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Quantitative stress assessment by blood pressure pulse wave obtained in tele-operating

a mobile robot with delay
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This paper reports on quantitative assessment of human stress in tele-operating a mobile robot. In operating the
mobile robot remotely, the operator acquired vision from a camera on the mobile robot, and blood pressure pulse
wave was measured during operation constantly. LF/HF, which is one of the indexes for quantitative stress
assessment, was used for this research. In calculating LF/HF, Fourier transformed graph of PPI (peak-to-peak
interval) is needed. PPI graph is acquired by plotting the period of each two peaks of blood pressure pulse wave.
Stress assessment was conducted in 3 situations, sitting position, tele-operation of the mobile robot without delay, and
tele-operation of the mobile robot with delay. In comparison to sitting position, LF/HF increased by 114% on average
in tele-operation without delay, and 303% on average in tele-operation with delay. Therefore, we could assess stress

quantitatively in operating a mobile robot remotely using blood pressure pulse wave.
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Schematics of blood pressure pulse wave
measurement device.
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Fig. 2 Devices and setup.
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Fig. 3 Connection of each device.
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Fig. 4 Principle of the arterial tonometry method.
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Fig. 5 Blood pressure pulse wave, PPI, PPI after Fourier
transform (sitting position).
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Fig. 7 PPI after Fourier transform (coin experiment).
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Fig. 8 Running course
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Fig. 10 Transition in LF/HF
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Table 1 Average of LF/HF
First half [ Second half Whole
With delay 1.065 1.557 1.311
Sitting position 0.280 0.367 0.325
Without delay 0.628 0.764 0.696
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