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3. Measurement of Human Pain Tolerance to Mechanical Stimulus of
Human-collaborative Robots*

by Tsuyoshi SAITO** and Hiroyasu IKEDA**

Abstract; Concerning the inherently safe design measures of a new type of robot which aims to contact with
persons like a mobile robot not enclosed with a guard, this report focuses on the tolerant limits of the sense of
pain that the persons feel while being contacted by such the human-collaborative robot. The pain tolerance is
predictable information linked directly to the external injuries of human bodies and a significant parameter to
determine the acceptable limits of mechanical stimuli that the human-collaborative robot can give to the persons
in the process of a designated task. However, from the previous studies related to the level of human sense of
pain, the great difficulty of numerically analysis of the pain tolerance has been pointed out because the
distributions of the human subcutaneous tissues and pain sensing organs are greatly depending on the human
body portions. Therefore, there still has not been enough data available to manifest the pain tolerance.

With the view to the above, we focused on the sense of somatic pain felt by those who were contacted by
the robots and then an index based on the human pain tolerance for the safety design of the human-collaborative
robots was proposed in our previous studies. However, in the previous studies, the validity of adopting the pain
tolerance as the safety evaluation index for the human-collaborative robots could not be demonstrated well
because of the following problems: 1) the probe speed, 2) the probe angle to contact the subject's body surface,
3) the influence of the size and shape of the probe.

This report describes the composition of a measuring system improved to solve these problems and the
statistical results of the pain tolerance obtained from truly static measurements performed by a new measuring
system. The movement of the contact probe at constant slow speed was achieved by adopting a ball screw
mechanism and an AC servo motor. This, however, resulted in the substantial increase in the risk of this
measurement and thereby a protective measure utilizing a 3 position enable device and an electro-magnetic
clutch is newly devised.

The measurement of the pain tolerance was carried out with 9 subjects limited within healthy male adults.
Referring to the results of the preliminary tests, the spherical tip-end probe of 10mm diameter was set and the
subjects put on defined clothes. From the result of the measurements, the lowest pain tolerances obtained from
the 9 subjects were shown at the upper arm and the mean value and the 5th percentile at the upper arm were
112N and 57.7N, respectively. On the other hand, the highest mean value of 294N and the highest 5th percentile
of 215N were observed at the back. With the range of this measurement, there is a tendency that the pain
tolerances on the back of the body were higher than those on the front of the body, and there was no correlation
at all between the apparent softness of the compressed region and the pain tolerance. Considering that the pain
tolerance is the values based on the subjective judgment of the individuals, it can be said that very consistent
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values were obtained and regarded as effective guidance for the safe design of the human-collaborative robot.
Keywords; Robotics, Human-robot collaboration, Pain tolerance, Measuring system, Human experimentation,
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Fig. 4 Measurement example of pain tolerance and maximum
tolerable deformation.
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Table 1 Detailed definitions of measuring points.
BITE BRAL OO FF A 4 TE 2

a | Forehead Intersection of the head outer edge passing through the euryon and the center line of face passing through the glabellare
b | Chest Intersection of the horizontal circumference passing through the axilla and the vertical lines passing through the thelion
¢ | Abdomen Intersection of the minimum abdominal circumference and the vertical line passing through the omphalion

d | Shoulder blade | Bottom edge of the shoulder blade

e | Upper arm Point on the inside of the upper arm and at the mid height between the acromiale and the radiale

f | Forearm Point on the inside of the forearm and at the mid height between the radiale and the stylion

g |Backhand Point on the center line of the middle finger and at the mid height between the stylion and the metacarpale radiale

h | Back Point on the lumbar vertebral column and at the same height as ¢

i | Buttock Peak of the buttock (the most projected point viewed from backward)

j | Thigh Point on the center front of the thigh and at the mid height between the groin and the patella center

k | Knee Center point of the patella

0 | Shin Point on the center front of the shin and at the mid height between the patella center and the sphyrion fibulare

m | Calf Intersection of the center line of the calf and the maximum calf circumference
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Photo2 View of measurement of pain
tolerance by using revised
measuring system.
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13 measuring points.
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