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* EU FP6:
* EU FP7:
EU FP7/:
EU FP7/:
* EU IRSE

Current projects
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Background Instructions
Knowledge Environment

Learning
Rule Extraction
Conceptualisations

Experiences Activities

[ FIM
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Knowledge Representation and

Reasoning
Ontological Knowledge

Action Knowledge

Temporal Knowledge
Spatial Knowledge

Object Category Knowledge
Resource Knowledge

Common-Sense Knowledge
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Kk BE 55 L HEZE Robot-Era: ZFEEREHLEE A

Domestic Robot: manipulation and cleaning services

» differential-drive platform, sensor-head

» one Kinova Jaco arm with 3-finger gripper
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iti Ig University of Hamburg, Germany
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ECHORD
European Clearing House for
Open Robotics Development




“Quotes for Equipment” — Equipment list
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Experiments — scenarios, research foci and
experiment types

Cognitive factory

l . Human-robot
. co-worker

Human-robot Robot hands and Mobile Networked robots
interfacing and complex manipulators and
safety manipulation cooperation

Hyper-flexible cell

|

Joint enabling Application Feasibility
technology development demonstration
development

UH T I A Technical Aspects of Multimodal Systemes
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Experiments — a few examples

3
Camera 400,

A4
Force/torque '?

sensor /
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Robotics in H2020 Societal Challenges

SC1 SC2 SC4 SC5

Health Food Transport | Climate

SCé6 SC7

INCIUSIENE Security
Innovative

Assistive Marine Auton.
living robotics Vehicle

ROBOTICS
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euRobotics Topic Groups

Aerial Robots Natural Interaction with Social Robots
Agriculture Perception

Autonomous Navigation Physical Human Robot Interaction
Benchmarking and Competitions Systems Engineering

Bio-Inspired Robots Space Robotics

Civil Robots Telerobotics

Cognitive Systems and Al Education

Companion Robots Entrepreneurship

Healthcare Ethical-Legal-Societal Issues
Industrial Robots Standardisation

Maintenance and Inspection Field/Service Robots in unstructured
Marine Robotics Environments

Materials

Mechatronics
Miniaturised Robots

UH T I ﬁ Technical Aspects of Multimodal Systemes
iti University of Hamburg, German 1 9
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Robot Abilities

Abilities allow benchmarks for performance to be set
» Configurability

« Adaptability

Interaction Capability

* Dependabillity

* Motion Capability

Manipulation Ability

Perception Ability

Decisional Autonomy

Cognitive Ability

T I ﬁ Technical Aspects of Multimodal Systemes 20
Uni .




Technologies and Application Requirements (euRobotics)

¢ power management

ystem archilecture b
system engineering tools [
swarms and ambient intelligence b
communication [
human-machine interface b
end effector/ gripper/ dexterous hand b

d ELS (ethical, legal, social)

d robot-robot interaction

& human-robot interaction

¢ communication -

of positioning / localization ' manipulation and grasping b
o process quality mobility / locomotion [

¢ dependability
d suslainability standardisation

T I A Technical Aspects of Multimodal Systemes 2 1
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Horizon 2020: Robotics PPP
(Public-Private Partnership)

" 'means a partnership where private sector partners, the European
Union and, where appropriate, other partners, commit to jointly
support the development and implementation of a research and
Innovation programme or activities.

-
European Robotics PPP

Private Partner

¢ Development of research
& development &
innovation agenda

e Suggesting call topics, [

ra el Public Partner
¢ [mplementation of R&D&I

Q o

structured dialogue

priorities, funding profile

UH T I ﬁ Technical Aspects of Multimodal Systemes
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A

521849 = 3 5

Define user needs
Provide real-world
test environments
Validate results

+ Integrate solutions for
real-world problems

+ Supply SotA technology . Generalize results
+ Conduct experiments Validat[ion@ « Market outreach

Technology
transfer
L
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H2020 general TRL scheme

TRL 9
Actual System Proven in
Cost ' Operational Environment
! TRL 8
4 Advanced | System Complete and Qualified
ystem Complete an ualitie
Development : —_—
Technology |
Development I System Prototype Demonstration in
I Operational Environment
Research TRL 6 !
\ Technology Demonstrated in Relevant Environment
TRL 5 1
I
‘ Technology Validated in Relevant Environment
TRL 4 :
. . |
Technology Validated in Laboratory
TRL 3 1
] |
Experimental Proof of Concept !
TRL 2 1
|
Technology Concept Formulated I .
TRLT ! Level of maturity in an
Basic Principles Observed : application
|
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Technology Clusters

To Improve Design Methods And Systems.
Better Systems And Tools
To Make Better Robot Machines.
Better Robots
To Improve Human Robot Interaction.
Better Collaboration
To Improve Robot Autonomy.
Better Action And Awareness

(SRA2020)
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Technology Clusters

\ Better Action and Awareness
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Improving Designs and Systems

ROADMAP FOR ACTUATORS

System Design
« Design covers all aspects of a system from
assessing the function to be performed.

Systems Engineering
« Consider a complex system as a system of
interdependent modules.

UH T I A Technical Aspects of Multimodal Systemes
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Better Systems and Tools

System Architecture

« Understanding how the architecture of a robot system
affects the overall function

Systems Integration

* The dependability and operational success of a robotic
system

Modelling and Knowledge Engineering

* a key technology in all robotic systems

System of Systems

« approaches encompass design, systems engineering
and analysis in an integrated manner

UH T I ﬁ Technical Aspects of Multimodal Systemes
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Better Action and Awareness: Perception

rFDITI'IE| standardization
and charactenzation.
Risk analysis concerning
safety 1ssues.

h

>

~
I'f.-[.lnteﬁnililum of functionality
and the range of the
operating conditions.

B

Fﬁlandard benchmarks.

S =

&

Level (SIL).

ROADMAP FOR SENSORS =

* increase the distribution of basic sensor processing
« enhance sensor fusion

« standardise sensor interfaces, utilises navigation technologies to

assess location, build maps

* increase the distribution of basic sensor processing Interpretation

« reliably recognise a wide range of known objects
 reconstruct 3D object shapes from sensor data
« exploit the potential for facial expression recognition

UH
L2 ¥ Universitdt Hamburg
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Better Action and Awareness: Localisation

ROADMAP FOR SELF LOCALIZATION

* increase the accuracy of localisation on maps
constructed from sense data.

« perform opportunistic localisation by exploiting
existing signals in the environment

T I A Technical Aspects of Multimodal Systemes 3 1
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Better Action and Awareness: Navigation

r]—lamnzajmn of theeq\' I'I.‘FS!,.fmu!:l:armiﬂafvﬂm:ru:\e ﬂﬁ(ﬁhﬂmﬂmaﬂm\
cument architectural architecture F o oepec e S
: Improved navigation in Safe and relisble navigation in
unstructured outdoor unstructured outdoar
vironments enviranments.
i A A >

ROADMAP FOR NAVIGATION

Mapplng
maintain maps of dynamic environments over
longer periods of time

« segment and apply labels to maps identifying key
environmental features

« add semantic information to maps

Motion Planning

« devise large scale motion planning methods

UH T I ﬁ Technical Aspects of Multimodal Systemes
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Improved Human Robot Interaction

ROADMAP FOR PHYSICAL INTERACTION

« Human Machine Interface
o Safety
« Human Robot Collaboration

UH T I A Technical Aspects of Multimodal Systemes
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Improving Robot Autonomy

ROADMAP FOR COMPUTING SYSTEMS

 interpret the surrounding environment and alter actions to achieve
a goal

» utilises perception technology to extract useful information from
sensors

 utilises navigation technologies to assess location, build maps

« uses cognition to weld this perception of location and environment

UH T I A Technical Aspects of Multimodal Systemes
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Better Action and Awareness: Cognition

ROADMAP FOR LEARNING

Cognitive Architectures

Learning Development and Adaptation
Knowledge Representation and Reasoning
Action Planning

Natural Interaction

UH T I A Technical Aspects of Multimodal Systemes
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Technology Combinations

Human Robot . Salety integrated
Interaction design process.

Physical HRI.
iobot interaction in the
"Cloud". Mechatronics
Human compatibility.
/ W Visual servoing.
Grasping and dexterous
Pﬂrcepflﬂ'ﬂ L] manipulation.

Manipulation and assembly.

Mission management,
Tasking with multiple
robols, —»

Reactive Planning.
Optimal perception..

University of Hamburg, Germany
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Technology Combinations

« Perception, Mechatronic and Cognitive Technologies

* Perception, Mechatronic and Human Robot Interaction
Technologies

* Mechatronic Technologies

« Cognition and Human Robot Interaction Technologies

» Perception, Navigation and Cognition Technologies

* Navigation Technologies

« Systems Development Technologies

« Systems Development, Mechatronics and Human Robot
Interaction Technologies

UH T I ﬁ Technical Aspects of Multimodal Systemes
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IEEE/RSJ International Conference on Intelligent Robots and Systems

& i *
28 September — 3 October 2015, Hamburg, Germany ;nos

Hambp
- Gateway to the Era of Robots - Urg 2015
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