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This paper is about the development of an insole sensor system that can determine the model of
an exoskeleton robot for lower limb that is a multi-degree of freedom system. First, the study
analyzed the kinematic model of an exoskeleton robot for the lower limb that changes according
to the gait phase detection of a human. Based on the ground reaction force (GRF), which is
generated when walking, to proceed with insole sensor development, the sensing type, location,
and the number of sensors were selected. The center of pressure (COP) of the human foot was
understood first, prior to the development of algorithm. Using the COP, an algorithm was
developed that is capable of detecting the gait phase with small number of sensors. An
experiment at 3 km/h speed was conducted on the developed sensor system to evaluate the
developed insole sensor system and the gait phase detection algorithm.

KEYWORDS: Wearable robot sensor (288 Z% A

M), Insole sensor (214 M), Gait phase detection (28 7| F&),

Lower extremity exoskeleton (StX| 2|24 ZX), Center of pressure (5 X S4&)
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Initial contact Loading Response Mid-stance Terminal Stance Pre-Swing(PS) Swing
(1C) (LR) (MS) (TS)
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0% Time, percent of gait cycle 60% 100%
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Fig. 1 Human-Gait cycle analysis of level-ground walking
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Fig. 2 Sagittal plane representation of Exoskeleton robot
for lower limb in (a) the single support phase, (b)
the double support phase and (c) the double
support phase with one redundancy
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Fig. 3 Insole system for gait phase detection
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Fig. 4 Schematic diagram of sensor
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Fig. 5 Gait phase detection algorithm
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Fig. 6 Result of experiment during level walking
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