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Estimation of human stability during unplanned gait termination under wearable robot assistance
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The objective of this study is to develop metrics for evaluating the safety of wearable robots during unplanned
gait termination. In this study, we measured parameters related to the stability of the wearer during unplanned gait
termination and explored parameters suitable as metrics. In the experiment, we simulated the occurrence of unplanned
gait termination while using the robot in the two conditions with and without assistance that could interfere wearer’s
termination motion. Then, parameters were compared between conditions. The results showed that the margin of
stability changed due to the influence of the assistance that interfered with gait termination. The time required for gait
termination was also confirmed to change due to the influence of the assistance. These parameters, whose changes
were confirmed in this study, are expected to contribute to the understanding of the mechanism of changes in gait

termination motion due to assistance.
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Fig.1 Overview of UGT experiment environment. The walking lane
length was approximately 5 meters.

Fig.2 MALO: Motor Actuated Lower-limb Orthosis
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Fig.3 UGT motion and leg definitions.
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Table 1 UGT parameters for each assist condition. (mean+SD)

Assist Continue Assist Stop p-value
HC-Base UGT Time 0.53+0.04 s 0.58+£0.07s < 0.001***
COG-Base UGT Time 0.94+0.17 s 0.95+0.09 s 0.019*
Stabilization Phase 0.41+0.17s 0.37+0.07 s 0.865
HC-Base UGT Distance 353 + 82 mm 324 + 99 mm 0.108
COG-Base UGT Distance 403 +110mm 416+ 117 mm 0.727
MoS at HC-Base UGT 169 + 37 mm 131 £33 mm < 0.001***

p-value column indicates the statistical significance between assist conditions.
¥ p <0.001, **: p <0.01, *: p <0.05

(a) HC-Base UGT Time

(d) HC-Base UGT Distance

(b) COG-Base UGT Time

(e) COG-Base UGT Distance

(c) Stabilization Phase

(f) MoS at HC-Base UGT

Fig.4 UGT parameters for each assist condition.
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