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Abstract We develop a control system of a wearable robot to recover balance from a stumble. Patterns of stumble
recovery response depend on the timing of the disturbance. In the proposed method, firstly, a collision of an obstacle is
detected by the signals from a sensor of ground reaction force (GRF) of the robot. Then the recovery motion based on human
recovery response is performed. For the stumble in the late movement, the recovery pattern is generated to lowering trajectory.
On the other hand, for the stumble in the early movement, the recovery pattern is generated to elevating trajectory.
Experiments of walking with WPAL demonstrated that the proposed method is effectiveness for prevention of emergency stop
by the over-current protection.
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Fig. 2: A measurement system of ground reaction
force. It consists of four small 3-axis force sensors

mounted between the metal plates.
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Fig. 3: Detection of a stumble when the ground
reaction force of walking direction exceeds the
threshold.
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Detection of stumble condition
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Fig. 4: Time chart of stumble recovery control. The upper figure shows lowering strategy, and the lower figure
shows elevating strategy.
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Fig. 7 (a) First step of elevating strategy.
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(b) Second

step of elevating strategy.
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Fig. 8: The upper figure shows the ground reaction force of walking direction profile. The middle figure shows the

vertical position of the toe profile. The lower figure shows the horizontal position of the toe profile. Lowering

strategy and Elevating strategy are shown in the left and right figure respectively.
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Fig. 9: The upper figure shows the result of
comparing the current of the proposed method with
the current of the conventional method for the
stumble of early movement and late movement.
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