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ABSTRACT

THE DESIGN OF A COMMUNITY-INFORMED SOCIALLY INTERACTIVE
HUMANOID ROBOT AND END-EFFECTORS FOR NOVEL EDGE-ROLLING

Andrew J. Specian

Mark H. Yim

This dissertation discusses my work in building an HRI platform called Quori and my once
separate now integrated work on a manipulation method that can enable robots like Quori,

or any more capable robot, to move large circular cylindrical objects.

Quori is a novel, affordable, socially interactive humanoid robot platform for facilitating non-
contact human-robot interaction (HRI) research. The design of the system is motivated by
feedback sampled from the HRI research community. The overall design maintains a balance
of affordability and functionality. Ten Quori platforms have been awarded to a diverse group
of researchers from across the United States to facilitate HRI research to build a community

database from a common platform.

This dissertation concludes with a demonstration of Quori transporting a large cylinder
for which Quori does not have the power to lift nor the range of motion to dexterously
manipulate. Quori is able to achieve this otherwise insurmountable task through a novel
robotic manipulation technique called robotic edge-rolling. Edge-rolling refers to transport-
ing a cylindrical object by rolling on its circular edge, as human workers maneuver a gas
cylinder on the ground for example. This robotic edge-rolling is achieved by controlling the
object to roll on the bottom edge in contact with the ground, and to slide on the surface
of the robot’s end-effector. It can thus be regarded as a form of robotic dexterous, in-hand
manipulation with nonprehensile grasps. This work mainly addresses the problem of grasp
planning for edge-rolling by studying how to design appropriately shaped end-effectors with

zero internal mobility and how to find feasible grasps for stably rolling the object with the



simple end-effectors.
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CHAPTER 1

Introduction

This dissertation has two components: (1) the design of a humanoid Socially Assistive
Robot (SAR), and (2) the study of robotic edge-rolling with zero mobility e ectors. The
two components combine together in a nal demonstration in which item (2) is used to
endow and facilitate an otherwise non-trivial transportation task by the low-powered robot

from item (1).
1.1. Motivation

Robotic manipulation is challenging and often requires expensive robots to do well. The
manipulation task for the typical robot is most often a short term event resulting in the
object and its state being xed with respect to the robot. Examples of this are using a
suction gripper to x the object to the robot or a parallel jaw gripper to power grasp an
object. With the object xed to the robot, the transportation stage can begin which is
independent and decoupled of the grasping stage. This requires an actuated gripper and a
powerful arm to perform, but the bene t is that planning and transportation becomes more
simple. The robot simply moves and the object moves with it. However, manipulation for
transportation can be complicated and may be a long term process continuous with and
coupled to transportation. Take as an example a compressed gas cylinder. These are heavy
objects that cannot be lifted by most humans. Humans are able to nd solutions for this

transportation problem without lifting the object as shown in Fig. 1.1-c.

By not requiring lifting to happen during manipulation and transportation we open the door

to lower powered robots like socially assistive non contact robotic to manipulate objects.
This approach to manipulating and transporting objects for low-powered and or low-Degree
of Freedom robots requires us to teach robots how to plan grasps such that they can open
their task space to accomplish these unconventional high-performance tasks. Low-powered

robot are a useful group of robots to consider as they can be more a ordable than more
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