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Basics
FAIR data principles

Seminal paper of M. Wilkinson et al. 2016 Sci Data 3, 160018, https://doi.org/10.1038/sdata.2016.18
The FAIR Guiding Principles for scientific data management and stewardship

I indable / \ ccessible I nteroperable I a eusable

= |dentifiable = Retrievable by = Formal, accessible » Rich and standard-
data items standardized representation of compliant metadata
: communication data : .
= Persistent orotocols 3 = Proper licensing
= Searchable " Qualified = Provenance
= Authentication where references to other
necessary items

= Access to metadata,
even if data is not
accessible




Basics
What Is metadata?

General setting Research setting

—

Filename: Tadzik.jpg
Author: Piotr Kononow

Date: August 15, 2016 6:40:10PM
5,312 x 2,988 JPEG
. 15.9 megapixels
File: 3,393,448 bytes
(3.2 megabytes)
Camera: Samsung SM-G920F
4.3 mm
Lens: Max aperture f/1.9
(shot wide open)
Auto exposure
Program AE
Exposure: 1/402 sec
/1.9
1S0O 40
none

Research File-specific
Data metadata
L Metadata Data

https://dataedo.com/kb/data-glossary/what-is-metadata
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5,312 x 2,988 JPEG
15.9 megapixels
e 3,393,4498 L::ytes
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Camera: Samsung SM-G920F
4.3 mm
Lens: Max aperture f/1.9
(shot wide open)
Auto exposure

Experiment documentation

. How the experiment

N s Program AE
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none

[ settings/parameters
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Basics
What Is metadata?

General setting Research setting

Filename: Tadzik.jpg
Author: Piotr Kononow
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5,312 x 2,988 JPEG

—
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Experiment documentation

15.9 megapixels

File: 3,393,448 bytes 4 Nl
(3.2 megabytes) \ \Y

Camera: Samsung SM-G920F \ \\ ‘ [\ ¢ -
4.3mm T3 ‘

Lens: Max aperture /1.9 ! T, ok

(shot wide open)
Auto exposure

. How the experiment

\ ¥ M Program AE
% A Ex 5 1/402
rm PR e was conducted?

none

150 40 . What were the

[ settings/parameters
L used for each
. . instrument?
Research File-s po(lacmc +  When was it done?
Data metadata .« Who did it?
. etc.
Data Metadata Data Metadata

Metadata is simply data about data!

https://dataedo.com/kb/data-glossary/what-is-metadata
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Basics
JSON Schema

=  From the main site:

“JSON Schema is a declarative language that allows you to annotate
and validate JSON documents.” — https://[son-schema.org/



https://json-schema.org/

Basics
JSON Schema — examples and validation

{ {
"type": "string”, "type": "object",
"minLength": 2, "properties": {
"maxLength": 3 "number": { "type": "number" 3},
3 "street_name": { "type": "string" },
"street_type": { "enum": ["Street", "Avenue", "Boulevard"] }
X
}
"AB" v
{ "number": 1608, "street_name": "Pennsylvania", "street_type": "Avenue" }
"ABC" 1"'
If we provide the number in the wrong type, it is invalid:
"ABCD" x ; . ; : ; . ;
{ "number”: "168@", "street_name": "Pennsylvania", "street_type": "Avenue" }

By default, leaving out properties is valid. See Required Properties.

{ "number”: 160@, "street_name": "Pennsylvania" }
{ "type": "number™ }

By extension, even an empty object is valid:
42
{1
-1
By default, providing additional properties is valid:
Simple floating point number:

{ "number”: 160@, "street_name": "Pennsylvania", "street_type": "Awvenue", "direction": "NW" }

C € € X <

5.0
Exponential notation also works:

2.99792458e8

JS package implementing JSON Schema validation:

A\ Ajv JSON schema validator

Numbers as strings are rejected:

nggn

X < < <K«

https://json-schema.org, https://ajv.js.org/ A
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Basics

Electronic lab. notebook — ElabFTW: an open-source general purpose ELN

Experiments
= |t’s free and open source oo
= You can self-host it e
» Flexible and generic, not only for notebook
purposes
 Experiment templates, easy to create and to tailor
 Item database -
«  Scheduler o .
« And many other features '

CARPi et al, (2017), eLabFTW: An open source laboratory notebook for research labs, Journal of Open Source Software, 2(12), 146,

@

(3

eLabFTW

@ Attach a file

@ @ Attached file

r
omri | oo T
Editing metadata

© & Draw something

© = Molecule drawer

WPk USER PANEL Powered by eLabFTW 4.3.3
Page generatod in 010592 seconds




Adamant

Technical paper (open peer review)

Home » Browse » Adamant: a JSON schema-based metadata editor for research data management...

Open Peer Review

‘M) Check for updates I
SOFTWARE TOOL ARTICLE | I
C=T) Adamant: a JSON schema-based metadata editor """ Reviewer Status v v v (D
for research data management workflows [version 2; 1143
peer review: 3 approved] VIEWS Reviewer Reports
2= |hda Chaerony Siffa (1), Jan Schafer (%), Markus M. Becker ([5) ! o7 Invited Reviewers
+ Author details ST 1 2 3
Version 2 v
(revision)
Rt 3% - 19 Jul 22 read
é:. “"f; This article is included in the Research on Research, Policy & Culture gateway. - ,
P Version 1 v v

Get XML
29 Apr 22
read read
Cite

GitHub repository: https://github.com/plasma-mds/adamant

Live playground: https://plasma-mds.qgithub.io/adamant/

Chaerony Siffa I, Schafer J and Becker MM. Adamant: a JSON schema-based metadata editor for research data management workflows
[version 2; peer review: 3 approved]. F1000Research 2022, 11:475
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Adamant
Architecture

) docker

R e e e e e e e e J@@ Compose

e e

|
|
|
|
|
|
|
|
: Front-End Back-End
|
|
|
|
|
|

[

POST _,| » Providing schemas for |
* JSON schema to web- quick re-use External
form rendering HTTP request | *  External application- application’s API External
C—f—p| | oy A ope 2 < L a : y
For'm eFlltlng logic methods specific data preparation 1 Appllcatlon
*  Validation processes * APlcalls

- *  E-mail notification

USER i Jg - ~; P & Flask

Material-Ul pgthOﬂ "

Upload /
Download

JSON ||

Figure 1. Overview of Adamant’s software architecture. API, Application Programming Interface; JSON, JavaScript
Object Notation; HTTP, Hypertext Transfer Protocol.



Adamant

Main features — rendering of editable user-friendly web-form

Input: JSON Schema file

q{
"$achema": "http://json-achema.org/draft-04/achemad" ,
"id": "http://scanning-electron-micrescopy",
“title": "Seanning Electron Miereacopy (SEM)*,
"dascription®™: "A schema to describe a Scanning Elactrom Microscepy usad in an
experiment (demo schemal",
"typa": "objact",
"required": ["DeviceModel™,"SEMParaneters”],
"properties": {
DevicaMo L |
“Model of BEM Device",
ption": "S5EM davice model used in the expariment",
t"etring"
Iy
SEMParameters" :{
"title": "S5EM Parameters",
‘desgcription": "SEM parameters used in the experiment”®,
"type":"object",
" pr tias": {
"hccelerationVoltage™: {
"title": "Acceleration Veltage [kWI",
"description®: "Veltage applied to acceleratse the electrons",
"type": "number"
.
"Warkingh oo
itla" Werking Distance [mm]",
ription”: "Distance from the lens to the sample/specimen”,
"type': *number"
e g
2"; "Probe Current [mAl",
zeription”: "Electriecal current or electron beam focused on the
sample/specimen™,
"type": "number"
}
}
1
¥
}

Listing 1. Example of a draft-4 JSON schema containing typical schema-specific keywords presented in blue

with their values presented in black, and field element keywords presented in red. JSON, JavaScript Object
Notation.

N Output: rendered editable Web-glorm

Ad ama nt {E} -. #* Edit "Working Distance [mm] %

it
Seecl nsing scharma Basic Descnptors:

OR  dema-schema json -

Freéal e~
Waranglistanca

derno-2ehera jzon is a vabe schema. You can now render the Tm. | RENDFR 4 FAR

Fiedd IR

Scanning Electron Microscopy (SEM) : | P ] i

A schema bo describe a Scanning Elechion Microscopy used n & experiment [deme schemz) ~~ - """ 77777 TTTTTTTTES [T R ——

: -2) rane

Mozt of STM Deviee * s _i' ! Varking Distanee [ren]

EEM daviea medel usad in the axpari menl a Tl thai requires a wit, 82 unil can B placed within a
- are bracket, e, "Charber Pressure [Pal ™.

SEM Parameters® ~3)

Va | X Distance fom e lems o lhe samplefspecinen
ﬁ SEM parameters sl in e aaparient Ry

nesipiion of B Tald. huw S it sheuld b tormated, e

Walidation Relatsd:

Fivdl Cies Tapes

F] .- ~5 }_ rumber -

“Warking Distance [mm] | S

v of the fird pet
Distance from the ens bo Ihe samplefspecinen

" Prabe Currsn [nd) A P |

Elsecirical corumt oo luciion beam icossed un $w sl pecinmn
[0 Enumerated. Provide @ st of possible inputs for ths field.
E3ADD ELEMENT

[ Required. Checked measns te fisld mest be filksd
3 ACD ELEMENT Mize.:

Field Defaull value

ADAMANT v1.0.0 CANCEL SANE

Figure 3. Overview of the Adamant UI with a rendered web-form based on the schema in Listing 1 as an
example. (A) Main corpus of the UI; (1) from left to right: JSON schema viewer, auto-populate form, edit schema
description, revert all changes; (2) remove form field; (3) collapse or expand the field container; (4) field drag handle;
(5) edit field description and (B) field editing panel (as a pop-up on top of the main UI) triggered by clicking (5) the edit
button. UI, user interface; JSON, JavaScript Object Notation.



Adamant
Main features — rendering of editable user-friendly web-form

Form field specification in the schema Rendered field
"DeviceModel" : {

"title": "Model of SEM Device",

"description": "SEM device model used in the experiment “,_> Model of SEM Device *

Il.t},pe " : "String“

} SEM device model used in the experiment



Adamant
Main features — validation of input data

= Type checking and visual feedback

Adamant Adamant

A JSON schema form renderer and editor

Scanning Electron Microscopy (SEM) [ @ Scanning Electron Microscopy (SEM)

A schema to describe a Scanning Electron Microscopy used in an experiment (demo schema) A schema to describe a Scanning Electron Microscopy used in an experiment (demo schema)

Model of SEM Device * Model of SEM Device *

SEM device model used in the experiment ‘Model of SEM Device' field must be filled (required)

SEM Parameters* R _> SEM Parameters* .
SEM parameters used in the experiment

SEM parameters used in the experiment

Acceleration Voltage [kV] Acceleration Voltage [k}

15 kV 15

EV
Voltage applied to accelerate the electrons Voltage applied to accelerate the electrons
Working Distance [mm] Working Distance [mm]
6.7 mm 6.7 mm
Distance from the lens to the sample/specimen Distance from the lens to the sample/specimen
Probe Current [nA] Probe Current [nA]
850 nA 850 nA

Electrical current or electron beam focused on the sample/specimen Electrical current or electron beam focused on the sample/specimen

BACK TO EDIT MODE ¥ DOWNLOAD SCHEMA/DATA PROCEED BACK TO EDIT MODE ¥ DOWNLOAD SCHEMA/DATA PROCEED

ADAMANT v1.2.0

ADAMANT v1.2.0




Adamant
Main features — downloadable schema and JSON data

= Type checking and visual feedback

Adamant Adamant

A JSON schema form renderer and editor

Scanning Electron Microscopy (SEM) [ @ Scanning Electron Microscopy (SEM)

A schema to describe a Scanning Electron Microscopy used in an experiment (demo schema) A schema to describe a Scanning Electron Microscopy used in an experiment (demo schema)

Model of SEM Device * Model of SEM Device *

SEM device model used in the experiment ‘Model of SEM Device' field must be filled (required)

SEM Parameters* R _> SEM Parameters* .
SEM parameters used in the experiment

SEM parameters used in the experiment

Acceleration Voltage [kV] Acceleration Voltage [k}

15 kV 15

EV
Voltage applied to accelerate the electrons Voltage applied to accelerate the electrons
Working Distance [mm] Working Distance [mm]
6.7 mm 6.7 mm
Distance from the lens to the sample/specimen Distance from the lens to the sample/specimen
Probe Current [nA] Probe Current [nA]
850 nA 850 nA

Electrical current or electron beam focused on the sample/specimen Electrical current or electron beam focused on the sample/specimen

BACK TO EDIT MODE ¥ DOWNLOAD SCHEMA/DATA [EeIe=I0) BACK TO EDIT MODE Download JSON Schema PROCEED

ADAMANT v1.2.0 ADAMANT v1.2.0 Download JSON Data

Download Description List




Adamant

Main features — downloadable schema and JSON data

=  Downloaded JSON data collected / metadata

JSON Raw Data Headers

Save Copy Collapse All Expand All Y\ Filter JSON

DeviceModel:

v SEMParameters:
AccelerationVoltage:
WorkingDistance:

ProbeCurrent:

"JEOL JSM-7500F"

15
6.7
850

JSON Raw Data Headers

Save Copy Pretty Print

{
"DeviceModel”: "JEOL JSM-7500F"

"SEMParameters": {
"AccelerationVoltage": 15,
"WorkingDistance": 6.7,
"ProbeCurrent”: 850

}
}



Live Demo

Setting up Adamant for development and deployment

GitHub repository: https://github.com/plasma-mds/adamant

Development

Setting up Adamant on a local machine for development:

$ git clone https://github.com/csihda/adamant.git —clone the repository

$ cd adamant —go to adamant project directory

adamant$ npm install —install the dependencies for the client-side

adamant$ cd backend —go to backend directory

adamant/backend$ python -m venv venv —cCreate a python virtual environment

adamant/backend$ ./venv/Scripts/activate —activate the virtual environment

adamant/backend$ pip install -r requirements.txt —install the dependencies for the back-end
adamant/backend$ cd .. —go back to adamant project directory

adamant$ yarn start-api —start the back-end

adamant$ yarn start —on a new terminal, in the adamant project directory, start the front-end

By default, Adamant is accessible at http://localhost:3000 .

Deployment

We recommend deploying Adamant with docker-compose, which can be done with ease:

e ¢ git clone https://github.com/csihda/adamant.git —clone the repository
® ¢ cd adamant —go to adamant project directory
® adamant$ docker-compose build —build the docker images for both back-end and front-end

e adamant$ docker-compose up -d —start both client and server containers, i.e., the whole system

By default, the deployed system can be accessed at http://localhost:3000 .


https://github.com/plasma-mds/adamant

Live Demo
Generic schema-based metadata collection

' Y

Researcher

= Browse, select, or create experiment schema and
render the web-form

= Fill in relevant information regarding the
experiment

= Submit to store experiment metadata and the used
schema in the ELN system

= Experiment metadata can be re-used for dataset
publication and other automated processes

Vx}
JSON

Well-described
research data




Live Demo
Job request of scientific instrument operation

7~

Adamant \

{Vx}

JSON

O Motivation:

Only a handful of researchers can operate a certain
advanced scientific instrument. The instrument has
to be more accessible to researchers with different
skillsets to improve research outputs. A more
automated workflow to request an instrument
operation is required to make Ilife easier.

0 Workflow:

(1) Job request initiation by the requester
(researcher who is not an expert on the
instrument);

(2) Processing of the request by the operator (expert
on the instrument), experiment metadata is
stored in ELN;

(3) Handing of research data (results) from
operator to requester



Other workflows

Dataset preparation and publication (under preparation)

7

Researcher

Adamant

RD Repository

Gather and load the data into Adamant

Re-use experiment metadata stored in the ELN
system

to describe the dataset

Adjust or extend the metadata as needed
Submit the prepared dataset to a research data

repository system (e.g., https://www.inptdat.de for

datasets related to plasma science and technology)


https://www.inptdat.de/

Other workflows
Compilation of input configurations for plasma simulations (under preparation)

@

®

input data setting up model
! ®
- . . |
[general input data) functions calling: LM_AIE‘E‘?_
e SetGeometry — —
Adamant{=} !web-form] e . . cetcometante - e
. BTSSR 1 JSON I > . SetVariables R
!_fgl‘_nlgatfl » SetTransportCoeficients -
MCPIlas - general imput data compiling * SetRateCoeficients “
o SetFluxes -to-
" Modelling geometry > | ¢ SetSources ready tO use
F—————— - > ~—-Comsol model
® Operating condition I JSON I . AddPoissonEquation —> -
' Plasma source properties | schema | » AddFluidEquations
* Properties of numerical sover | | T " SetMesh
o SetMes
e SetProject .
[plasma chemistry] . i
JSON forr cata| ® -
s building up model
LiveLink™ for MATLAB®

Figure credit: Marjan Stankov



Outlook
Further feature developments

= More JSON Schema keyword implementations
= Better Ul and UX

= Ontology / Knowledge graph integration

(Adamant{a} ) ( (‘/ . . .
- - -E Standardized experiment documentation
R v" Community approved

v" Modular schemas
""" + -_ v" Interconnected
Adamant Ontology / i Eeuse of existing documentation .
L ) _ Knowledge Graph y L uto. suggestions on experiment design

=  Many more!
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