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Extended Abstract

Survivors of neurological disorders such as spinal cord injuries, stroke, neurodegenerative diseases or brain injury
suffer from serious gait disorders [1]. Physical therapy such as intensive gait training can restore gait performance and
improve the quality of life of patients [2]. However, conventional gait training is labour intensive and costly.
Rehabilitation robots are able to reduce the labour intensity of therapists and provide better functional outcomes for
patients [3].

This paper presents a novel robotic exoskeleton for sub-acute and chronic stroke patients to conduct over-ground gait
training at home and outpatient setting. The device is wearable, compact, lightweight and in modular design. It consists of
a knee joint and an ankle joint actuated by the same novel series elastic actuator (SEA) [4]. The novel SEA design
overcomes the limitation of conventional SEA design by using one low-stiffhess translational spring at low speed range
and one high-stiffness torsion spring at high speed range. This enables the actuator to have a high intrinsic compliance as
well as high peak force. The stiffness of the springs and driving mechanism of the joints are optimized based on the
biomechanics of human gait. The robot remains compliant during the majority of the gait cycle and can provide the peak
power during push off phase.

We developed a novel human-robot interaction controller to achieve accurate and stable control of the interactive
torque between the robot and human joints. Based on the dynamic model of the SEA, the controller provides human joint
motion compensation and friction compensation with a disturbance observer [5]. This control method enables the robot to
achieve low output impedance when operating in the human-in-charge mode and achieve accurate force tracking when
operating in the assistive mode.

During over-ground gait training, it is critical for the robot to synchronize with the human movement and provide the
assistance at the right gait phase. We develop a novel control system to synchronize the robot motion with the human
motion [6]. Gait events are first detected in real time with a hidden Markov model (HMM). An adaptive oscillator is
utilized to estimate the stride percentage of human gait based on the gait event information. Reference trajectories for the
robot are then generated with the estimated stride percentage according to a lookup table. Assistive torque is provided to
the human joint via an impedance controller according to the synchronous reference gait trajectory and the actual human
joint movement.

Extensive experiments have been conducted on healthy subjects to validate the design and evaluate the performance of
the design and control of the system. Biomechanical analysis on the gait and muscle activation patterns prove that robot
can provide synchronous and effective assistance to the human joints during over-ground walking. Preliminary clinical
trials with stroke patients also prove that the system can improve the gait patterns of the patients. More comprehensive
clinical trials with randomized control study will be conducted before commercialization of the device.
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