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European Synchrotron Radiation Facility

Common CCD acq. Library

v’ Reuse of common code = generic procedures +
interfaces

v’ Software “features” fallback if hardware has limited
capabilities

v High level Python implementation

v Common TACO CCD interface

% Interfaces: implicit 2 explicit

% Image processing and data reduction as plugins (C++)

% Extensible interface through user-defined “features”
(Maxipix)

% Generic TANGO interface

%« Collaboration framework (ALBA)

The European Light Source A. Homs-Puron, NOBUGS 2008, Sydney, 3-5 Nov 2008



BACKIN 20

Wy USA population: 313.9 million President: Barack Obama e Average incom

"S0p, Ul - NEWS STORIES |
in 20' 2 The first licenses for autonomous cars in

the U.S. are granted in Nevada to Google

turopean Synchrotron Radiation Facility

MIT researchers Ramesh Raskar and
* Everleigh Soutas  « Andreas  Velten demonstrate an
augmented reality apparatus

Gasolini

Kia Spo
$23.445

LIMA: A Generic Framework for
2D Detector Data Acquisition

Blue Ivy Carter 2 ;

A ® The U.S. compete at the Summer
X Ava Foley Olympics in London, England and win 46
* gold, 29 silver, and 29 bronze medals Jeans, 1

Penelope Disick

A . .Nij” ?rnl;h‘ﬂong. e.m ./\lncrlf:zll;: ;lstr()nu'ul Banana:
+ Rilt‘_\' Curry an Kn.‘ Irst person to waik upon the H o8
Moon, dies at age 82 ouse (

e Washington becomes the first state to bedroon

legalize marijuana

Alejandro Homs-Puron

2 — Sebastien Petitdemange
io ° J E I Papill

Inventions > o I"MS; = ﬁ"A mmanuel Fapilion

Selfinfating Tires The Laurent Claustre

Tesla Model'S c Somebody That I Used to Know - Gotye S

o)

Roberto Homs-Regojo

Call Me Maybe - Carly Rae Jepsen

I'he Dark

[ce Age: C

Inkling Pen
: We Are Young - Fun
Google Project Glass

Selfie Stick S The | Beamline Control Unit — Software Grou
Lights - Ellie Goulding Unexpe
e > Ny ISDD — ESRF

gpl S— 9‘ #p, World Series Champions 9’
l ,’ San Francisco Giants : m
» NAMES
(S' B :v% NBA Champions : 5
Jacob Sophia m Miami Heat |
Masin ¥ = o‘ Super Bowl Champions | The European Llight Source A. Homs-Puron, SRI-2012 X-Rays Detectors Workshop, Zurich, 4-7 Jul 2012
3 7 8% New York Giants |
Ethan Isabella [~ ™ | b LEGOFriends
Noah Olivis @ Stanley Cup Champions | L
oA 1via @D vy Angeles Kings | ‘ Monster High
William Avaro S S T a5 NS

The European Synchrotron | ESRF



[

LIMA first deployment in 2010

By 2012:
A dozen of detectors had been integrated

International collaboration spontaneously created (7 institutes and industrial suppliers)
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. LIMA: MOTIVATION AND GOALS
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Context

Multiple detectors = different TACO servers
Different hardware capabilities = specific APIs

Very basic Online Data Analysis (ODA) performed by SPEC & server

Performance degraded when reading files offline

Identify common processing for high-performance 2D DAQ
Exploit the hardware resources:

* Detector: pixel binning, region-of-interest (ROI), image flip
* Computer: memory, CPUs/cores/threads
Optimisation:
* Prepare in advance time-consuming operations, like buffer allocation
*  Minimize memory copies

Provide software alternatives to “missing” hardware capabilities
Early ODA

Alejandro Homs Puron — DESY visit to ESRF, July 2024, ESRF, Grenoble, France
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LIMA features — Image control

Geometric image transformations
= Reconstruction of discontinuous readout
= Bin, Rol, Flip & Rotation
= Stripe concatenation
Basic image processing
= Multi-Rol Statistics
Centroid (Beam Position Monitoring)

Rol = Spectrum

Background subtraction, Flat-field normalisation

Spatial distortion correction

Frame accumulation

The European Light Source A. Homs-Puron, SRI-2012 X-Rays Detectors Workshop, Zurich, 4-7 Jul 2012
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Internals — Process lib

Hardware interface
) Hardware frame ready

i

Software Rol

i

Rotation

i

| Background sub.
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| BPM \1 Roi-Count |\ User
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| Display | Saving

Base frame ready

Frame ready

J ' | Frame saved

The European Light Source A. Homs-Puron, SRI-2012 X-Rays Detectors Workshop, Zurich, 4-7 Jul 2012




. LIMA

Common interface for 2D image acquisition

e Starting, stopping, triggering, reading, saving
Common interface for 2D image manipulation

¢ Binning, flipping, ROIs, ROI collections, dark and flat subtraction, etc
160 detectors running with LIMA at the ESRF

14 Frelon

17 Maxipix (Single chip, 2x2, 5x1, Meta 2x (3x1) )

15 Dectris Eiger2

10 Dectris Pilatus3

70 Gigak video camera: Basler, Prosilica, PointGrey, ukye

4 Andor I-Kon ccd, Zyla, Neo, Marana cmos
4 imXPAD

10 PCO Dimax & Edge, Edge HS, 2K, Camlink and USB
3 Perkin Elmer flat panel

2 Dexela flat panel

2 RoperScientific (aka Princeton)

3 Rayonix HS ccd

2 PSI Eiger 2M and 500K, 2 JungFrau 4M
1 FLI ced

2 Advacam Minipix

2 Tucsen Dhyana cmos
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- CURRENT CHALLENGES - LIMA2 MOTIVATION

2D Detector Data Deluge

Detector data throughput has been multiplied by more nearly 200 in 25 years, exceeding today 10GB/s

Today Lima foundation goals are still valid but the project has reached its limits.

For users to be able to use / analyze all these data:

Absolute need for data reduction, [online|automatic] processing
Need to parallelize handling and processing
Scalability

Detectors central to current data strategy

How Lima2 may address all these questions?
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2024: 2D DETECTOR DEPLOYMENT PLAN

PILATUS4 - lima2: 2024 Q3 2024 Q4 2025 Q1 2025 Q2 2025 Q3 y
ID15A — Pilatus4 XE 4M CdTe — October 2024
ID31 — Pilatus XE 4M CdTe — Sept/2025
ID30A — Pilatus4 X 4M Si — April/2025

ID30B — Pilatus4 XE 4M CdTe — Sept/2025

EIGER2 lima1/lima2:

BMO2 — Eiger2 X 4M CdTe — September 2024
BMO2 — Eiger2 X 4M Si — Q4 2025

BMO2 — Eiger2 X 1M-Wide Si— Q4 2025

All BL - On-demand upgrade to lima2

Others:

BM18 - Fraunhofer — date 7?7 - lima2

ID16A - Andor Balor 16.7M — NOW Il - [ima1
IDO1 - XIMEA 37.7M —Q1/2025 - lima
ID27 - Advacam Widepix — September 2024
ID10 - Rigaku — on-going — lima2

ID24 - Pilatus3 100K — December 2024
IDO1 - Citius

SMARTPIX — lima2:

ID31 - Smartpix 1M CdTe or CZT - Q1/2025

ID10 - Smartpix 1M CdTe or CZT — Q2/2025

IDO6 - Smartpix 1M CdTe or CZT - Q2/2025

IDO1 - Smartpix 1M Si - Q3/2025

IDO2 - Smartpix 1M Si- Q3/2025

ID20 - Smartpix Octopix 6 x 65k pixels Si- Q3/2025
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