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Abstract
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People with Motor Impairments
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Siddhartha S. Srinivasa

Computer Science and Engineering

Maya Cakmak

Computer Science and Engineering

Over 1 billion people worldwide are estimated to experience significant disability, which impacts their
ability to independently conduct activities of daily living (ADLs) such as eating, ambulating, and dressing.
Physically assistive robots (PARs) have emerged as a promising technology to help people with disabilities
conduct ADLs, thereby restoring independence and reducing caregiver burden. However, despite decades

of research on PARs, deployments of them in end-users’ homes are still few and far between.

This thesis focuses on robot-assisted feeding as a case study for how we can achieve in-home deploy-
ments of PARs. Our ultimate goal is to develop a robot-assisted feeding system that enables any user, in
any environment, to feed themselves a meal of their choice in a way that aligns with their preferences. We
collaborate closely with 2 community researchers with motor impairments to design, implement, and eval-
uate a robot-assisted feeding system that makes progress towards this ultimate goal. Specifically, this thesis

presents the following work:

1. A systematic survey of research on PARs, identifying key themes and trends;
2. A formative study investigating the meal-related needs of people with motor impairments and their

priorities regarding the design of robot-assisted feeding systems;



3. An action schema and unsupervised learning pipeline that uses human data to learn representative
actions a robot can use acquire diverse bites of food; and

4. The key system design considerations, both software and hardware, that enabled us to develop a
robot-assisted feeding system to deploy in users’ homes.

We evaluate the system with two studies: (1) an out-of-lab study where 5 participants and 1 community
researcher use the robot to feed themselves a meal of their choice in a cafeteria, conference room, or office;
and (2) a 5-day, in-home deployment where 1 community researcher uses the robot to feed himself 10 meals
across various spatial, social, and activity contexts. The studies reveal promising results in terms of the
usability and functionality of the system, as well as key directions for future work that are necessary to
achieve the aforementioned ultimate goal. We present key lessons learned regarding in-home deployments
of PARs: (1) spatial contexts are numerous, customizability lets users adapt to them; (2) off-nominals will
arise, variable autonomy lets users overcome them; (3) assistive robots’ benefits depend on context; and (4)

work with end-users and stakeholders.
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Chapter 1

Introduction

“[Physically assistive robots] would decrease the workload on family members, help with care-
giver burnout, and maybe in the future help a disabled person [like me] have more indepen-

dence: — Tyler Schrenk, 1985-2023

According to estimates by the World Health Organization (WHO), 1.3 billion people worldwide experi-
ence signi cant disability [313]. These disabilities hinder one's ability to independently perform activities
of daily living (ADLSs) such as eating, ambulating, and dressing [79]. In the United States alone, at least
6 million adults face challenges doing errands independently [281]. While most people with disabilities
wish to live independently in their home [88, 119], these challenges can threaten their ability to do so, leav-
ing them reliant on a caregiver for assistance with ADLs. Besides their impact on day-to-day activities,
disabilities also take a psychological toll and can lead to mental health challenges [70].

The social model of disability argues that disability is a result of the mismatch between a person's
abilities and their environment [188], and advocates to bridge the gap between our inaccessible world and
diverse abilities. Universal design [228] has helped bridge the gap in accessing the digital world, allowing
increasing proportions of people with disabilities to program computers and access the internet [2]. How-
ever, the gap in accessing thiysicalworld remains. Physically assistive robots (PARs) have emerged as a
promising way to help bridge that gap. PARs are robots that provides assistance to humans through physical

interaction, for example by helping to feed users, dress users, and pick up and move objects¥or users

https:/iwww.thetsf.org/. Quote from Tyler's keynote at the Inaugural Robot-Assisted Feeding Retreat on Oct 21, 2022
2This contrasts with socially assistive robots (SARs), which are robots that provide assistance to humans through social inter-
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Figure 1.1: The robot-assisted feeding system developed in this thesis consists of a 6-degree-of-freedom
(DoF) robot arm, that can attach to a power wheelchair or hospital table. Users interact with the system
through a web app that they can interact with using assistive technologies of their choice. The images on
the right show the meals fed as part of the multi-user out-of-lab study and the images on the left show meals
fed as part of the single-user in-home deployment (Chapter 6).

One speci c type of PAR that has been studied since at least the 1970s is robot-assisted feeding (RAF)
systems [243]. RAF systems developed in research labs in the 1970s and 1980s were evaluated in clinical
studies and home deployments [243]. This laid the groundwork for commercial RAF systems released
in the 1990s and 2000s [127, 177, 11]. While these commercial systems have shown positive results in
terms of promoting user independence [177, 164], they have struggled to achieve long-term adoption. One
reason could be the technology’s limitations in reliable bite acquisition [277, 159, 178] and in exible bite
transfer [220]. In response to these shortcomings, a contemporary push in RAF research began in the
2010s, to develop robot-feeding systems with more generalizable bite acquisition and more customized bite
transfer [276, 93, 30, 236, 226, 218]. Despite considerable technical advances, there have been relatively
few in-home deployments of these contemporary research systems, with notable exceptions including [109,
277, 218]. This mirrors a broader trend in PAR research over the last decade, where despite considerable
technical advances there have been relatively few in-the-wild robot deployments [210].

This thesis focuses on robot-assisted feeding as a case study for achieving in-home deployments of
physically assistive robatfRAF is a well-suited case study due to the established user need, the long history

of technical research, and the interest from both academia and the industry.

action, e.g., helping to motivate users to exercise or providing autism therapy to children [190].
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