Ontology-Driven Robot Design for Future Orbital
and Planetary Robotics with korcut

Mehmed YUksel
Mehmed.yueksel@dfki.de

12th European Aeronautics Science Network International Conference
EASN 2022

October 19, 2022
Universitat Politecnica de Catalunya - BarcelonaTech (UPC)

Barcelona, Spain

DFKI


mailto:Mehmed.yueksel@dfki.de

Contents

 Introduction
- Related projects in space domain (motivation)

* Q-Rock Project
» KIMMI-SF Project
* PERIOD Project

- Information paradox
« Solution approach: Knowledge-based Open Robot voCabulary as Utility Toolkit (korcut)
« Test: Using of korcut ontologies in test applications
- PERIOD ontology — PERIOD Project

- System modeling ontology — Q-Rock Project

- Kastro ontology — KiMMI-SF Project
 Conclusion and Outlook

Page 2 of 14 | mehmed.yueksel@dfki.de | DFKI

2022-10-19 |12th EASN International Conference |Mehmed Yuksel


mailto:mehmed.yueksel@dfki.de

German

1 Research Center
for Artificial
Intelligence

Introduction - Q-Rock

{Planetary Robotics} Al-based Qualification of Deliberative Behaviour for a Robotic Construction Kit

« Assembly of robots in the future:

- Large robotic structures on planets.

* Re-configurable, reassemble

- Who will do it? How will it be done?

* Redesign, rescale and maintenance of robot later

« Autonomous assembly and manufacturing for deliberative capability
and behavior

®EOscc2 Asguard Il

wAster = Asguard IV
Sherpa TT = SpaceClimber
Sherpa =™ RHS
Sherpa UW m®sAila
MicroAUV Flatfish

- Developmentis supported by prior knowledge and user (requirements)

- Robots directly learn their skills from their hardwarein simulation

* Q-Rock aids bidirectional mapping between hardware and robot behavior
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Introduction - PERIOD (O0G12)

{Orbital Robotics} PERASPERA In-Orbit Demonstration (Operational Grant 12)
* Increase the maturity of space technologies and prepare them for an in- O D

Orblt demonStratlon ASPERA n-Orbit Demonstration
* Raise the technology readiness level (TRL) of core technologies

« Define an orbital demonstration concept for on-orbit servicing and assembly
- self-deployed objects single piece (in orbitfactory)

- Standard interconnect(Sl) to connect (sub)systemsin a (re)configurable way

» Robotics: Interface is necessary for modularity .

Mission demonstration scenario

- amechatronic device (credit: Space Applications Services NV/SA)

- coverselectric,mechanics and software domains

« PERIOD: Developa benchmark method to understand and distinguish the generic properties of
an interface based on experience gained from real test experiments.

Tested Sls mounted on adapters from left to right:

© o iISSI® active & passive with optional formfits,
Bﬂm ) AIRBUS HOTDOCK active & passive and
p
SIROM active & passive.

DR 4 .

2022-10-19 |12th EASN International Conference |Mehmed Yuksel Page 4 of 14 | mehmed.yueksel@dfki.de | DFKI



mailto:mehmed.yueksel@dfki.de

Introduction - KiMMI-SF project

{Planetary Robotics}

Future tasks of the planetary missions need human-robot collaboration.

Most modern Man-Machine-Interface(MMI) approaches work very robustly...
... as long as they are limited to a specific context.

The framework:
- a multi-modal assessmentof the human, agent and environmental situation

- online reconfigurabledataprocessing basedon differentdatatypes
fromvarious data sources

Application Scenario:

- prediction of human intention in a simulated space environment

KiMMI-SF aims to provide the necessary knowledge for the relationship between
an assistance robot and an astronaut for the exemplary daily task on an
exemplary future lunar terrain
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Interaction Manager

Tools
Context Variable / ﬁ ﬂ Target Dataflow
Output of a (virtual) Structure « Visualization
datasource » Monitoring

Dataflow Manager

ﬁ Structural changes .’@ Ontology

Transitions

Possible Dataflow (Stru‘:tu re)

Implementations DB Interface

(e || oo | oo Jpond[ ]

Database(s)

Sensor Output
and
Control Output

Agent(s)

KiMMI-SF software framework

KiMMI-SF application scenario
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Introduction - Information paradox

{Robotics} in field of experimental-agile robot development and execution
) . . L : : |
The lack of coherence of the available interdisciplinary information o B . g D] (-
cppe . . . . . .. . (] ‘E"em”‘“s\ *‘ "°°Y°°""°' manipulator o

« Difficulties in creating, transferring, and sharing specialized or ks ﬁ ; J—Uan Elil]

interdisciplinary knowledge in a standardized way. - o L0 .-
— The missing linking of concepts between disciplines, or the facts - Sesan = LL_“[:D

é:;’;‘;‘i’;m' E Dsytn?mlc l! sub lseyssttem

‘H \ [ \' Plaris /minlecmu Dylrgc O D:]

* Using particular development tools or hardware capability needs some
limitations

data

K \
T\ (/s
|

‘ | Sys!em
_I de5|gn Me[;::::gl:ralr_r 'l‘% '-\\/ ¢ 3 ‘ Tesi . c:\{):ltgi:?ty
B Fllterln OUt unnecessar data ')I') m:lrggul?gfnn ; concept daa \ ~ / x e ) verification
g y ( ) deglsgn . \’/E pr{u]p%es Manua[s \/-)
— Some information is not suitable for common use | “ T@ @ \ ‘ ' ?
specrﬁcanons
+ Defined, stored and used internally by several threads several times in differentways

— Domain dependentin differentformats (*.urdf, *.smurf, *.json, ...)

Enwronmem

— Incode
M|55|on Object
A by human and machine-readable solution ‘ spen

j; Agent Robot | Su bsystem

Method Component

[ Capamhtes Functions

_.../
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Korcut — Idea : to support robot design task

(Knowledge-based Open Robot voCabulary as Utility Toolkit)

MODULAR ROBOTIC SYSTEM DESIGN AND BEHAVIOUR OPTIMIZATION

Knowledge base (KB)
to design and construct a
modern robot
(encyclopaedia)

D/Q/X-Rock

Request for information /

Replay as information
(validated or uncertain)

Information is
not exjs\ti:g [

Dynamical KB
(external knowledge)

Information is
existing in KB

-
.-Python APl 1---

Knowledge
acquisition

Statical KB
(validated
knowledge)

Connection
to external KBs
via api

i cross-check -
. U T e “==*= method ~ s
. - I - [Python 3)
L AN Ay i
/ . \f i /
Standards J, \ manu market
yd \ research

|

Fundamentals

(engineering

Regulations

Pl
Pytnn A/ Design . .
— ransrer
/ examples - uncertain knowledge
" manually

>
N
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Korcut — Idea : to support robot design task

(Knowledge-based Open Robot voCabulary as Utility Toolkit)
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MODULAR ROBOTIC SYSTEM DESIGN AND BEHAVIOUR OPTIMIZATION KHOWIEdgE base (KB}
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Korcut in application - PERIOD ontology

(Benchmark test results management and evolution)

The PERIOD Benchmark for mechanical and electrical domains
Multi step process

Practical and repeatable test in the laboratory environment.

To compare Sl we rank them using the benchmark test metric
From a mechanical point of view [3],

From an electrical point of view [4],

Characterization of Sis
Functional tests of Slis

Performance tests of Sls:

- Capture range

- Misalignment

- Contact retention

- Additional cases (release under load)

Release under load test with iISSI® HOTDOCK and
SIROM

Specification of Sls
Operational tests of Sls

[3] Brinkmann et al., A Standard Interconnect Benchmark for a European In-

|nterference tests Of Sls orbit Senices, Manufacturing and Assembly (ISMA) Demonstrator, IAC 2022
DOI:10.5281/zenodo.7064066
Recov ery tests Of Sls [4] YUksel et al, A methodology for electromechanical evaluation of

multifunctional interconnects for on-orbit senicing demonstration, Astra 2022
DOI: 10.13140/RG.2.2.27983.56484
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Korcut in application — Representation of PERIOD Benchmark

Protege-5.5.0 : bash — Konsole

File Edit View Bookmarks Plugins Settings Help

at java.lang.Class.getDeclaredMethod(Class.java:2130)

at org.protege.fluenteditor2014.winRegistry.<clinit>(WinRegistry.java:46)

at org.protege.fluenteditor2014.ClassForFE2014.setPortFromRegistry(ClassForFE2014. java:139)

at org.protege.fluenteditor2014.ClassForFE2014.<init>(ClassForFE2014. java:126)

at org.protege.fluenteditor2014.Protege_To_FE.<init>(Protege_To_FE.java:39)

at org.protege.fluenteditor2014.PluginForFE2014_Server.initialise(PluginForFE2014_Server.java:25)
org.protege.editor.core.ui.menu.MenuActionPluginJPFImpl.newInstance(MenuActionPluginJPFImpl. java

org.protege.editor.core.ui.menu.MenuActionPluginJPFImpl.newInstance(MenuActionPluginJPFImpl. java

org.protege.editor.core.ui.menu.MenuBuilder.buildInnerMenu(MenuBuilder.java:159)
org.protege.editor.core.ui.menu.MenuBuilder.addMenu(MenuBuilder. java:114)
org.protege.editor.core.ui.menu.MenuBuilder.buildCompositeMenu(MenuBuilder.java:135)
org.protege.editor.core.ui.menu.MenuBuilder.addMenu(MenuBuilder.java:106)
org.protege.editor.core.ui.menu.MenuBuilder.buildMenu(MenuBuilder. java:64)
org.protege.editor.core.ui.workspace.WorkspaceFrame.createMenuBar(WorkspaceFrame. java:173)
org.protege.editor.core.ui.workspace.WorkspaceFrame.createUI(WorkspaceFrame. java:145)
org.protege.editor.core.ui.workspace.WorkspaceFrame.<init>(WorkspaceFrame.java:56)
org.protege.editor.core.ui.workspace.WorkspaceManager.addWorkspace(WorkspaceManager.java:47)
org.protege.editor.core.editorkit.EditorKitManager.addEditorKit(EditorKitManager. java:44)
org.protege.editor.core.ProtegeManager.createAndSetupNewEditorKit(ProtegeManager. java:139)
org.protege.editor.core.ProtegeManager.createAndSetupNewEditorKit(ProtegeManager.java:129)
org.protege.editor.core.ProtegeApplication.createAndSetupDefaultEditorKit(ProtegeApplication.jav

org.protege.editor.core.ProtegeApplication.startApplication(ProtegeApplication.java:433)
org.protege.editor.core.ProtegeApplication.reallyStart(ProtegeApplication.java:110)

at org.protege.editor.core.ProtegeApplication.lambda$start$@(ProtegeApplication.java:91)

at org.apache.felix.framework.util.EventDispatcher.invokeFrameworkListenerCallback(EventDispatcher.

java:882)

at org.apache.felix.framework.util.EventDispatcher.fireEventImmediately(EventDispatcher.java:831)

at org.apache.felix.framework.util.EventDispatcher.run(EventDispatcher.java:1148)

at org.apache.felix.framework.util.EventDispatcher.access$000(EventDispatcher.java:55)

at org.apache.felix.framework.util.EventDispatcher$l.run(EventDispatcher.java:103)

at java.lang.Thread.run(Thread.java:745)

Protege-5.5.0 : bash [ er docker : bash
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Ontology in application - Ontology supported
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Conclusion

korcut family has been presented in three different perspectives

- Hardware domain

Modeling of system and system components
Generic model for the mechatronical level of components
Representing hardware specific data in auniform and rich way

Design rules of robotic systems
Inherit information about system structures

- Software domain
Semantic representation of necessary prior knowledge

Task / mission modeling dynamic and reasonable knowledge
Representation of requirement / capabilities
Dynamic querying or traceability for variable use case requirements

korcut ontologies provide domain-specific knowledge
- external experts

- domaininternal

- non-experts

Outlook:

- korcut ontologies will be further developed and used for terrestrial and extraterrestrial robotic domain.
PERIOD ontology can be used for the development of standards within the European Operation Framework.
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