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Stress Detection of Railway Point Machine Using Sound Analysis

ians

Yongju Choi’ - Jonguk Lee™ - Daihee Park™ - Jonghyun Lee
Yongwha Chung™™" - Sukhan Yoon

T T

- Hee-Young Kim

ABSTRACT

Railway point machines act as actuators that provide different routes to trains by driving switchblades from the current position to the
opposite one. Since point failure can significantly affect railway operations with potentially disastrous consequences, early stress detection
of point machine is critical for monitoring and managing the condition of rail infrastructure. In this paper, we propose a stress detection
method for point machine in railway condition monitoring systems using sound data. The system enables extracting sound feature vector
subset from audio data with reduced feature dimensions using feature subset selection, and employs support vector machines (SVMs) for
early detection of stress anomalies. Experimental results show that the system enables cost-effective detection of stress using a low—cost

microphone, with accuracy exceeding 98%.
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Fig. 1. Schematic for railway point machine
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Fig. 2. Overall structure of stress detection for railway point
machine using sound analysis
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Definition:

sound data set A= aUg,

«: stress sound, (: non-stress sound.

universal sound features set = { £}, F, ..., F}}, where
k is the number of features that can be extracted
from A.

Input: universal feature set A.

1. compute t-test and obtain the first candidate set
F:
if p-value of F; > 0.05 then remove F; in F.

2. compute the information gain of each formant in .

3. apply correlation analysis to ' using information
gain and obtain the second candidate set F'':
if |correlation valuel > threshold then select the
highest ranked sound feature.

4. apply Sequential Forward Search(SFS) to ' with
Between Class Distance(BCD) as an evaluation
function and obtain the final feature subset #''".

Output: an optimal sound feature subset ' .
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Fig. 10A. Waveform of non-stress(lubrication) sound sample

Fig. 10B. Spectrogram of non-stress(lubrication) sound sample

dB

Fig. 11A. Waveform of stress(gravel) sound sample

Fig. 11B. Spectrogram of stress(gravel) sound sample

Table 1. Sound dataset

Class Number of dataset Note
Non-stress 300 Lubrication
141 Ice obstruction
Stress 147 Gravel obstruction
155 Slackened nut
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Fig. 13B. Transition graph of formant 8 in frequency domain
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