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Goals

24 x 7 Unsupervised Robot Autonomy
Diagnostic state identification & behavior

HRI Iterative Testing and Refinement
Interaction with truly naive users

Educational Efficacy Analysis
Clear, quantifiable educational objective

Long Timescale Deployment (> 1 year)
Nilsson’s robotics grand challenge
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Related Work

Contemporary museum robot efforts
Rhino, Bonn (Germany)
Minerva, Washington (USA)
Traveling Robotics exhibits
Many others...

Recent public interactive human-scale robots
Swiss Expo: EPFL’s Robox
German Expo: roving multimedia robots
Many others...
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Human-scale Interaction
Grange, Meyer, Soto, Kunz, Willeke

Educational toursin public spaces.
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Interaction Design Process

Educational design: education division
Content development: production company
Behavior specification: education division
Formative evaluations and re-design

robot observation, human observation
Interviews, written tests
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Robot Components

Nomadic XR-4000 base
Pentium-scale running Linux
Vision, ultrasonic, Ir, tactile

8 lead-acid deep-cycle batteries
12V, ~25AH each
~ 5 hrs endurance

Customized interaction “top”
LCD + DVD media system

Interaction button(s)
High-quality speaker system
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Carnegie Museum of Natural History

Autonomy
5 years, > 500 km navigated, auto-docking
MTBF convergence at 1 week
Proactive health state identification
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Chips - BBC
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Sweetlips

Hall of North American Wildlife
3 years, > 185 km navigated
Tour theme interaction
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Joe Historybot

Heinz History Center
2 years, > 160 km

Touchscreen, quiz,
speech generation
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Adam 40-80

Free-agent robot for hire

More than 30 days of work

finished

Republican National Conv.
Democratic National Conv.
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Analysis of Evolution

Robot Autonomy & Vision
Interaction and Education Efficacy
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Robot Autonomy Trends

Convergence of safety level
Redundant case-based minimal vectors
Path-level control as on-line search in safety zones

Diagnostic Transparency
Vision camera + gdb
Trends toward specificity of state identification
Undo — then - Retry methods

Navigation
Metrical route-level constraints on safe areas
Topological landmark-based route map
Explicit confidence measured on visual fiducials
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Landmarks: Visual Fiducials
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Human-Robot Interaction Trends

Lower soliloquoy duration

Caricatured exaggeration of awareness
Interaction bandwidth & specificity
Unidirectional — bidirectional - active query

Modifying human behavior
social inclusion experiments
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Human-Robot Interaction: Awareness

Chips: Push my button to start.
Joe: Hey! Hi! Hello!
Adam: Look out, here | come!
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Human-Robot Interaction: Retention

Chips: 3-minute dino-talks
Sweetlips: Which tour do you want?

Joe: Learn to speak Pittsburghese! Guess how
much that bell weighs?

Adam: Participate in a poll. Test your knowledge
of presidential politics!
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Measuring Interaction Performance

1 Quantifiable Observation

time on task: 74% at 5 — 15 min.
peak ages: 5-12;25-34
gender: 20% more girls
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Measuring Interaction Performance

2 Educational Efficacy
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All dinosaurs lived during same period.
All dinosaurs were huge animals.
Other animals lived on the Earth with din.
All dinosaurs were carnivorous.
Scientists agree how to assemble bones.
All bones in Dinosaur hall are real.
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RAVEN in the National Aviary

Robot and educator collaboration
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Conclusion

Autonomy: general methodology leads to robust
behavior

HRI: We influence both robotic and human
behavior with proper design

Project Closure: the shortcomings of robotic tour
guides.
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Influencing Human Behavior...
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