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Xu Jin BhIE##5%, University of Kentucky, Department of Mechanical Engineering

D> Multi-UAV Formation with Path-Dependent Constraints
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> Revealing principles of cell fate decision: Landscape control and applications
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> Complex disease modeling and efficient drug discovery with large language models
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Prof. Rajiv Ranjan, Newcastle University, UK
Data and Resource Management Challenges for Digital Twins
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Data and Resource
Management Challenges
for Digital Twins

Rajiv Ranjan

Newcastle University
School of Computing

RERE

Digital twins are revolutionizing industries by prowiding real-time simulation, monitoring, and
predictive analytics capabilities. However, their success hinges on overcoming significant data and
resource management challenges. This keynote will explore four key issues critical to the advancement
and scalability of digital twins. First, we will discuss the complexities of real-time data processing within
the edge-cloud-loT continuum, emphasizing the need for seamless integration and efficient resource
allocation across distributed systems. Second, we will explore the use of Large Language Models (LLMs)
for dynamic verification of the resilience of digital twins, highlighting their potential to enhance
adaptability and real-time decision-making. Third, we will examine end-to-end monitoring strategies
to ensure data integrity, transparency, and reliability, enabling trust in automated decision processes.

Finally, we will address the integration of emerging computational technologies, such as quantum
accelerators (e.g., Quantum Brilliance) and neuromorphic chips (like Intel Loihi and BrainChip Akida), at
the edge network to accelerate data processing and improve the responsiveness of digital twins. This
talk will provide insights into how these advancements can be leveraged to develop robust, scalable,
and intelligent digital twin ecosystems, driving innovation and efficiency in real-world applications.

EREN
S e— Professor Rajiv Ranjan is an Australian-British computer scientist, of Indian origin, known for his
ch research in Distributed Systems (Cloud Computing, Big Data, and the Internet of Things). He is

University Chair Professor for the Internet of Things research in the School of Computing of Newcastle
University, United Kingdom. He is an internationally established scientist in the area of Distributed
Systems (having published about 350 scientific papers). He is a fellow of IEEE (2024), Academia
Europaea (2022) and the Asia-Pacific Artificial Intelligence Association (2023). He is also the Founding
Director of the International Centre (UK-Australia) on the EV Security and National Edge Artificial
Intelligence Hub, both funded by EPSRC. He has secured more than $64 Million AUD (£32 Million+
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Prof. Wai-Ki Ching, The University of Hong Kong, HK, China
On Adaptive Online Mean-Variance Portfolio Selection Problems
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Wai-Ki Ching

The University of Hong Kong
Department of Mathematics

RERE

Online portfolio selection is attracting a lot of attention due to its efficiency and practicability in
deriving optimal investment strategies in real investment activities where the market information
is constantly renewed in a very short period. One key issue in online portfolio is to predict the
future returns of risky assets accurately given historical data and provide optimal investment
strategies for investors in a short time. In the existing online portfolio selection studies, the
historical return data of one risky asset is used to estimate its future return. In this talk, we
incorporate the peer impact into the return prediction where the predicted return of one risky
asset not only depends on its past return data but also the other risky assets in the financial
market, which gives a more accurate prediction. An adaptive moving average method with peer
impact (AOLPI) is proposed, in which the decaying factors can be adjusted automatically in the
investment process. In addition, an adaptive mean-variance (AMV) model is applied in online
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Prof. Ying Tan, The University of Melbourne, Australia
Extremum Seeking Control: Theory to Applications
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Extremum Seeking
Control: Theory to
Applications

Ying Tan

Mechanical Engineering Department
University of Melbourne
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Published Papers

1. Hao Jiang, Jingxin Liu, You Song, Jinzhi Lei. Quantitative Modeling of Stemness in Single-Cell RNA
Sequencing Data: A Nonlinear One-Class Support Vector Machine Method. Journal of Computational
Biology, vol. 31, no. 1, pp. 41-57, 2024.

2. Xiugiong Chen, Jiayi Kang, Stephen S.-T. Yau. Time-varying feedback particle filter. Automatica, vol.
167, 111740, 2024.

3. Yixiang Huang, Hao Jiang, Wai-Ki Ching. scEWE: High-Order Element-Wise Weighted Ensemble
Clustering for Heterogeneity Analysis of Single-Cell RNA Sequencing Data. Briefings in Bioinformatics,
vol. 25, no. 3, 2024.

4. Tianbo Zhang, Shihui Jiang, Xingchen Li, Dong Shen, Keyou You. Synthesis of Safety and Ride Comfort
Control for Chassis of Maglev Trains. [EEE Transactions on Intelligent Transportation Systems, vol. 25,
no. 12, pp. 20364-20377, 2024.

5. Xiang Cheng, Hao Jiang, Dong Shen, Xinghuo Yu. An Accelerated Adaptive Gain Design in Stochastic
Learning Control. [EEE Transactions on Cybernetics, vol. 54, no. 12, pp. 7416-7429, 2024.

6. Zihan Li, Dong Shen. Filter-Free Parameter Estimation Method for Continuous-Time Systems. I[EEE
Transactions on Automation Science and Engineering, vol. 21, no. 4, pp. 5062-5077, 2024.

7. Niu Huo, Dong Shen, Jinrong Wang. Novel Quantized Iterative Learning Control Based on Spherical
Polar Coordinates. International Journal of Robust and Nonlinear Control, vol. 34, no. 13, pp. 8945-8969,
2024.

8. Deqing Huang, Wei Yu, Dong Shen, Xuefang Li. Data-Driven Distributed Learning Control for High-
Speed Trains Considering Quantization Effects and Measurement Bias. IEEE Transactions on Vehicular
Technology, vol. 73, no. 7, pp. 9645-9655, 2024.

9. Jian Yang, JinRong Wang, Dong Shen. Observer-based sampled-data event-triggered tracking for
nonlinear multi-agent systems with semi-Markovian switching topologies. Information Sciences, vol. 676,
Article Number: 120803, 2024.

10. Wanzheng Qiu, JinRong Wang, Dong Shen. lterative Learning based Convergence Analysis for
Nonlinear Impulsive Differential Inclusion Systems with Randomly Varying Trial Lengths. International
Journal of Adaptive Control and Signal Processing, vol. 38, no. 6, pp. 2056-2073, 2024.

11. Xiang Cheng, Hao Jiang, Dong Shen. A Novel Accelerated Multistage Learning Control Mechanism via
Virtual Performance Reduction. IEEE Transactions on Neural Networks and Learning Systems, vol. 35,
no. 5, pp. 6338-6352, 2024.

12. Shunhao Huang, Dong Shen, JinRong Wang. Point-to-Point Learning Tracking Control via Fading
Communication Using Reference Update Strategy. IEEE Transactions on Cybernetics, vol. 54, no. 4, pp.
2284-2294,2024.

13. Wanzheng Qiu, JinRong Wang, Dong Shen. Quantized Iterative Learning Control for Impulsive
Differential Inclusion Systems with Data Dropouts. ISA Transactions, vol. 145, pp. 285-297, 2024.

14. Wanzheng Qiu, JinRong Wang, Dong Shen. Iterative Learning Control for Differential Inclusion Systems
with Random Fading Channels by Varying Average Technique. Chaos, vol. 34, no. 2, Article Number:
023129, 2024.

15. Shuai_Gao, Qijiang Song, Dong Shen. Distributed Learning Control for High-Speed Trains With
Operation Safety Constraints. IEEE Transactions on Cybernetics, vol. 54, no. 3, pp. 1794-1805, 2024.

16. Shuai Gao, Qijiang Song, Hao Jiang, Dong Shen. History Makes Future: Iterative Learning Control for
High-Speed Trains. IEEE Intelligent Transportation Systems Magazine, vol. 16, no. 1, pp. 6-21, 2024.
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17. Hao Jiang, Dong Shen, Shunhao Huang, Xinghuo Yu. Accelerated Learning Control for Point-to-Point

Tracking Systems. |[EEE Transactions on Neural Networks and Learning Systems, vol. 35, no. 1, pp.
1265-1277, 2024.

18. Tianbo Zhang, Shihui Jiang, Dong Shen. Collaborative Control of a Levitation Module for Maglev Trains
with Physical Contact Prevention and User-defined Convergence Time. International Journal of Systems
Science, vol. 55, no. 2, pp. 355-369, 2024.

19. Zeyi Zhang, Hao Jiang, Dong Shen, Samer S. Saab. Data-driven Learning Control Algorithms Meeting
Unachievable Tracking Problems. IEEE/CAA Journal of Automatica Sinica, vol. 11, no. 1, pp. 205-218,
2024.

20. Zeyi Zhang, Dong Shen. Randomized Kaczmarz Algorithm with Averaging and Block Projection. BIT
Numerical Mathematics, vol. 64, Article number: 1, 2024.

21. Jiaxi Qian, Dong Shen. A Novel lterative Learning Control Scheme Based on Broyden-class Optimization
Method. International Journal of Robust and Nonlinear Control, vol. 34, no. 1, pp. 321-340, 2024.

22. Xingying Zhao, Dong Shen. FedSW: Federated Learning with Adaptive Sample Weights. Information
Sciences, vol. 654, Article 119873, 2024.

Pre-Published Papers

23. Zihan Li, Dong Shen, Daniel W.C. Ho. Finite and Fixed-Time Learning Control for Continuous-Time
Nonlinear Systems. IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 55, no. 1, pp.
792-804, 2025.

24. Shuai Gao, Qijiang Song, Hao Jiang, Dong Shen, Yisheng Lv. Decentralized Learning Control for High-
Speed Trains With Unknown Time-Varying Speed Delays. Applied Mathematical Modelling, vol. 137,
Article Number:; 115711, 2025.

25. Senwen Zhan, Hao Jiang, Dong Shen. Co-regularized Optimal High-Order Graph Embedding for Multi-
View Clustering. Pattern Recognition, vol. 157, Article Number: 110892, 2025.

B Accepted Papers

26. Xiugiong Chen, Zeju Sun, Yangtianze Tao, Stephen S.-T. Yau. A uniform framework of Yau-Yau
algorithm based on deep learning with the capability of overcoming the curse of dimensionality. IEEE
Transactions on Automatic Control, accepted.

27. Xiugiong Chen, Jiayi Kang, Stephen S.-T. Yau. Continuous discrete optimal transportation particle filter.

Asian Journal of Mathematics, accepted.

28. Zeju Sun, Xiugiong Chen, Stephen S.-T. Yau. Recurrent neural network spectral method and its
application in stable filtering problems. Automatica, accepted.

29. Zhenfa Zhang, Dong Shen, Xinghuo Yu. lterative Learning Control for Pareto Optimal Tracking in
Incompatible Multisensor Systems. IEEE Transactions on Cybernetics, accepted.

30. Niu Huo, Dong Shen, Daniel W.C. Ho. Encoding-Decoding-Based Quantized Learning Control Using
Spherical Polar Coordinates. IEEE Transactions on Cybernetics, accepted.

31. Zihan Li, Dong Shen, Xinghuo Yu. Accelerating iterative learning control using fractional-proportional-
type update rule. IEEE Transactions on Automatic Control, accepted.

32. Senwen Zhan, Hao Jiang, Dong Shen, Wai-Ki Ching. Multi-View Data Clustering via Dynamical
Optimization of Consensus Laplacian Matrix. East Asian Journal on Applied Mathematics, accepted.

33. Wanzheng Qiu, JinRong Wang, Dong Shen. Zero-Error Tracking Control of Quantized Iterative Learning
for Differential Inclusion Systems with Channel Fading. Nonlinear Dynamics, accepted.
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34. Zihan Li, Dong Shen, Xinghuo Yu. A Multistage Update Rule Framework for Iterative Learning Control
Systems. |[EEE Transactions on Automation Science and Engineering, accepted.

35. Taojun Liu, Dong Shen, JinRong Wang. Adaptive quantized iterative learning control using encoding--
decoding strategy. [EEE Transactions on Cybernetics, accepted.

Conference Papers

36. Xiang Cheng, Dong Shen. A modified multi-stage gain design in learning control over fading channels.
2024 2nd International Conference on Frontiers of Intelligent Manufacturing and Automation (CFIMA
2024), Baotou, China, 9-11 August, 2024.

37. Zihan Li, Dong Shen. Finite-iteration learning control for nonlinear systems with parameter uncertainties.
2024 6th International Conference on Electronic Engineering and Informatics, Chongging, China, 28-30
June, 2024.

38. Zeyi Zhang, Hao Jiang, Dong Shen. Fast iterative learning control algorithms based on heavy ball with
adaptive stepsize. The 43rd Chinese Control Conference (CCC2024), Kunming, China, 28-31 July,
2024. SCIS-CCC 2024 The Honorable Mention of Poster Paper Award

39. Shihui Jiang, Tianbo Zhang, Jing Fang, Xing Liu, Dong Shen. Adaptive control for autonomous
underwater vehicles without kinetic model using deep neural network. The 2024 IEEE 13th Data Driven
Control and Learning Systems Conference (DDCLS'24), Kaifeng, China, 17-19 May, 2024.

40. Zhenfa Zhang, Dong Shen. Iterative learning control for two-sensors system with user preferences. The
2024 |EEE 13th Data Driven Control and Learning Systems Conference (DDCLS24), Kaifeng, China,
17-19 May, 2024.

41. Dunsheng Huang, Dong Shen. Iteration number bound for adaptive learning control of nonlinear
systems under specified approximation error. The 2024 |EEE 13th Data Driven Control and Learning
Systems Conference (DDCLS'24), Kaifeng, China, 17-19 May, 2024. IEEE 13th DDCLS Best Poster
Paper Award

42. Niu Huo, Dong Shen. Dynamic encoding-decoding-based quantized iterative learning control. The 2024
|[EEE 13th Data Driven Control and Learning Systems Conference (DDCLS'24), Kaifeng, China, 17-19
May, 2024.

43. Zeyi Zhang, Hao Jiang, Dong Shen. Tracking ability of high-order fully actuated iterative learning control.
The 3rd Conference on Fully Actuated System Theory and Applications (FASTA2024), Shenzhen,
China, 10-12 May, 2024.
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Intelligent Control and Learning Systems 13
Variable Gain Design in Stochastic Iterative
Learning Control

Dong Shen By Dong Shen
- > Edition 1st Edition
Varl.ab|€ Gam Publisher Springer Singapore
Design in Pages 348
: ISBN 978-981-97-8280-2
Stochastic

|terative
Learning Control

@ Springer

About this book

This book investigates the critical gain design in stochastic iterative learning control (SILC),
including four specific gain design strategies: decreasing gain design, adaptive gain
design, event-triggering gain design, and optimal gain design. The key concept for the
gain design is to balance multiple performance indices such as high tracking precision,
effective noise reduction, and fast convergence speed. These gain design techniques can
be applied to various control algorithms for stochastic systems to realize a high tracking
performance. This book provides a series of design and analysis techniques for the
establishment of a systematic framework of gain design in SILC. The book is intended for
scholars and graduate students who are interested in stochastic control, recursive
algorithms design, and iterative learning control.
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Algorithms and Computation in Mathematics 33

Principles of Nonlinear Filtering Theory

By Stephen S.-T. Yau , Xiugiong Chen , Xiaopei
Jiao, Jiayi Kang , Zeju Sun , Yangtianze Tao
Edition 1st Edition

Pri n Ci p I eS Eublisher j%inger Cham
Of N on | | near [SEN 978-3-031-77683-0
Filtering

Theory

@ Springer

About this book

This text presents a comprehensive and unified treatment of nonlinear filtering theory, with
a strong emphasis on its mathematical underpinnings. It is tailored to meet the needs of a
diverse readership, including mathematically inclined engineers and scientists at both
graduate and post-graduate levels. What sets this book apart from other treatments of the
topic is twofold. Firstly, it offers a complete treatment of filtering theory, providing readers
with a thorough understanding of the subject. Secondly, it introduces updated
methodologies and applications that are crucial in today’s landscape. These include finite-
dimensional filters, the Yau-Yau algorithm, direct methods, and the integration of deep
learning with filtering problems. The book will be an invaluable resource for researchers
and practitioners for years to come.
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Xiugiong Chen, Jiayi Kang, Stephen S.-T. Yau. Time-varying feedback particle filter.
Automatica, vol. 167, Article Number: 111740, 2024.
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Yixiang Huang, Hao Jiang, Wai-Ki Ching. scEWE: High-Order Element-Wise Weighted
Ensemble Clustering for Heterogeneity Analysis of Single-Cell RNA Sequencing Data,
Briefings in Bioinformatics, vol. 25, no. 3, bbae203, 2024.
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Xiang Cheng, Hao Jiang, Dong Shen. A Novel Accelerated Multistage Learning Control
Mechanism via Virtual Performance Reduction. IEEE Transactions on Neural Networks
and Learning Systems, vol. 35, no. 5, pp. 6338-6352, 2024.
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[1] Xiang Cheng, Hao Jiang, Dong Shen, Xinghuo Yu. A Novel Adaptive Gain Strategy for Stochastic Learning Control.
|IEEE Transactions on Cybernetics, vol. 53, no. 8, pp. 5264-5275, 2023.
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Zeyi Zhang, Dong Shen. Randomized Kaczmarz Algorithm with Averaging and Block
Projection. BIT Numerical Mathematics, vol. 64, Article number: 1, 2024.
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Robust and
Nonlinear Control

Jiaxi Qian, Dong Shen. A Novel Iterative Learning Control Scheme Based on Broyden-
class Optimization Method. International Journal of Robust and Nonlinear Control, vol.
34,no. 1, pp. 321-340, 2024.
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Shunhao Huang, Dong Shen, JinRong Wang. Point-to-Point Learning Tracking Control
via Fading Communication Using Reference Update Strategy. IEEE Transactions on
Cybernetics, vol. 54, no. 4, pp. 2284-2294, 2024.
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Algorithm 1: Learning Algorithm to Output Fading Networks

Without loss of generality, the initial condition is set as

up(r) = 0 and x(0) = 0. The initial trajectory R can be fitted
by any smooth method such as a cubic spline regression curve.
Step 1:

a) Using Equation (2), generate output yi;

b) Using Equation (7), compute the corrected output yif:

c) Compute the tracking error the control Ry — yi:

d) Using Equation (9), update input Ry 1:

e) Using Equation (10), update input uy;

Step 2:

k =k + 1, repeat whole process unless the stopping criteria is

satisfied.
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