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A Study Concerning Analysis of Arousal State of locomotive Engineering During
Operating Train
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Abstract — The study for the passenger’s comfortableness of vehicles and the arousal of car drivers has been done
widely. On the other hand, there are few studies for the locomotive engineers. Human error means that the mistakes
made by human, recently it receives attention in the field of safety engineering and human engineering. Comparing the
operating condition of train with car, because of the simplification of the visual stimulus, the arousal level on the train

goes down easily

. The arousal level down makes judgement down, the accident risk from human error is getting

bigger. In this study, we measured bio-signals(ECG, EDA, PPG, respiration and EEG) from 6 locomotive engineers to
evaluate their arousal state while they operated the train. Also we recorded the 3 axes acceleration signal showing the
vibration state of train. Also, the existence of tunnels were simultaneously measured. At the station section where the
train speed goes down, the size of vector’s sum decreases because of reduced vibration. Beta component in EEG tends
to increase at the entering point of each station and tunnel. It is due to the arousal reaction and tension growth. The
mean SCR(skin conductance response) was more increased in neutral section. As the button control movement (body
movement) increases in the neutral section, it is appeared that SCR increase. RR interval tends to gradually increase
during train operation for 1 hour 40 minutes. However, It tends to sharply decrease at the stop station because strong
concentration needed to stop train on the exact point. The engineer’'s arousal reaction can be checked through analysing
the bio-signal change during train operation. Therefore, if this analysing result is adopted to the sleepiness prevention

caution system, it will be useful for the safety train operation.
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Table 2 The definition and explanation of the parameters
related with EEG
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Table 3 The definition and explanation of the parameters
related with HRV
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Table 4 The definition and explanation of the parameters
related with EDA
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