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Industrial Operations & Data Analytics(IODA) G7A1L AL} glojg 7|dF B4 Ags AF
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g B7HSOH)e} Zof4= (RUL) oS 2d=, wiE ] ] AX-BMS)Z A7) U2 A% AlAH
(EES)Y] & A3}, 18ja AutE AR AA”D 9] 349 AL 78 29 - 24 HA3Y
o 2 AFALE 7IASE - A A 2d - A A 2A S 7 HE SEske], BT AR - oY
A Qlzete] 7R PR E wolal AFY| FES T = AF AE SRS ¥ Y
A}Ql Stéphane Barde n4== KAISTO|A] AFGRA|ARIFEE AP O 2 AL - AAL - HAME B F
Sotelon, 9 & A DSEE ATAE oA 297 282 dXYo2 AZ st & A=
Hole £HT} A5 B B T2ASE SRS, 20239 38 BT ERICA A2
Ahd7 ggstato] FQARE o] %, IODAE A28} o | A] &Eofoll A A& 7hsstal A58 £F=
Astr| Y3t tloly FAY A4S A=kl sy
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Data—driven prognostics of machining tools under
various operating conditions

ARz (aHdieta)

o
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AL =™

Given the importance of machining tools and the need for accurate data—driven
prognostics to sustain high productivity and process efficiency, this work addresses
existing challenges encountered in real-world milling processes, To this end, key problem
scenarios are identified based on the type of manifestation of various operating conditions,
which result in limited generalizability, modeling inefficiency, and a lack of adaptability.
Accordingly, three innovative deep learning (DL)—based methods are proposed to enable
effective, efficient, and robust prognostics of machining tools under multiple, time—
varying, and novel operating conditions, First, a multi—domain mixture density network is
proposed for effective domain—invariant representation learning under multiple machining
conditions, Second, a Fisher—informed continual learning is developed for efficient
generalization and adaptation under time—varying machining conditions, Third, an
unsupervised domain adaptation approach with a physics—guided adjustmentis introduced
for robust physics—compliant prediction under novel operating conditions, Collectively, the
proposed methods advance prognostics and health management (PHM) of machining tools

by enhancing productivity and cost—effectiveness,

Keywords: Smart manufacturing, Machining tools, Tool condition monitoring, Deep learning, Prognostics
and health management (PHM)
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Real—time adaptation for time—series signal prediction

using label—aware neural processes
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Building a predictive model that rapidly adapts to real—time condition monitoring (CM)
time—series data is critical for engineering systems/units, Unfortunately, many current
methods suffer from a trade—off between representation power and agility in online
settings. In this talk, we propose a neural process—based approach that addresses this
trade—off, It encodes available observations within a CM signal into a representation space
and then reconstructs the signal’s history and evolution for prediction, Once trained,
the model can encode an arbitrary number of observations without requiring retraining,
enabling on—the—spot real—time predictions along with quantified uncertainty and can be
readily updated as more online data is gathered, Furthermore, our model is designed to
incorporate partial information on qualitative factors (e.g., missing labels) from individual
units, This integration not only enhances individualized predictions for each unit but also
enables joint inference for both signals and their associated labels, Numerical studies on
both synthetic and real-world data in degradation modeling highlight the advantageous
features of our model in real—time adaptation, enhanced signal prediction with uncertainty
quantification, and joint prediction for labels and signals,

This talk ends with a brief introduction of the ongoing research programs in the System
Intelligence and Analytics Lab at Korea University,

Keywords: condition monitoring, degradation, meta—learning, neural processes, real—time adaptation
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Machinability estimation of titanium alloy: An
integrated approach with enhanced feature extraction
and physics—guided deep multi—task learning

173 (3131 Star), Bad, AU (A ed), Y, AR E=sstdeta),
(EAte7led).
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Titanium alloy is one of the most widely adopted materials in various industries due
to its desirable mechanical properties, However, its thermal properties require special
considerations to ensure quality and productivity, particularly from the perspective of
machinability estimation, including tool wear, surface roughness, and cutting force,
Not only is each factor of machinability difficult to estimate, but there also exists a
highly complex underlying dynamics, However, existing approaches are limited to
providing inefficient and partial estimations, failing to utilize physical knowledge shared
across machinability factors, Hence, this work proposes a novel data—driven method
that effectively estimates machinability in various aspects. First, a deep multi—task
learning (MTL)—based approach is proposed to estimate multiple factors of machinability
simultaneously with a single predictive model, Second, a physics—guided encoder (PGE) is
developed to enable efficient representation learning suitable for each machinability factor
while preserving physical constraints, Third, a temporal—aware cross—task attention
(TACTA) mechanism is developed to facilitate knowledge transfer between different
machinability factors, Comprehensive experiments are conducted using a real—world
dataset collected during the milling process of a titanium alloy, The experimental results
consistently demonstrate the effectiveness of the proposed method in estimating various
factors of machinability using vibration input signals, In particular, the proposed method
exhibits superior performance compared to conventional data—driven approaches as well
as state—of—the—art approaches, indicating real—world practical applicability,

Keywords: Deep learning, Smart manufacturing, Machining, Machinability estimation, Multi—task learning,
Physics—guided learning
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Cost—Effective Planning of Accelerated Degradation
Reliability Demonstration Tests Based on Degradation
Model Selection
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Reliability Demonstration Tests (RDTs) are widely used during the product development
stage to verify whether a product meets its required reliability level, However, for highly
reliable products, traditional lifetime—based RDTs often require excessive time and cost,
making them impractical for real-world implementation, To address this challenge,
Accelerated Degradation Tests (ADTs) have been increasingly adopted, leading to the
design of Accelerated Degradation Reliability Demonstration Tests (ADRDTSs) that shorten
test durations by accelerating the degradation process,

A key element in ADRDT planning is the selection of an appropriate degradation model,
This study presents a practical guideline for selecting between two major degradation
modeling approaches: the General Path Model (GPM) and the Stochastic Process Model
(SPM). Based on the selected model, a cost—effective ADRDT plan is proposed, which
explicitly considers both producer’s and consumer’s risks,

To evaluate the proposed method, sensitivity analyses and operating characteristic
(OC) curves are provided using various numerical examples, Additionally, the practical
applicability of the approach is demonstrated through a real-world case study using
degradation data from an automotive Electronic Control Unit (ECU)., The proposed
methodology helps reduce testing burden while ensuring statistical confidence in reliability
demonstration,

Keywords: Reliability Demonstration Tests(RDT), Accelerated Degradation Tests(ADT), Wiener Process,
Multi Criteria Decision Making(MCDM)
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A Study on Improving the Reliability of Results and
Preventing Musculoskeletal Disorders through the
Automation of Reliability Testing and the Utilization of
Assistance Tools

A, Agu, gad’, o], o (F7&EEY)

L)

This study aims to enhance the repeatability and reproducibility of test results, while
also preventing musculoskeletal disorders (MSDs) among testers, by automating the
specimen manufacturing process and introducing assistance tools used in the Ammunition
Stockpile Reliability Program (ASRP). For this purpose, a semi-automatic marking-cutting
machine and a three—dimensional measuring device were implemented, reducing working
time and improving uniformity, As a result, variability in test results was reduced thanks
to increased specimen precision. Moreover, posture-assessment tools (such as RULA and
REBA) showed improved indicators, confirming a reduction in musculoskeletal burden
and the incidence of respiratory diseases caused by dust exposure, The additional benefit
of reduced specimen manufacturing time was also attained. The results of this study are
expected to contribute to securing excellence in the field of testing reliability by improving
specimen-manufacturing precision and efficiency, alongside increasing the safety of the

working environment,
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A Study on the Development Direction of the
Ammunition Stockpile Reliability Program (ASRP) for
Guided Missiles from the Perspective of the Life Cycle

Sustainment Plan (LCSP)

Seongdon HongT, Soonwoo Park, Yeonghyeon Kim, Dahoon Lim, Junsoo Kim
(Defense Reliability Research Center, Defense Agency for Technology and Quality, DTa®)
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The nature of guided missile systems as one—shot devices makes reliability during
long—term storage a decisive factor for readiness, The current ASRP determines whether
munitions should be maintained or discarded by conducting sampling tests, However, the
ASRP only considers the operation and maintenance phase, lacking and lacks an integrated
management framework that encompasses the entire system life cycle, In contrast, the
Total Life Cycle Systems Management (TLCSM) and its core execution framework, the
Life Cycle Sustainment Plan (LCSP), emphasize a systematic approach that integrates
reliability, maintainability, and supportability across development, production, operation,
and disposal stages, This study reinterprets the ASRP from the LCSP perspective,

In the development phase, we recommend considering reliability requirements early on
and creating a test data database. In the production phase, we emphasize integrating
manufacturing quality data and stockpile reliability assessments, In the operation and
storage phase, we suggest predictive reliability management based on condition—based
CBM+. We propose incorporating the ASRP into the LCSP from the design stage to
establish a data—driven life cycle reliability management framework, This integrated
approach is expected to reduce costs and improve reliability throughout the system’s life

cycle, thereby contributing to the institutional and technical advancement of the ASRP,
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An Al-based Comparative Analysis Toolkit for
Reliability Estimation of Heterogeneous ASRP Stockpiles

Soonwoo Park, Yeong Hyeon Kim, Dahoon Lim, Jun Su Kim(Defense Agency for
Technology and Quality), Jeongsoo Lee(CSI-VISION),
Seongdon Hong ' (Defense Agency for Technology and Quality)
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The Ammunition Stockpile Reliability Program (ASRP) is a critical element for
maintaining defense readiness, However, in operational environments, assessing the
reliability of heterogeneous stockpiles—comprising various production years and lots—
presents a significant challenge, In particular, the process of generalizing limited sampling
test results from specific lots (e.g., initial production) to the reliability of the entire
stockpile is fraught with inherent uncertainty.

This study proposes to develop an Al—based analysis tool (Tool) to address this
heterogeneous stockpile estimation challenge, The proposed tool will simultaneously
execute and compare various statistical techniques based on identical sampling data
inputs (e.g., number of samples, number of failures, and test time). The tool will
provide a capability to visually analyze how reliability estimates for the entire stockpile
change based on the differing statistical assumptions of each technique (e.g., single—
lot representativeness, identical distribution across lots, or consideration of inter—lot
variability), Furthermore, it aims to derive the reliability of untested lots and the mean
reliability of the entire stockpile, complete with uncertainty intervals,

The significance of this study lies in its presentation of a practical analytical tool, It
aims to support ASRP managers in reducing potential errors in statistical interpretation
that arise from limited information, enabling them to make more rational decisions by
clearly understanding the advantages and disadvantages of each approach,

Keywords: ASRP, Heterogeneous Stockpile, Reliability Estimation, Comparative Analysis
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A Study on Integration Plan between ASRP and Missile
Overhaul for Enhancing the Effectiveness of Guided
Missile ASRP
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The availability and safety of the guided missiles are verified by Ammunition Stockpile
Reliability Program(ASRP) during their lifetime. When their service life is reached,
Overhaul of the missiles is conducted to maintain the readiness of the missile inventory,
However, the connectivity of the two processes, one is ASRP and the other is missile
overhaul, is not well designed yet which gives limitation on various effects of both
processes, First of all, the missile overhaul is planned 2—3 years before the end of the
missile’s service life, while ASRP results are derived at the end of expiration year of the
target missile,

This study explored the feasibility of integration between missile overhaul and guided
missile ASRP for enhancing the effectiveness of guided missile ASRP, The missile overhaul
status of domestically developed guided missiles and ASRP processes for each military
service are analyzed, From the results of the analysis, institutional improvement measures
for guided missile ASRP are derived,

The results of this study will support an establishment of the missile overhaul plans

more cost—effectively and

Keywords: Ammunition Stockpile Reliabiity Program (ASRP), Depot Maintenance, Guided Missile, Economic
Effect Analysis, Life Cycle Management
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Reliability and Availability Prediction of Navigation
Satellites During the Ground Phase
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Satellite reliability prediction is the process of evaluating mission success over the design
life of a satellite in orbit, Navigation satellite systems provide continuous positioning and
timing services, where availability is a critical performance indicator, To maintain service
stability, multiple satellites operate as a constellation, and additional backup satellites
are stored on the ground until needed for deployment, replacement, or constellation
expansion, Satellites that are stored for extended periods or delayed in development due to
additional testing or launch schedule need to have their reliability reassessed to evaluate
the impact on mission success, This study evaluates the effects of ground operations
and storage on satellite reliability using MTBF conversion factors, These findings are
essential for improving mission success rates and refining navigation satellite design and

operational strategies,

Keywords: Reliabilty Prediction, Availability, Satellite Reliability
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