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. This talk

e Considerations
o Metadata for what?
o Good and bad metadata
o Where, what and how?

o Example
e Conclusions
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. Metadata for what?

One of the roles of the Metadata is to make the information FINDABLE
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Find alignment parameters
e Slits or intensities as function of filling mode
e Mirror position and/or coating used
e Energy resolution and slit opening

Better and/or more efficient proposals
e databases: Search for model compounds (Fe, speciation, XANES)
e Search keywords in previous proposals

Statistical analysis/ quality assessment
e Proposals per beamline and filling mode
e Data quality as function of XXXX
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. Metadata — Good and Bad Metadata

Good metadata
e They have a meaning during the whole life of the data
e They are static

Bad metadata
e Their meaning is lost with time
e They are not expected to be useful to the community
e Dynamic “metadata” are in fact data and belong to the data files

Example:
Monochromator_energy is a good metadata if it is not going to be changed
Monochromator_energy is not a good metadata if going to be scanned (data)
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. Implementation: ICAT

N

[ICAT

Metadata catalogue and related components to support
experimental data management for large-scale facilities

STORAGE

INTERFACE Developed at:

e STFC
LUCENE -~ . e HZB

Facilities using it:
e STFC’s central laser Facility
ESRF
HZB
ISIS
ALBA
DLS
Sesame

~o _-

python-icat )

OAI-PMH

|CAT is our toolbox &=
https://github.com/icatproject/
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. Implementation: ICAT Main entities

ICAT covers from scheduling to publication

STORAGE
INTERFACE

—————

LUCENE

~o _-

python-icat )

OAI-PMH
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r Application
PublicStep Instrument
FacilityCycle —
Rule
Publication
Facility
Grouping Shift
/ Keyword
Job User ;7 Investigation
Study FundingReference Dataset Sample
[
L Affiliation DataPublication H Technique
Relateditem
DataPublicationDate
DataCollection Datafile RelatedDatafile

MAIN ENTITIES
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. Implementation: ICAT Main Entities @ESRF

l
Keep things simple '
. . . Instrument
Less tables < endpoints < code to maintain
Rule
STORAGE
|NTERFACE Grouping
LUCENE -~
User Investigation
N Dataset Sample
python-icat ~~--"~ |
OAI-PMH Technique
DataCollection | Datafile

MAIN ENTITIES@ESRF
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. Where? ParameterType
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e Parameters are key=value (value.length <4000 characters)
e Any parameter is “well” defined via ParameterType.

o Name
o  Definition
o  Units*

o ApplicableTo

e @ESRF

o  Only data curators can populate parameterType
o  Unknown parameters will be ignored

Editing ParameterType InstrumentSource_current [id: 13168285] x
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ApplicableToDataCollection:
ApplicableToDatafile:
ApplicableToDataset:
ApplicableTolnvestigation:

ApplicableTosample:
Description:
Enforced:

Facility:

MaximumNumericValue:
Minimum Numeric Value:
Name:

Pid:

Units:

UnitsFullName:

ValueType:

Verified:

Strage ring current

European Synchrotron Radiation Facility (ESRF) [id: 305]

& (max50) - case-insensitive

InstrumentSource_current

mA

STRING

Cancel oK

ParameterType

Permissible
StringValue

Types and
Parameters

Parameter Entity
Investigation S
Barirnaior Investigation
Dataset
Parameter Edlse
Sample
Parameter Sample
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. Metadata and NeXus
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e Raw data to be stored in HDF5 format following NeXus conventions (in most of the cases)
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NXroot

Top level. One per file.

NXentry

One group per measurement

Describe the instrument.
Only one per NXentry

measurement (@NXcollection)
Flattened view of everything measured
Only one per NXentry

sample (@NXsample)

Define the physical state of the sample
during the scan

NXdata

The data to be plotted.
One NXdata group per plot
user (@NXuser)

Details of a user, i.e., name, affiliation, email

address, etc

Data or links to data for particular analysis

Exclusive BCU Domain

Almost exclusive BCU Domain

User/Scientist Domain

User/Scientist Domain

MIS Domain

Domain
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Metadata providers

e Metadata is captured automatically

NXroot

Top level. One per file.

Exclusive BCU Domain

Describe the instrument. Data Acquisition Software
Only one per NXentry

measurement (@NXcollection) Almost exclusive BCU Domain
Flattened view of everything measured
Only one per NXentry

sample (@NXsample) User/Scientist Domain

Define the physical state of the sample
during the scan

NXdata User/Scientist Domain User Portal/D. Acq
The data to be plotted.
t
user (@NXuser) MIS Domain
Details of a user, i.e., name, affiliation, email
address, etc
Dommain - . .
[ Data or links to data for particular analysis ] Acquisition/Online Analysis
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. How to define parameters

e HDFS5 file mirroring metadata stored in ICAT database
o  Clear mapping from existing NeXus conventions to ICAT

ICAT key = Class1Class2....ClassN_dataset@attribute
e Documentation about what is each parameter can be found nexusformat.org
e Technique or beamline specific information as NXsubentry based keys

e Not all instruments use NeXus but still relevant

NEXUS ICAT
source@NXsource/current InstrumentSource_current
source@NXsource/mode InstrumentSource_mode
crystal@NXCrystal/usage InstrumentMonochromatorCrystal _usage
monochromator@NX.../wavelength InstrumentMonochromator_wavelength
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. Architecture

Beamlines
x40

Users
(>40)
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atasets

+
Logbook

Consumer
ActiveMQ
Consumer
Datasets
ICAT
) / ovm-icat2
ActiveMQ Consumer
Consumer
l ~
ORACLE
Logbook
\ 4 -
ICAT
DATABASE
ICAT+
Data Portal
HOA ICAT+
ICAT+ ol
ovm-icat1
ICAT+
Paleo
ICAT+
2
Mongo
ICAT=+ SAMPLE TRACKING
TERIET LOGBOOK

Generic approach

RW dissociation
o Message Broker for W
o RestAPIfor R

Multiple portals (Ul)
o Data portal
o Human Organ Atlas
o Paleo Portal
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e Messages sent to ActiveMQ
e Content:
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Mandatory parameters
dataset name
sample name S
proposal X4°
Instrument
location

parameters = [key =value]

e UNIX location considered as identifier

O
O
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Data produced and consumed locally
SPF are the ActiveMQ

ActiveMQ

ActiveMQ

\/

Consumer

Consumer

Consumer

Consumer

ICAT
ovm-icat2 1
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Dataset format for ingestion

NOoO O~ WN-=20

: InstrumentAttenuator01Positioners_name = att1

: InstrumentAttenuatorO1Positioners_value = 177.5

: InstrumentAttenuator01_thickness = 1.93

: InstrumentAttenuator01_type = molybdenum

: InstrumentAttenuatorO2Positioners_name = att2

: InstrumentAttenuatorO2Positioners_value = 74.0005
: InstrumentAttenuator02_thickness = 0.71 x40
: InstrumentAttenuator02_type = copper

Beamlines

: InstrumentSlitPrimary_horizontal_gap = 2.6000000000000036

: InstrumentSlitPrimary_horizontal_offset = 0.09999999999999898
: InstrumentSlitPrimary_vertical_gap = 1.7999999999999998

: InstrumentSlitPrimary_vertical_offset = 0.10000000000000009

: SamplePositioners_name = srot_eh2,sx_eh2,sy_eh2,yrot_eh2,sz_eh2
: SamplePositioners_value = 0.0,3.882,-6.1685,1.625,-45.942
: Sample_name = zz_test_2.03um_AMNH19672_01_v3

: TOMO_accelDisp = 0.802230638116747
: TOMO_beam_check = True

: TOMO_ccd_acqg_mode = SINGLE

: TOMO_ccd_flip_horz = True

: TOMO_ccd_flip_vert = False

: TOMO_ccd_pixel_size = [6.5 6.5]

: dataset_name = 0001

: definition = TOMO

: endDate = 2024-09-26T14:22:53.872905+02:00

: startDate = 2024-09-26T14:20:43.935467+02:00

: location = /datalvisitor/es1547/bm0...um_AMNH19672_01_v3_0001
: proposal = EV1425
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ActiveMQ

ActiveMQ

\/

Consumer

Consumer

Consumer

Consumer

Datasets

ICAT
ovm-icat2 1
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Processed data

1:1

1:1:1

1:N

N:1

1:N:1
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RAW DATASET

PROCESSED DATASET

RAW DATASET

PROCESSED DATASET

PROCESSED DATASET

RAW DATASET

PROCESSED DATASET

PROCESSED DATASET

RAW DATASET

RAW DATASET

PROCESSED DATASET

RAW DATASET

PROCESSED DATASET

PROCESSED DATASET

RAW DATASET

PROCESSED DATASET
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Example of adding a new technique

e Sample/Dataset identification

7 sample

Sample Sheet
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Search

Corresponds to a location in the
grid where the tilt series will be
collected

Sample contains information
about the Grid and the sample
sheet

%,

—

hiﬁini‘

Tt Serles

Raw Dataset
Angle -X

Raw Dataset
Angle -Xn

\ [ 7/
‘\//

Raw Dataset
Angle +Xn

e

Motion
Correction

Raw Dataset
Angle +X

4 | &
|

Motion
Correction

produces——br Micrograph

y

Processed
data

[ Aignment

+
3D Reconstruccion |
yzd

\‘r‘g\ "
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Example of adding a new technique

e Metadata list -> feedback from scientists
e Refinement made by community

Tilt Angle dataset

sampleName
EM_voltage (V)

EM_magnification (NA)
EM_images_count (NA)
EM_position_x (NA)
EM_position_y (NA)
EM_dose_initial (NA)
EM_dose_per_frame (NA)
EM_spherical_aberration (mm)
EM_amplitude_contrast (%)
EM_sampling_rate (A/pixel)
EM_tilt_angle (%)
EM_grid_name (NA)
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Motion Correction

EMMotionCorrection_total_motion (NA)
EMMotionCorrection_average_motion (NA)
EMMotionCorrection_frame_range (NA)
EMMotionCorrection_frame_dose (NA)

EMMotionCorrection_total_dose (NA)

CTF

EMCTF_resolution_limit (NA)
EMCTF_correlation (NA)
EMCTF_defocus_u (NA)
EMCTF_defocus_v (NA)
EMCTF_angle (NA)

EMCTF_estimated_b_factor (NA)

ampie Sheet

Search

Processed
data
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Is that enough?

NXroot
Top level. One per file.
NXentry
One group per measurement

NXinstrument
Describe the instrument.
Only one per NXentry

measurement (@NXcollection)
Flattened view of everything measured
Only one per NXentry

sample (@NXsample)

Define the physical state of the sample
during the scan

NXdata

The data to be plotted.
One NXdata group per plot

user (@NXuser)
Details of a user, i.e., name, affiliation, email
address, efc

Data or links to data for particular analysis
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Additional metadata

Sample Preparation/
Resources plan/
Tracking WIP!

Catalog

NXroot
Top level. One per file.

NXentry

Puck: 01117

000e®

One group per measurement
NXinstrument

Describe the instrument.

Only one per NXentry

measurement (@NXcollection)

Flattened view of everything measured

Define the physical state of the sample
during the scan

NXdata

The data to be plotted.

One NXdata group per plot

Details of a user, i.e., name, affiliation, email

address, efc

Data or links to data for particular analysis
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Puck: FA1083

0000000000000 0

Puck: FA1084

Puck: HITS02

000

Puck: HITS03

Puck: HITS05

©000000000000000
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DRAC: Data Repository for Advancing open sCience
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“. LOGBOOK -

PORTAL
 RESOURCES . STORAGE
. INTERFACE
LUCENE -~ _ o
o ICRT N AUTH
. 0
1 soap [/
\, REST
*. python-icat ~~=-""" :
' “SAMPLE

OARPMH — “IRACKING

WIP!!
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PORTAL
DOl
RESOURCE~S.’,' STORAGE
. ; INTERFACE
LUCENE =7 ™
/" ICAT AUTH
. 0
k soap [/
\, REST
“. python-icat =77’ :
: “SAMPLE

“. LOGBOOK .
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DRAC: Data Repository for Advancing open sCience

OA-PMH— “TRACKING -

DRAC
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Data Portal

Datasets

View as

Summary

Sample:

MX
Filter by type:
osc
Automesh
Characterisation
Datacollection
Line
Mesh

Auto processing ranking
We use the following criteria by order of
priority

1. Matches all set filter cutoffs

Add

2. Highest symmetry space group
Disabled

3. Selected criteria

Inner Res. high
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CEED D

LYS-test-ispyb

99/2024 15:40:2

MXPressA:

centre, eEDNA + dc on id30a1

Automesh @ e MeshQ we Line @ s | Characterisation @

L -

Kappa settings : 2

Diffraction @ w+  Datacollection @ -  Bestauto processing @ )

From grenades_fastproc
Triclinic system (P1)

733A 5A

1042 =88 yee59

Compl  Res.low Res.high Rmerge 1/50) cc1/2 ccAno

&
T
5
-

iner (USTAN]] 724 o4 630 17 08
4 outer | 07% 14 4 I
o overl [EES% 724 14 3544 04 00
Mesh @ we Line @ Diffraction @

Data collection @

e
ex

/2624 14:30:49  MXPressA: X-centre, éEDNA + dc on id30a1

Automesh @ w  Mesh@ we Line @

Characterisations : 2

6/09/2024 14:22:19 MXPressA: X-centre, éEDNA + dc on id30a1

Automesh O, -

Example: https://data2.esrf.fr/investigation/1405067863/datasets

Best auto processing @

From
Triclinic
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Processed data

andro DE MARIA =

Metadata  Diffraction  Files 693

Int/
number Aperture Resolution image X Y Sig

Images Images Images Score Start Start End End Helical
all dax dy sum  Helical X i X Y IntSig
Automesh Metadata  Files 8

1 0 228 171 2685 97813 5 5 143 No
Result of automesl|
2 50 248 265 237 81 624 7 3 3 538 No
B: = = » zams 3 3 wivw w2 oo o
- o o i e ol J < bl
s om0 2e m w5 awrs 2 3 mev ® 3 m 3 w7 |
6 0 263 242 26 7 20 3 2 2 221 Ne | Diffraction = Characterisation @ ° 500 1000 1500 2000 2500
7 20 28 19 25 5 3743
Dataf
Viel
s .
Characterisation Door  Metadata  Diffraction  Files 48
Characterisation Results
MX
Indexing summary n
Dozorm map of crystals Selected spacegroup alAl blA] <Al alpha [7] beta [*] gamma ]
c 115800 204280 71810 90000 121540 90000
Aepiepge o sedosided Collection plan strategy: resolution limit is set by the radiation damage
Wedge Subwedge Start() Width() Noimages Exptime(s) Maxres(A) Reltrans(%) Distance (mm)
Stepsy size x fmm] sizey [mm]
Atito peocassing ranking 1 1 12300 010 1470 0047 251 10000 52860
We use the following criteria by order of 19 0746 0405
prioity
1. Matches all set filter cutoffs
had
2. Highest symmetry space group
Disabled -
compl ‘phi_overlap

3. Selected criteria

Inner Res. high .
Diffraction Plan

Forcedspace  Anomalous  Aimed Aimed Aimed Vsigma at Min osc.
group data multiplicity completeness highest res. Aimed resolution (A) width
None False Detault Default (>=099) 100 Default (highest 0,01

(optimized) possible)

Image quality indicators

MXPressA:

centre, eEDNA + dc on id30a1

Example: https://data2.esrf.fr/investigation/1405067863/datasets
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. All-in-one solution

2000000000200 0000

“1

°

‘ RERRRERRRRRERRRR

e |Integrative approach with all metadata linked
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. Conclusions

e Metadata catalogs of high quality already exist to meet current
demands.

e |tis the facility's responsibility to fill it with metadata that is as useful
as possible in all aspects.

e A metadata catalog might not solve all the problems required to
understand the nature of an experiment.

e FAIR principles are not just a goal but a requirement.
o What is next?
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