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=AY dEs Hed Rds Hadshs dyEol 8ol JAEL dT[18].

AT A aF A s 53 % e SR AMERE bolHE -
HotaL, ok Iy, dHE Wk 27 g A% dojEl Wk T AAe] daess
S8l deolHE 7hed F, "Held CNN HEHA 293 S8 53ty aea 7; Adu 9
T8 Ages BRI AT ol JEd 7 g Ak el e rEdn

Convolutional Neural Network(CNN, Al AATHL &y
o=, owmA &BiF, AA ©A, d= QA T uhgst Fofdx

g 7 WAl CNN R elof 1]
oH ﬂH7Hh& 9Jr 741*&%}01 =7 7.&&% Zdoltt. Oltﬂ OHLOM AH&-8 MobileNet®] HES$
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ReLU, Batch Normal

m—-[ [3;";"3] ]—»[ DSConv1 H DSConv2 ]—-[ DSConv3 H DSConvd H DSConv5 ]_.

224 %224 %2 M2x112x32 1M2x112x 64 56 x 56 x 128 56 x 56 x 128 28 x 28 x 256 28 x 28 x 256

. " .
—{ DSConvé } »[ 0SConv7 ]»a{ DSConv8 }*-[ DSConvd }7{ GA pool }

14x 14 %512 14x14x512 - 7x7x1024 Tx7x1024 Tx1x1024

Soft max

Stride = 1
Padding = 0
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- memuﬁnnl Convolution

[Z2¥ 27] MobileNet H&ld HWEHFT Zd F=x
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Type/Stride Filter Shape Input Size
Conv / s2 3x3x3x 32 224 x 224 x 3
Conv dw / sl 3 x 3 x 32dw 112 x 112 x 32
Conv / sl 1 x1x32x64 112 x 112 x 32
Conv dw / s2 3 x 3 x 64 dw 112 x 112 x 64
Conv / sl 1 x1x64 x 128 56 x 56 x 64
Conv dw / sl 3 x 3 x 128 dw 56 x 56 x 128
Conv / sl 1 x1x 128 x 128 56 x 56 x 128
Conv dw / s2 3 x 3 x 128 dw 56 x 56 x 128
Conv / sl 1 x1x 128 x 256 28 x 28 x 128
Conv dw / sl 3 x 3 x 256 dw 28 x 28 x 256
Conv / sl 1 x1x 256 x 256 28 x 28 x 256
Conv dw / s2 3 x 3 x 256 dw 28 x 28 x 256
Conv / sl 1 x1x 256 x 512 14 x 14 x 256
5 x Conv dw / sl 3 x 3 x 512 dw 14 x 14 x 512
Conv / sl 1 x 1x 512 x 512 14 x 14 x 512
Conv dw / s2 3 x 3 x 512 dw 14 x 14 x 512
Conv / sl 1 x1x 512 x 1024 7 x 7 x 512
Conv dw / s2 3 x 3x 1024 dw 7 x 7 x 1024
Conv / sl 1 x 1x 1024 x 1024 7 x 7 x 1024
Avg Pool / sl Pool 7 x 7 7 x 7 x 1024
FC / sl 1024 x 1000 1 x1x 1024
Softmax / sl Classfier 1 x 1 x 1000

[£ 2] MobileNet VEH T 2deo] 7]H Sz

ol 1ol CNN Eof ¢ dHolHE ARSHE HolE= AlM dlolHE 324 AlRk-

T -y HK] ~HAEY o]n] 2| o|t},
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DY M= & Inner: 0.00%, Gear: 0.00%, Outer: 0.00 %,
Impeller: 0.00 %, Normal: 100.00%

2. HIHE Inner Z&t
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Impeller: 0.49%, Normal: 0.01%

3.1 E&

D28 = H2E : Inner: 0.00%, Gear: 100.00%, Outer: 0.00 %
Impeller: 0.00 %, Normal: 0.00%
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[Abstract]

A Study on Fault Diagnosis of Industrial Equipment
Using Multi—-Sensor Based Wavelet Transform and CNN
Deep Learning Model

In the petrochemical industry, essential equipment such as piping, tanks, agitators,
and compressors are crucial components of modern industrial facilities. Frequent
defects in both fixed and rotating equipment include corrosion, cracks, leaks, wear,
and fatigue failure. These defects can lead to productivity loss and accidents due to
aging, necessitating early defect analysis to prevent such incidents. However,
inspecting equipment conditions and diagnosing defects in industrial settings require
specialized knowledge and experience, making early defect detection and condition
diagnosis impossible without experts. Tools are needed for maintaining the stability
and reliability of rotating equipment in smart factories that operate condition—-based
maintenance without on-site experts. Automatically diagnosing conditions and
classifying defect causes by collecting signals from industrial equipment would
greatly aid maintenance.

According to the P-F curve, ultrasonic signals are generated at the initial stage
of defect occurrence, and as the defect progresses, changes in vibration occur. To
analyze ultrasonic and vibration signals, this study proposes the development of a
multi-sensor-based fault diagnosis device. The system includes preprocessing
algorithms and a deep learning network model to classify defects. The proposed
preprocessing algorithms include Butterworth band-pass filter, Hilbert transform,
log-scale transformation, and continuous wavelet transform, ultimately producing a
time-frequency—energy spectrum. First, the Butterworth band-pass filter removes
unnecessary high and low-frequency components of the signal, allowing only the
desired frequency band to pass through, based on the operating frequency range
provided by the sensor manufacturer. The Hilbert transform is used to extract the
instantaneous amplitude and phase information of the signal by utilizing the real and
imaginary parts. Envelope extraction through this method detects subtle impact
signals caused by pipeline leaks, gear defects, and bearing defects. Lastly, the
continuous wavelet transform analyzes the frequency components of the signal over
time at various scales to extract specific patterns from the signal. The 2-D
spectrum image generated through these preprocessing steps is used as input to a
lightweight network model, MobileNet CNN. To validate the developed device and
algorithms, performance was tested in three different environments simulating
underground pipeline defects, industrial agitator defects, and machining center

defects. The fault diagnosis device developed in this study is expected to facilitate
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equipment condition diagnosis without requiring specialized knowledge, thereby
preventing accidents due to aging, productivity loss, and cost loss.

This proposed fault diagnosis system with multi—-sensor signal measurement and
automatic defect classification aims to contribute to safer and more efficient

maintenance practices in industrial facilities.

keyword : Fault Diagnosis, Vibration analysis, acoustic emission analysis, multi-sensor

signal processing, wavelet transform, CNN
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