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. OUTLINE

Introduction:
* LImA1 design & structure

Status:

* Features & applications
* Project collaboration
* Detectors

Conclusions:
e Success & limitations
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. LImA: A LIBRARY FOR IMAGE ACQUISITION

Design
e C++ library (+ Python binding), event-based and highly multi-threaded
* Plugins for camera control & DAQ, separated from processing
* Main application: TANGO servers

Data Acquisition (DAQ)
« Common API to configure the detector & receive the data
* Ethernet, PCl-express Camera or Frame Grabber (Cameralink, Espia, ...)

Processing
* Image transformations

Visualization / video Li ma

ODR: calculate statistics on Regions-0f-Interest (Rols), ...

« Compress & Save to files ~15 years
¢ last i _ buff controlling HP
eep last images in memory buffers 2D detectors

* Temporary storage for advanced ODR
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. LIBRARY STRUCTURE LAYOUT

Application

‘ Control Layer
Detector-

Specific Video Saving Accum
Control
\ Image = Acq | Buffer
Detector = | Hardware Interface
SDK

[Deilnfo\[ Sync | l Buffer |

————————————————— \
( Optional
:' Rol l Bin 'Vldeo
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IMAGE RECONSTRUCTION

* Data readout does not correspond to real geometry

* Pixel intensity is coded in a non-linear scale
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. IMAGE TRANSFORMATIONS

{» 721> IE

Photons on detector
‘Hardware Rol + V.Flip
Software Rol

Pixel mask
also available

Rotation

Background sub.
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. PIXEL ACCUMULATION

* Limited integration capability: either in time or in pixel capacity

+ +

* Avoid pixel saturation = increase effective dynamic rage
* Detect saturation to signal non-linearity

* |ntensity threshold = sensor protection
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VIDEO IMAGE

Data collection

Energy: 12.7001 ke Resolution: 24774 Transmission: 19.998 Cryo:  10022K

Beamiine Actions ~
Wavelength: 0.9762 A Detector. 500.000 mm Flux phis
m Next Sample (Sample-12:08) © Settings +

Sample: Sample-1:2:07 Queued Samples (0)

Beam size:
10 B

Omega:
90.00

Kappa:
= @
Phi:

0.00 jn

Sample alignment:

Name V.Space (um) H-Space (ym) Dim (ym) #Cells @
Grid-1 0.00 0.00 120X150 (180) 90.00° puer e Opactty: Heat ap:

0% Show motors ¥
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. ONLINE DATA ANALYSIS AND REDUCTION

ROI Counters
* Basic statistics on Regions-Of-Interest

limatake 0.0000 45000 (#2) (finished)
image: 1030 x 514, id = 44999 [memory]

* Rectangular or arc-shaped geometries
 Diffraction mappings & sinograms for tomography

200

ROI Collections -
* Large number of ROI counters: ~ 5000

ROI-2-Spectrum
* Binning projection over X / Y axis 5 W w0 o w0 0o

400 A

* Beam-position-monitor: beam profile
* Blisstomo = Sinogram
* Powder diffraction central region = Primitive azimuthal integration (fast)

BPM
e Beam centroid & FWHM
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BEAM POSITION MONITOR WEB APPLICATION

Exposure time (s): 1 >

Linked =
Sampling rate (Hz): 1 >
P EZEIFETIED

Lock Crosshair ~ | Background ' ROl = Linear~ | Rotate (0)~ Beam  Crosshair

R e ‘ )

100

200/

300|

400/

500/

600

700/

900

k -'-'rL:_A:-c_.- 2
—/—E\\ [

0 200 400 600 800 1000 1200
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. DATA SAVING

Multiple file formats

* EDF, CBF, FITS, TIFF m
* Nexus/HDFS m

Compression
e GZIP, LZ4, BS-LZ4
* Frames are compressed in parallel

Performance
e ~ 300 MByte/s with NFS
e >1 GByte/s with GPFS

Direct SDK saving
* LImA will configure SDK to save files
* Dectris/Eiger in FileWriter mode
* Images are not systematically read by LImA, no processing available
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. FRAME PROCESSING & EVENTS

| Hardware interface

Hardware frame ready

I
Software Rol
I
Rotation |
r Base frame ready "
Background sub. Image counters
* + ’ , $ ‘ get incremented
BPM [ User 1 Rol-Count | yser 2 Dz
3 ) Frame ready
Display Saving

Frame saved
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TANGO PYTHON APPLICATION

LimaCCDs generic device

o Device Panel [id00/limaccds/de

o Jive 7.25 [1-cb184-1:20000]
File Edit Tools Filter

Commands | Attributes [

Argin value

| a | | » | | ™ ‘ Server:;/LimaCCDs/deg_psi_eiger500k_1/LimaCCDs/id0o/li

acc expo_time -

Server | Device | Class | alias | Att. alias | Property |

Device Info

acc_filter

¢ % LimaCCDs
7 % deg_psi_eigers00k_1
¢ &l LimacCDs
o {3 jdoofdimaccdsideq psi eigers00k 1)
& slsDetectorjungfrau
¢ &l SlsDetectorEiger

o {F id00/slsdetectoreiger/deg_psi_sigers00k_1

& Simulator
& MyExample
¢ &l Roi2spectrumDeviceServer

o & id00/roiZspectrum/deq_psi_eiger500k_1

o &l BackgroundSubstractionDeviceServer
o kil FlatfieldDeviceSarver
¢ &l BpmDeviceServer

o {& ido0/bpmideg_psi_eigersook_1
o k| RoiCollectionDeviceServer
o k| PeakFinderDeviceServer
o= k| Liveliewer
o k| LimaTacoCCDs
¢ k| MaskDeviceServer

o4& ido0/mask/deg psi eigers00k_1
? @ FoiCounterDeviceSerser

o & id00/roicounterideg_psi_eigers0ok_1

o B ctaccumulation
o= dwl rracenizitinn

Device Info

Device:
type_1id:
liop_versiaon:
host:

port:

Server:
Server PID:
Exported:
last_exported
last_unexport

Polling Statu

acc_hw_nb_buffers
acc_live_time
acc_max_expo_time =
acc_mode

acc nb frames
acc_offset_before
acc_operation
acc_out_type
acc_saturated_active
acc_saturated_cblevel
acc saturated thresholc
acc_threshold_before
acc time_mode
acq_expo_time
acq_mode
acq_nb_frames

acq status
acq_status_fault_error
acq_tag
acq_trigger_mode
buffer_alloc_duration_pd
buffer_alloc_init_mem |+
4] Il | v

conTtig_avalaole_moaule
config_available_name
debug_modules
debug_modules_possibl
debug_types
debug_types _possible
image_bin
image_events_max rate
image_events_push_dat
image flip

image_height
image_max_dim
image_roi
image_rotation
image_sizes
image_type
image_width
last_base_image_ready
last_counter_ready
last_image
last_image_acquired
last_image_ready

last image saved

its float)

Iz

... and more!

Read ” Write |
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TANGO PYTHON APPLICATION

LimaCCDs generic device

o Device Panel [id00/limaccds/deg_psi_eiger300k_1]@1-cb184-1 x

o Jive 7.25 [1-cb184-1:20000]
File Edit Tools Filter

| a | | » | | ™ ‘ Server:;/LimaCCDs/deg_psi_eiger500k_1/LimaCCDs/id0o/li

Server | Device | Class | alias | Att. alias | Property |

Device Info

¢ % LimaCCDs
7 % deg_psi_eigers00k_1
¢ &l LimacCDs
o {3 jdoofdimaccdsideq psi eigers00k 1)
& slsDetectorjungfrau
¢ &l SlsDetectorEiger

o {F id00/slsdetectoreiger/deg_psi_sigers00k_1

& Simulator
& MyExample
¢ &l Roi2spectrumDeviceServer

o & id00/roiZspectrum/deq_psi_eiger500k_1

o &l BackgroundSubstractionDeviceServer
o kil FlatfieldDeviceSarver
¢ &l BpmDeviceServer

o {& ido0/bpmideg_psi_eigersook_1
o k| RoiCollectionDeviceServer
o k| PeakFinderDeviceServer
o= k| Liveliewer
o k| LimaTacoCCDs
¢ k| MaskDeviceServer

o4& ido0/mask/deg psi eigers00k_1
? @ FoiCounterDeviceSerser

o & id00/roicounterideg_psi_eigers0ok_1

o B ctaccumulation
o= dwl rracenizitinn

Device Info

Device:
type_1id:
liop_versiaon:
host:

port:

Server:
Server PID:
Exported:
last_exported
last_unexport

Polling Statu

l/Cummands " attributes | Pipe | Admin |

Argin value

gc | Argin Type
getAttrStringValuelist Devioid
getBaselmage
getlimage
getPluginDeviceMameFri
Init
openShutterManual —
preparefcq
readAccSaturatedimage
readAccSaturatedSumCe
readimage
readlmageSeq
readlLastimage

reset
resetCommonHeader
resetFrameHeaders
setAccSaturatedMask
setlmageHeader
setSavingStream

Argout Type
Dewv/oid

startAcq
State |

Show description ‘

Status
stopAcq |

Execute ‘

writelmage -]
4] [ | 0
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TANGO PYTHON IMPLEMENTATION

Detecto rs p ec Ifl C d 9V| ce ' Device Panel [id00/slsdetectoreiger/deg_psi_eiger500k_1]@I-cb184-1 ®
Commands [ Attributes | Admin |
G Jive 7.25 [1-cb184-1:20000] Argin value
File Edit Tools Filter | |
| <« | | » | | —- ‘LimaCCDSIdeg_p5i_eiger500k_1f5|5Detectanigen"idOO}slsdei all_trim_bits | [Name ade_name_list
- - apply_currectiﬂng Label adc_namETllﬁ‘t
Server | Device | Class | Alias | Att, Alias | Property | [ Device Info buffer max_memory Lesc No description
o % deg jungfrausook_ 356 =l | 2 Device Info buffer max_nb_buffers Igl;}c:a?;imat gﬁ:?trum
¢ % deg_psi_eigers0ok_1 : buffer packet fifo depth | |h.+; type  pevString
¢ dal LimacCDs lpevice ; buffer_resize_policy Max Dim X &4
o & ido0/limaceds/deg_psi_eigersodk_1 | |type_id: clock_div Max Dim ¥ @
4l SlsDetectorjungfrau | li10p_versian: config_ fname Unit
¢ &l SlsDetectorEiger i host: dac EigervemplLL Std Unit Mo standard unit
é@Iidlf:lDstsdetectoreiqerﬁdeq psi_eiger500k 1] | gurt: dac EigervempLR 1 '[:Jisp gnit 20 display unit
Simulator i Server: : orma 5
& MyExample Server PID; ggz‘g:g:::zmsg:i Min value Mot specified
¢ &l Roi?spectrumDeviceServer || [Exported: dac name list Max value  Not specified
o & ido0/roiZspectrum/deg_psi_eigers00k_1 —{| [ [Last_exported: dac I Min alarm Not specified
o 8| BackgroundSubstractionDeviceServer || [Last_unexported: FIETENIE TS || [Max alarm Mot specified
o ki FlatfieldDeviceServer : l:!ac_ThreshnI.l:I
¢ &l BpmDeviceServer | Pl 1ing stat fixed_clock _div .
o & id00/bpmideg_psi_eigersook_1 ] i us f;?ga_frame_ptr_dlff
o K| RoiCollectionDeviceServer : high_voltage
o K PeakFinderDeviceServer = hostname_list
o kil Liveviewer : last frame_caught
o & LimaTacoCCDs : max_frame_rate =
¢ &l MaskDeviceServer q] Il [Tl | | Read ” write || Plot
o= @ id00/mask/deg_psi_eigers0ok_1 i
+ &l RoiCounterDevicasenar il e
o & id00/roicountersdeg_psi_eigers00k_1
- @ Ctaccumulation
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. TANGO PYTHON APPLICATION

Processing specific devices

o' Device Panel [id00/roicounter/deg_psi_eiger300k_1]@1-cb124-1 *

File

o Jive 7.25 [1-cb184-1:20000]

Edit Tools Filter

| Commands | Attributes | Pipe | Admin |

Argin value  Ex Dance,"the TAMNGO" (guotes needed for string with sp...

[

| ’ | | ~ | imaCCDs/deg_psi_eiger500k_1/RoiCounterDeviceServer/id0oj

Server | Device | Class [ alias | Att. &lias | Property |

Device Info

o % deq jungfraus00k_356

?

16

- deqg_psi_sigersook 1
¢ &l LimacCDs
o= (8 id00/limaccdsideg_psi_eigersodk_1
&l SlsDetectorjungfrau
¢ &l slsDetectarEiger
o {& id00/slsdetectoreiger/deg_psi_eigersook_1
& simulator
& MyExample
¢ & Roi2spectrumDeviceServer
o {& ido0/roiZspectrum/deg_psi_eigers00k_1
o k| BackgroundSubstractionDeviceServer
o k| FlatfieldDeviceServer
¢ &l BpmDeviceSarver
o {& ido0/bpmideq_psi_eigersook_1
o K| RoiCollectionDeviceServer
o kil PeakFinderDeviceSarver
o k] LiveViewer
o kil LimaTacoCCDs
¢ &l MaskDeviceServer
o & id00/mask/deg_psi_eigersodk_1
- ﬁ] FoiCounterDeviceServer
o 3 id00/roicounter/deg psi eigerS00k 1]

o &l ctaccumulation
o el CHaeAiitinn

Device Info

Device:
type_id:
110p_version:

| lhost:

port:

Server:

Server PID:
Exported:
last_exported:
last_unexported:

Polling Status

addNames
clearAllRois
getArcRois
getNames
getRois
getRoiTypes
Init
readCounters
removeRois
setArcRois
setMaskFile
setRois
Start

State
Status

Stop

Argin Type Argout Type

DevfarStringArray  DewarLonghrray

| Show description ‘

| Execute ‘
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COLLABORATION
SOLEIL

PETRA-IIl / DESY S "?inlagrln!ﬁ
FRM-11 / TUM
ALBA f\

A\
MAX-Lab IIs(l)qr“sllclr:ungs-NeutronenquelIe M VA I\/
Heinz Maier-Leibnitz LABORATORY
ADSC
Rayonix :nnhovation
.. Q D 5 [: Software solutions
DSG / DareSbu ry / STFC .. Area Detector Systems Corporation

Nexeya Systems
ILE/LULI/Ecole Polytechnique
IMXPAD

g ©®
- Science & Technology / Z
S2 Innovation @ Facilities Council /M

K aAYCDIrhGCE.
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. DETECTORS

Camera plugins: 44 [active: 32]
ESRF: Frelon & Maxipix
Dectris: Pilatus & Eiger
PSI/SLS: Eiger
pco: Dimax & Edge

Basler, Prosilica, IDS, uEye
Andor, I-Kon

XH, XPAD, XSPRESS3
Perkin Elmer

Photonic Science
Z\WO
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. LATEST DETECTORS

19

Arinax

Ximea
Photometrics
SLS/PSI Jungfrau
Princeton

Dhyana

Teledyne Iris

Minipix

Fraunhofer IIS Xeye (ESRF BM18 LAD)

\

/
\
L
3
=
=
3
O
=l
®
q

iy

1S

S
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. PACKAGING: CONDA

% ) esrf-bcu | Anaconda.org X -+ 4 - O X
&« C @ O B hitps://anaconda.org/esri-bau v Q Search >y @ B O =
@ Getting Started
]
_) ANACONDA. ORG | Q | About Anaconda Help Download Anaconda m
]
Beamline Control {2 blissdata 2 hours and 1 minute ago
Unit __} limaz-{:lient 21 hours and 56 minutes ago
{2 lima-camera-basler z days and 21 hours aga
i basl
{2 lima-camera-basler-tango z days and 2
8] basler-tang
D re iS'OmZdaysandnhoursago
‘i ;'  red
rocessli 15 days and 17 hours ago
p lib
. ) lima-common-espia 16 days and 20 hours :
Organization created on sep 27, 2017 - o
{2 lima-camera-maxipix-tango 16 daysar
ESRF {2 lima-camera-maxipiX 16 days and 21 hours
{2 lima-camera-meta-tango 1s days and 21
O g
W
< >
W

Conda channel: esrf-bcu

20 Alejandro Homs Puron — NOBUGS-2024 LImA & Fast 2D Detector DAQ Satellite Meeting, Sep 2024, ESRF, Grenoble, France The European Synchrotron | ES



DOCUMENTATION

@ LimA: Library for Image Acqui- X + ~ — [m] s

< C @ O A&

@ Getting Started

://lima.readthedocs.io/en/latest/ B % Q search @ &k @ B

# / LimA : Library for Image Acquisition View page source

LImA : Library for Image Acquisition

LimA (stands for L ibrary for Im age A cquisition) is a project for the unified control of 2D detectors.
It is used in production in ESRF Beamlines and in other places.

The architecture of the library aims at clearly separating hardware specific code from common
software configuration and features, like setting standard acquisition parameters (exposure time,
external trigger), file saving and image processing.

Build and Install

: LimA is a C++ library but the library also comes with a Python binding. A PyTango device server for
PyTango Devic )
remote control is provided as well.

We provide Conda hinary package for Windows and Linux for some cameras. Check out our Conda

Overview
o channel.
Concepts
Tutorial LimA is a very active project and many developments are ongoing and available from GitHub. You

can find stable version releases through git branches and tags on Github releases.

Supported Cameras If you want to get in touch with the LIMA community, please send an email to lima@esrf.fr. You may
also want to subscribe to our mailing list by sending a message to sympa@esrf.fr with subscribe

Future Cameras

lims as subject.
Python TANGO server For the latest changes, refers to the & Release Notes.

B Read the Docs Mote that this documentation is also available in pdf and epub format.

https://limal.readthedocs.io/en/latest/
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. SUCCESS

* LImA is extensively used at the ESRF: ~160 detectors
e Also used in other facilities

Provides uniform and reliable 2D detector DAQ

Ensures saving of experimental data

Satisfies many needs for on-the-fly image processing at the BLs

Is not dead yet — see presentation on latest developments
e Core developments will be limited to bug fixes, though
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. LIMITATIONS

* Developed on old C++ standards
* Lack of modern features

When the acquisition fails there is no explicit processing status
* Most poll saving and ODR counters

Issues around changing nested HW & SW image transformations

Cannot start a new acquisition before the previous processing ends

Only one data source for saving
e User processing plugins must handle saving independently

Limited to a single computer backend

Monolithic processing chain with user plugins

... and many others that we would like to here from youl!
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THE END

Thank you very much!

Any question?
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