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Introduction Naturalistic Actions Action Specification

(O-\ Robotic Roommates Making Pancakes

Our Vision:
Cognitive robots that
» autonomously perform human-scale everyday manipulation tasks and

> extend their repertoire of such by acquiring new skills using information
resources intended for human use.
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Introduction Naturalistic Actions Action Specification

@ Robotic roommates making “Weisswurste”

O\b)'s Understanding by building
Making “Weisswurste”
Shopping & cleaning up 1. putting “Weisswdrste” into pot

1. shopping with basket

2. clean up according to
organizational principles @
O
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Introduction Naturalistic Actions Action Specification

(O-\ Research Questions

» how is it possible that we as humans get instructions such
as
» make pancake using a pancake mix
» flip the pancake
» push the spatula under the pancake
and perform the intended tasks in the appropriate way?

» What are computational models that enable robots to
perform such naturalistic action specifications?
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Everyday Manipulation Activities
@ yday P

mix the p:"’ "r'f
F [ ] mix flour crack egg yolk oug flip the
ro m and milk ‘ the egg ‘ with the q onto the ‘ pancake
= dough pan;ake
maker

To:

Robot Plan Generation
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Inferring required objects
@ g req |

crack S
the egg

E mix the i i
9/ egg yolk dough flip the
mix flour with the onto the pancake
4 | andmik dough pancake
; m%‘ ‘ maker
V.

» Predict intermediate objects: Projection of action effects

» Make sure they can be recognized: Download object
models
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(P Inferring where objects can be found
Olesy=

take egg

and milk 4 )
crack L—A‘

from fridge

the egg

pour the

E mix the dough "
take flour &/ Rl onto the flip th:
from . d pancake
e mix flour with the pancake

8 and milk dough maker

» Infer where to look for objects: Semantic environment
models

» Add actions to fetch them: Articulation models and
observations of humans
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Planning with processes
S

take egg
and milk 3
from fridge crack | o
the egg
E W.
4 mix the e i
take flour & egg yolk dough flip the

from

mix flour with the Crip{ie pancake ‘
ceoboad = and milk @ dough ° p:;::e
!,' ulg = wé Iq

7

heating up

switch the
pancake
maker on

» Check if results are correct: Action effect axioms
» Add required actions: Planning with actions and processes
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(é\ Simulation for parameterizing actions
Olesy=

take egg
and milk
from fridge
JE ! pour the
dough flip the
mix the onto the pancake
tal?reoi'l:‘)ur egg yolk pancake
cupboard mix flour with the Ne—
'p" ‘ . % | andmilk dough & \
[7 g s I = =
switch the
pancake heating up
maker on

» Choose action parameters: Physically simulate action
effects
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Everyday Manipulation Actions
(G Everyday Manip

From: ‘push the spatula under the pancake"

Task Specification

Define cylinder+rpy coordinates W initial state:
((6,x,2),(r,p,y)) between
spatula and pancake.

TO » move in horizontal direction

- towards pancake (x = 0)

Y
> keep spatula horizontal V” final state:
(r=0,p<10°

»> maintain contact force with
pancake baker
(force(z) > 1N)
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( é\ 3 Layer Architectures
Olesys

Abstract (symbolic) layer

“push the spatula under the pancake"

Low-level control

controllers, dynamic motion primitives, motion plans, ...
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( é\ 3 Layer Architectures
Olesys

Abstract (symbolic) layer

“push the spatula under the pancake"

Plan execution layer

bridges between high- and lowlevel control

Low-level control

controllers, dynamic motion primitives, motion plans, ...
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(Z}\ Shared Representation
Olesy=

information, models and

knowledge for ...
human robot
use use

Knowledge & Reasoning

bottom-
Knowledge Concurrent Reactive up
Acquisition N

constraint- and

optimization-

Interpretation of based

P’
Control
|

tOp' Abstract manipulation
down Instructions specification &
execution
cognition- perception for
enabled shared data structures/ manipulation
perception- .
action plans representations

Extracting Dynamic
Models from Haptic
Demonstrations

Perception for Control for
Cognition-Enabled Cognition-Enabled
Manipulation Manipulation
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(O-\ Three fundamental research questions:

» How to specify actions?

» How to get what is meant from what is
specified?

» How to execute what is meant?
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(O-\ Constraint-based Specifications

(perform (an action
(attribute/constraint; valuet)

(attribute/constraint, value,)

vague specification effective specification
push the spatula under | push the spatula under the pancake such that
the pancake o you can lift the pancake safely,

o don’t damage the pancake, and
o don’t push the pancake off the oven
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(O-\ Naturalistic Action Specifications

What is meant

what is specified

push the spatula under
the pancake

flip the pancake care-
fully

put the pancake mix
down

take the spatula
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(O-\ Naturalistic Action Specifications

What is meant

what is specified what is meant

push the spatula under
the pancake

push the spatula under the pancake such that
o you can lift the pancake safely,

o don’t damage the pancake, and

o don’t push the pancake off the oven

flip the pancake care-

fully flip the pancake such that

o undesired side effects are avoided and
o the robot stops if they might happen

put the pancake mix

down put the pancake mix down where

o it is visible and reachable when needed and
o it does not hinder the overall activity

take the spatula
patu take the

o handle of the spatula
o such that you can perform precision control
of the blade of the spatula
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(\ Building an action library
Olesys

Mining instructions from wikiHow.com

273 Categories
8786 NL-Plans
>130,000 sentences

~53,000 relevant
instructions

vV v.v Yy

» ~100 relevant action
verbs

» most important: adding
sth (> 7,900),
Picking/Placing (> 4,900)

» top 15 action verbs more
than 50% of actions
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Introduction Naturalistic Actions Action Specification
Flipping
Building an action ontology

Ok

FlipPancakeAfterSecond
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(O-\ The semantic core of action verbs

Action Specification

Semantic Core: Set of inter- and intraconceptual relations that
constitute an abstract event type, assigning a semantic role to
each entity that is affected by an action verb.

/ IntentionallyAffect «—isa—  UsingUtensil Pancake
1 Sruga
/ \sia LocThon
Holding — Agent— CNI +— Agent— Pushing —purpose - BeinglLocated —piace—»  Underneath
(Gonstructionst Mulinstantiation)
BoSypartOtagent EadIPan Instrument Theme Tt is-a
Entity Hand Spatula <—part-of — Blade LocativeRelation
part-of ‘Ja
Handle FoodTurner ~ —isa— KitchenUtensil

(thanks to Torsten Schubert)
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( — The Semantic Core of Action Verbs
CL‘b)'S Action Specification

«—isa—  UsingUtensil ‘ Pancake

/ IntentionallyAffect

s . Ground

is-a Location
Holding ﬁwemﬂ—,,\gm pupeso -+ BeingLocated F

is-a

\wypmmwm BodyPart Instrument Theme Thime
™ \ Hand Pt Blade —

partof

isia

Handle ‘ FoodTurner ‘—ws-a—» KitchenUtensil ‘
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GP Take the spatula
as)

UESYS Automatic completion of action verbs

(perform (an action
(type grasp)
(object (an object-part
(part-of spatula)
(type handle)))
(desired-effect (and (grasp ?grasp-spec)
(succeeds (an action
(type precision-control)
(object (tip-of blade))
(grasp ?grasp-spec)))))))

probabilistic completion

tuple with the highest

P(occurs(ev), probability: |
type(eV,t,VPe), | 2 type = h0|dlﬂg
bodyPartOfAgent(ev,Part), > bodyPartOfAgent = hand
entity(ev, what)

G . > entity = handle
Motion Plarniig S PHBESRadkIa under the pancake”) "ty
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h Push the spatula under the pancake

CLb)'S Consequence-based action parameterization

(perform (an action
(type push)
(object (an object-part
(part-of spatula)
(type blade)))
(destination ?loc = (a location
(under pancake)))
(desired-effect (and (pose spatula ?loc)
(succeeds (an action
(type lift)
(object pancake)
(starting-pose ?loc)))))
(undesired-effects (and (damaged pancake)
(on pancake counter)))))
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Introduction

Naturalistic Actions Action Specification

(P Temporal Projection Process
Olesy=

e make_projection:
sample parameters

> simulate:
setup simulator
run simulation

> translate:
ground predicates
in logged
simulations

e evaluate:
events/fluents
specialized predicates

Motion Planning for Physical Robots

make_projection(scenario,pogram,params Timeline)

simulate ( el ’ 109)

sk Y W

transl%te (Log, Timeline)

‘occurs(moving(ega). 12) ‘occurs(moving(ega). 12) ‘occurs(moving(ega). 12)
13). 13). occurs(moving(ego). 13).
14).

14). 14).
18). 15). i 15).
16). 16). i 16).
1), 17) i 1)
18). 18) 18)
19). i i

2 2)

occurs (event, Time, Timeline)

Y
egg slips 0 egg is hold O
away in gripper

egg is o
broken
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Example: Pouring pancake mix
@ p gp

\)S
» Parameters: position, time, angle
» Outcomes: number of particles on pan (spilled on table)
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(P Example: Flipping a pancake
Olesy=

» Parameters: angle of spatula
» Outcomes: turned, not turned

» Common failures:

Motion Plakli@&@}enysical Robots pUSh off fold stick o
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Introduction Naturalistic Actions Action Specification

(‘\ Put the pancake mix away
Olesys

Exploiting underspecification

(perform (an action
(type put-away)
(object ?0bj = (the object
(type pancake-mix)))
(destination ?loc = (a location
(on counter)

(stable ?0bj)
(reachable t)
(visible-for James)
(

not (hindering (the activity
(type pancake-making))))))))
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@\ Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)
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Introduction Naturalistic Actions Action Specification

(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Create distribution for sampling
poses

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Draw a pose sample

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Place the mug

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Simulate for 50ms, fail!

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Backtrack, draw another pose
sample

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Place the mug

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(P Inference algorithm
Olesy=

setof ?Pose On(Counter, ?Pose) ?Poses A member(?P, ?Poses)
A Pose(Cup, ?P) A stable(Cup)

Simulate for 50ms, succeed!

1. setof ?Pose On(Counter,
?Pose) ?Poses

2. member(?P, ?Poses)
3. Pose(Cup, ?P)
4. stable(Cup)
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(O-\ Built-in Predicates of CRAM Reasoning

Stability
contact(Oq, Os) Contact between objects
stable(O) Stability of object

Visibility
visible(P, O) Object visible from pose P
occluding(R, Oy, Os) Object O, occludes object Oy

Reachability

reachable(R, O) Object O is reachable by robot R
blockingObjects(R, O, B) | B is the list of objects that “block” O

Motion Planning for Physical Robots

Everyday Manipulation Michael Beetz



Introduction Naturalistic Actions Action Specification

Te | projecti
(O'\ emporal projection

(a location ...
(not-hindering (the activity (type (pick-up Cup1)))))

\
projectPlan(PickUp(Cup1), ?TI) A bagof(?F, flawsInTimeline(?F), 0)

1. Execute plan in projection mode
2. Projection generates a timeline
3. Match pre-defined flaws on the timeline
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(O-\ Flip the pancake carefully

(perform (an action
(type flip)
(object (the object
(type pancake)
(on oven)))
(params argminparams P(fail(action(params),sit)
|  execute(action(params),sit),
obj-acted-on(pancake),
props(sit))
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(‘\ Conclusions
O

v

what is the problem? understanding by building
take the human instructions as an indication for

» what information is needed?
» what not?

shared representation
» constraint- and optimization-based action specifications

predictive decision making

v

v

v
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Gbse

Thank you for your attention

Questions?

PR2 lllustration by Josh Ellingson, Willow Garage
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