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An Analysis of Recovery Motion of a HumanWearing Physical Assistant Robot

in Response to Contact to Fixed Obstacle

Ryota KUSHIDA, Yasuhiro AKIYAMA*1,
Yoji YAMADA *1, Shogo OKAMOTG!

1 Department of Mechanical Science and Engineering Graduate School of Engineering, Nagoya Univercity
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Population of the elderly is glowing and improvement of QOL of the elderly is a social
demand. Then physical assistant robots have been developed as one of the solutions, but they
have risk of a fall. Therefore, an analysis of reaction motions to fall causes and an evaluation
of risk of the fall can contribute the development of the robot. In this study, reaction motions
of two healthy young men after contacts between a side part of the robot and an obstacle
were analyzed. As a result, two deferent reaction motions were observed, which are rotational
motions and straight motions. They were classified based on pelvis rotational angle and angular
velocity on horizontal plane. There were 1) LARGE angle, 2) SAMLL angle and LARGE
angular velocity, 3) SMALL angle and SMALL angular velocity cases. First and Second case
were observed in rotational motions and third case was done in straight motion. And first case
and third case were considered to be hazardous.
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Fig. 1 MALO

Fig. 2 Obstacle
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Table 1 Gait parameters of normal walking
Subject A Subject B

Velocity [m/s] 4.48@E 0.26) | 3.88( 0.11)

SteplengthL[m] || 0.77& 0.03) | 0.65& 0.02)

Step length R [m] || 0.78@ 0.06) | 0.62@F 0.03)

Cadence [cycle/min]| 49.1& 0.14) | 3.85& 0.14)
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Fig. 5 Footprint of three steps from just before of
contact (Upper is the footprint of a rotational
motion and lower is the footprint of a straight
motion. Origin is a position of the obstacle and
it showed as a brack square. Number near each
footprint is step number. Purple footprints are
that of left foot and green ones are that of left
foot. A trajectory of right heel is showed as
green triangles.)
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Table 2 Classification of Rotational/Straight motions based on pelvis yaw angle and angular velocity
(na is a number of cases in subject A amglis that of subject B.)

H LARGE angular velocity ‘ SMALL angular velocity
LARGE angle Rotational motioniay = 5,ng = 8)
SMALL angle || Rotational motionifa = 0,ng = 6) ‘ Straight motion iy = 4,ng = 0)
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Fig. 6

Pelvis yaw angle and angular velocity(Left figure is case 1), middle figure is case 2) and right

figure is case 3).Vertical axis shows pelvis yaw angle or angular velocity. Horizontal axis shows
time percentage of averaged normal gait cycle. Red line shows pelvis yaw angle and blue line
shows pelvis yaw angular velocity. Black vertical line shows timing of heel contact of contact leg.)
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