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Abstract:

In research today, many digital results are produced from experiments, simulations or measurements. Often, however, only the most important data is
stored in the long term, for example if it is part of a scientific publication. The Kadi4Mat software creates technical possibilities to store as much of the
accumulating data as possible in such a way that a benefit can be drawn from it. On the one hand, it is particularly important to record the data simply
and as automatically as possible, but on the other hand, it is also important to store the information correctly. Kadi4dMat is needed to store information
in a meaningful way and to make it available in the long term. Only in this way the accumulated data can be efficiently searched, analysed, visualised
and compared with each other in order to maximize the information gain from scientific work.

About the HeFDI Data Talks:

The HeFDI Data Talks are a bi-weekly open information and discussion event focused on data management in the context of science, in which relevant
NFDI consortia as well as research data management services present themselves. The series discusses current topics and presents numerous —

including local and regional — tools and services. The HeFDI Data Talks are an offer of the HeFDI Initiative (Landesinitiative HeFDI), which is funded by
Hesse’s Ministry for Science and Arts (HMWK).

DOI-Link: https://doi.org/10.5281/zen0d0.8424794; Lizenzinformation: Creative Commons Attribution 4.0 International (CC BY 4.0)
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Motivation A{]]

stitute of Technology

B |n materials science, understanding new materials is becoming
Increasingly complex

®\Without appropriate data science methods, it will no longer be possible
to manage the ever-growing volumes of heterogeneous data from
simulations and experiments

8 An important aspect to be able to perform corresponding data analyses
smoothly is the structured storage of research (meta)data with the help
of a suitable research data infrastructure

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology
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Research Data Infrastructure k\‘(".

B The development of such an infrastructure is being pursued as part of
several research projects, including FestBatt 2 [1], POLIS [2], AQua
[3], NFDI4Ing [4], and others

B Some of the most important objectives of the infrastructure are:

® Structured data storage and web based data exchange and publication via
different interfaces

® [ntegrating heterogeneous and reproducible workflows to make use of
application-specific tools in an automated and documentable manner

® Allowing other institutions to set up their own installations with the possibility
to connect multiple of such instances [1] https:/ffestbatt.net

[2] https://www.postlithiumstorage.org/
[3] https://www.iam.kit.edu/mms/5562.php
[4] https://nfdi4ing.de/

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology
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Implementation ﬂ(".

stitute of Technology

® The concept for the research data infrastructure is a modular and
generic architecture that combines the two components electronic lab
notebook (ELN) and repository

ELN Repository

@ There are already several open source solutions for both components,
but none that combines the desired features of both components

® The goal is to combine established technologies and systems with
new concepts

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology
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Kadi4Mat AT

Karlsruhe Institute of Technology

' Ka dl AMat Karlsruh.e Data. Infrastructure
'Il for Materials Science

@ Kadi4dMat [1] is the Karlsruhe Data Infrastructure for Materials
Science, a generic open source [2] software under active development
for managing research data

B The software as a whole can best be described
as a virtual research enVironment [1] Brandt et al., 2021. Kadi4Mat: A Research Data

Infrastructure for Materials Science. Data Science Journal,
20(1), p.8. DOI: http://doi.org/10.5334/dsj-2021-008

[2] https://gitlab.com/iam-cms/kadi

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology



The Kadi eco-system

KadiStudio
Workflows

KadiAPY

(Python)
API

KadiAl

ML =
Interface =i
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Streamline

your
research

AT

Karlsruhe Institute of Technology

KadiWeb

Kadi#¥2t  Records Collections Templates Users Groups Workflows

Karlsruhe Data Infrastructure

for Materials Science

Welcome to Kadi4Mat. About

You are currently logged in as larsg. el

“f See what's new in Kadi4Mat version 0.24.1.

Get started

B Create new record

Q Search existing records

Records are the basic components of Kadi4Mat, as they contain data and connect it with corresponding metadata. The data of a record
can consist of an arbitrary number of different files, all sharing the same metadata, as well as metadata only.

KadiFS
Filesystem

H vigeos 3 Ordner, (46,7 M2 — 23T

Institute for Nanotechnology




Kadi4Mat in the Research Data Lifecycle ﬂ(".

ELN -2 “ELN 2.0”
® Focused on automation and reproducibility

o e8 Repository - “Community repository”

Research ® Focused on managing and sharing “warm
Data data” within a community

AGENWEEY @ Other steps, like publishing data (e.g. via
Zenodo), can be offered by integrating with

existing software as
much as possible

Image: https://zenodo.org; CC BY 4.0

Image: Ephraim Schoof (HIU, Germany)

7 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology
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Conceptual Overview of Kadi4Mat ﬂ(".

. Electronic Lab Notebook

(" Electronic Lab Notebook ) D (" Repository - ]
— = = Documentation and data
M .
. J \ Y ® Heterogeneous and reproducible
workflows using a compendium of
(" Data Handling Tools ) data handllng tOOIS
Visualization
o] Repository
’ ® Structured data storage and
Technical Infrastructure eXChange Wlth user-deflned
[ T | access penmisions

® Publishing data

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology



Web-Interface of Kadi4dMat ﬂ(".

Kadij4mat Records Collections Templates Users Groups

Searching resources
/

v Recently visited

Welcome to Kadi4Mat.

You are currently logged in as Nico Brandt.

A / Records
Hide
microstructure 66 Q Search Sort by Relevance = v Extras
- Records are the basic components of Kadi4Mat and can represent any kind of digital or digitalized object via suitable
o ] d metadata and/or corresponding data, e.g. arbitrary research data, samples, experimental devices or even individual
reate new recor 907 results found processing steps.
Select a record template s i i workflow r 2 vear
& Workflow for analy.smg porous nr-ncrcstructure T eesor e e e o paoe)
@workflow-for-analysing-porous-microstructure t
Select a saved search s 3 p s e d, a Vicwall
ly | used coded f
| PORO i to r Group
~ Toggle filters Created by Patrick Altschuh & FestBatt st
@festbatt ]
Results per page: 10 & Neural Networks in Generating Microstructures ,
@neural-networks-in-generating-microstructures L o ' =
IC such e on SE: 1€ res’ tt ICe or ! p
10 @ = 100 hD Seminar-Neural Networks in Generating Microstructures This slide talks about how to use neural nebworks
0 ation cor tte i n
se do not shar id f
Filter by visibility
Created by Yinghan Zhao v Extra metadata
All 5
@& Analysed-Structures
@analysed-structures
Filter by creator xtracted properties of generated porous membrane microstructure: * surface area ity * mean pore size * pore H m
e T omepage
Select users % ) pe i 1
L S —— https://kadi4mat.iam.kit.edu

https://demo-kadi4mat.iam.kit.edu/

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology
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Basic Structure of Kadi4Mat ﬂ(".

Kadj4Mat Records Collections Templates Users Groups

®Records: Combine data with generic, user-defined metadata

@ Collections: Group multiple records and/or other collections

@ Templates: Offer blueprints for records and generic metadata

| Groups: Group multiple users to ease access permission management

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology



Basic Structure of Kadi4Mat ﬂ(“.

Karlsruhe Institute of Technology

Kadiillxﬂ:,at Records Collections Templates Users Groups E J ﬁ

A Recently visited

Welcome to Kadi4Mat.

FestBatt 2 i i i

Collection You are currently logged in as Nico Brandt.
@festbatt-2
Last visited a few seconds ago

Get started Hide

The interactive tour will introduce the most important features of Kadi4Mat and is

recommended in order to get started. More details and additional information can be

@ Check out the help page found on the help page at any time.
Favorites View all
Collection Group
@ Slides Seminar Microstructure Modelling & AG-Nestler oA
@slides-seminar-microstructure-modelling @ag-nestler
:A
Here, we can collect all slides from the seminar Microstructure This group is for all members of the working group Nestler.
Modelling. When adding new slides to this collection in form of a new
record (via Link
Last modified 8 days ago Last modified g0

(A) Navigation bar with various links and menus

(B) Favorite resources and latest updates (customizable)

11 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



New Feature of Kadi4Mat:
Recently Visited Resources

* The five most recently visited
resources are shown in a new
overview on the left next to the main
content

* This should aid with e.g. navigating
sub-collection hierarchies

12 6. Oktober 2023 Michael Selzer et al.

ST

A Recently visited

FestBatt 2
@festbatt-2

Lithium metal foil
@lithium-metal

FestBatt 2 Materials
@festbatt-2-materials

FestBatt
@festbatt

tt of Technology

Collection

Record

Collection

Group

Institute for Nanotechnology
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New Feature of Kadi4Mat:
oractive | AT

Interactive Tour

Karlsruhe Institute of Technology

-
Get started

@ Start interactive tour

(® Check out the help page

~

Hide

The interactive tour will introduce the most important features of Kadi4Mat and is recommended in
order to get started. More details and additional information can be found on the help page at any time.

The first interactive
tour introduces the
basic functionality
of Kadi4Mat with

focus on records

6. Oktober 2023 Michael Selzer et al.

Introduction X

This interactive tour will introduce you to the most
important features of Kadi4Mat. If you want to pause
the tour, you can simply close it and continue it later
on this page by clicking on Continue tour.

Institute for Nanotechnology
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Basic Feature of Kadi4Mat: Creating new Records = J(IT

« Basic metadata schema for

each record

Title (required)

Unique identifier
(required)

Type (e.g. dataset,
device, ...)

Description (supports
Markdown syntax and
LaTeX formulas)

License

Visibility (private or
public)

Tags (a.k.a. keywords)

14 6. Oktober 2023 Michael Selzer et al.
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Basic Feature of Kadi4Mat: Creating new Records
Generic metadata (schema free)

* To specify user- and application-specific metadata, optionally based on existing
schemes

* Each metadatum consists of a key-value pair of a certain type, allowing for either

literals or nested values

Literal values: String, Integer, Float, Boolean (true or false), Date
Nested values: Dictionary, List (uses indices instead of keys)

A Extra metadata

String

Dictionary

String

L1

Key

4

Key

<

Key

15
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@

@

@

Y Undo CRedo & Reset

Value

Value | Select a metadata template

4

Value

Select a metadata template

= Treeview @ Validation

+ X L =

+ X L) =

+ X L) =

L1

Institute for Nanotechnology
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New Feature of KadidMat: Permissions Editor k\‘(".

Karlsruhe Institute of Technology

" Permissions O Roles
Type | User $ User = @fhartmann X 2 Role | Editor — + X
Type = Group = Group | @festbatt X < Role | Collaborator = + X
Type @ User — User | Search for users = Role | Member — + X

* Permissions for users or groups can now be specified directly when creating new
resources

* The same is possible within record templates, so the editor can be prefilled when
creating a corresponding record

16 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



Karlsruhe Institute of Technology

New Feature of KadidMat: Record Link Editor k\‘(".

c'/ \\
Record links ® Link preview
New record created = @test
Direction = Outgoing % Record  @test X % Name | created X & @ o X
New record € created by @test
Direction | Incoming % Record | @test X $ Name | created by X & @ - X
\ J

* Similarly, when creating a new record, it is now possible to directly link it with other
records using a new editor, which can also show a small preview for each link

* The same is possible within record templates, so the editor can be prefilled when
creating a corresponding record

17 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



New Feature of KadidMat: Interactive Collection \‘ (".
Visualization =\

Karlsruhe Institute of Technology

Records (and their links, if

Sub/Child applicable) within a specific
collections collection

(loadable on @® @

demand) with the gl e

@festbatt-2

same functionality

An interactive visualization of
collections has been added,
similar to the existing one for
record links

aaaaaa

Next to records, it also allows -
visualizing the collection
hierarchy (and the respective © @

@lithium-metal
material

records) @

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology



Example: Using Kadi4Mat in Experiments k\‘(".

B A simple experiment (cutting a piece of paper) is performed using a
device (scissors) on some sample (paper)

O O

J J

Device Sample Experiment Results (new samples)

19 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



Kadi4Mat in Experiments

ssssss

555555

W,
@paper-half-1

ssssss
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AT

Karlsruhe Institute of Technology

®Each input, output and processing step can
be represented as a record in Kadi4Mat

® The relationships of the steps are represented
as simple links between the records, creating a
simple, ontology-like structure

s @cutting-cardboard
| experiment

®Devices can be linked to their digital
counterparts using e.g. QR codes

Institute for Nanotechnology
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Karlsruhe Institute of Technology

Ontologies

J

“An ontology is a formal, explicit specification of a shared conceptualization’

e /7 1

. & / e I
machine- ;
readable > :

K consensual knowledge ;
¥ I
concepts, properties, v
relations, functions, abstract model and
constrains, axioms are simplified view of a
explicitly defined phenomenon

21 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



Ontologies A\‘(IT

Institute of Technology

® |mportant benefits ontologies provide are
=2 Semantic interoperability

=2 Reasoning and inference — ontologies include logical axioms
and rules that capture domain knowledge and relationships

2 Domain understanding and analysis — enables exploration of
complex knowledge landscapes

2 Knowledge based systems and applications — enables the
creation of intelligent agents and expert systems

22 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



Ontologies A\‘(IT

Institute of Technology

* Crucial for ensuring consistency, interoperability
and resuability of data

* Implemented via

~

Metadata standards — metadata templates
iIn Kadi4dmat

Instrument/device templates

23 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



Ontologies
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scientific procedure e %ﬁ
oo @block-specimen-pjs-ctc-00...
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. 3 U,
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experimental object P S G Jﬂfo
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é"b industrial procedure ’?75.0#

@tribometer-csem
lab equipment
Brandt, N.; Garabedian, N.T.; Schoof, E.; Schreiber, P.J.; Zschumme, P.; Greiner, C.; Selzer, M.
Managing FAIR Tribological Data Using Kadi4Mat. Data 2022, 7, 15.

https://doi.org/10.3390/data7020015

@interfacial-medium-shell-...

experimental object

24 6. Oktober 2023 Michael Selzer et al.

employsEquipment

O

@tactile-surface-profilome...
scientific procedure

@tactile-surface-profilome...
lab equipment

employsEquipment

O

@cup-grinding-showcase-fai...
industrial procedure

@cup-grinding-machine-gn-m...
lab equipment

AT

Karlsruhe Institute of Technology
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Karlsruhe Institute of Technology

Ontologies - o ﬁ(".

Data | ..t Sawing]
Processing - /R

[ Tribometer ]

Specimen

Heat Treatment | ' Scanning Electron
Microscope

Brandt, N.; Garabedian, N.T.; Schoof, E.; Schrelber P.J.; Zschumme P.; Greiner, C.; Selzer, M.'_
Managing FAIR Tribological Data Using Kadi4Mat. Data 2022 7,15.°
https://doi.org/10.3390/data7020015

25 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology
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New Feature of Kadi4dMat: Metadata Term Search ﬂ(".

Terminology services
are one option to reuse
existing ontologies
(which define concepts
and their relationship
within a specific domain)

6. Oktober 2023 Michael Selzer et al.

/

.

Karlsruhe Institute of Technology

LEIBNIZ INFORMATION CENTRE

5 TI B FOR SCIENCE AND TECHNOLOGY
UNIVERSITY LIBRARY

\\\

Name

[} Exact match [C] Obsolete terms

[ Faceted Filter View

Subiject

collection

’ -- select a collection --

-- select a Subject --

Term type

class
property
individual

ontology

Search results for Name
Showing 1 to 10 of 4042 results m

Name
http://purl.obolibrary.org/obo/NCIT_C42614
The words or language units by which a thing is known.

Ontology: NCI Thesaurus OBO Edition @\[e1)

Name
http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owi#C42614
The words or language units by which a thing is known.
Ontology: eNanoMapper ontology

Name
http://ecoinformatics.org/oboefoboe.1.2/oboe-characteristics.owl#Name

Ontology: The Extensible Observation Ontology [isJslel]

https://service.tib.eu/ts4tib

Institute for Nanotechnology



New Feature of Kadi4dMat: Metadata Term Search k\‘(".

Karlsruhe Institute of Technology

~ Extra metadata ODUndo CRedo «&Reset =Treeview @ Show validation
String = Key | Name @ Value =+ X L] =
Term IRI Q Find term
Find term

* The term search is available in
all places where term IRIs can
be specified

* Itis implemented using the
plugin infrastructure of
Kadi4Mat, so an integration of
other services is easily possible

27 6. Oktober 2023 Michael Selzer et al.

Name

Designative Name
2 http:/www.ontologyrepository.com/CommonCoreOntologies/DesignativeName

E Name

4 http:/purl.obolibrary.org/obo/NCIT_C42614

Name

4 http:/ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#C42614

Name

4 http:/emmo.info/domain-crystallography/cif_top#Name

Name

4 http://rs.tdwg.org/abcd/terms/name

« £ Page 1 of 429 > »

Select term

Select term

Select term

Select term

Select term

Institute for Nanotechnology
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The KIT instrument data base (,,Ger
- Inside Kadi4Mat

Templates Users

A / Records / Microscopy

Record B Add files # Edit record & Manage links 0 Manage permissions

Overview Files Links. Permissions Revisions

& Microscopy Export = || Publish -

@microscopy

Micrascopy is the technical field of using microscopes to view objects and areas of objects that cannot be seen with the naked eye (objects that are not within the
resolution range of the normal eye). There are three well-known branches of microscopy: optical, electron, and scanning probe microscopy, along with the
emerging field of X-ray microscopy.

Optical microscopy and electron microscopy involve the diffraction, reflection, or refraction of electromagnetic radiation/electron beams interacting with the
specimen, and the collection of the scattered radiation or another signal in order to create an image. This process may be carried out by wide-field irradiation of the
sample (for example standard light microscopy and transmission electron microscopy) or by scanning a fine beam over the sample (for example confocal laser
scanning microscopy and scanning electron microscopy). Scanning probe microscopy involves the interaction of a scanning probe with the surface of the object of
interest. The development of microscopy revolutionized biology, gave rise to the field of histology and so remains an essential technique in the life and physical
sciences. X-ray microscopy is three-dimensional and non-destructive, allowing for repeated imaging of the same sample for in situ or 4D studies, and providing the
ability to "see inside" the sample being studied before sacrificing it to higher resolution techniques. A 3D X-ray microscope uses the technique of computed
tomography (microCT), rotating the sample 360 degrees and reconstructing the images. CT is typically carried out with a flat panel display. A 3D X-ray microscope
employs a range of objectives, e.g., from 4X to 40X, and can also include a flat panel.

Created at August 25, 2021 10:33:25 PM
Created by Lutong Lu Last modified at October 8, 2021 1:06:47 PM

Extra metadata

6. Oktober 2023 Michael Selzer et al.

atepool®) ﬂ(l'l‘

Karlsruhe Institute of Technology

Kadi4Mat is the Karlsruhe Data Infrastructure
for Materials Science, a software for managing
research data with the aim of combining new
concepts with established technologies and
existing solutions.
https://kadi4mat.iam-cms.kit.edu/about

Institute for Nanotechnology


https://kadi4mat.iam-cms.kit.edu/about
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The KIT instrument data base (,,Geratepool®)
- Inside Kadi4Mat - Overview ﬂ(IT

Record B Add files # Edit record & Manage links © Manage permissions ' °
= B KadiVet

Overview Files Links Permissions Revisions

Outgoing record links @ Visualize record links
Kadi4Mat is the Karlsruhe Data Infrastructure
Eecton oo Feannng ke for Materials Science, a software for managing
& Electron Microscopy & lon Mikroscopy & Scanning Probe Microsopy research data Wlth the aim of Combining new
@em @ion-mikroscopy @spm . . .
concepts with established technologies and
existing solutions.
https://kadi4mat.iam-cms.kit.edu/about
Light

& Light Microscopy

@light-microscopy

Incoming record links

Equipment Type

& Materials Science Lab Equipment

@materials-science-lab-equipment

29 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology


https://kadi4mat.iam-cms.kit.edu/about
https://kadi4mat.iam-cms.kit.edu/about

The KIT instrument data base (,,Geritepool*) ﬂ("‘

- Inside Kadi4Mat -

Create new record

microscopyl
Mo results found

10 ¥ 100

[] Hide public records

Filter by collection

[ Include child collections

Filter by type

Filter by tag

L[

Filter by MIME type

n
S e a rc h I n g Karlsruhe Institute of Technology

Q, Search Sort by Relevance a v Search extras
[ ]
= 2 Kadi4Vat
49 results found 'l
& Microscopy : ‘

@microscopy

Kadi4Mat is the Karlsruhe Data Infrastructure

for Materials Science, a software for managing

research data with the aim of combining new
Greatest by Lisbng Ly concepts with established technologies and

& Electron Microscopy : existing solutions.
@em https://kadi4mat.iam-cms.kit.edu/about

Created by Lutong Lu

& EDX

@edx

Created by Matthias Mail

& Scannning Electron Microscopy
@sem

Created by Lutone Lu

30 6. Oktober 2023 Michael Selzer et al.
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The KIT instrument data base (,,Geratepool®)
- Inside Kadi4Mat - Searching k\‘(IT

@light-microscopy
o«

%

=2

@spm
il @microscopy
8
&
&
. @ion-mil
@materials-science-lab-equ...

31 6. Oktober 2023  Michael Selzer et al. Institute for Nanotechnology



The KIT instrument data base (,,Geratepool®)
- Inside Kadi4Mat - Searching k\‘(IT

@ Notype(15)
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The KIT instrument data base (,,Geratepool®)

- Inside Kadi4Mat - Searching

fe

nnnnnnnnn
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@dual-beam-em
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e
gz
@single-beam-em
e
&
&
@sem
&
e N
Sy
@xray-spectroscoj

AT

Karlsruhe Institute of Technology
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Establishing of workflows (ELN) ﬂ(".

A workflow is a well-defined
sequence of sequential or parallel
steps, which are processed as
automatically as possible

Raw data and
[ Analyze data
recor

Workflows can be used to integrate [

Buipuey
eyeq
—

o
Q
jJodsues|
ejeq

(2]
=

(12}
2
m
o
o
=

existing software (e.g. Origin),
devices, and data science tools

Kadi4Mat
b Publish data

A full integration of defining
workflows graphically and running
them via Kadi4Mat is in
development

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology
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Establishing of workflows (ELN) S‘(IT

® A workflow is being established as a reference manual for users that will document
the sequence of experiments conducted during TEM sample preparation

® The workflows have been designed for two specific applications: preparing TEM
samples using FIB Lamella techniques and Ultramicrotomy

® A collection is created at the start of the workflow, to which all the records (all the
experiments) are added sequentially.

6. Oktober 2023 Michael Selzer et al. Institute for Nanotechnology



Using the API via Python ﬂ(".

 Sending HTTP request via Python is easiest done with the requests library [1]:

$ pip install requests

 The GET request shown previously, done via the browser, can be sent using this
library e.g. via the interactive Python shell, using the token created before:

$ python

>>> 1mport requests

>>> response = requests.get(
"https://kadidmat.1am-cms.kit.edu/api”,

headers={"Authorization": "Bearer <token>"},

)

>>> response.json()

[1] https://requests.readthedocs.io/en/latest/
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The Kadi-APY Library k\‘(".

* In parallel to the API itself that Kadi4Mat provides, a Python library
called kadi-apy is available and under development by various
people in our group and contributors

* The library is supposed to make using the API via Python as easy as
possible, offering higher-level functionality to interact with Kadi4Mat
as well as several quality-of-life features

* More information and documentation can be found at
https://gitlab.com/iam-cms/kadi-apy
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The Kadi-APY Library ﬂ(".

* The library can be installed as any other library:

$ pip install kadi-apy

* Besides the Python module itself ...

$ python
>>> 1mport kadi_apy
>>>

... Iitalsoincludes a command line interface (CLI) using the kadi-apy command:

$ kadi-apy --help
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Workflow ﬂ(".

Karlsruhe Institute of Technology

Kadi Studio = o @
Studio Dock Windows Workflow Help

userinput_test_4.flow
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Workflow ﬂ(“.

Karlsruhe Institute of Technology

® Used instrument can be selected

® User input form is displayed from the
metadata templates exported from
kadidmat web application.

® Customized templates in json format

. L] L]
Cal I be I I I l ported I I lto tl le WO rkfl OW Workflow status Workflow controls
File: fhome/satishk/Documents/POLiS/Outreach/INT_groupfworkflows/INT_TEM_FIB_Lamellaflow  Continue ®
- State: Needs interaction
® and displayed o
6/30 nodes processed
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Workflow ﬂ(“.

Karlsruhe Institute of Technology

® Used instrument can be selected

® User input form is displayed from the =~ =
metadata templates exported from
kadidmat web application.

® Customized templates in json format
® can be imported into the workflow Z D
® and displayed S —
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Collection created in Kadidmat

Kadim-.«w Records Templates Users Groups

AT

Karlsruhe Institute of Technology

int_05
@int_05

int_06
@int_06

int_12
@int_12

IAM-ESS
@iam-ess
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Collection

Overview @ Links © Permissions "D Revisions

Collection
& Edit collection | (® Copy collection

@ int_05

Collection

@int_05

Group

Created by Satish Kolli

Records

@ 2_microscope_settings_ebeam
@2_microscope_settings_ebeam

@ 4_protective_layer_ebeam_deposi
tion
@4 protective_layer_ebeam_deposition

Michael Selzer et al.

@& 3_protective_layer_ibeam_deposi
tion

@3_protective_layer_ibeam_deposition

Exportas ~  Publish via ~

Created at January 31, 2023 2:31:35 PM
Last modified at January 31, 2023 2:40:49 PM

Q, Advanced search

@ 1_instrument_used
@1_instrument_used
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AT

Usage of Instrument descriptions in the research process
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Programming Interface (APIl) of Kadi4Mat

B A REST-like HTTP API
enables programmatic and
automated usage of most
features

® A Python wrapper library
[1] exists on top of the API,
which can also be used to
Integrate almost any tool via
command line interfaces

\

& :
" Kadi ] @ eLabFTW

M ParaView
matplitlib y so1i1c~

v

[1] httpS://gitlab.Com/iam-CmS/kadi-apy Image: Patrick Altschuh (KIT/HKA, Germany)
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Data Science: Application of
Bayesian optimization methods

@bo;:vrkoﬂ::ﬂow ——
. O O Predicted experiment parameter Measured properties
experiment-dataset @predicted-candidate
- O N rel. Sintering Holding Sintered lonic
Gho-in - phajgct o.| H,PO, . time density conductivity
5 g & wit% > min % S/cm
1 -7.50 1000 40 87.99 5.67E-04
@imPi:‘::IC:Z::aWSiS' — @Syni":%%':f'htp 4 -7. 50 1000 540 95 .81 1.06 E_O3
1] -11.25 1000 450 97.52 1.09E-03
[1] Yinghan et al., 2022, Frontiers in materials, W 3
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Data Science: Application of
Bayesian optimization methods

AT

Karlsruhe Institute of Technology

A
. duci ired numb im
Reducing required number of experiments [1] 5 -
a U] ..
2 ~ ~— GPR-PI
= a8 -+- random
. = 20 “_
o
@bo-workflow H
workflow 95‘/, g E 10
, . ~ 1.5 - 2 times faster =~
' . €S 1aster :
=
I LY
§ 0% 10 20 30 40
2 Number of initial random selections
A B .
s Inference Inference + Uncertainty S/cm
@experiment-dataset @predicted-candidate 1100 4 ird 1 - = " i 1.13x 102
aaaaaaa prediciton
:@1050 1.01 %1073
s O = 8.85% 10~
@bo-in-latp-project 5 1000 7.65 % 10"1
project - |
o
c . o 6.45%10°*
% 5 ki 2 950 x
: ) qE,- e 5.25%107*
o = 900 - 4.05%10~*
850 2.85x%10°*
1.65%10°%
O 800 4.50% 1075

@synthesis-of-latp 101
input experiment

102

@impedance-analysis-
characterization

Time (min)

10?2

Key principle: considering uncertainty

[1] Yinghan et al., 2022, Frontiers in materials, work with Nikolas Schiffmann et al., KIT. BO applied in LATP synthesis
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Data Science: Application of
Bayesian optimization methods

* Optimizing/searching simulation parameters [1]
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Ilteration

Rapid parameter search using BO

[1] work with Patrick Altschulh et al., KIT. BO applied in simulated porous membranes.
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Data Science: Application of
Bayesian optimization methods ﬂ(IT

Karlsruhe Institute of Technology

* Optimizing/searching simulation parameters [1] image:
—— y— Lars Griem (KIT)
i | 'J/*\

Betimaging

uuuuuuuuuuuuuuuuuuuuuu
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+
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>
@9\ Parameter 1

Microstructure-Property
prediciton

[1] work with Patrick Altschulh et al., KIT. BO applied in simulated porous membranes.

48 6. Oktober 2023  Michael Selzer et al. A Institute for Nanotechnology



Data Science: Support in the analysis of complex
characterization data ﬂ(IT

* Enhance data analysis and interpretation
* Collect data from open database and prepare models

Secondarylon .= 5 petector e ¢ S MATERIALS -
o’  Detector IcSD e pMATERIALS  (ChO)
// I o ¥ , ° Qj T AW J - R
; Wy @ |-\,l FIZ Karlsruhe B —
Beam « ; > | | |
Sample m/z
3 p ‘o "\ v
terial . L0 pm— - - =T 100
8.l e Clustering o | B o E
. Liz() 1 .: 0o LiH+Liz0 . ?\\\ - .
o Lis O, ; g . -05 \\\ \\ S 2
o LiZN ° 2N Sl [
. Lill - -;.,:' —2:0 \\§"'-. .l--"-.\\\ \ 025 j
® LIOH . ::‘.:: % s d\éjjtiﬁcatio n '-._..I‘\‘\‘ 5 10 15r 20 5] 0 : = !5,(4, . =
= & & - 2 2+ 1 Unknown spectrum Best matching
PCA of 6 lithium-compounds [1]  Analysis of mixtures Search PDF candidates in database [2]

[1] Yinghan et al., 2020, Procedia Computer Science, work with S.-K. Ofto et al., JLU. Extented draft in preparation
PCA: principal component analysis, used to extract most important information and reduce data dimension
[2] work with A.-L. Hansen et al., KIT PDF: pair distribution function
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Data Science 70 kadive 172 cids> AT

Karlsruhe Institute of Technology

Exploration of more application scenarios & integration of data science tools
* Building appropriate models based on the amount/types of data
* Integrating data-science tools (CIDS framework [1]) and providing example use-cases

Model Definition

ions by indexing: e.g. [1] or [0,1]

Hyperparameters

m layers encoder

Interactive d
| 1] work with Arnd Koeppe et al., KIT
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Summary k\‘(".

B The future goal of Kadi4Mat is to support electronically recording the
entire scientific workflow of daily research work FAIRly (Findable,
Accessible, Interoperable, Reusable)

®Due to the heterogeneous nature of materials science, most features of
Kadi4Mat are kept generic and are developed bottom-up

B AIl relevant information about Kadi4Mat can also
be found at https://kadi.iam.kit.edu

) ¥io el
stk
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