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Abstract

Object interaction is accomplished using a bi-directional communication channel allowing a person to
act and adapt while forming a sensory perception due to naturally available meaningful feedback.
Individuals with disabilities might rely on assistive devices adapted to user abilities, such as wheelchairs
and robots receiving input through brain-computer interface (BCl), to perform object interactions. A user
might find interaction using an assistive device challenging if a bi-directional communication channel is
not formed due to meaningful feedback being absent. Also, the user is not always part of the decision-
making process after providing input and relies on device-generated feedback or visually monitoring
the device. The absence of bi-directional communication could make the device operation taxing when
using non-invasive tools such as BCI which could be misinterpreted.

This research aims to develop an operational architecture for human-robot interaction (HRI) using
vibrotactile feedback for bi-directional communication with an assistive robotic device. The research is
organized into four focus areas: architecture to control a robotic system, architecture to control a robot
end effector, methodology for authoring vibrotactile feedback, and comparison of predefined and
personalized feedback for HRI. An operational architecture that classifies actions to be performed by a
robot based on user inputs and verifies the action using vibrotactile feedback before execution is
proposed for bi-directional communication. A methodology utilizing trigonometric functions and
waveform generators is proposed to generate vibrotactile feedback. Custom hardware platforms for
HRI were conceptualized, developed, and utilized to evaluate the architecture and the feedback
generation methodology through participant-based evaluations.

The analysis of the results showed that participants could follow the operational architecture and
establish a bidirectional communication channel. The participants could successfully identify vibrotactile
feedback, recall feedback-associated information, and author personalized feedback. The analysis of
the personalized feedback showed that their characteristics can be defined as opposite, sequential, or
distinct. When compared with predefined feedback, personalized feedback improved feedback
recognition and reduced mental demand and effort required. These results provide confidence for
further research in non-verbal communication and the application of machine learning for HRI as well
as the evaluation of the system with persons with special needs.
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