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OBEIiSK

Current technigues of human-robot object
transfer usually consist in following a trajectory
completely defined before the motion starts,
limiting thus the capacity to adapt the motion
plan to the uncontrolled human behavior.
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OBE“SK Problem

The robotic arm motions usually do not rely on
characteristics of the human motion dynamics,
while the object transfer itself is generally
realized without using sensing information as
the human does with his hand.
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OBEIiSK

» To design a model of the cognition of fluent object exchange using a human-
human set-up in which it is considered a representative sample of the kinds of
normal variations, un-modelled, and unpredictable events and situations.

« To model how the goals and intentions of the exchange motions can be

reliably detected, recognized and used to drive the on-going object exchange
interaction.
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OBEIiSK Affordances

“Gibson developed an interactionist view of
perception and action that focused on
Information that is available in the environment”

Greeno, J. G. (1994). Gibson's affordances.
Psychological Review, Vol. 101(2), Apr 1994, 336-342.
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OBEIiSK Overall System
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OBEIiSK Semantic-Ontological Approach
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If libraries were like relational databases

https://www.flickr.com/photos/bpanulla/
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Ontologies

OBEIiSK

« A model of (some aspect of) the world FOL
* Introduces specific-domain vocabulary
« Often includes names for classes and relationships Class
« Specifies intended meaning of vocabulary Property Role
» Designed using logical formalism : -
« Description Logic languages — OWL-DL SHOIN Object  Individual
« Consists of two parts
» Set of axioms describing structure of the model — A-Box (A)
 Set of facts describing some particular situation — T-Box (T)

[ Y

TBox Knowledge Base ) f ABox

Concept

- Define concepts.

- Declare axioms.

- Perform inference.

« Classify.

« Subsume (hierarchy).

- Infer properties.

- Check equivalence,
implications and
satisfiabily.

- Query / Retrieve.
- Instance linkage check.
- KB consistency

verification.

« Concept realization.
- Equivalence relations.
- Disambiguation.

- Assert attributes.

- Assert memberships.
- Assert linkages.

« Check consistence.
« Check satisfiability.
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Conceptual Model

OBEIiSK

MOTION CONSTRAINTS
Preferred orientation,
Max. deviation.

SYMMETRIES
Axial symmetry

EXPECTED
OBJECT
ORIENTATION
Quaternion

PRIORITY
0 (Highest)

N (Lowest)
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GRASP TYPE
BiDigital,
Cylindrical,
Lateral and
TriDigital.

APPROACH
DIRECTION
Vector

EXCHANGED
OBJECT

WRIST POSE
Transformation
Matrix

EXECUTED
GRASPING
STRATEGY

Grasp strategy ID

executed on the
grasping phase

RECEIVER’S
HAND EXPECTED
POSTURE
Palm {Up, Down,
Front, Side},
Stop

DELIVERY

PRIORITY
0 (Highest)

N (Lowest)

APPROACH
DIRECTION
Vector

WRIST POSE
Transformation
Matrix
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OBEIiSK Learning & Reasoning (1)

« Each robot-environment interaction produces feedback about the process
« This information is stored and then used for reasoning about the most
suitable strategy
« The proposed strategy is evaluated and then prioritized among others,
emulating a priority queue

PROPOSED STRATEGY ) CONTROL STRATEGY ASSESSMENT
SYSTEM

. STRATEGY FEEDBACK FEEDBACK FLOW % m f’Q
OBEIiSK | O /- *

/ {
4" ROBOTIC HAND
G +
ARM
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OBEIliSK Learning & Reasoning (Il)

« For inferring the most suitable strategy, adapted to the current interaction
environment, the following inputs are collected:

« Scene perception - Segmentation, Detection, Tracking & Estimation
« Experience from previous interactions = Feedback from the controller

* Object-embedded orientation sensors - Custom solution
« Based on this data, the OBEISK inference engine proposes an exchange
strategy to be executed by the robotic setup controller

PERCEIVED TF (TRANS, ROT)
SCENE
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,..“"5_7

PREVIOUS PRIORITY INDEX : - Fpy. 8

2didistln sy 7 OBEIiSK CONTROLLER . .
4" ROBOTIC HAND

— +
o ARM |

ORIENTATION [ROLL, PITCH, YAW] j\
SENSOR
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OBEIiSK Learning & Reasoning (lll)
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OBEIiSK Learning & Reasoning (1V)

Ikb._best bo. p_assesment
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OBEIliSK Knowledge Management

* Usually done through ontology Manage exchanges for Hand Torch
editors, such as Protége
* Requires a strong background | .
on logics and semantics ——
* Intended to be used by s I |

Wrisg

, Force | Crasp "
- Pose Exp. Orientation " Delete

researchers without e e e

-

torch_grasp 0001 medium  teiDigital 0 [[-0.050307081, 0.0018123596, -0.9838832, 0.08844516], [0.35850704, 0.93350303, [0.0,  [0.41863196,
H H H H -0.17870386, -0.072052457], [0.91813403, -0.36430115, 0.0062240857, 0.12450517), [0.000, 0.0,  -0.7498281, 0.31406375,
exper ISe In IS Ie 0.000, 0.000, 1.000]] L] 040480747
torch_grasp 0002 high  cylindrical 1 [[-0.13372637, 0.083168487, -0.99024147, 0.025260433), [0.28017381, 0.96125311, [00, [0.32596275, x

) Ad_hoc Web_based management tOOI 5?0%70?304333:3,1730%?16616463],[DD4536185,7DZ7241156,—D11813943,I]EIDBZﬁ?Bl],[I]EIEII], Tg] ET?E?;;
« To be used for handling
experimental data e

Receiver
° + + ¢ hand + 4 Wriss
ransparen or end users e sssoinel gy Prosty postuze  Agproach Divection Pose  Delete
tand_torch_defivery D002 torch_grasp_0001 1 palm_down  [[-0.059307061, 0.0015123596, -0.9838832, 0.06844516], [0.35850704, 0.93350303, -0. 17570386, oo, X

) R ed u Ces CO m p I eXity an d -0.072052457], [0.91313403, -0.36436115, 0.0062249857, 0.12450517), [0.000, 0.000, 0.000, 1.000]] 0.0,

1.0)
- M tand torch_delivery 0001 torch_grasp 0001 | 0 palm front  [[-0.050307061, 0.0015123596, -0.9838332, 0.06844516], [0.35850704, 003350303, -0. 17870336, oo, %
p rOVI eS al -Sa e a a -0.072052452], [0.91813403, -0.36430115, 00063240857, 0.12450517], [0.000, 0.000, 0.000, 1.000]] 0.0,
L0]
l I lana el ' lent tand_torch_deivery 0003 torch_grasp_0001 | 2 palm_up [0 13372677, 0083168457, -0.90024147, 0.025260473], [0.28017381, 0.96125311, -0 073645513, o X
-0.046616463], [0.94536185, -0.27241156, -0, 11318943, 0.092336731), [0.000, 0.000, 0.000, 1.000]) 0.0,
. . 10)
« Standard communication
I ngu ges/for tS Motion Constraint
Name # Maximum Deviation 4 Preferred Orientation 4 Delete
® OW L XS D R D F/X M L ‘motion_constreint_0001 0123456 [0.0,0.0,00, 1.0 ®
1 1 )
RDFS, SPARQL, JSON -
) ]

« Comprehensive, extensible, reusable
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OBEIiSK

* Innovative approach, based on affine ideas from related and state of the art
projects

* Merging Computer Vision and Semantic Web through handling affordances and
cognitive science

 Human nature knowledge characterization
« Main goal - Fluent interaction between humans and robots
« Extensible and interoperable approach - Opens up new application fields

* Fully-featured model for human-common objects exchange
« Data provided by human-human experiments carried out by experts

« Multisource, scene-aware inference & reasoning

« Core part of a complex robotic set-up
« Control algorithms rely on the knowledge provided by our approach

Final evaluation - Early 2015
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enjoy the change

Thank You!
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