Controlling Robots

through Multi-Touch
Technology*

Mark Micire 1, Jill Drury 2, Brenden
Keyes?, Holly Yanco 1, and Amanda
Courtemanche 1

L University of Massachusetts Lowell

2 The MITRE Corporation

*Publicly released as “Performance of Multi-Touch T able
Interaction and Physically Situated Robot Agents”



"
Human-Robot Interaction (HRI) Is
still an Inexact science

Why is HRI different from
HCI?1

Complex, dynamic
controls systems

Autonomy
Real world environment

1See: Fong, T. et al. (2001). Collaboration,
Dialog, and Human-Robot Interaction.
Proceedings of the 10 ™ International
Symposium of Robotics Research.

UMass Lowell (UI\/IL) robot Also: Scholtz, J. (2002). Creating Synergistic

. . ) CyberForces. In Schultz and Parker (eds.)
deS|gned for research into urban Multi-Robot Systems: From Swarms to

search-and-rescue (USAR) Intelligent Autonoma. Kluwer.
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Here’'s what we’re trying to control:
UMass Lowell's USAR robot

¥ -

IRobot ATRV-Jr. 5 T TN
SICK laser BN
rangefinder

Ring of 23 sonars

Front and rear pan-
tilt-zoom cameras

Forward-looking
Infrared radar (FLIR)

CO, sensor
Lighting system
4 autonomy modes
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We’'ve been evolving an interface for
our USAR robot

Joystick-
based
Two camera

using robot’s
lasers

Top-down _—

and perspec-
tive view with
distance
markers



The next step: Multi-touch interaction

MERL DiamondTouch
multi-touch table

Uses an array of
antennas

Up to 4 participants sit
or stand on mats to
complete circuit

Photo courtesy of Mitsubishi Table can associate an
Electronic Research Laboratory individual user with a
(MERL)

specific touch

Potential advantages for USAR HRI: Direct manipulati  on and
(eventually) cooperative control of multiple robots




Multi-touch
Interface

Deliberately similar
to joystick interface

Main differences:
Joystick substitute

Emergency break
button above virtual
joystick

Tapping actions
Instead of using hard
buttons correspon-
ding to speed control,
autonomy levels, etc.



But how do the two versions
compare?

Within-subject
experiment
with rescuers
(n =6)
Manipulated
robot through
test course

Looked for
“victims”
Counter-
balanced
Interface
order, robot
start point



Test course

Victims
represented by
mannequins, some
with heaters and
tape recorders

At National Institute
of Standards and
Technology (NIST)

In former NIKE
missile site



Data collection

Video-
taped
robot

Mapped
robots’
progress
(example
at left)

Noted
no. of
victims
found,
bumps,
scrapes



Data collection,
concluded

Videotaped
users over their
shoulders

Captured
screens

Automatically
logged users’
commands

Took
observation
notes



Analysis: Quantitative results

No significant
difference in
constructive
metrics

Amount of the test
course covered

Numbers of victims
found

No significant difference in destructive metrics

Numbers of incidents in which robot caused, or coul d
potentially cause, damange via scraping, bumping, e  tc.

Number of “emergency stops” initiated by test team



Analysis: Subjective assessment

Weak significance for greater ease of learning (p =
0.088) and efficiency (p = 0.55) for multi-touch in  terface

We expected the multi-touch interface would be judg ed
to be more uncomfortable than joystick but it was n ot



Analysis: Multi-touch interaction
characterization

Concentrated on use of
virtual joystick and video
(camera control) panel

Used open/axial coding
from grounded theory*

Two coders compared
results to confirm inter-
coder reliability

A set of strategies
emerged that describe *See Glaser and Strauss (1967).
users’ Iinteractions



Analysis: Characterizing interaction
strategies in three ways

Gesture magnitude

Discrete velocity : users expect to control direction (only) with
this gesture (gesture magnitude perceived to be unimportant)

Proportional velocity : users expect to create a velocity vector

representing both direction and speed  (magntude important)
Gesture alignment

On-axis : finger movements are up-and-down or side-to-side

Off-axis : gesture movement in any direction

Gesture sequence
Touch: starting with no contact, then touching the table
Touch, drag, and hold:  without breaking contact with table

Repeated touch and drag: several (or many) similar short
seguences that each end with lifting fingers off th e table




What we learned

Users employed a mixture of interaction strategies

Performance didn’'t degrade, even though we did
NOT tune the interface for the new modality

We now have a quantitative baseline

Possibility for performance improvement after revis lons

During multi-touch redesign we need to pay more
attention to affordances and Fitts’ Law

Ring around virtual joystick afforded an off-axis s teering
motion that wasn’t the design intent

We should have separated the areas of the touchtabl e that
activate commands by more than a finger’s width

Users were enthusiastic about trying the table



What's next:
Tallor interaction

Refine design

Redesign the virtual
joystick
Move speed and light

control away from under
the virtual joystick

Re-test

More users for greater
statistical power



