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ABSTRACT

Purpose: This study proposes a classification model for implementing condition-based maintenance (CBM)
by monitoring the real-time status of a machine using acceleration sensor data collected from a vehicle.
Methods: The classification model's performance was improved by applying Fourier transform to convert
the acceleration sensor data from the time domain to the frequency domain. Additionally, the Generative
Adversarial Network (GAN) algorithm was used to augment images and further enhance the classification
model's performance.

Results: Experimental results demonstrate that the GAN algorithm can effectively serve as an image augmen-
tation technique to enhance the performance of the classification model. Consequently, the proposed approach
yielded a significant improvement in the classification model's accuracy.

Conclusion: While this study focused on the effectiveness of the GAN algorithm as an image augmentation
method, further research is necessary to compare its performance with other image augmentation techniques.
Additionally, it is essential to consider the potential for performance degradation due to class imbalance and
conduct follow—up studies to address this issue.
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Figure 1. The Acceleration Plot of the Original Data
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Figure 2. Example of FFT Plot of the Original Data
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Figure 3. Example of STFT Plot of the Original Data
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Figure 4. Example of Image Augmentation Generation Process
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Figure 5. An Example of a Multiphase Process
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Table 1. An Introduction to Research Data

Classification Depth Range Number

X-Axis —2.1845~2.0491

High 15 mm Y-Axis -3.1374~4.8833 6
7-Axis -1.5746~3.7771
X-Axis —2.4122~2.5872

Mid 7 mm Y-Axis -2.2933~2.0957 17
Z-Axis -2.0254~4.0846
X-Axis -2.9361~2.8733

Low 2 mm Y-Axis -2.4604~2.1432 22
Z-Axis -2.0307~4.1116
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Table 2. Performance Evaluation of FFT-Based CNN Classification Model for Images

Inception v3 ResNet-50
Interval | axis
pre-augmentation post—augmentation pre-augmentation post—augmentation
X 69.23 % 93.64 % 67.74 % 97.03 %
All

Y 70.96 % 90.25 % 72.58 % 98.31 %

X 58.62 % 90.48 % 55.17 % 82.14 %
Uphill

Y 75.86 % 94.05 % 62.06 % 90.18 %

X 65.71 % 90.62 % 74.28 % 89.06 %
Downhill

Y 60.00 % 9141 % 68.57 % 79.69 %

Table 3. Performance Evaluation of STFT-Based CNN Classification Model for Images

Inception v3 ResNet-50
Interval | axis
pre-augmentation post—augmentation pre—augmentation post—augmentation
X 66.12 % 93.22 % 72.58 % 99.15 %
All

Y 62.90 % 92.37 % 7742 % 99.58 %

X 79.31 % 94.05 % 86.20 % 94.64 %
Uphill

Y 65.51 % 95.24 % 62.06 % 96.43 %

X 57.14 % 90.62 % 62.86 % 92.19 %
Downbhill

Y 68.57 % 89.06 % 71.43 % 88.28 %
2 Aol 443 oln 4 o8 Ao A4S ARA O F4S Fa olvA BRo) ARG 2 PR 5

AATE SA7IHS ALs i 7| HolE Ao Ik ApolE FHERE Hadt Bg, BAE 70%04 AA=
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