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¥ X : Under complex operating conditions and multi-source environments, health condition diagnosis and
lifetime /remaining useful life (RUL) prediction of industrial systems face considerable challenges. During operation,
severe noise interference, time-varying operating conditions, and multi-source signal coupling often reduce the accuracy
and robustness of traditional degradation modeling and lifetime prediction methods. Therefore, achieving effective
feature extraction, compound fault diagnosis, and cross-condition RUL prediction has become an important research
challenge in the field of reliability and health management.

This special session focuses on diagnostic and predictive modeling methods under complex operating conditions, with
particular emphasis on recent advances in signal processing, statistical inference, and intelligent learning from both
theoretical developments and practical applications. Topics of interest include, but are not limited to:

1. Signal Processing and Fault Diagnosis: Feature extraction under noisy and multi-source environments; compound
fault modeling and diagnosis methods

2. Intelligent Learning and Predictive Modeling: Data-driven and machine learning approaches for lifetime prediction;
predictive modeling under cross-condition and time-varying operating environments

3. Degradation Modeling and Statistical Inference: Degradation process modeling under complex and heterogeneous
conditions; uncertainty quantification and statistical inference methods.

Special Session Chair(s):

4 ¥ 2l Piao Chen
Name

N==t
%‘Tﬁ_ B #1% Associate Professor
Prefix
al HIL A 3 47 L 17 A% B 240 4% 2 X 4% 1 ZJU-UIUC Institute
Department
i;inization #TIL K % Zhejiang University
f}ik_rﬁ/f@lz I .

w= H

City/Region I




Organizer’s Brief Biography

P B, IAFFHNEFAFECHEERRKREGFREI#HEK, BEARF, BEXZFFAL. 2013 F4AFH
By FLEXEBAFTILIRZR, 2017 FHEL RV THAREIAFIVRAGZIRSEER, ERMAHILIAFZ
B, BHEHETZTUDelft Rt RBEHZ. TERATHARESTESE. ZitFIT . AEAUF, £FE. TE,

%51t & & XA #9 E E # F| 40 Management Science, Production and Operations Management #1 IEEE Transactions on
Information Theory k% %% X 30 &% . AR L AHKER SN HELXE, @1 INFORMS QSR, SRSE, STARF %,

¥ 3L : Piao Chen is an Associate Professor and Ph.D. supervisor at the ZJU-UIUC Institute, Zhejiang University, and a
recipient of a national-level youth talent program. He received his B.S. degree in Industrial Engineering from Shanghai
Jiao Tong University in 2013 and his Ph.D. degree from the Department of Industrial Systems Engineering and
Management at the National University of Singapore in 2017. Before joining Zhejiang University, he served as an
Assistant Professor in the Department of Statistics at TU Delft, the Netherlands. His research interests include quality
and reliability, statistical learning, and decision optimization. He has published more than 30 papers in leading journals
across management, engineering, and statistics, such as Management Science, Production and Operations Management,
and IEEE Transactions on Information Theory. His work has received multiple Best Paper Awards at international
conferences, including INFORMS QSR, SRSE, and STARF.
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¥ 3 : Chunling Luo is a Professor and Ph.D. supervisor at Hangzhou Normal University. She received her B.S. degree
in Industrial Engineering from Shanghai Jiao Tong University and her Ph.D. degree from the Department of Industrial
Systems Engineering and Management at the National University of Singapore. She also worked as a postdoctoral
researcher at the National University of Singapore and the Singapore-MIT Alliance for Research and Technology Centre.
Her research focuses on decision-making and optimization under incomplete information, including stochastic
dominance decision theory, distributionally robust and risk-preference robust optimization modeling and algorithms, as
well as complex system modeling and optimization. She has published her work as first author or corresponding author
in high-quality international and domestic journals in management science, such as Management Science, European
Journal of Operational Research, Decision Analysis, Transportation Research Part C: Emerging Technologies, Reliability
Engineering & System Safety, and Computers & Operations Research. She has been the principal investigator of projects
funded by the National Natural Science Foundation of China (Regular and Youth Program), the Zhejiang Provincial
Natural Science Foundation (Exploration Program), and the Hangzhou Philosophy and Social Sciences Planning Project
(Key Project).
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# X : Wenhui Wu received her Ph.D. in Statistics from Zhejiang Gongshang University and is currently a postdoctoral
researcher at the ZJU-UIUC Institute, Zhejiang University. From 2024 to 2025, she was supported by the China
Scholarship Council to conduct joint research training at the Department of Industrial Systems Engineering and
Management, National University of Singapore. Her primary research interests include reliability analysis and modeling
based on degradation data, statistical inference in accelerated life testing, and Bayesian analysis methods. Her work has
been published in journals such as European Journal of Operational Research and Quality Technology & Quantitative
Management.
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# H Title: Inference and Quantification of Cyclostationary Impulses: A novel noise-sensitive mixed Gaussian
cyclostationary model for compound fault detection

#§ & Abstract: Rolling bearings are fundamental components in modern industrial systems, where real-time fault
diagnosis is vital for enhancing operational safety and optimizing maintenance strategies. Traditional signal
demodulation and blind deconvolution techniques are often designed to extract a single cyclostationary impulse with
periodic statistics from single fault signals by filtering. However, they cannot provide quantitative confidence levels for
diagnosis results, and nonlinear filtering often disrupts multiple local periods on statistics, called the quasi- and pseudo-
cyclostationary properties, in handling compound fault signals. This study proposes a novel noise-sensitive mixed
Gaussian cyclostationary (MGC) model, designed to model multiple cyclostationary impulses in compound fault signals
under noisy conditions. Statistical derivation demonstrates that it can model and demodulate noise- and impulse-
coupled systems with probabilistic, additive, and multiplicative coupling. Additionally, a standardized fault diagnosis
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process is proposed, using spectral correlation analysis to test the existence of cyclostationary and developing
progressive likelihood ratio testing to accurately select the optimal cyclostationary period combinations for MGC
modeling and compound fault diagnosis. Without the need to compare with normal signals, the method provides a
quantitative statistical confidence level for diagnosis results. Extensive simulations and comparative experiments
demonstrate that the method can more accurately extract different cyclostationary impulses from various compound
fault combinations.
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# H Title: Domain weighted distribution adaptation network: a novel remaining useful life prediction framework for
machinery targeting time-varying operation conditions

## # Abstract : Machinery typically operates with condition alternations throughout the degradation process.
Commonly used deep learning-based methods for remaining useful life (RUL) prediction primarily focus on degradation
under constant operation conditions, including studies that use domain adaptation and similar technologies to predict
RULs across different but fixed conditions. However, the lack of training data under time-varying conditions limits the
RUL estimation in condition alternation scenarios. To address this issue, this paper proposes a prediction framework
targeting time-varying operation conditions, termed the domain weighted distribution adaptation network (DWDAN). It
utilizes run-to-failure datasets from constant conditions to predict RULs under time-varying conditions, bridging the gap
of prediction between these two scenarios. In the framework, discrepancies in feature distributions are attributed to
degradation, operation conditions, and their nonlinear coupling. First, an RUL prediction model is developed using
constant condition samples to capture degradation-related distributions. Then, domain weights for different conditions
are optimized with normal stage samples from time-varying conditions. Finally, the feature distributions are adjusted
via optimal transport (OT) to overcome the nonlinear coupling. The proposed method is validated on experimental run-
to-failure datasets of gearboxes. The results demonstrate the superiority of the DWDAN in overcoming the impact of
condition alternations and improving prediction performance.
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# H Title: The prediction of RULs for gamma k-out-of-n system with nonidentical components based on component
data

## & Abstract: This paper investigates the prediction procedures of the remaining useful lifetime (RUL) of k-out-of-n
system with nonidentical gamma components based on component data. The distributions of the offline and online RULs
of system are derived. Using the generalized pivotal quantity and Cornish-Fisher expansion methods, the prediction
intervals (PIs) of the offline and online RULs for the gamma k-out-of-n system are derived. In addition, bootstrap PIs of
the offline and online RULs for the gamma k-out-of-n system are proposed. The performance of the proposed PIs is
assessed in terms of coverage probability by using the Monte Carlo simulation. Finally, a real-data example is used to
illustrate the proposed procedures.
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# H Title: Nonlinear Stochastic Degradation Modeling of Wax Lubrication Layers with Heterogeneous Covariates

## & Abstract: Wax is a commonly used lubricant in many applications. To ensure its security and dependability,
degradation analyses for creep are typically conducted. However, challenges arise due to the poorly understood inherent
mechanisms of wax and the complicated experimental environment required, leading to nonlinear trends and
heterogeneous covariates. In such cases, traditional methods based on parametric forms or linear assumptions may lack
the flexibility to capture the complexities and randomness of the degradation process effectively. To address these
challenges, we propose a comprehensive degradation analysis framework that employs a Wiener process with an
unspecified mean function. By eliminating parametric forms, this approach provides a more versatile method for
modeling nonlinear degradation trends. Moreover, it treats environmental covariates as random variables to handle
random ecological influences. We develop tailored semiparametric estimators for the model and establish theoretical
asymptotic results that guarantee the consistency and convergence of the proposed estimators. A series of numerical
experiments is conducted to illustrate the performance of the estimators and validate their convergence properties. The
method is applied to a wax lubrication layer, demonstrating its efficacy in analyzing nonlinear degradation data in a
random working environment. This work advances the understanding of wax degradation mechanisms and provides a
flexible tool for degradation analysis in materials with heterogeneous environments and poorly understood behaviors.
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#1 B Title: Modelling and Estimation for Degradation Data with Initiation-growth Correlations

## % Abstract: Influenced by dynamic environmental factors, the degradation rates of products often vary with initial
levels. However, most existing degradation models assume a fixed or zero starting point and treat it as independent of
subsequent process, leading to biased failure - time predictions, poorly timed maintenance, and elevated costs or risks.
To fill this gap, we propose a Wiener - process degradation model that explicitly links the random initial phase to its
ongoing deterioration, allowing both the degradation rate and the failure threshold to adapt to the initial state. We
derive explicit expressions for the lifetime and remaining useful life (RUL) distributions, along with confidence intervals
for model parameters. To construct confidence intervals for reliability metrics and prediction intervals for RUL, we
propose tailored generalized inference and objective Bayesian inference, which ensure accurate coverage even in small
samples. Through comprehensive simulations and a real - world case study, we demonstrate that our approach more
accurately captures individual variability and delivers tighter, more reliable life - time forecasts than traditional models.




