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Determination of the Gait Stability of the Lower-Limb Exoskeleton
Robot Through the Stability Circle
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Patients with complete paralysis that only walk with the assistance of exoskeleton robots because they lost their ability to
walk. However, robots do not allow the exoskeleton robot to grasp the current state before walking and change the walking
pattern. A 'Stability Circle Region' was proposed to determine the current state of the exoskeleton robot. The Stability Circle
is an area that can determine the possibility of a fall situation before the next walk using the link parameters of the robot
and the current center of gravity of the patients. This study verified the validity of 'stability circle' by simulating the change
in the center of mass. Simulation results can be used to determine the stability of walking depending on whether the
position of the center of mass before the walking is included in the circle area.
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2. LIP Modeling for WAP-2

2.1 WAP-2
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Fig. 1 WAP-2 (Walking assist robot for paraplegic patients ver. 2)
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Fig. 2 The simplest model for WAP-2 exoskeleton robot. It assume
that all mass values are concentrated at the CoM and
massless leg

3. WAP-2 Inverse Kinematics
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Fig. 3 Representation of detailed WAP-2 robot LIP model for
calculation inverse kinematics problem
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4. Stability Circle Computation
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(c) Fail pelvis position trajectory: too low CoM y position
Fig. 4 Simulation result (a) is stable pelvis position trajectory(x(0):
-0.2 m, y;: 0.5 m) (b) is fail pelvis position trajectory (x(0):
-0.2 m, y;: 0.845 m) (c) is also fail pelvis position trajectory
(x(0): -0.2 m, y: 0.2 m)
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5. Simulation

5.1 WAP-2 Robot Simulation
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Table 1 WAP-2 robot parameters data

Sign Robot parameter Value
I8 Pelvis to knee link 0.38(m)
h Knee to foot link 0.465(m)
x(0) Initial CoM x position -0.2(m)
s _time Simulation step time 0.01(sec)
tf Simulation final time 0.58(sec)
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6. Conclusion
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