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. REMOTE USER OPERATION OF ESRF
EXPERIMENTS
Outline

« A Global view

« Remote Experiments Step by
Step

 On-going work

Jens Meyer on behalf of the ESRF Software Group
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A GLOBAL VIEW

ESRF Beamlines and Experiment Types

SOURCE INDEPEMDENT  FIELD OF RESEARCH
POSITION  END-STATIONS

TUS DATE

1007 1 ing Operational Since 12/14
1002 1 Time-resched ultrasmall-angle X-ray scattering Operational Sance 0714
Exp:‘r::l\;n(al Central building D03 1 Hard ¥-ray diffraction micrascopy Construction
: 1005 1 Large valume press MHard ¥-ray diffraction microscopy Operational Since 10713
Expedmental 10| 1 | Time-resohred structural dynamics Operational Since 09/94
1010 1 Soft interfaces and coherent scattering Operational Since 06/12
1011 1 Materials science Operational Since 09/94
1012 1 [ Palarisation-dependent X-ray spectroscopy Operational Since 01/95
D13 1 Microfocus Operational Since 09/94%
Laboratory and |
office building Dis 1 Muclear scattenng Canstruction
0154 oas Materials chemistry and engmeering Operational Since 11716
BM1 0158 05 High-pressure diffraction Operational Since 11716
016A 1 Mara-imagng Operational Since 05514
0168 1 [ Mara-analysis Operational Since 0414
Uinear 017 1 Medical Operational Since 05/97
Accelerator P
(Linac) 018 1 Mutlear scattenng Operational Since 01/96
o1 @ Cryo-EM (CMO1) 019 1 Micratamography \_JpErd{lIJlld| Since 06/96
D20 1 Inelastic X-ray scattering Operational Since 06/13
@n.\ D21 1 H-ray microscopy ¢ IR spectroscopy Operational Since 12/97
1016 A+E™ D22 1 High resalution powder diffracton Operational Since 0514
023 2 Macromolecular crystallograpty MAD Operational Since 06/04
Macromolecular erystallography micrafocus Operational Since 09/05
D24 05 Dispersive EXAFS Operational Sinee 12721
D26 1 ¥-ray absorption and emission Operational Since 11797
027 1 High pressure Operational Since 11/21
028 1 Heray scattenng | Dperational Since 12798
029 1 Multiwavelength anomalous diffraction Closed Since 0B/20
0304 2 Macromalecular erystallograghy Operational Since 07714
0308 1 Macromolecular crystallography Operational Since 0415
031 1 Interfaces and materials processing Operational Since 1115
= ESRF beamlines 1032 1 Soft X-ray spectroscopy Operational Since 1114
—— (RG beamlines BMIE 1 Hierarchical tomegraphy Construtton Since 12714
BM23 1 ¥eray absorpbion spectroscopy Operationa Since 0121
Instrumentation BM29 1 Big SAXS Operational Sinee 0612
and machine ChDT 1 Cryo-EM Oparational Since 11717
test beamlines
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. A GLOBAL VIEW

Operation until 2018:

Users come to the ESRF and bring their samples
Users execute their experiments on-site and intervene in the hutches

Users transfer small amounts of data via the network or bring their own disks for
large data volumes

Only structural biology beamlines are automated for remote operation
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. A GLOBAL VIEW

Operation since 2020

Commissioning of the new storage ring (EBS)

e More photons -> faster experiments and more raw data
e Data analysis needs more compute power
e Large raw data sets are more difficult to transfer (up to 100TB)

COVID restrictions -> No users on site

e Remote operation of all beamlines to run the ESRF

e Remote operation with different levels of automation

e Operation with limited local staff

e A fast solution for remote user operation was requested
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. A GLOBAL VIEW

Send samples Sample Sample changer
Tracking

Automation
Remote

Experiment

Control of data Control
acquisition

On-line Display tools
Feedback and = g

Data Reduction & ’ o e

Offline Data
Reduction and Analysis software
Analysis

Data Transfer

Transfer tools Compute cluster
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SAMPLE TRACKING

Known from Structural Biology beamlines

Sample tracking available for all beamlines

User fills parcels and samples

Ready
User will click on ready for safety and then someone from safety with |
permissions in the application with approve or refuse the shipment giving |
the reasons in case of refusal. Otherwise mors information might be asked
to users about the items to be sent

Content of parcel can not be modified =

Labels can o
be printed
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©-*  SCHEDULED &

Created

Any user from the proposal can create
a parcel attached to the shipment

CREATED

Scheduled

An existing session is attached to the

W Farcels —e— Items

shipment then parceis get the status
SCHEDULED

e Has dangerous goods?

READY

e

X

Sent to facility
User should print the labels and
addresses will be blocked for that
shipment

User belongs to the list of users of
the A-form
BROUGHT Brought to Facility

User should print the labels and
‘addresses will be blocked for that
shipment

DESTROYED
7

\CK TO USERS

K‘.‘.‘.‘i

Taken back by
Users

82ua

Parcel and items/Beamlines

=4

Items

HEgEgopgpEdodd HEREEEEEE
§3888288ggz338c68 R BYFEEEER
5 -
H

Beamlines

LEGEND

Notification to expsaf@esrf.fr if contains
dangerous goods

Nofification to safety group (expsaf@esrf.fr )

Motification to users

Motification to users, local conlact and BDO
(industry@ssf eu) in case of IMIN

Notification to esrfiransport@esrf.fr
Motification to users and BDO
{industry@esrf eu)in case of IMIN

Action done by users
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. DATA ACQUISITION

Automation

e Sample changers (local staff cannot always be available to intervene in the hutch)
e High level data acquisition sequences

e Flexibility to allow users or local staff to adapt the data acquisition

e Standardized data format and data organization

e Experiment registration with meta data and electronic logbook (web applications)
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. DATA ACQUISITION

Bliss architecture and data flow B[
"-l—

Experiment sequences written in pure python
Unified scanning engine for step and continuous scans
Scan data and meta data saving in HDF5 file format following the NeXus definitions

Beacon = configuration
slelus YML files

. Data Policy
ICAT, E-logbook
Persistent

Settings

[ ]
&3 redis
HDF5 - Nexus

File Writer

Online data analysis
only

™ Web GUI
2D _
Area detector Image Files
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DATA ACQUISITION

Bliss architecture and data flow
Live data display

Flint (PID=6772) - attached to 'demo_session' = X
File Windows Layout Workspace Help
(base) Live scan
ct 1.0 (#3) v G Q Ee r PN R » ||| & B Q L. & © F 2
FINISHED =
+ ct 1.0 (#3)
o~
4 60 -
f o =l
fx 2% & £ 50 -
Name X | Y1/Y2 Style § 40
v [ axis 3
v [ axis + 30
slit_vertical_offset ° o
slit_top 520
slit_bottom EI
v [& timer 5 101
elapsed_time B 0
epoch a:
AIE] beamviewst + 0 200 400 600 800 1000
~ [& roi_counters ] 5
v I roil 2
roil_sum oL %X — mcal (1D rois) | tomocam
roil_avg
roi1_std A v Bg Y 4+ A A 9~
roil_min = L F b
i1 _ =
e ascan slit_vertical_offset -1 1 30 0.1 (#4)
50000000 cen
-0.23312595083266224
t
40000000 1
£ 30000000 A
=
@
:‘I
S 20000000 -
10000000 4
04
-1.00 -0.75 -0.50 —-0.25 0.00 0.25 0.50 0.75 1.00
slit_vertical_offset
4 | Curvel | beamviewer | Count
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Rows

1000

500 A

0 500 1000 1500 2000 2500
Columns
X: -413.6221 Y: 144.6379 Data: - Dims: 2560x2560

Profile 1 =]E3]
A b X x| v g fee HE Ol M A & »
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103 o
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. DATA ACQUISITION

Remote operation for all beamlines

Not all GUIs are web application

Heavy use of the command line interface ALL CONNECTIONS
Remote desktop to the beamline control -
workstations or
e Guacamole for desktop sharing -
> Multiple screens bm23

bm25

> Multi connections bm26

. . bm28

e Zoom for direct communication o oo
bm31

bm32
em01
idoo
= idol

® @@ @@
& & & & &
=2 9 2 g 9
o 2 & & o
53

id11
id12

2]

3]
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DATA ACQUISITION

Remote operation for fully automated experiments
Web GUIs

e Experiment control

e On-line feedback

e Pre-analysis for data validation
e Data reduction

Data processcing workflows

Daiquiri UL (D21

1635

Data Collections

= ;
W oswcuped x| [ hetpsires X | A fssues-ul X | % Extended | X | @ Bm28 x| G tanslate- X | G cssvisibll X | G javascript X # Type size
€ 5 @ @ localhost:3000/acquisiion/hpl A 1625 = 3540 pm ) “
% BSXCUBE 3 E o 1626 90x95 pn N o
27 @@ 45usum ' [a ]
628 @ ' [a ]
68 @@ ' B8
60 G@ ' B
{if verc Experiment Name : myhple B Load Parameters = @ Save ' @ ' [a ]
R 32 @ ] [a]
[}
63 @
o PDA - Wavelengths u
64 @@ [ ]
@ B
d  Stort Took Status Type
152 09-10-2020100681 4min @ L w | |
Maps [ o | o |
d oc RO Py
79 B2 Sxal 45 45 - 38
80 12 al

> s a5 L[5 ~]
78 B2 Sikal 45 45 T

HPLC Control

Flow Rate (mLimin) : 1 Fort: | 2| Pur m Auto Sa
Auto Sa
Win Pressure (MPa)-01 0.1 [ e |
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. DATA REDUCTION AND ONLINE ANALYSIS

Data Processing Workflows

Computation User experience
logic
Technigue+Application
logic . X
\,T:';”}: L\ FT I " .
£ i
A -~ - Py |
Scientists and Technique and E
engineers write application : T
code (tasks) experts design —
workflows
Execution
Anyone = User Feedback | | 022 S0 50
(human/machine) — History

executed workflows -/
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. DATA REDUCTION AND ONLINE ANALYSIS

Data Processing Workflows

Ewoks

e Common workflow definition

e Common task definition

e Distributed execution (Dask, Slurm)
e Loops and conditions (pypushflow)
e Web GUI (Ewoksweb)

e Data persistence (HDF5, Redis)

e Execution events for client feedback

Projects

e Tomography (Tomwer)

e Darkfield microscopy (Darfix)

e MX (MASSIF-1)

e Spectroscopy (Est)

e EASI-STRESS (stress-strain analysis)
e STREAMLINE High-Throughput XRPD
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DATA REDUCTION AND ONLINE ANALYSIS

Options Help calibratesingle

\ Trigger A4 X mjwe® « BB
Execute
98.56269
Refresh plot
Pattern URL: :asurement/pilatus1 1000 «©
) ) Calibratesingle
. CalibrateSi... Integrate1D Jfg:‘:g’ Energy (kev): 12.00 : fixed 80
<, 800
Detector: pilatus1™ "
MaskDetec... SaveAsciiP... Subtractfa calibrant: | LaB6 600 “
mask N s 50
Distance (cm): D.100000000000001 | fixed
400 w
MaskDetection Integrate1D SaveAsciiPattern1D Poni1 (pixels): 0.10086 fixed
o )
Poni2 (pixels): 0.09914 fixed 200
2
& Rot1(deg):  [10.1 fixed
0 w0
Select a widget to show its description. Rotz (deg): 0.1 Fixed
SubtractBackground o
See Rot3 (deg): 0.1 fixed o
, or open the Data: —— Index: ——
| 8- B-
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[ F e
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xs_taren
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Evaluate el 2
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®
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B e seree
T
=

Textable

fourier transform )
o XX Iv e e HE b B oA B o Fourier Transform -

window Hanning

~s
~s
- )
0
[
|

|
Window K Min: | 2.00 o k
|
| Window K Max: | 20.00 &
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1] e -
Il
- ,
1
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Options_ X: 2.435278 ¥: 5165111 FT imaginary v
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. DATA REDUCTION AND ONLINE ANALYSIS

Woks for Online Data Processing

Client Ewoks workflow _ Job scheduler
f 1 ) ol - - - -
- & Jobid Wi Celery
1— g wait + result
+
Jobid ' URL’s Execute in a worker
e rodis P Task scheduler
Storage Ewoks Data FF el Distribution
Selh events  persistence S (optional)
Redis (URL's) /¢ DASK slurm
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. DATA ANALYSIS

Remote data analysis at the ESRF

e Large data sets are difficult to transfer
e Need of optimized analysis software

e Need of a powerfull computing infrastructure
e Remote data analysis needs specific infrastructure to handle users and resources

> Jupiter notebooks on Slurm

~"  Controller daemons

/ Client ™,
commands
/ (partial list)

-‘i/
! |

slurmd slurmd . slurmd
Compute node daemons
[
[ : .: ]
Lee@ag:,
workload manager

Page 17  EiroForum | 2.6.2022 | J.Meyer

_—
Jupyterhub
e

Server Options

0
Partition
intel Xeon (x86 _86) 1BM Power9 (ppcbdle)
Partition: jupyter-nice Partition: jupyter-p9gpu
CPUs
Minimum Quarter node Half node Entire node
1 core 32 cores 64 cores 128 cores
GPUs
o 1 2
Options

Jupyter environment:  Oporating system (default) ~
Launch JupyterLab: .

Job duration: 1 howr

List of avallable resources:

Carrant Status |
_ Partition | # nodes | # avall
jupyter-nice 8 10
Jupyter-pogpu 8 4

The European Synchrotron ‘ ESRF



. ON-GOING WORK

Higher degree of automation in data acquisition and analysis

e Need more standardization of the different experiment types
> Definition of the experimental sequence, the options and the parameters
> Better standardization of the data structure produced
> Adapted data analysis software
> Agreement on data processing workflows

e Efficient data reduction and pre-analysis

> Users should keep only the reduced data
> Be sure data contains useful information

e HPC computing for analysis at ESRF
> Enlarge the infrastructure for remote access
> Make more data analysis software available
> Increase the computing resources
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