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Modeling Human-Robot Collaboration &) Interactive Robotics Lab

Motion

Interaction
Dynamics

Response
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Learning from Demonstration

Human-Human Interaction Human-Robot Interaction
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Human-Robot Collaboration @ IRL

[Collaborators David Vogt, Shuhei Ikemoto, Koh Hosoda]
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Modeling Human-Robot Collaboration &) Interactive Robotics Lab

Motion, Semantics

Interaction
Dynamics

Response, Signhals
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EnCOdlng |ntel’aCtIOn DynamICS &~ Interactive Robotics Lab

= How to specify joint behavior?
= How to model the mutual dependency?

= Requires both:

Action Recognition Action Generation

Hidden Markov Models [Brand et al., 1997] DMP [Ispeert et al., 2002]

Mind the gap:

Interaction Primitives

Ben Amor et al. (ICRA, 2014): Interaction Primitives for Human-Robot Cooperation Tasks
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InteraCUOH Pl’lmltlveS &~ Interactive Robotics Lab

= Modeling correlations among agents as

a joint probabillity distribution
= Action generation through Bayesian inference
= Enables:

= Action Generation
p(robot|personl)

= Action Recognition

= Action Prediction

Ben Amor et al. (ICRA, 2014): Interaction Primitives for Human-Robot Cooperation Tasks
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Interaction Primitives: Basic Approach ®) interactive Robotics Lab

= Represent movement as weighted basis-functions

o= 10 = 5

w+ey

= Fit a probability distribution into basis weights w
w~plw;d) 0=, X}

= Probability of trajectory

p(3050) = [ p(yule)p(w: 0)d = N¥10T o 6T Euth + 5,)
= Also closed form for inference; posterior

, p(?)
= For two agents: B(1)

—» Personl

- » Person?2




Example: High-Five
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Demonstrations

/ﬁ

Person 2

N Demonstrations

Learning

After 40% of Movement

Conditioning Response

After 60% of Movement
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MiXture Of |nteraCtiOn PrlmltlveS &~ Interactive Robotics Lab

Hand over plate Hold screwdriver Hand over screw

What is the most likely current task & given observation yi.n ?

p(klyrr) o< p(y1.7|0k) p(K)

Posterior  Likelihood Prior

Solution argmax p(k|y1.7)
k
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Example: Collaborative Assembly \®) Interactive Robotics Lab
i . £ dﬁ“
J 'r."'.'!
(1x) Y. e
Sub-task:s handldver‘
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What'S miSSi ng? &~ Interactive Robotics Lab

Nearly everything!

It's more than just synchronized motion.

gripper-2 {Tense:present)

object_of interest agent modifier “instance_of
1 ¥ \J y
table-5 move-1 back-3 gripper
instance_of instance_of instance_of
table move back

is_subclass_of is_subclass of is_subclass_of
¥

group act all
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Semantics from Language (®) interactive Robotics Lab
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al Assembly Dataset {®)" Interactive Robotics Lab

ASU Multimod

1. Free-form Speech

2. Transcripted Text

3. Object Tracking

4. Skeletal Tracking

5. Robot Proprioception

Heni Ben Amor | Arizona State Universit
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Variability in Human Verbal Instructions @' imeacive robotics La

User 1

0:10 | am starting

0:14 1 pick up

0:16 the glue

0:22 1 want to go to glue the door for the circular piece
0:30 | am gluing the door

0:33 1 will go back and put the glue down

0:40 now | am putting the glue down

0:42 Now | am going to pick up the circular object
0:48 Ready to pick up the circular object

0:53 Alright now we are moving it to the door

User 2

0:17 start experiment

0:19 move gripper to first object

0:23 close gripper

0:25 move gripper to cardoor to place object

0:34 open gripper

0:37 move gripper back to grab second object

0:45 close gripper

0:47 move gripper to cardoor to place second object
1:00 open gripper

Heni Ben Amor | Arizona State Universit
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Parsing Free-Form Speech: Example 1

Human: “Move Gripper to cardoor to place second object.”

gripper-2 (Tense:present)
' l
obiei::tive instance of
[ : _ ] L
. cardoor-4 (Tense:present) gripper |
agenl/ instar}ce_nf bjective
. (E) ) B
move-1 cardoor | [ place-6 (Tense:present)
P N L ) | |
is_subtilass_of instanfe_of semar}ltic_role agent/ instar}ce_of
act | move | ‘putter | move-1 place ‘
|s_subriiass_of instance _of semar}ltlc_mle is_subr,ilass_of semanllic_roie instance_of
il - | g
| act move | ‘putter . contact g- :thing put ‘ ‘ object |
A w—— ._ ; SR 3 S—
is_subclass_of instance o is_sub(ilass_of
act ‘ ' second | - Tops :
! .
is_subclass of
Call |
Kparser.org (Arizona State University) Event 'Entity Class SemanticRole  Co-referents

Heni Ben Amor | Arizona State Universit
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Parsing Free-Form Speech: Example 1 (®) interactive Robotics Lab

Human: “Move Gripper to cardoor to place second object.”

gripper-2 (Tense:present)
' l
agent obiei::tive instance of
I : _I f . : 1 — _I
move-1 - cardoor-4 (Tense:present) gripper |
_] _\ / i- . —
instance of  semantic _role agen instance_of objective P|ace — ContaCt expected
A e —_— " . — . .
| move ‘ ‘putter move-1 cardoor | [ place-6 (Tense:present)
1 L. . N ' . |
is_subclass_of instance of  semantic_role agent instance_of recipient
act | move | ‘putter . move-1 place ‘ | object-8
o L T TN " 7 N\
is_subclass_of instance of semanic_role is_subr,ilass_of triit semantic_role instance_of
| act move | puter contact sece 1d-7 :thing put ‘ ‘ object |
1 I
is_sub(ilass_oi | e _of is_subclass_of
act ‘ ' second | Tops :
! .
is_subclass of
Call |
Kparser.org (Arizona State University) Event 'Entity Class SemanticRole  Co-referents
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Parsing Free-Form Speech: Example 2

Human: “I will go back and put the glue down.”

go-3 (Tense:present)

/,/’—’j/”/"’* TN
instance of next even agent modal verb modifier
— : e | 3 IRk S
| go | ‘ put-6 (Tense:present) l I-1 | ‘ will-2 | ‘ back-4 |
B W N i, el i
is_subclass of verb complement recipient agent instance of instance of instance of instance_of
P __ g g Y X 3 i .
‘ motion ‘ down-9 ‘ ‘ glue-8 ‘ ‘ I-1 ‘ ‘ put ‘ ‘ I | ‘ will | ‘ back ‘
_ __|__ __I_ -__l___. L ]_ L .[ s i - I —
instance_of instance of instance of| is subclass of |is subclass of is_subclass of
" down | ‘ alue ‘ | l | | contact ‘ | person | | all ‘
T L _ | o
is_subclass o is_subclass o
"y "~ 4 Put=Contact expected
‘ substance | ‘ person ‘
Kparser.org (Arizona State University) Event 'Entity Class SemanticRole  Co-referents
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Detel’mlnlng PO“Cy Va”ables &~ Interactive Robotics Lab

= Which objects part of the state?
= Relevant objects from speech

= Policy parametrized by object

During Learning:
Make object part of the state
During Reproduction: A e

Condition on object

Target Object

Heni Ben Amor | Arizona State Universit
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Abstraction for Interaction Primitives \®) |nteractive Robotics Lab
Same Type of Object
= Aggregate data Box Carton

- Combine data for similar objects : I '

~

= Combine for similar behaviors

Container Container
= E.g. behavior for containers
- S T f Behavi
= E.g. contact behavior il s i
= |f object missing, look for type Put L Place J
v v
IS_subclass_of IS_subclass_of
Contact Contact

/
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Signals through Intention Projection &) interactive Robotics Lab
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Projection System

Track Object Render Project
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V|Sua| Slgna|S &~ Interactive Robotics Lab

move to(X,Y)
remove(X)
align(X, Y)
left_of(X, Y)
object(X)

= [ocation(X)

Heni Ben Amor
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Table-top Scenario interactive Robotics Lab

-
Augmented information on monitor *

-

-

e

Projecting task information onto
tracked object in real world
— B
Heni Ben Amor | Arizona State University
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Future Work & Ultimate Goal = Interactive Robotics Lab

Speech  Motion  Forces

:

Interaction

Parser

Semantic Policy of Interaction Dynamics

Interaction
Dynamics
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Thank you very much!
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