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1- Foreword on the running example (1/3) % 2118

Smart Morphing and Sensing (SMS) data

Data associated to the form of the wing and of the high-lift flap: example - Take-off from Toulouse-

Blagnac airﬁort
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Figure 3: Airfoil cross section of the wing for Take-Of conditions

Take-off A320 Blagnac 2019 (photos of M. Braza)
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1- Foreword on the running example (2/3) % 3/18

Smart Morphing and Sensing (SMS) data

Measurement data (embedded sensors)
Simulation data (wind tunnels)
Calculation data (high performance computing)
International consortium with different scientific backgrounds
- Multiple degrees of heterogeneity
. format (csv, text, matiab...)

. scientific content
. methods of acquisition
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1- Foreword on the running example (3/3) % 418

SMS data FAIRisation

Requirement FAIR element

Provide a comprehensive metadata set
understandable by all the stakeholders

Allow the extension of metadata through
unambiguous references

Specify the analysis process the data went through

R
Link data to papers, claims and arguments R
Access through user-friendly interfaces with no A

technical prerequisite
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1- Foreword on the running example (3/3) % 418

SMS data FAIRiIsation Dataverse r?

P

Requirement FAIR element « Immediate » solution : Dataverse

Provide a comprehensive metadata set |
understandable by all the stakeholders -

Allow the extension of metadata through
unambiguous references

Specify the analysis process the data went through R -
Link data to papers, claims and arguments R
Access through user-friendly interfaces with no A
technical prerequisite -

Dataverse allows to reference external vocabularies but does not provide the vocabularies by itself.

The reusabillity of data depends on (among many other things!):
the understanding that we can have of the way they were collected or calculated
the processing chains they went through

Dataverse allows to reference scientific papers with datasets.

But does not offer scientific claims modeling, scientific methods or any « inner » view of the paper contents.
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1- Foreword on the running example (3/3) % 418

SMS data FAIRiIsation Dataverse Ag)

Requirement FAIR element « Immediate » solution : Dataverse

Provide a comprehensive metadata set
understandable by all the stakeholders

Allow the extension of metadata through
unambiguous references

Specify the analysis process the data went through

R
Link data to papers, claims and arguments R
Access through user-friendly interfaces with no A

technical prerequisite

CALLISTO adresses these points by the means of a three-layer architecture :
. a dataverse Instance
. an ontological description of datasets
. virtual research environment dedicated to semantic-based functionalities.
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2- Callisto architecture: overview 5/18

caLmip L]

% CCIlliStO Proposed by g%; Home  Tools Deposit About  Contact

Share, discover and
analyze data easily

We allow researchers to share, find and use scientific data and data-

driven analysis services.

S— CALLISTO specific functionalities

@i‘:’b AllegroGraph
9" ARCADIE

Dataverse Business-specific workflows

B callisto Datasets contextualization

% Dataverse Search User Guide Support Francais = Jean-Baptiste TO ~ '
[ Sy e Mt S I R L S i s |
%’?@ CGlliStO Proposed by g%; Home Tools Deposit About Contact
Aerodynamic forces; 2D morphing - numerical simulations - incidence 1.8 deg - frequency 350 Hz (=3 =] ’ yHic feren: workﬂow
N, Oct 19, 2020 - Smart Morphing and Sensing (SMS)
TO, Jean-Baptiste, 2020, "Aerodynamic forces; 2D marphing - numerical simulations - incidence 1.8 deg - frequency 350 Select a repository s1
Hz", https://doi.org/10.5072/FK2/QITSNP, Root, DRAFT VERSION [ ] . . .
Smart Morphing and Sensing (SMS) v
ASCII file containing aerodynamic forces around an A320 wing. From a 2D numerical simulation performed with the NSMB code. The S0 ’ nsmb ntepa > or ’ PSD ‘ S3
first four columns give the physical time in seconds, the drag coefficient, the lift coefficient and the pitching moment... Allegrc onfology Username Allegro ontology password -
, e | = | 2
Simultaneous_measurement [EE =
Jun 26, 2020 - Smart Morphing and Sensing (SM3) < >
Kitouni, Amaury, 2020, "Simultaneous_measurement”, https://doi.org/M10.5072/FK2/KLPMGLU, Root, DRAFT VERSION
Add author(s)
{ Go back Get results [3)

Raw data of four measurements from the Cementys sensors. The files contains three rows with wavelength data, each row
corresponds to the data of a sensor. Each file correspond to a measurement of ten minutes with a number of Reynolds of 2.2 and a.. [ ;

Add th th

w  Apr21, 2020 - Smart Morphing and Sensing (SMS)
Savino, Alberto, 2020, "POLIMI: 2D PIV snapshots, Take-off 34,1 m/s, AcA=4"", https://doi.org/10.50T2/FK2/GWWUIVY, Add atitle
Root, DRAFT VERSION [ :

S0's Information

@ void © nsmb_ntepa

Attached the snapshots of PIV results computed during the experimental test in MILANO on LS prototype. Please read the
"README ' file attached. Add claim(s) "ASCII file containing aerodynamic forces around an A320 wing.

Insert factual and concrete statements disclosed in the provided document

From a 2D numerical simulation performed with the NSMB code.
POLIMI, 2D PIV (particle image velocimetry) results file, exp. wind tunnel test in MILANO on LS mode! [E23 =]

The first four columns give the physical time in seconds, the drag

Apr 20, 2020 - Smart Morphing and Sensing (SMS)

It
Savino, Alberto, 2020, "POLIMI, 2D PIV (particle image velocimetry) results file, exp. wind tunnel test in MILANO on LS

model”, https://doi_org/10.5072/FK2/BSTXCP, Root, DRAFT VERSION for a morphing wing. The trailing edge not vibrating, it is the so-
Elaborated results of the PIV measures for all tested cases (M.B. before proceeding with the analysis of the results, please read called static case.”

carefully the README' file which contains the instructions to match the windows of the two cameras and to manage the...

coefficient, the lift coefficient and the pitching moment coefficient
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2- Callisto architecture: overview 6/18

Proposed by @ Home  Tools Deposit  About  Contact

caLmip L]

% Callisto

o

Share, discover and
analyze data easily ! Dataverse

We allow researchers to share, find and use scientific data and data- 2 ® .0

driven analysis services.

<y CalliSto Home Tools Deposit About Contact
®
% Dataverse Search ~  User Guide  Support  Francais ~  Jean-Baptiste TO ~
| I e e e e e ikt |
Aerodynamic forces: 2D morphing - numerical simulations - incidence 1.8 deg - frequency 350 Hz B3

Oct 19, 2020 - Smart Morphing and Sensing (SMS)

L
TO, Jean-Baptiste, 2020, "Aerodynamic forces; 2D marphing - numerical simulations - incidence 1.8 deg - frequency 350
Hz", https-//doi_org/10.5072/FK2/QITSNF, Root, DRAFT VERSION

ASCIl file containing aerodynamic forces around an A320 wing. From a 2D numerical simulation performed with the NSMB code. The
first four columns give the physical time in seconds, the drag coefficient, the lift coefficient and the pitching moment. ..

Simultaneous_measurement
Jun 26, 2020 - Smart Morphing and Sensing (SMS)

Kitouni, Amaury, 2020, "Simultaneous_measurement”, https://doi_org/10.5072/FK2/KLPMGU, Root, DRAFT VERSION

Raw data of four measurements from the Cementys sensors. The files contains three rows with wavelength data, each row
corresponds to the data of a sensor. Each file correspond to a measurement of ten minutes with a number of Reynolds of 2.2 and a._.

POLIMI: 2D PIV snapshots, Take-off 34,1 m/s, AcA=4° B2
Apr 21, 2020 - Smart Morphing and Sensing (SMS)

L5
Savino, Alberto, 2020, "POLIMI: 2D PIV snapshots, Take-off 34,1 m/s, AoA=4"", https://doi.org/10 5072/FK2/GWNVUIWY,
Root, DRAFT VERSION

Attached the snapshots of PIV results computed during the experimental test in MILAMNO on LS prototype. Please read the
‘README file attached.

Deposit and access datasets

POLIMI, 2D PIV (pariicle image velocimetry) results file, exp. wind tunnel test in MILANO on LS model [Eaa3

Apr 20, 2020 - Smart Morphing and Sensing (SMS)

L
Savino, Alberto, 2020, "POLIMI, 2D PIV (particle image velocimetry) results file, exp. wind tunnel test in MILANO on LS
model”, https://doi.org/10.5072/FK2/BSTXCP, Root, DRAFT VERSION

Elaborated results of the PIV measures for all tested cases (N.B. before proceeding with the analysis of the results, please read
carefully the README' file which contains the instructions to match the windows of the two cameras and to manage the. .
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2- Callisto architecture: overview 7118

% qulisto Proposed by @ Home  Tools Deposit About  Contact

cccccc L]

Share, discover and
analyze data easily

We allow researchers to share, find and use scientific data and data-

driven analysis services.

m i

Workflow

¢2 5 AllegroGraph -
egroura
© 9 P g nsmb!‘n'repa o ng sz
ARCADIE
o3 52
{ Go back Get results [J)

Business-specific
workflows S0's Information

Access and reprocess datasets

@ void @ nsmb_ntepa

"ASCII file containing aerodynamic forces around an A320 wing.
From a 2D numerical simulation performed with the NSMB code.
The first four columns give the physical time in seconds, the drag
coefficient, the lift coefficient and the pitching moment coefficient

for a morphing wing. The trailing edge not vibrating, it is the so-

called static case.”
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2- Callisto architecture: overview 8/18

% cqllisto Proposed by @ Home Tools Deposit About Contact

caLmip L]

Share, discover and = .
analyze data easily

i
We allow researchers to share, find and use scientific data and data- M e ® .0
driven analysis services.
L ]
— Home Tools Deposit About Contact
P d b
N % Callisto roposed by &8

New bibliographic reference

Select a repository

[ Smart Morphing and Sensing (SMS) V]
Allegro ontology username Allegro ontology password
‘ Username | Password ‘

o3,
clp AllegroGraph
O ARCADIE

Add author(s)

First name | | LOsT name

Add another author

Add a title

‘ Document’s title goes here

Contextualize datasets

Add claim(s)

Insert factual and concrete statements disclosed in the provided document

Example: Only about half of the universe’s expected amount of ordinary matter has ever been cataloged.

Add another claim
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2- Callisto architecture: description $ 9/18
/ 0"“-. The \
‘%ﬁ AllegroGraph Datavepr_se®
roject
Ontologies storage and browsing Datasets storage and download, metadata browsing )

o
PROV-O

MicroPublications ARCAS

(ARming CAllisto for ARCADIE
Semantics) (ARCAs Domain
ImplEmentation)

Domain-specific
ontologies

ONTOA4FAIR, SEPTEMBER 2022, VIENNA




3- Functionalities: Enriching Dataverse metadata

Content in ARCADIE

Domain

b 4

First
Label

Metadata Level List -anon2i3292 .anﬂnT’3291
Cne Of
Spatial mesh B
discretization deformation p?n;"ll“t’ﬁe“ pﬁﬁ;t‘;e
Meta data s it b
Reynolds ===
» number
s SMS
metadata
template
Emch number [

—

accurate
wall

distance flapping flapping

~ flag deformation / . deformation frequency
= movement
method —
flapping gﬂ:":)nd
amplitude Py

correction

AN

.

Automatic processing (After any change in ARCADIE) :
1- Extract metadata elements from the ontology

2- Generate a .tsv file from those elements

3- Ingest .tsv file in Dataverse

4- Make the metadata elements available in Dataverse for future dataset integration

10/ 18

e
=
.
i
.

Dataverse dataset registration screen

E} Dataverse

P I 11 P
SEArchn - USET aUde

unsteady pointwize implicit
Select... o
flapping distance CImy

limiter variable flag mesh deformation flag

time scheme wall distance flag

Select... - Select... -

alpha chordofairfoil

updblock implicit pressure infinity

flapping amplitude

gas constant

ale flag niterturb:2

space scheme (¥ "Space disoretization Scheme™ [Mp=tll=R7: His1)

EEIEDt... E ™ 3

niterturbt

central

centralf upwind entropy correction

Lpw
UpW 3roe
fmuoces

LRLT 0 o IR RN R FLT L Fy |

Select... -

V'S

ONTOA4FAIR, SEPTEMBER 2022, VIENNA



11 /18

3- Functionalities: Ontological representation of datasets, up-to-date %

Dataverse 53

ARCADIE
When dataset is uploaded :

1- Read the metadata for newly-integrated datasets

2- Express the metadata in owl ‘:,_%.jc.g
3- Populate ARCADIE with the new content > .4 i
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3- Functionalities: keeplng ontological representatlon and dataverse 12 [ 18
repository content consistent with each other mmar
ARCADIE

Automatic processing

On ontology structural change
Derive dataverse metadata
from ontology elements

On dataset integration :
Populate ARCADIE with
new datasets description.

Register datasets in dataverse
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3- Functionalities: basic data access

% Dataverse

13 /18

Search User Guide Support Francais « Jean-Baptiste TO «

'\_'!.Ir.l'ﬁ_-lﬁ-!_'lllr.l'\.ll.!_-l "'\_-'I_'rlllr.l'!_-. e TIPS | 1 ] IR Nl TR F!—-IIUIIIH—-!—I TPILID Rl 1% 1 AW e e ot il e

Aerodynamic forces; 2D morphing - numerical simulations - incidence 1.8 deg - frequency 350 Hz [EE3 =

Oct 19, 2020 - Smart Morphing and Sensing (SMS)

= TO, Jean-Baptiste, 2020, "Aerodynamic forces: 2D morphing - numerical simulations - incidence 1.8 deg - frequency 350
Hz", https://doi.org/10.5072/FK2/QITSNF, Root, DRAFT VERSION

ASCII file containing aerodynamic forces around an A320 wing. From a 2D numerical simulation performed with the NSMB code. The
first four columns give the physical time in seconds, the drag coefficient, the lift coefficient and the pitching moment. _.

Simultaneous_measurement [Ea
Jun 26, 2020 - Smart Morphing and Sensing (SMS)

= Kitouni, Amaury, 2020, "Simultaneous_measurement”, https://doi.org/10.5072/FKZ/KLPMGU, Root, DRAFT VERSION

Raw data of four measurements from the Cementys sensors. The files contains three rows with wavelength data, each row

corresponds to the data of a sensor. Each file correspond to a measurement of ten minutes with a number of Reynolds of 2.2 and a._.

POLIMI: 2D PIV snapshots, Take-off 34,1 m/s, AoA=4" 243
Apr 21, 2020 - Smart Morphing and Sensing (SMS)

= Savino, Alberto, 2020, "POLIMI: 2D PIV snapshots, Take-off 34,1 m/s, AoA=4"", https://doi.orgM 0 5072/FRKZ/GWWVUIW,
Root, DRAFT VERSION

Attached the snapshots of PIV results computed during the experimental test in MILANO on LS prototype. Please read the
‘README' file attached.

POLIMI, 2D PIV (particle image velocimetry) results file, exp. wind tunnel test in MILANO on LS mode! B =

Apr 20, 2020 - Smart Morphing and Sensing (SMS)

— Savino, Alberto, 2020, "POLIMI, 2D PIV {particle image velocimetry) results file, exp. wind tunnel test in MILANO on LS
model”, https://doi.org/10.5072/FK2/B5TXCF, Root, DRAFT VERSION

Elaborated results of the PIV measures for all tested cases (N.B. before proceeding with the analysis of the results, please read

carefully the ‘'README' file which contains the instructions to match the windows of the two cameras and to manage the. .. ONT
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3- Functionalities: ARCADIE links data, software and papers 14/ 18
%
" Marouf, A, |
Citation lekap, ¥. B.,
——————————— = simiriotis, M., To,
Has Input J. B., Rouchon,
> J. F., Hoarau, Y., m— :
Has Output and Braza, M. 5 SETVICE
(2019 calculates the
s ey S k z ’ %l“;rit??ﬁg&' (1605617547.2600276 | " psd_ |
i i Frofile eriodogram.
Is Combined To Fnrmath fﬁeﬂﬁﬂﬁﬁzﬂﬁ{]jﬂﬁ?ﬁﬂ using the ) P g PY |
Is Combined To Param ' CsvV selledig
> — ~\ L method
s Defined By i L‘EIalm“IEﬂﬁﬁEi’lﬁﬂ-EEdEEﬂﬁJ
Label | I
> + (1605617847 3568027 | (oo (1605617886.296812 |
provides algorithm . " The dynamic | | agg J N ' j agg )
. morphing
Qualified By improves the I
Statement X aerodynamic lift y . . . " NSMB- | B ~
compared to the Power Power simulated ' near-trailing |
edbelzle o0 ‘:'E'tEE'EEt'Il_I 5tatu|:1 spectral P—  spectral near-trailing »—— edge piezo-
system throu - - - :
Supports ¥ N g _ density | _ density | edge piezo- . actuation |
——————————— e 1 ) . actuation |
is encoded in N T " NEMB
- A = software,
Text Description > Claim1598866134.9636025 | -W- developed by
. _
e I __consortium |
-~ + s -
'y ing |
(=) 7 (Fomany—{Fortran ) —— -+ PRACIACTS
_ _ 'S ~ \,
(Calculated Quantity) 52:;";'5 " Navier- |
— . Stokes
i Mavier-Siokes p————» .
 Class
(Class) With turbulence Eg{;:f;‘"f"
. 4

(Fortran)  ONTOLOGY publically available : . Modeling

and browsing with graphical interface :

https://allegro.callisto.calmip.univ-toulouse.fr/#/repositories/sms/overview

https://allearo.callisto. calmip. univ-toulouse fr/#/repositories/sms/aruff
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3- Functionalities: Semantic services composition (1/2) K 15/ 18

CCI llisto Home Tools Deposit About Contact

SADA (Semi-automatic data 5 Result(s) :
analysis)

This semi-automatic data analysis interface allows you to identify

datasets in a specified repository that match the text entered in ASCII file containing aerodynamic forces around
the search field. For each of these datasets, you can then examine an A320 wing. From a 2D numerical simulation
what operations are possible and what potential results you can performed with the NSMB code. The first four
obtain (automatic processing flows). DV 611 columns give the physical time in seconds, the

drag coefficient, the lift coefficient and the

ETEFJ 1: Select a I"E'pﬂﬁ-l'l'ﬂ-l'"f pitching moment coefficient for a morphing wing.

The trailing edge is vibrating around its clean

‘ Smart Morphing and Sensing (SM ‘ ) ]
configuration at a frequency of 750 Hz"

Step 2: Search by keywords

‘ NSMB-simulated near-trailing edge ‘

ASCII file containing aerodynamic forces around

an A320 wing. From a 2D numerical simulation

performed with the NSMB code. The first four
’ |

columns give the physical time in seconds, the

SpeCify the rePOSitory for the query FDv_ﬁDq drag coefficient, the lift coefficient and the
specify the information to retrieve pitching moment coefficient for a morphing
wing. The trailing edge is vibrating around its
Step3 - clean configuration at a frequency of 710 Hz"

select a dataset
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3- Functionalities: Semantic services composition (2/2)

16/ 18

— ) O B 2 https//callisto.calmip.univ-toulouse.fr/sada.php B s0% ¥ In @ =
Lﬁ@ C(:l llisto Proposed by r':wa Home Tools Deposit About Contact
SADA (Semi-automatic data analysis) Workflow

This semi-automatic dota analysis interface allows you to identify datosets in a specified repository that match the text entered in the search
field. For each of these datasets, you can then exomine whaot operations are possible and what potential results you con obtain (outomatic
processing flows).

Step 1: Select a repository S0 51

S3
. . PSD .

Step 2 Search by keywords ////' .
| e Rl 52 PSD._DISPLAY

| Smart Marphing and Sensing (SMS) v

‘ NSMB-simulated near-trailing edge piezo-actuation

Step 4 :
Choose which service to put in the
workflow, when multiple choices appear.

"This service calculates the Power Spectral Density (PSD) using the
Periodogram method"

Step 5 : Find out more
Click on « get results » to run the workflow

and get access to the results of the
processing. Results will be displayed here

[nsmb_ ntepal |PSD| |PSD_ DISPLAY)
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4- Summary o 17118

A%

Requirement FAIR element Dataverse < CALLISTO solution

Provide a comprehensive metadata set

understandable by all the stakeholders I - Custom metadata sets subset

- of project-scale ontologies

Allow the extension of metadata through
unambiguous references | -

Extension of metadata by
referencing elements in the
ontology

Specify the analysis process the data went
through R

- Using SWO and GEOS to
specify software and automation

Link data to papers, claims and arguments Using Micropublications and

R referencing Dataverse datasets
as data supporting claims
Access through user-friendly interfaces with |
no technical prerequisite A Using Dataverse and
- AllegroGraph for user-friendly

frontends

ONTOA4FAIR, SEPTEMBER 2022, VIENNA



5- Conclusion % 18/ 18

Future works :

Investigate the use of software description ontology (SD) for linking data and software.

Investigate the use of ro-crate for linking data, metadata and overall context (researchers,
institutes...)

And many other possibilities for expanding the functionalities ! rdf data cube, DCAT...

Final words :

This work could not have been conducted without the implication of scientific projects using the
platform for managing their data.
Many thanks to SMS and HiperBorea (OMP/GET) stakeholders for their support.

SM3 GEOSCIENCES
x ENVIRONNEMENT
- TouLousE

SD : https://knowledgecaptureanddiscovery.github.io/SoftwareDescriptionOntology/release/1.9.0/index-en.html
Ro-crate: https://www.researchobject.org/ro-crate/1.1/
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https://knowledgecaptureanddiscovery.github.io/SoftwareDescriptionOntology/release/1.9.0/index-en.html

Thanks for your attention !

(GEOSCIENCES
ENVIRONNEMENT
' TouLousE

%EELI’T\IP @.

https:/icallisto.calmip.univ-toulouse.fr
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