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Motion Generation Method of a Walking Assist Machine for Hemiplegics which Achieves Adjustment

of Step Length and Walking Direction
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Abstract: This paper discusses a joint input trajectory generation method. The target apparatus is an exoskeleton-type walking assist
machine having essentially minimum number of joints in order to guarantee the intrinsic safety, simple and inexpensive structure, and
can be divided into two pieces so that a part of the apparatus can be detached, when that part becomes unnecessary due to a recovery of
body function. In the discussion of joint input trajectory generation method, 3D-motion capture data acquired from healthy subjects’
walking motion with five different gait patterns are processed to construct a database to be analyzed by principle component analysis.
From the obtained result of the analysis, two principle components having a strongest relationship between subjects’ turning and
changing of step length are identified and utilized to generate joint input trajectories that can achieve user’s desire for turning or
changing step length. In addition, same strategy is used to determine essentially minimum joints to be actively driven.
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(a) Upper mechanism (b) Lower mechanism

Fig. 2 Actual joint composition of the two spatial mechanisms
for walking assist mechanism for hemiplegics
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Fig. 3 Marker attachment points on human subjects’ body
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(a) Forward velocity (b) Turning velocity

Fig. 4 Measured forward and turning velocities of body
regarding different walking patterns

Table 1. Contribution ratio and cumulative contribution ratio of each principal component

ID number of PC #1 #2 #3 #4 #5 #6 #7 #8
Contribution ratio 20.6 19.3 15.4 7.61 6.24 5.50 3.79 2.77
Cumulative contribution ratio 20.6 39.9 55.3 62.9 69.1 74.6 78.4 81.2
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Fig.7 5th principal component score
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Fig.8 Result of motion generation (4" PC score = 20)
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Fig.9 Resulting ankle trajectory with PC #4
(Red: 4™ PC score = 20, Green: 4™ PC score = -20)
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Fig.10 Resulting ankle trajectory with PC #5
(Red: 5™ PC score = 20, Green: 5™ PC score = -20)
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Table 2 Range of motion made from 4™ principal component [deg]

Hip joint Knee joint Ankle joint
o4 ) 7 a B 4 a Yij 4
Mean value 35.1 5.16 18.2 49.1 3.93 6.09 16.4 4.46 18.5
SD 0.937 2.16 10.6 0.464 1.01 1.68 1.89 | 0.649 5.50
Table 3 Range of motion made from 5™ principal component [deg]
Hip joint Knee joint Ankle joint
a B 4 a g v a B e
Mean value 34.9 4.65 11.8 49.7 4.90 5.95 20.2 3.87 17.1
SD 9.06 2.56 2.12 11.7 1.71 1.20 7.32 0.539 | 6.05
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Fig.11 Factor loadings of each principal component
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Fig.13 Resulting ankle trajectory with 4™ PC
(Red: 4™ PC score = 20, Green: 4™ PC score = -20)
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Fig.14 Resulting ankle trajectory with 6™ PC
(Red: 6™ PC score = 20, Green: 6" PC score = -20)
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