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This paper proposes an intelligent
equipment-condition monitoring system to maximize
naval-vessel availability and reduce maintenance
personnel amid military downsizing. By integrating
multisensor data (acoustic and vibration) with artificial
intelligence, this study establishes a four-stage
framework comprising detection, identification, action,
and evaluation. The system seamlessly combines
unsupervised anomaly detection with an LLM and RAG
pipeline to deliver real-time, manual-based
maintenance guidelines. This approach optimizes
military human resources and advances data-driven
preventive maintenance (CBM+) with broad
applicability across other branches.

AEH7|2H4H| (Condition-Based Maintenance),
QB (Artificial Intelligence),

Sl 84 (Naval Vessel),

Al ZAIA|I A (Condition Monitoring System),
AENT7 |HHYH| B2 (CBM+ methodology)
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FAA HYE P} 1 AdS P 5t= 4 T
CBM+9] #&4 gt s JPot= A& AF
[23]. 124 7] CBMS A A= AA| oFd &
oA 2 22 7ed FA-S A=

AR, F2 A AA (=, 4E)d o9&
H| o] & o] mA| 2 eojut 7] R A =2
7t 23R 7] ARl FHE 7] A 9 WA o] 4
5t7] o] Feh[24].

=4, #9 544 17 Hlol ¥ &R 7T A 7HE o]
2, 7|29 A x5 (supervised learning) 7]Ht
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SRR,

3. A5 AV AAAA B Ve

# Ao AL B4 CBM+ 4 PHM FEL 93
SA5 718 A5 AR GAAA B#E Ve
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(D MEMS(Micro Electro-Mechanical Systems):
WA 34 71&S 483 MEMS vlo] 3 2 & (Fig.
2)e 24948 750 Hs e, A4 715 3
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@ 7}% XA (Accelerometer): 4| EH] A A
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KNST

@ Detection =) @ ldentification

= Convolutional
Neural Network

= Monitoring Sensor

= Data Processing

= Autoencoder = Transfer Learning

" 4

® Action =) @ Evaluation

- Big Data Building
* RAG-based LLM i
= Regression Model

Fig. 1. Analysis framework and core technologies

s,

Fig. 2. MEMS microphone

Fig. 3. Non-invasive ultrasonic sensor for acoustic signal
acquisition
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spectrogram for anomaly detection
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4 System Components

Sensor Unit

* Role: Collection of equipment acoustic and
vibration signals

= Means: Non-invasive composite sensors

Analysis Algorithm

* Role: Sensor data & equipment status analysis
* Means: Sound source seperation, STFT, CNN, etc.

Display System
* Role: Sensor information & Analysis resutl display
* Means: Integrated Display (central Control Station)

N J

Fig. 7. Overall architecture and configuration of the in—
telligent equipment condition monitoring system
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