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Materials Acceleration Platforms (MAPs)
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BIG-MAP: Battery Interface Genome Materials Acceleration Platform
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* How?

= Using unique identifiers

= Using common vocabulary

=  Mapping terms to quantities & items

= Use Open Formats, Licenses, etc.

Example:
Bio-Logic EIS spectrum

emmo:Frequency

") *CeliD25_PEIS.rmpt - Editor

Datei Bearbeiten
freq/Hz
1,9999814E+005
1,6482334E+085
1,35828@2E+085
1,1194515E+885
9,2256156E+804
7,6828055E+004
6,2657734E+004
5,1634871E+884
4,2551219E+884
3,5863469E+004
2,8982539E+004
2,3817920E+004

Format  Ansicht Hilfe

Re(Z)/0hm

FAIR Linked Data

EMMO
Elementary Multiperspective

Material Ontology

Unambigious description of the content !

emmo:Electricimpedance

-Im(Z)/Ohm

-5,0842005E-004 -2,8044581E-002

7,4216514E-084
1,6357927E-083
2,2274835E-083
2,4567349E-083
2,6373817E-083
2,7839335E-083
2,71338906E-083
2,7918620E-083
2,6747584E-083
2,6378180E-083
2,6@58475E-083

-2,3246864E-002
-1,9288411E-602
-1,6820076E-602
-1,3387923E-682
-1,1862559E-602
-9,21808762E-003
-7,6447935E-003
-6,3426584E-003
-5,2436721E-083
-4,31568596E-003
-3,5300588E-003

|Z] /Ohm

2,8049190E-002
2,3258708E-002
1,9357650E-082
1,6174182E-002
1,3532788E-002
1,1372598E-002
9,5987897E-003
8,1120497E-003
6,8938341E-003
5,8864616E-003
5,0574522E-003
4,3872073E-003

emmo:Time 7

Phase(Z)/deg

9,1838605E+001
8,8171432E+001
8,5152512E+001
8,2084442E+001
7,9540558E+001
7,6598645E+001
7,3638588E+001
7,8458549E+001
6,6932930E+001
6,2974209E+001
5,8562344E+001
5,3574100E+001

https://big-map.github.io/BattINFO/getstarted.html

\

~ Fraunhofer

ISC

Dr. Simon Stier

Head of Digital Transformation @ Fraunhofer ISC

time/s

4,131745615463762E+003
4,132296617783315E+0803
4,132845593249367E+003
4,133396612315555E+883
4,133946614741639E+883
4,1344597596261156E+803
4,135847597007302E+003
4,135596592748039E+883
4,136146616446145E+883
4,136697601938969E+883
4,137248594151810E+883
4,137798613991297E+883

<Ewex/V

3,8452442E+000
3,8452420E+000
3,8452537E+000
3,8452654E+000
3,8452586E+000
3,8452423E+000
3,8452461E+000
3,8452516E+000
3,8452468E+000
3,8452566E+000
3,8452463E+000
3,8452439E+000

emmo:EIectricCurre>

emmo:EIectricPotential>

<I>/mhA
1,2709299E+0802
1,1706958E+802
1,1183223E+0802
1,8645662E+802
1,8256559E+802
9,8932236E+0801
9,6577942E+801
9,39890875E+801
9,1498405E+801
9,8785957E+801
9,80087919E+0801
8,8230858E+001



https://big-map.github.io/BattINFO/getstarted.html

)0 thF as a amlﬂtgc”v;g
ﬁrmaﬂtl ) |

00" 7 7 on iJI’IOIf |

(] -_‘- = iﬁ’ﬂs _~ = 2

o —

-

’ » O F



An analogy from biology
.

Triple ~ 1 Unit

S-P-O

PN
Molecule H H

Data about

»' one process Amino
G i P Acid
& ~ 100 Units
Data Protein
about _
) ~ 10000 Units
; one Cell
{ D } Battery DataSpace Organism
—
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An Object-Oriented view on the Graph

ex:DataModelShape
sh:NodeShape ;
sh:targetClass ex:DataModel ; {
sh:property [ "$id": "DataModel",
sh:path ex:p1; "properties": {
sh:datatype xsd:string ; "paraml": {"type": "string"},
1 "param2": {"$ref": "AnotherModel"}
sh:property [ }
sh:path ex:p2 ;
sh:class ex:AnotherModel ; }
I3 \/
)( class DataModel(Superclass):
ex:DataModel rdf:type owl:Class ; paraml: str
:giz;zaziiz::g: ?X:SUpEPClaSS : JSON-SCHEMA param2: AnotherModel
raf:type oul:Restriction ; class DataMode oller(DataModel):

owl:onProperty ex:p2 ;
owl:someValuesFrom ex:AnotherModel ;

] .

def calc(self):
res = self.param

python

_/
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Combining established technologies

A OpenAPI
O\4

Al %

python JSON-SCHEMA

N

Person®
name
Semantic /
hn Smith ‘ | s
(John Smith ) MediaWiki el
N |
1o " Powered by oz |
MediaWiki

https://oo-ld.github.io/playground/
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https://oo-ld.github.io/playground/

Meta concepts All abstract concepts Real-world (physical) Items

Data Modelling == = N
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=  Object 4 ItemClass _fA :
IS 1
. . hasT | I
= Basic unit of OO a5 vpe ;
[ Can be anything battinfo:Battery hasType :
= Hasa Type Cell iJA :
' I
= HasanlID subclassOf — Lithium-lon |
Battery Cell _ 9
E 1 oo
= (Class / Category s @ | °
1 C
= Type: Object Graphite || LFP D
= User-defined data type Battery Cell !
= Properties that are common to all objects of that class [ Subclass ] A E
= Hierarchy and Inheritance ! !
Fraunhofer ISC PHEV/2 :
<+—hasType

Pouch Cell Type No 514

1
= |nstance/ Item !
N Battery cell #a38hf4

= Type: <Some Category> ;
;

= Properties from its class
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Linked Data Schemas

Battery Cell

CREATE

Electrochemical Test Procedure

CREATE

* independent
schemas ...
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Electrochemical Test

A test performed on an electrochemical device,
usually by applying voltage and current

CREATE

... Combined to application
specific structures

Head of Digital Transformation @ Fraunhofer ISC

Cancel Data-Editor
B Electrochemical Test

Types/Categories
B Label(s)

Description
B Raw data file

B Analyzed data fil

Loave / enter fullscroen

= What you see

Dr. Simon Stier

Save

= ... and send to digital workflows

Jjsondata

2+ “type: [
3 “Category: 0SW639d77241e24a33ab6d036dface3ace”
4 1,
5 "battery_cell dut": "Item:0SW6dc@d2fd2abadaldbf6f380F3a37beld",
6  “tester”: "Item:0SW3c@298bF657c47ef9eald@b6553F255d",
7 “channel": 42,
8+ “test_procedure”: {
9 "subcategory_select”: "Category:0SWcb168clad3c7467bbled740381771928",
10 “instance_select”: "Item:0SW1e@c880fcaadsf5ca3e58cadc9ledo2s”
1 15
12 “test_temperature”: 25,
13 “test_humidity”: 50,
14 “environmental_test_chamber”: "Item:0SWec7661418e654a429d@44a524a144480",
15 "raw_data_files": [],
16 “analyzed_data_files™: [],
17 "uuid”: "50996add-6272-4509-b178-F7c6969b7054",
18~  “label": [
19~ {
20 “text": "Demo #2,
21 "lang”: "en"
22 }
23 1,
24~  “description”: [
5. {
26
27
28 }
29 1,
38 name”: “Demo2
31 [}
Ln:31 Col:2




OpenSemanticLab as MAP ELN

Commett Smarge deegl o wobe )

B MapColoriMixingRequest e
B Types/Categories
B Labels)

B bt oom Lvzel @ ragires.

Tzt (TR Y

-

=wzieml
— B Description

MapColorMixingRequest
A MAP experiment to create and characterize a
food color mixture

B Requested fractions [

https://github.com/OpenSemanticLab

https://doi.org/10.5281/zenodo.8110654
__/
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https://github.com/OpenSemanticLab
https://doi.org/10.5281/zenodo.8110654

Usecase: Comprehensive Semantic Information Structure in the Battery Value Chain

Process Monitoring and Optimization Output

Process redesign

Redesign Redesign Redesign Redesign
? Reuse * Reuse Reuse *
»  Scrap-Parts
LN Rework Rework Rework Rework
S \/ v \/ \J
Process Step 1 (PS,) <> Process Step 2 (PS,) Q Process Step n-1 (PS,,) @ Process Step n (PS,) Part
Model Space
BIG-MAP
;.
= Ontologies: .
g Information Behavioral Semantic layer
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o BVCO, g
o
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E . ] % | | |
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 Fraunhofer Dr. Simon Stier
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https://github.com/BIG-MAP/BattINFO
https://github.com/General-Process-Ontology/ontology
https://github.com/Battery-Value-Chain-Ontology/ontology

Domain specific Knowledge Graphs

Recycling
Has produ :t

Electrode foil

Separation

Al Image
Segmentation

Drying

Stacking

Has product

Haspart Has part

Refining

Battery value chain/Object/Refined material
11a> prasSiceessor

Has part
Has educt

Battery v ilue chain/Object/Gomponent
Gomponent manufacturin;

15 eductHas part

iz £t Ha. Battery value chain/Object/Cell

Has successor
unModule manufacturing Has part
Ve ot Has pr Cell manufacturing/Separation
Has suces.or
or Has successor Has part Cell manufacturing/Vacuurp Drying
! Has purt
i part  Cell manufacturing
cel OL Testing ™ Has succesdor
fion Has part
Has part . -
Cell manufacturing/Sfacking
Has sufcessor Has part
Has part
Juct Cell Has parl fas part Has successor
Cell manufacturing/Packaging|
Has successor
ect/Used system Cell manufacturing/Degassing
W meamtacturing Electrolyte Filing
. Sy g/Formation

‘ |Has panl |Has su((essorl |Has eductl |Has producl‘

Cell manufacturing/Stacking
Description

Production process

Separated electrode sheets are stacked in a repeating cycle of anode, separator, cathode,
separator, etc.

Classic variant of stacking is the so-called Z-folding

Anode and cathode sheets are inserted alternately from the left and right into the z-shaped
folded separator; separator is used as endless tape and cut off after the stacking process is
completed

Finalized cell stack is fixed with adhesive tape

Sheets are transported and positioned by vacuum grippers

Depending on cell specification, the cell stack consists of a specific number of individual
layers

Process parameters & requirements

Filling

Formation  —|

Battery cell

Eol-Test
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Data space along the value chain
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Towards Material Data Spaces

<O -N
BattINF
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Contact: Dr. Simon Stier
Thank yOu fOr Head of Digital Transformation
1 | simon.stier@isc.fraunhofer.de
yOur attent|0n. +49 931 4100 661

Fraunhofer ISC, Neunerplatz 2, Wurzburg

More Information: isc.fraunhofer.de/digitale-transformation

github.com/OpenSemanticlLab
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