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Stress of Pedestrian Estimated from Heart Rate Variability in Passing with
Car and Bicycle

By
Kenji SAITOU and Masaru KIYOTA

Abstract: The purpose of this study was to estimate for stress of pedestrians, who were passed with cars and
bicycles, through the analysis of heart rate variability (HRV). Three kinds of experiments for recording the
heartbeat of pedestrians were executed. Two experiments of them used the situation of passing with a car and
one of them used the situation of passing with a bicycle. The electrocardiograms (ECGs) of pedestrians were
recorded before and after passing. The HRV was estimated by calculating the power spectrum density of R-R
interval waveform extracted from ECG. The stresses of pedestrians were estimated from the ratio of high
frequency component and low frequency component of the HRV. The effects of driving speed and passing
width on the stresses before and after passing with a car or a bicycle were analyzed statistically by two-way
ANOVA or one-way ANOVA. In the first experiment of passing with a car, the effects of the factors of
driving speed and passing width were significant. In the experiment of passing with a bicycle, the effect of
the factor of passing width was significant.
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Fig. 1 Position on which electrodes for recording
ECG were stuck.
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Fig. 2 An example of ECG. The spikes of this
waveform are the R-wave described below
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Fig. 3 An example of expanded waveform of ECG on
time scale. Local maximum and local minimum of ECG
waveform were called P, Q, R, S and T-wave in turns.
The time between adjoined R-waves was defined as RR
interval.
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Fig. 4 An example of the time series of interpolated
RR interval waveform. This waveform shows the HRV.
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Fig. 5 An example of power spectrum density of the
HRV, which was calculated from ECG recorded before 18
passing with a car. The frequency component 0.04 to 0.15 )
Hz was defined as low frequency component LF. The Subject @
frequency component 0.15 to 0.5 Hz was defined as high s
frequency component HF. Width
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Fig. 6 An example of power spectrum density of the

HRV, which was calculated from ECG recorded after LF/HF
passing with a car. The definition of frequency component

was the same as figure five.
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Fig. 8 Heartbeat of pedestrian about the effect of the set
of driving speed and width before and after overtaking
from behind. Star symbols show the significant
differences from the other conditions.
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Fig. 9 Heartbeat of pedestrian about the effect of the set
of driving speed and width before and after facing
oncoming. Star symbols show the significant differences
from the other conditions.
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Fig. 10 Ratio of the high frequency component and the
low frequency component of the power spectrum density,
LF/HF, about the effect of the set of driving speed and
width before and after overtaking from behind. Star
symbols show the significant difference from the other
conditions.
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Fig. 11 Ratio of the high frequency component and the
low frequency component of the power spectrum density,
LF/HF, about the effect of the set of driving speed and
width before and after facing oncoming. Star symbols
show the significant difference from the other conditions.
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Fig. 12 Ratio of LF/HF of the power spectrum density
before and after facing oncoming with a car about the

effect of driving speed. No consistent tendency was
found.
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Fig. 13 Ratio of LF/HF of the power spectrum density
before and after facing oncoming with a car about the
effect of passing width. No significant effect of the factor
of width was found.
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Fig. 14 Schematic diagram of the experiment for
passing with a bicycle.
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Fig. 15 Ratio of LF/HF of the power spectrum density
before and after passing with a bicycle about the effect of
cycling speed (F: facing oncoming, O: overtaking from
behind).
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Fig. 16 Ratio of LF/HF of the power spectrum density
before and after passing with a bicycle about the effect of
passing width (F: facing oncoming, O: overtaking from
behind). Star symbol shows the significant difference
between the conditions of width.
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