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Introduction: \
Problem Statement

o In supervisory mobile robot control, it is often
necessary for a human supervisor to teleoperate or
observe a team of mobile robots.

o To effectively supervise the mobile robot, the
supervisor must have a clear understanding of the
present robot status and environment.
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Introduction: \

Problem Statement cont.

o The display of various sensory data from the mobile
robot fills the interface screen and may tend to
overwhelm the user.

o The disparity of the information as well as the
viewing may make it extremely difficult to mentally
consolidate the information for decision-making

PUrposes.
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Introduction:
Research Goal

Develop a more effective and efficient human-robot
interface based upon the agent-based human-robot
architecture by incorporating a Sensory EgoSphere
(SES).
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Introduction:
Hypotheses
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The SES may decrease user’s cognitive workload with
the addition of a more intuitive sensory data display.

The SES may increase user’s situational awareness of
the robot as well as task/mission status.
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Introduction: \
Research Outline/Expected Results

e Conduct a human factors study and evaluate
the current and enhanced graphical user
interfaces.

e The enhanced HRI was expected to:
— decrease the task execution time for a participant
— decrease participant errors
— increase participant situational awareness
— decrease participant cognitive workload
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Sensor EgoSphere

o Albus defined the Sensor
EgoSphere as a two-dimensional
dense spherical map coordinate
system with the self (ego) at the
origin.

Sensor
Egosphere

o Visible points on regions or objects
in the world are projected onto the
egosphere.

o Real-time sensory data can be used
to build world maps and provide a
user with a world model.

Peripheral
Vision

Albus, J.A., Engineering of Mind: An Introduction to the Science of Intelligent Systems, August 2001, John Wiley

& Sons, New York.
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Sensory EgoSphere (SES) for Mobile Robots

e Peters redefined the _
Sensory EgoSphere as a Images sonar
sparse spatiotemporally
indexed short term memory
(STM).

e Structure: a variable density
geodesic dome.

e Nodes: links to data
structures and files.

e
i
G . \\Q\\\\\\%‘Q\

/ RAGRCT CTTIT 1TV 11 [T FTREAN
e Searchable by location and

content. laser

Peters, R. A. II, K. E. Hambuchen, K. Kawamura, and D. M. Wilkes, “The Sensory Ego-Sphere as a Short-
Term Memory for Humanoids”, Proc. IEEE-RAS Int’l. Conf. on Humanoid Robots, pp. 451-459, Waseda

o University, Tokyo, Japan, 22-24 Nov. 2001. cls o
Center for Intelligent Systems

e Indexed by azimuth,
elevation and time.
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Under supervisory control, the

user  provides high level
commands and the mobile robot
autonomously executes those
commands.

Autonomous navigation can lead
to problems such as the inability
to autonomously complete a
given task which then requires
supervisory intervention.
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Intuitive user-friendly displays
should assist a human user when
resolving a problem situation.

Kawamura, K., Peters II, R.A., Johnson, C., Nilas, P. and Thongchai, S.,

“Supervisory Control of Mobile Robot using Sensory EgoSphere”
Proceedings of 2001 TEEE International Symposium on
Computational Intelligence in Robotics and Automation (July/Aug
2001):523 — 529.
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IMA-based GUI

o The Intelligent Machine Architecture (IMA) is an agent-
based software architecture designed in the Vanderbilt
Intelligent Robotics Laboratory (IRL).

o IMA provides a means for developing software agents that
communicate in a distributed environment.

n Consists of five types of atomic agents: hardware/resource,
behavior/skill, environment, sequencer, and multi-type.

o The SES primarily communicates with the sensor and
actuator agents and provides abstractions of the sensors to
the user.

Pack, R. T., IMA: The Intelligent Machine Architecture, Ph.D. thesis, Electrical and Computer Engineering,
Vanderbilt University, Nashville, TN, May 1998.
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IMA-based GUI

o Current Graphical User Interface can be divided into
the hardware interface and the IMA agent.

o Resource agents are the base drive, odometry,
sonar, laser, compass, GPS, and power.

o0 Examples of Behavior agents are move to point and
move to object .

(o)1
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Experimental Design:
Original Graphical User Interface

e 2 training tasks, 1 with - g

the SES and 1 without.
o Employ the interface to:

— determine the robot’s

location. o
— determine landmarks & | B=
around the robot. :

— drive the robot to a —_—
home position.
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Experimental Design:
Enhanced Graphical User Interface

o 2 teleoperation tasks, 1
with the SES and 1
without.

e use the interface to:

— drive the robot to 2
predefined way points
using move to point
and move to object - =
commands. g "

— determine all =T
landmarks found
along the path.
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Experimental Design:
Methods of Data Collection

o Vandenberg Mental Rotation Test
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o Pre-Experiment Survey
o Post-Task Survey

o Post-Experiment Survey
o NASA-TLX Questionnaire
o Videotape

o Automatic Data Recording
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Data Collected:
Spatial Reasoning

Designed to measure the time
it takes a subject to determine
if two shapes are identical
except for an  angular
difference in the portrayed
orientations of the two three-
dimensional objects.

Vandenberg Mental Rotation
Test is the most common.
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Vandenberg, S.G. and Kuse, A.R. "Mental Rotation: A group test of three dimensional spatial visualization.”
Perceptual and Motor Skills, vol. 47, 1979, pp. 599 — 604.
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Data Collected:
Mental Workload

e A measurable quantity of the
information processing demands

placed on an individual by a task. ‘
e Consists of objective factors such s
as number of tasks, urgency, and |
cost of non-completion of task on ;
time or correctly. i R S
® ConS|StS Of Su b_]eCtlve faCtorS and Figure & ﬂulﬁlﬁll|mjﬁmjlnl (o | Sheriilan 53]
environmental variables.

e Cognitive workload relates to the
mental effort required to perform
tasks.

e Measured with the NASA-TLX
workload rating scale.

Bevan, N. “"Measuring usability as quality of use”, Journal of Software Quality Issue 4, pp 115-
140, 1995.
o c.s Center for Intelligent Systems o
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Data Collected:

Situational Awareness
e Situational awareness is
the knowledge of what is
going on around the L3:
?gt?;?n operator or the SREDICTION
e Three levels
_ perception COMPREHENSION
— comprehension
— prediction PERCEPTION

Endsley, M. R., “Toward a Theory of Situation Awareness in Dynamic Systems”, Human Factors, 37(1), pp.

32 - 64, 1995. l
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Data Collected:
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e Number of mouse clicks by
location and/or purpose

e Task Execution Time

e Number of Errors

e User Perceived Workload
e Participant Demographics
e Spatial Reasoning

e User Satisfaction

\ o User Comments/Questions /

CIS Center for Intelligent Systems o



http://www.vanderbilt.edu/index.html

\ Vanderbilt University
Data Analysis

e Data Collected

— Errors
— Task Time |l |
— Task Score "1

— Number of mouse clicks =1 :

— Questionnaire Reponses ) -

— User Comments

— Videotapes
e Non-parametric statistical analysis
— Hypothesis testing o —

— Correlation testing
e Bar graphs
e Scatter Plots
e Box and Whisker plots

Spatial Reasoning
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Preliminary Results:
Participant Demographics

27 participants

e University students

e University employees
e Community volunteers
17 female, 10 male
spatial reasoning

o 7 low

e 6 high

e 14 average

50% with non-technical
professions or majors.
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Preliminary Results: Quantitativh
Hypothesis Testing

o At a 5% level of significance, there was no difference in
the workloads for tasks with the original versus the
enhanced interface.

e At a 5% level of significance, there was no difference in
the task score for the original versus the enhanced
interface.

o Participants felt that the driving task with the enhanced
interface was easier than the one without (Wilcoxon rank
sum, z = -1.807,p =.071).
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Preliminary Results: Qualitative

The user interface was very easy to use although some
participants were slightly confused by the SES.

The instructions were very clear and it was possible to
quickly learn how to drive the robot.

It would have helped if the camera and SES were able to
turn 360 degrees

Participants requested that all displays dynamically move
with the robot.

50% of the participants felt the SES was not helpful because

they found the visualization of three-dimensional information
on a computer screen confusing.

CIS Center for Intelligent Systems
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Discussion and Conclusions \

e The enhanced HRI failed to show any
significant change in task performance
for individual participants.

e The human factors study showed that
participants were extremely intimidated
by the SES.

e The study showed a definite need for a
second phase of evaluations with more

\ participants and more extensive tasks. /
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Future Work \

e Perform a second phase of the human

factors study with a new and improved

SES.

e The improved SES will include dynamic
updates based upon robot base movement
and full range of images based upon the
camera.

e Add ability to manually drive the robot as
opposed to just move to point, and move

\ to object behaviors.
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Questions
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For more information contact:\

Carlotta A. Johnson
carlotta.a.johnson@vanderbilt.edu
http://people.vanderbilt.edu/~carlotta.a.johnson
615-322-7269
or
Vanderbilt Center for Intelligent Systems
http://eecs.vanderbilt.edu/CIS/IRL
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