophage Migration Control Based on Dual Con-
trol for Exploration and Exploitation

Muyu Ji Jiangnan University
Chenyang Wang Jiangnan University
Haiying Wan Jiangnan university
Xiaoli Luan Jiangnan University, China
Fei Liu Jiangnan University, China

47 Predictive Control Design for Directional Drilling
Based on a Three-Dimensional Drilling Rate of Pene-
tration Model

Guang Yang CNPC Engineering Technology
R

D Company Limit-
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$Venzhi Wang CNPC Engineering Technology
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Shanghai Jiao Tong University
Shanghai Jiao Tong University
Shanghai Jiao Tong University
Shanghai Jiao Tong University
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Shaoying He
Xin Zhang
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49 Temporally Weighted Transformer for Multi-Step
Predictive Control in Dynamic Systems

Dan Cui Central South University
Xiaofeng Yuan Central South University
Lingjian Ye Huzhou University
Kai Wang Central South University
Feifan Shen NingboTech University
yalin wang central south university

Central South University,
China

Chunhua Yang
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Yanfang Mo Lingnan University
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51 Nonlinear model predictive control based on Koop-
man operator and Kalman filter collaboration
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52 Research on air quality prediction method based on
the fusion of Adaboost and MSCNN-BiLSTM
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54 NARX Neural Network-Based Model Predictive Con-
trol For A Distillation Column
Tianxiang Hao Beijing University of Posts and
Telecommunications
Beijing University of Posts and
Telecommunications

Shurong Li

55 Data-Driven Predictive Control Based on Deep
Residual Learning and Dynamic Regularization
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56 Neural Extended Kalman Filter with Variational In-
ference for Real-Time UAV Trajectory Prediction

Yaxin Gao Dalian University of
Technology
Jinze Liu Dalian University of
Technology
Kaibiao Sun Dalian University of
Technology
Jun Zhao Dalian University of
Technology
Wei Wang Dalian University of
Technology
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58 Study on Electromagnetic Detection Method Based
on Transient Process

Yating Tu China University of
Geosciences
China University of
Geosciences
China University of

Geosciences

Guangjun Wang
Zhenhua Li

59 An Enhanced SVMD Algorithm for Oscillation Detec-
tion in Single-Loop Control Systems

China University of Petroleum
China University of Petroleum

Junkai Huang
Yuhong Wang

60 loT-Enabled Capacitive Sensing System for Real-
Time Detection of Minor Leaks in Bolted Flange Con-
nections

Shuxun Wang Zhejiang University

Haozhen Chi Zhejiang University
Shuyu Fan Zhejiang University
Yicheng Zhang Zhejiang University
Yungi Cao Zhejiang University
Dibo Hou Zhejiang Univ.

61 Microfluidic-Based Coplanar Capacitive Micro-
Displacement Sensors with High Sensitivity and Large
Measurement Range.

Shangian Su Zhejiang University
Minghao Ding Zhejiang University
Ziying Zhu Zhejiang University
Yushan Zhou Zhejiang University
Shuyu Fan Zhejiang University
Dibo Hou Zhejiang Univ.
Yunqi Cao Zhejiang University

62 A False Alarm-Free Dual-Wavelength Optical Smoke
Detector for High-Humidity Underground Pipeline Gal-
leries

Yancheng Bi Zhejiang University
Zhigiang Ma Zhejiang University
zhen zhou Hangzhou Underground

Pipeline Development Co., Ltd
Zhejiang University
Hangzhou Planning and
Natural Resources Survey and
Monitoring Center

Zhejiang Univ.

Zhejiang University

Chenyang Gao
Xiaoyan Song

Dibo Hou
Yungi Cao
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64 IMRChangeMamba Encoder Based on Reparameter-
ization Technique and Mutual Information Maximization

Wu Yi-fan China University of Petroleum,
Beijing
Jian-wei Liu China University of Petroleum,

Beijing Campus

65 Data-Driven Prediction Model for Blast Furnace Coke
Ratio

Zihang Cao Zhejiang University
Chunjie Yang Zhejiang University
Zhi Li CISDI Group Co. Ltd
Duojin Yan College of Control Science and

Engineering, Zhejiang
University

66 Synergistic Framework of Meta-Learning and Class-
Aware Adaptive Thresholding for Robust Learning on
Noisy and Imbalanced Data

Zhi-han Liu China University of Petroleum,
Beijing
Jian-wei Liu China University of Petroleum,

Beijing Campus

67 Design and Implementation of Multi-Parameter Tea
Garden Environmental Monitoring System Integrated
with Wavelet Denoising Technology
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68 Adaptive Neural Bounded Tracking Control for a Full-
state Constrained Uncertain Nonlinear System

Xiaoli Li Beijing University of
technology
Xiaoxian Xie Beijing University of
Technology

Xiao-Wei Zhang
Kang Wang

Beihang University
Beijing University of
Technology

69 A Multi-Wheel Aircraft Balanced Braking Control
Method
Ruihua Jiao USTB

70 TFC-GT: Spatio-temporal feature-driven soft sensing
model with online adaptive updating capability

Zhongxin Lin Central South University
Bei Sun Central South University
Peng Kong Central South University
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72 Online Prediction of Suspension Density in Dense
Medium Separation System Based on LSTM
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75 Linear Active Disturbance Rejection Control for Mud
Pressure Wave Generators Using a Cascaded Harmonic

Observer
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76 Experimental verification of backstepping control of
three-degree-of-freedom manipulator
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77 A Brief Introduction to Numerical Simulation and
Control Research of Mineral Heat Furnace
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78 Strip Shape Detection Based on Integrated Machine
Learning Model

Yanhong Xu tongji university
Zhenyu Li Tongji University
GUANG CHEN BAOSHAN IRON AND STEEL

CO., LTD
Tongji University
Tongji University

Junyu Shang
Qi Kang

79 Data-driven Czochralski Silicon Single Crystal Itera-
tive Learning Control Based on Setpoint Optimization

Yinyin Li Xi'an University of Technology
Junchao Ren Xi'an University of Technology
Ding Liu Xi'an University of

Technology,China

80 Genetic Algorithm with Deep Reinforcement Learn-
ing and Its Application in Flexible Job Shop Scheduling
(FJSP)
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83 Modeling and Backstepping Sliding Mode Control
of Flapping-Wing Aerial Vehicles with Nonlinear Distur-
bance Observer

Bin Yu Hangzhou Dianzi University
Fengmin Yu Hangzhou Dianzi University
Yang Yue Hangzhou Dianzi University
Qiang Lu Hangzhou Dianzi University

84 Hybrid-Triggered H Filtering for Discrete-time Sys-
tems Under DoS Attacks
Zhi Fu Hunan University of Technongy
Shen-ping Xiao Hunan University of

Technology
Jianglin Huang Hunan University of
Technology
Zhi-heng Zhang Hunan University of
Technology
Zhengxuan Liu Hunan University of
Technology
85 BT FPGA RIEEFE D FRIEINFZ %Ua%uﬁ
TS il
A mm%wzkﬁ
243 PO ITRE

86 SFGAN for Blast Furnace Ironmaking Process Few-
shot Fault Diagnosis

Xujie Zhang Zhejiang university
Yi Li Zhejiang University
Siwei Lou Zhejiang university
Ping Wu Zhejiang Sci-Tech University
Chunjie Yang Zhejiang University
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88 ReskKAN A novel method for multiple fault diagnosis
of the controllable pitch propeller system

Haosong Cheng
Jingcheng Wang
Huihuang Cai

Shanghai jiaotong university
Shanghai Jiao Tong University
Shang Hai jiaotong university
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91 A Data-Driven Network for Failure Diagnosis of Fluid
Cracking Catalytic System under Cyber Attack

Minglu Wang Huazhong University of
Science and Technology
Peihang Xu Huazhong University of
Science and Technology
Xuging Liang Huazhong University of
Science and Technology
Qinglin Tong Huazhong University of

Science and Technology
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92 The Lasso-RNN Model based on Regression Analy-
sis for Fault Detection and Fault-tolerant Control in The
Power System

liu yang the College of Information
Science and Engineering,

Northeastern University,
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96 Modeling and temperature numerical simulation of
calcium carbide furnace

Yaojie Sun Sichuan University of Light
Chemical Technology

Sichuan Univercity of Science
and Engineering
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97 Data Mining Method for Nonlinear System Modeling
Based on ARX Model Identification
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98 Modeling of Superheated Steam Temperature Sys-
tem Based on APCHHO Algorithm

Qi Wang
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101 A Industrial Process Small-Sample Prediction
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102 Simplified Mamba for Traffic Speed Modeling and
Prediction with Limited Data
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111 Variance Similarity-based Just-in-time Learning for
Industrial Process Modeling
Xiaoqing Zheng Hangzhou Dianzi University
Mengdi Zhang Hangzhou Dianzi University
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115 AutoSelect: A Model Recommender System for In-
dustrial Time Series Monitoring
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Biao Huang University of Alberta
Jinliang Ding Northeastern University

123



KeZ 2 8 20257 § 27 6
g‘%@b 3 10:30:00
* EEME PEAE
}E;f_{%@%Biﬁﬂ?&%lﬂ’ﬂ%1%%7&53\?‘53%@%‘}&?5%%%2
- et

2 Dynamic Evolution and Pathway Optimization of
Global Energy Transition: A Multi-Mechanism Coupling
Perspective

Wei Yan Research Institute of
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Fractional-Order Super-Twisting Sliding Mode
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Disturbance Rejection

IR Pl T A
i FERANE trrk
53 Pl A
i Pl TAS
7t o)l TAS
=5 Pl TAS

5 Modeling of gas-solid coupling motion between pel-
lets and hydrogen in hydrogen-based shaft furnace

Weibin Wang Zhejiang University
Zhe Liu Zhejiang University
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7 Attitude Control of Quadcopter Unmanned Aerial Ve-
hicle Based on Adaptive Integral Sliding Mode and Lin-
ear Active Disturbance Rejection
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9 Design and Implementation of a Virtual Simulation
Platform for Light Flavor Baijiu Brewing
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11 Learning Based Predictive Control of Truck Platoons
With Speed Planning
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Shuyou Yu Jilin University
Hong Chen Tongji University

12 A Variational Bayesian Adaptive Kalman Filtering for
Process and Measurement Biases
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14 Research on robot path planning based on improved
Secretary Bird Optimization Algorithm

Mangiang Liu Lanzhou University of
Technology
Zigiang Shang Lanzhou University of
Technology

15 A Differentiable Neural Radiance Field-Based
Method for 3D Visualization of Burden Velocity Field in
Blast Furnaces
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16 Monitoring of abnormal operating conditions of blast
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Detection using Local Attention Transformer with Tem-
poral Convolutional Network
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19 Construction of Railway Knowledge Graph Based on
Large Language Models
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Technologies and Research Advances
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26 Vibration subsequence alignment method based on
adaptive Variational Modal Extraction
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27 Multi-scale Enhanced Context Feature Fusion for
Camouflaged Object Detection

Jiarui Fu Sichuan University of Science
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30 A Cross-Category Knowledge Distillation Method
Based on Multi-Scale Feature Fusion and Its Application
in Fire and Smoke Detection
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33 A low-light smoke detection model based on the im-
proved YOLOv11

BRI REETAS
B KT A
XUk RIEET A
B REETAS

34 An Ensemble Learning-Based Early Fire Detection
Algorithm

Weijie You Zhejiang University
JiXing Li Zhejiang University
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35 Adaptive Curvature-Aware Path Segmentation S-
trategy for Complex Workpiece Surface Spray Painting

Shengjun Xu Xi’an University of Architecture
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and Technology
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36 Metal Surface Defect Segmentation Algorithm
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38 Lightweight YOLOv8-GCE Algorithm with Enhanced
Accuracy for Anti-Vibration Hammer Defect Detection

Chaowen Lan Sichuan University of Science
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39 Research on the Recognition of Depression and
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42 ECGNN: Embedding-Enhanced Clustering Graph
Neural Network for Multivariate Time Series Forecast-
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44 Enhancing Energy Conversion Plant Monitoring with
Temporal and Variable Correlated Generative Adversar-
ial Framework

Zhaoran Liu Zhejiang University
Hao Wang Zhejiang University
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45 Energy Consumption Prediction for Oilfield Water In-
jection Based on TimeGAN and DR-XGBoost

Wenyi Shi China University of Petroleum
Yuhong Wang China University of Petroleum
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48 Research on Performance Optimization of Drug-
Target Interaction Prediction Models Based on Cross-
Dataset Label Normalization
Yiming Zhao Shenyang Institute of
Automation, Chinese Academy
of Sciences
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51 Urban sound event detection Algorithm based on
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Based on Multi-Scale Feature Enhancement and Sam-
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54 Tire Defect Detection with Dual-Domain Feature
Augmentation and Optimized Regression Loss

Yifan Jiang College of Control Science and
Engineering, Zhejiang
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jinshui chen zhejiang university
Jiangang Lu Zhejiang University

55 Incomplete time series classification based on
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Ying Liu Dalian University of
Technology
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Jun Zhao Dalian University of
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57 CSAE TransUNet: A Short-term Precipitation Fore-
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58 A Versatile Time Series Monitor Framework for Phar-
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59 ACoRL: LLM-Driven Reinforcement Learning for Ap-
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64 Application of New Non-destructive Testing Technol-
ogy in the Detection of Fermented Grains of Strong-
flavored Liquor
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69 A Flexible Job Shop Scheduling Optimization Method
Combining Deep Reinforcement Learning and Adaptive
Genetic Algorithm
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tionary Algorithm
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cal Processes with Distributed Output

Weiwei Guo Zhejiang University of
Technology
Mingwei Jia Zhejiang University of
Technology
Yuan Yao National Tsing Hua University
Yi Liu Zhejiang University of

Technology
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105 Digital Twin-Driven Multi-Physics Coupling Monitor-
ing Framework for Tin Reduction Melting
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