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One approach:
More training data

Rather than attempt to pre-train a
robot for all task variations it will
encounter...

Assume that a robot will inevitably
encounter novelty that it is
unprepared to address
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Rather than attempt to pre-train a
robot for all task variations it will
encounter...

Assume that a robot will inevitably
encounter novelty that it is
unprepared to address

Approach:
Learn from a human teacher or
teammate’s domain knowledge
of the task

Instead: adapt to
specific novelty
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Demo #1

Provides a trajectory
T of actions:

Ty = (aj(0),al(0), ...)

38



Demo #1 Demo #2
Provides a trajectory Provides another
T of actions: trajectory Ti:
Ty = {ag(0),a(0), ...) T, = {ay(0),a(0), ...)

39



Demo #1 Demo #2 Demo #3
Provides a trajectory Provides another Provides T1 wrt new
T of actions: trajectory Ti: objects O':

Ty = {ag(0),a(0), ...) T, = {ay(0),a(0), ...) T, = {a3(0),ai(0",...)
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Provides a trajectory
T of actions:

Ty = {ag(0),a(0), ...)

Assistance

Provides a param
object o * € O:

VaeT,a = a(o*)
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(Unstructured) Assistance Correction
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Ty = {ag(0),a(0), ...) Ya € T,a' = a(o¥) Va e T,a' = ¢(a(0))
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(Unstructured) Assistance Correction

Structure dictates the abstraction of the
information derived from feedback

How do we align this with the information the robot needs?
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Spectrum of Generalization Problems

Source Env. Potential Target Environments

Dissimilarity

Relationship between:
task similarity
optimal abstraction of the task representation for transfer
grounded information in new environment
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Tiered Task Abstraction (TTA)

Demonstration

Source Environment *

Dynamic Movement Primitives
(Schaal 2006)

Demonstration representation:

T = (ao, ap, ...,am>

[1] Fitzgerald, T., Goel, A., Thomaz, A. “Abstraction in Data-Sparse Task Transfer” Artificial Intelligence Journal. 2021.

[2] Fitzgerald, T., Thomaz, A., Goel, A., "Human-Robot Co-Creativity: Task Transfer on a Spectrum of Similarity" 49
Eighth International Conference on Computational Creativity (ICCC). Atlanta, Georgia. June 2017.
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at multiple levels of abstraction
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Contributions

 Taxonomy of transfer problems

* Tiered Task Abstraction (TTA) for representing tasks
at multiple levels of abstraction

e Case-study demonstrating TTA on a physical
robot's pick-and-place task
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Provides a param
object o * € O:

VaeT,a = a(o*)

[1] Fitzgerald, et al., 2018
"Human-Guided Object Mapping for Task Transfer."
ACM Transactions on Human-Robot Interaction (THRI)

[2] Fitzgerald, et al., 2016
"Situated Mapping for Transfer Learning"
Conference on Advances in Cognitive Systems
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Assistance Correction

Provides a trajectory Provides a param Provides a sample of a
T of actions: object 0o * € O: transform ¢:

To = {ag(0),a(0), ...) Va € T,a’ = a(o*) Va € T,a’ = ¢(a(0))

[3] Fitzgerald, et al,. 2019

"Human-Guided Object Mapping for Task Transfer." AI-ZI;JI\I/IIlZIé-Gulded Trajectory Adaptation for Tool Transfer

ACM Transactions on Human-Robot Interaction (THRI)

[1] Fitzgerald, et al., 2018

[4] Fitzgerald, Goel, Thomaz, 2021

“Learning and Modeling Constraints for Creative Tool
Replacement”.

Frontiers in Robotics and Al

[2] Fitzgerald, et al., 2016
"Situated Mapping for Transfer Learning"
Conference on Advances in Cognitive Systems
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Assistance Correction

Cui and Niekum 2018

Critiques Ratings Crowd-sourced
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Outcomes in Human-in-the-Loop Machine Learning". IJCAI 2021.
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