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CA\bstract ) [Simulation Results :

Lower-limb exoskeletons have gained considerable interests in walking assistance| | \We built a simplified human-exoskeleton simulation model for human-exoskeleton
applications for paraplegic patients. In walking assistance of paraplegic patients, the| | system on the Gazebo simulation platform. The simulation model comprises a torso
exoskeleton should have the ability to help patients to walk over different terrains in the| | and two legs, which is restricted to move in the two-dimensional sagittal plane with
daily life, such as slope terrains. One critical issue Is how to plan the stepping locations| | the active hip joint, active knee joint and passive ankle joint of each leg. During
on slopes with different gradients, and generate stable and human-like gaits for patients.| | walking simulations, an external force exerted to the model by simulation program

We proposed an adaptive gait planning approach which can generate gait trajectories| | through the interface provided by Gazebo simulation platform, which changed over
adapt to slopes with different gradients for lower-limb walking assistance exoskeletons.| | time to estimate the external force exerted by crutches.

We modeled the human-exoskeleton system as a 2D Linear Inverted Pendulum Model
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(2D-LIPM) with an external force in the two-dimensional sagittal plane, and proposed a B — slope = external force
Dynamic Gait Generator (DGG) based on an extension of the conventional Capture Point| | — rgntormiesoy| 02 L] . ol A
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dynamically generate reference foot locations for each step on slopes, and human-like
adaptive gait trajectories can be reproduced after learning from demonstrated trajectories
that sampled from normal healthy human.
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Fig. 3. Diagram of the Dynamic Gait Generator, which Fig. 9. The AIDER exoskeleton
comprises two parts. In the first part, the human- system: 1.The subject; 2.The
exoskeleton system is modeled as a 2D-LIPM with an crutches; 3.The embedded
external force. The second part Is the adaptive gait computer and IMU sensor in the
planning approach based on DMPs. It generates Dermo G backpack; 4.DC servo motors;

adaptive gaits by the given desired step time, the
reference foot location and a normal walking gait ™
trajectory sampled from normal human. ey
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pmonstntel g2 Fig. 10. We built five experimental slopes with the gradient from 4° to 12°, for each slope, the
1 length of up-slope and down-slope Is 3.6 meters, the slope width is 1.5 meters. And We Invited

5.Angle encoders for each joint; 6.
Smart shoes with plantar pressure
sensors inside.

E o1 some healthy subjects to simulate paraplegic patients (they were instructed to not use voluntary
i leg movement) and test the proposed approach on the AIDER exoskeleton system. Fig. 10.
presents sequential snapshots of a subject walking up and down the 6° slope.
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demonstrated trajectories for DGG. After : : .
J Fig. 11. The reference foot trajectories and Fig. 12. The actual OE could converge to the

learning from the demonstrated trajectory, the actual foot trajectories on the 6° slope for both  desired OE with the control of proposed

DMPs can reproduce trajectories ad_apt to the up-slope and down-slope in Cartesian space. approach while walking on different slopes.
\_ new start and goal positions, respectively. ) \ /
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