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Abstract: Current statistics show that the population of seniors and the incidence rate of
age-related neuromuscular disorders are rapidly increasing worldwide. Improving medical
care is likely to increase the survival rate but will result in even more patients in need of
Assistive, Rehabilitation and Assessment (ARA) services for extended periods which will
place a significant burden on the world’s healthcare systems. In many cases, the only
alternative is limited and often delayed outpatient therapy. The situation will be worse for
patients in remote areas. One potential solution is to develop mechatronic neuro-
rehabilitation technologies that provide efficient and safe means of in-hospital and in-home
kinesthetic rehabilitation. In this regard, Haptics-enabled Interactive Robotic
Neurorehabilitation (HIRN) systems have been developed and revolutionized the field of
motor therapy. Although there are specific advantages with the use of HIRN technologies,
there still exist several technical and control challenges, e.g., (a) absence of direct physical
interaction between therapists and patients; (b) questionable adaptability and flexibility
considering the sensorimotor needs of patients; (c) limited accessibility in remote areas; and
(d) guaranteeing patient-robot interaction safety and stability while maximizing system
fidelity. The challenges are more concerning when high control effort is needed for severely
disabled patients, when the robot is to be used in a patient’s home or when the patient
experiences involuntary movements. The above-mentioned challenges and possible
solutions will be discussed in this talk. Particularly, the design of a haptics-enabled
telerobotic rehabilitation framework will be explained. The framework can be used as a new
paradigm for delivering motor therapy which gives therapists direct kinesthetic supervision
over the robotic rehabilitation procedure. In order to guarantee interaction safety while
maximizing the performance of the system, a new theoretical framework for designing
stabilizing controllers will be introduced which is initially developed based on small-gain
theory and then completed using strong passivity theory. The proposed control framework
takes into account knowledge about the variable biomechanical capabilities of the patient’s
limb(s) in absorbing interaction forces and mechanical energy. Practical and theoretical
aspects will be covered in this talk.
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