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ESRF BEAMLINES AND EXPERIMENT TYPES
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ESRF EXPERIMENTAL SETUPS
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. BLISS : INSTRUMENT CONTROL AND DATA ACQUISITION

Command line driven data acquisition sequencer written in Python

Main concepts

e Hardware abstraction layer for all instrumentation used during a data acquisition sequence
Motors, counters, monochromators, spectrometers, diffractometers, etc.
e A generic scan engine for step and continuous scans
The use of trajectories and HKL space is possible with all scans
e Decoupling of data acquisition from data saving and analysis
All data buffered in memory. Allows higher acquisition speed without blocking
e Coherent HDF5 storage of all acquired data at high speed and for large data volumes
All data of a proposal, its samples and the produced datasets is saved as a coherent HDF5 data tree
e Live data display of all acquired data
Immediate visibility of acquisition results for the user
e Easy configuration of hardware and experimental environment
Switch between predefined acquisitions set-ups on the fly
e PyTango to interface any device from the Tango world
https://imww.tango-controls.org

https://bliss.gitlab-pages.esrf.fr/bliss/master
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. HARDWARE ABSTRACTION

Direct hardware access or underlying control system?

Motors 2D Detectors 0D Counters

Galil Motors 2D Detectors P201 card
Motor Controller Tango Controller Tango Controller Counter Controller
I A

Tango Software Bus

Tango Server Tango Server Tango Server Tango Server
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HARDWARE ABSTRACTION

BLISS Hardware Abstraction Frameworks

Monitoring and real-time plotting

Monitor the regulation in live through Flint, the BLISS data online visualization tool.
Follow the evolution of the process value, setpoint and ouput power over an adjustable time-window.

Monochromators

* Generic API

* Crystal manager

*  Multi-layers compatibility

* Energy calculation

= Tracker motors (undulator, sample)

*  Continuous scans and trajectories Regu lation

Generic API
* Integrated hardware
* Custom regulation
«  Monitering/plotting with Flint
*  Axis like control

Spectrometers * Tango Server

= Generic API Easy declaration with YAML
« 3D positioners (Analyzers + Detector) L

* Mixed crystals compatibility

* 2D detector compatibility

* 3D live monitoring plot (ray-tracing)
* Customizable geometries

Diffractometers

* Generic API

* Based on Picca’s HKL library

* 18 available geometries

* Different engines per geometry
* HKLscans and trajectories t ‘_‘v ‘
*  SPEC like commands t k1
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. BLISS SOFTWARE ARCHITECTURE

Schematic view of the BLISS software layers
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. BLISS SOFTWARE ARCHITECTURE

Decoupling of data acquisition from data saving and analysis

R Data Policy
ICAT, E-logbook
Persistent
Settings
& redis
HDF5 - Nexus
File Writer

Online data analysis

Py  Online data display

0D

(ex: diode)

1D

(ex: MCA)

References
only

—~ Web GUI
2D _
Area detector Image Files
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BUILDING A CONTINUOUS SCAN
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. BUILDING A CONTINUOUS SCAN

Writing a scan is writing an AcquisitionChain

AcquisitionChain is atree of AcquisitionObjects with master/slave relations

MotorMaster MusstAcgMaster m g

Synchronization 2D detectors
electronics
1D detectors
0D detectors
Scan specific Measurement Group

I e ————
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. BUILDING A CONTINUOUS SCAN

SoftwareAcquisitionMaster : For counters that cannot be synchronized

e Epoch counter provided to link the acquisition of the 2 masters

MotorMaster MusstAcgMaster m g

Synchronization 2D detectors
electronics

1D detectors

synchro
0D detectors

, - Software
SoftwareTimerMaster > loop

Scan specific Measurement Group
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WHY BLISS?

Flint - Live Data Display

Live scan data
Calculated data can be pushed to Flint

@
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. BLISS SOFTWARE ARCHITECTURE

Decoupling of data acquisition from data saving and analysis

R Data Policy
ICAT, E-logbook
Persistent
Settings
& redis
HDF5 - Nexus
File Writer

Online data analysis

Py  Online data display

0D

(ex: diode)

1D

(ex: MCA)

References
only

—~ Web GUI
2D _
Area detector Image Files
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BLISS DATA ACCESS

Streaming API

H5py like API for transparent on- and offline data access

e The API switches transparently to file access when data is no longer available online

H5py-like API

= =

Streaming API

engine

Memory storage Disk storage
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ONLINE DATA ANALYSIS - EWOKS

Tomography reconstruction (ID19, BM05, BM18, ID11, ID16B)

example_streamline.ows — tomwer (on gpu3-01) o @
file Edit View Widget Options Holp
Te control or select a scan
manually

compute center

"3 = s R of rotation browse raw
e 2 p \ data,

= . sCa o reconstructed

ot e e ” %, slices, reduced

R 0 B 7

Dasl darks / fiats

p-S= 8 -
- construction o
wait for bliss Jelauilt cent -
~ ~ scan “of rotaten
A
browse
? i volame reconstructed
volume
T reconstructior
Ts visualizatior compute o
reduced darks /
Ta cluster flats volume viewes

reconstruct a
single slice

reconstruct a full
volume

Outputs: reconstructed volumes

(darks, flats, projections + metadata)
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. ONLINE DATA ANALYSIS - EWOKS

Page 17

Workflow System for Online Data Analysis and Reduction

e Graphical chaining of predefined processing
tasks by the user

e \Web GUI to build workflows

Tasks catalog

A 35 beamlines use Ewoks to process their data!

Discover 418 workflow tasks below or use the search box

<]
Tomography SAXS/WAXS
- i - BMO5, BM18, ID11, ID16B, [ BMo2, 1D09, ID11, ID16B,
= o . D17, ID19 D31
-
- - (@) 38 tasks ) 20 tasks

Fluorescence Dark-field Microscopy

D16k, ID21 E 1pos, ID11
e Specific workflow tasks for every scientific ©® 11 1sks ® 17 6s1s
d O mai n MX Beamline Automation BioSAXS
1D23-1, ID23-2, ID30A-1, BM29

e Can run fully automated or manually

ID30A-3, ID30B
Under construction {8

e Processing by CPU or GPU, locally or batch © zos ke
cluster .
) 0 tasks &) 8 tasks

e Results can be stored or fed back to the
acquisition system

25 peamiin®
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This page lists the tasks provided by the ewoksapps. Each of these tasks can be used in an Ewaks workflow.

Spectroscopy

Ed Bm23, D24

@ 20 tasks

Ed 1p16b, ID21

) 4 tasks

Custom Diffraction

E 1011, 1D22, ID31

{33 5 tasks

Development

E3 em1s, ID01, ID10, ID26

Unde‘mns!ruc!{on &
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. THE PROOF IS IN THE PUDDING

With BLISS and EWOKS the door is wide open for complex experiments

Example on ID10: Using Al/ML to close the loop with the running experiment

a) Synchronous control loop b) Asynchronous feedback using data steaming

NVIDIA
Triton

Al/ML
inference

Beamline
control

Beamline

control receiver
(BLISS) (BLISS)

data anal.

(BLISS) (AI/ML)

7] |
| S ‘
R Semaae ‘
e 829 N
2 acquisition g pre-processed | g
> raw data g & 1 O ata S
— o . |
o o @ 2/ Midie dicti http =
o dat i tango. comm. & £ e rediction «— s
® 3da”zla"' g — We 5 3 l< ------ . results | =
TV o “
% and “close I prediction § closed AT ‘
2 results ‘ = ™ loop é
E action” '
3 |
©

- =< BLISS data streaming

L.Pithan - Closing the loop: Autonomous experiments enabled by machine-learning-
based online data analysis in synchrotron beamline environments
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FAIR DATA

O

Findable Accessible Interoperable Reusable

DATA

The core bits

At its most basic level, data is a bitstream or binary sequence. For data to
have meaning and to be FAIR, it needs to be represented in standard
formats and be accompanied by Persistent ldentifiers (PIDs ), metodata
and code. These layers of meaning enrich the data and enoble reuse.

IDENTIFIERS

Persistent and unique (PIDs)

Data shouid be assigned o unigue and persistent identifier suchas a DOI
or URN. This enables stable links to the object and supports citation and
reuse to be tracked. ldentifiers should also be applied to other related
concepts such as the data authors (ORCIDs), prajects (RAIDs), funders and
associgted research resources (RRIDs).

STANDARDS & CODE

Open, documented formats

Data should be represented in common and ideally open file formats.
This enables others to reuse the data as the format is in widespread use
and software is availabie to read the files. Open and well-documented
formats are easierto preserve . Data also need to be accompanied by
the code use to process and analyse the data.

METADATA

Contextual documentation

In order for data to be ossessable and reusable, it should be occompanied
by sufficient metodata and documentation. Basic metadata will enable
data discovery, but much richer information and provenance is reguired to
understand how, why, when and by whom the data were created. To
enable the broodest reuse, data should be accompanied by a ‘plurality of
relevant attributes' and o clear and accessible data usage license.

00060
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WHY BLISS?

Integration within the ESRF Ecosystem

E-logbook Data portal: https://data.esrf.fr
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NN e R i |
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== .

Online data analysis

Experiment scripts, workflows
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Efficient data format, storage  ___
Sample changers, _
automation Experiment GUIs
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Faster detectors, data production

ID29
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. CONCLUSION

BLISS

e Ready to push-up the data acquisition frequency

e Easy integration of user software

e High flexibility to prepare complex experiments

e Online data visualization

e HDF5 saving structure, following the ESRF data policy, for all experiments
e Transparent online and offline data access for data analysis

e Decoupled data producers and data consumers. The BLISS data API can easily filled other
data producers to use the same data analysis tools

EWOKS

e Workflow definitions for different science domains
e Easy automation of data reduction and online processing
e Result feedback to the running acquisition
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