R s uneas

; I(AEHI 2 | < Korean Nuclear Society

E3| {3&(P)
S} A

ot

OI'

SIRIRIZI5H5| 20261 S SHAUE
AIZ 7ha5Hs IR AT A

Dlgltal Input Card2} DC-DC Converter2
=3 Aldl Lo 242 Sot =8 H=

Data Intelligent PHM Lab
joonha@ajou.ac.kr



Introduction

2022.09 -

2019.04 - 2022.08
2012.08 / 2019.02

= 7|AgE A

-

- MR HS

&AM H| Prognostics and Health Management (PHM)

H} A
e L.

SIS 7

-l

1o
__o______

KF

| AFEOJA}

e

=

APHX[Z 2t #

H| Et0[2A O

B4 M%)

10

>
£
7]
1
(]
2
c
-
>
=
<

Data Intelligent PHM Lab.




@%LME;;

Lab. Introduction 8'“8 T

HolE XIS

+ USKIS 7|H*ﬂ%§'|ﬂl PHM -u:uu}zorﬂpq 204
E ..-f ‘I. (I."Eﬂ: 2!-; PHM, I_EEII PHM) . OI'AI-J_I-I'l 4I:I=|

Seminars & Lectures
t

2026.02. PHM HM27|& 2= 200|7H._| PHM Z2HE £

* 2025.09. KSNVE °JI}E1 HUXIFE A3 AMAMH| OFMA H T2 IoI'Al 7|8 AFEREICH 2 LM SA SX|ES 7|2 e (B8, 2025-2030)

* 2025.08. KEPIC-Week Invited Talk — AMHES|X EXIA|AH 7|HHO| SLHS MUl XM7|FEX A|AE! JH (AHE 2025-2028)

LSS g OGN S AN B3 o o 1AW S 35 i 30l (%%, 004-2007)

. 2025.04. Ci5t7|H 53] A|E|Jg.=,'.-'?- Tutorial - LCX|g MatsS St ’.".'5._70 AF 0|3 « At éﬂlE Tich AJAH] 7 (715, 2024-2027)
Awards Journal Publications

« PHM Data Challenge 39| (2024) * International Journal Papers: 23

« PHM Data Challenge 22| (2019) — Mechanical Systems and Signal Processing, 2026 (IF 8.9, JCR 3.0%)

o Z71AIEI7| &S| O|APRMAL — Reliability Engineering and System Safety, 2024 (IF 11.0, JCR 1.4%)

o SIRI|HHLH LOIY — Advanced Engineering Informatics, 2024 (IF 8.0, JCR 2.0%)

Data Intelligent PHM Lab. Ajou University



@%L:'UEW.

Lab. Introduction Wy

+ HIZ A 8Hs 7|8 PHM

|
. — A L] u [m] - - - BPFO 1X
M= 4F st5 7|9t Domain Adaptation ¥ Domain Generalization 8+
A0
— AF A H S 5
M= 5F =k5 7|8 S0 3 ¢4 .
e 'L'T—jj:‘j
| :f.‘j.,
Single Fault e I
= Ty
; T, Embedding .
Frequency Domain N Generalized
Encoder T, e——m—) 22 == Zero-Shot
| | I (CNN) : Contrastive Learning Prediction
Frequency Domain of Tn
Enveloped Signal n Visual Features
(Single Condition) Common Feature
MinMax Scaling F
1
: F,
Frequency Domain Compound Fault
I I I I > Encoder Fs _>_ Semantic Vector —
T (VAE) . Extractor 1
Semantic : \B
Representations Fa / N,
(0]

n Semantic Vectors
(Single Condition)

(RIZ2¢ st 719t 2T 28| Y3)

Ajou University

Data Intelligent PHM Lab.



Lab. Introduction

? _Q‘\%LNE';;.

« 282X| PHM
© 2E2X| 7|8 IHZ WY 25

Foundation Unseen Domain
Bearing Dataset Bearing Dataset

B =

Ontology-Based
Graph Construction Module

@ GIN 7|2 2/ 28

Heterogeneus Graph Map

— N)

°e ° *QL. — @

-2 in ©

Data Intelligent PHM Lab.

e ® Predict Label
g o L‘ i

Graph Transformer Network

Ajou University

@ LLM 7[5t J2j8 oM 25

Edge-Ablation-Based
Interpretation Module
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\ Text Conversion Module /

Instruction: Explain why the predicted fault corresponds to an {Outer-Race Fault} based on the
structurally significant frequency components

BPFO 15 sideband (+) at 233 Hz: importance = 0.08

BPFO 2" harmonic at 366 Hz: importance = 0.05 ...

/ LLM Based Interpretation Module \

The prediction indicates an outer-race fault because multiple structurally significant components are
centered around the BPFO reference frequency. The first harmonic of BPFO at 183 Hz exhibits the highest
importance (0.42), serving as the dominant fault indicator. In addition, two symmetric first-order sidebands
at 133 Hz and 233 Hz further reinforce the modulation pattern associated with localized outer-race defects.
The presence of a second harmonic at 366 Hz strengthens the repeated impact signature. Although the
rotational frequency component at 50 Hz (Fr) also shows notable importance (0.20), the greater number and
cumulative dominance of BPFO-related harmonics and sidebands provide consistent physical evidence
supporting the outer-race fault diagnosis.
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