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Outline: 

Experiment control challenges 

Remote control and monitoring of all hardware 

Large number of devices 

Fast data readout 

10 Hz train 

4.5 MHz pulses 

Large data volume 

Karabo software for control, DAQ, and analysis, 

developed by European XFEL 
Detector type Sampling Data/train Data/sec 

1 channel digitizer 10 GS/s ~12 MB ~120 MB 

4 Mpxl 2D camera 10 Hz ~8 MB ~80 MB 

1 Mpxl 2D camera 4.5 MHz ~1 GB ~10 GB 

SQS instrument Rack room 

Control room SASE3 area overview: 
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Hardware overview 

 

Hardware 
(Motors, pumps, valves,…) 

Electrodes 
(Charged particle optics) 

Detectors 
(MCP, Photodiode,…) 

Cameras 
(Basler, pnCCD, DSSC, …) 

Beamline Scientists and Users 
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Hardware overview 

 

MPOD crates 
(High voltage supplies) 

PLC 
(Beckhoff) 

µTCA 
(Digitizers, triggers, …) 

Hardware 
(Motors, pumps, valves,…) 

Electrodes 
(Charged particle optics) 

Detectors 
(MCP, Photodiode,…) 

Cameras 
(Basler, pnCCD, DSSC, …) 

Beamline Scientists and Users 

PLC (Programmable Logic Controller) 

Low level hardware control 

Interlock system 

Beckhoff and European XFEL 

Interlock 

European XFEL Advanced Electronics Group (AE): P. Gessler, et al. 
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Hardware overview 

 

MPOD crates 
(High voltage supplies) 

PLC 
(Beckhoff) 

µTCA 
(Digitizers, triggers, …) 

Hardware 
(Motors, pumps, valves,…) 

Electrodes 
(Charged particle optics) 

Detectors 
(MCP, Photodiode,…) 

Cameras 
(Basler, pnCCD, DSSC, …) 

Beamline Scientists and Users 

Micro TCA 

Digitizers 

Timing system: clocks and triggers 

Interlock (MPS, DESY) 

FPGA data processing 

 

Interlock 

European XFEL Advanced Electronics Group (AE): P. Gessler, et al. 
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DAQ storage 

Data aggregator 

Hardware overview 

 

MPOD crates 
(High voltage supplies) 

PLC 
(Beckhoff) 

µTCA 
(Digitizers, triggers, …) 

Low level control servers 

Hardware 
(Motors, pumps, valves,…) 

Electrodes 
(Charged particle optics) 

Detectors 
(MCP, Photodiode,…) 

Cameras 
(Basler, pnCCD, DSSC, …) 

Beamline Scientists and Users 

Interlock 

European XFEL IT & Data Management (ITDM): K. Wrona, et al. 

Computing infrastructure 

Clients in control room 

Control servers 

Online cluster 

► Online storage and 

processing 

► Shared with SCS 

Offline cluster 

► DESY Maxwell cluster 



7 Data acquisition and data management T.M. Baumann, H. Fangohr    SQS Early User Workshop, 12.02.2018 

Hardware overview 

 

MPOD crates 
(High voltage supplies) 

PLC 
(Beckhoff) 

µTCA 
(Digitizers, triggers, …) 

Low level control servers Data aggregator 

Hardware 
(Motors, pumps, valves,…) 

Electrodes 
(Charged particle optics) 

Detectors 
(MCP, Photodiode,…) 

Cameras 
(Basler, pnCCD, DSSC, …) 

Beamline Scientists and Users 

User interfaces (CLI, GUI) 

Interlock 

European XFEL Control & Analysis Software Group (CAS): S. Brockhauser, et al. 

DAQ storage 

Midlayer devices  
experiment control, macros, calibration and analysis workflows 

Karabo 
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Fast data acquisition system: 

Example of a digitizer 

 Digitizer 

► SPDevice 

► 8 to 14 bit 

► up to 3 GHz 

► 1.8 to 10 GS/s 

 

 

 MicroTCA crate 
►CPUs 

►Control system 

►Clock and trigger 

 

 Fast data processing 

►FPGA based 

►Zero suppression 

►Peak detection 

►Pulse integration 

 

 

 

 Data Management 

► Store raw data 

► Store control data 

► Write metadata 

 

 

 Pipeline process 

► Midlayer devices 

► Data processing 

►Online analysis 

► User defined script 

 

 

 Output 

►Life scenes 

►Store processed data 

 

 

 Detector 

► e.g. MCP 

► Analog signal 

 

 Trigger 

► FEL timing 

► Adjustable delays 

 

 Computing infrastructure 
►Online cluster and storage 

►Karabo 

 

11.3RJ45ConnectorforExternalTriggerInputs

Figure11.3:PictureofthedevelopedlevelconvertercompatibletotheRJ45connector

ofthesecondgenerationtimingsystemmodule.ItconvertsallthreeLVDS

signalsintoTTLsignalsonLEMOconnectors.Additionallythemiddle

differentialpairisalsoconvertedintoaRS232compatiblesignallevelto

beconnectedtoserialdatareceiverslikePLCsystems.)

signalsonLEMOconnectors.Additionally,themiddledifferentialsignalisconvertedalsoto

anRS232conformsignal.Iftheserialdataoutputisenabled,theRS232signalcanbedirectly

connectedtotheRXpinofanRS232compatiblereceiver(i.e.aPLCsystem).

11.3RJ45ConnectorforExternalTriggerInputs

ThelowestofthefourRJ45socketsonthetimingmodulefrontpanelhasadifferentpinout

andpurposeandisdepictedintable11.6.

PinsonplugfacePinPairUsage

1A+
FPGAin/out1

2A−

3B+FPGAin/out2

4C+
FPGAin/out3

5C−

6B−FPGAin/out2

7D+
FPGAin/out4

8D−

Table11.6:PinoutofthelowestRJ45(8P8C)connector(thesocketpinsarereversed

comparedtotheconnector).AlldifferentialpairsareinLVDSstandard

connectedtotheFPGAatgeneralpurposeI/Opins.Basedonconfiguration,

thepinscouldbeinputoroutputs.Thisconnectorwillmostlybeusedfor

triggerinputsifexternalhardwaretriggersarerequired.Oneexamplewill

bethe50Hzmainsfrequency,wherethetimingsystemmasterwillhaveto

synchronizeto.(sourceofthepicture:www.wikipedia.org)

AllfourdifferentialpairsfollowtheLVDSsignalstandardandaredirectlyconnectedto

103
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European XFEL data policy 

 

Raw data and metadata is stored, curated, and archived by 

European XFEL. 

Access to data through searchable metadata catalogue. 

Raw and metadata will be open access after embargo period. 

Electronic logbook is provided for documentation. 

Access to metadata catalogue and computing infrastructure 

through UPEX account. 

 

 

 

All details see: www.xfel.eu/users/experiment_support/policies/scientific_data_policy/ 

Metadata 

catalogue 

User 

http://www.xfel.eu/users/experiment_support/policies/scientific_data_policy/
http://www.xfel.eu/users/experiment_support/policies/scientific_data_policy/
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Karabo 

 

Software [1] for 

Hardware control 

Data acquisition 

Data management 

Data analysis and scientific computing 

Multiple interfaces, including Python 

Developed by European XFEL 

User interface to experiment control and data  

 

 

(Hans Fangohr on behalf of Control and Analysis Software) 

[1] B. Heisen et al: “Karabo: An integrated software framework combining control, data management, and scientific computing tasks,” 

in14th ICALEPCS2013. San Francisco, CA, 2013. 
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Karabo data pipeline example 

Karabo is framework for control and data 

Data tokens pass through pipeline 

Processing units called “devices” 

Devices can be distributed over hardware 

Simplified example in figure: calibration for 

detector modules carried out in parallel 

 

Data tokens in pipelines contain data for one 

train at a time 

Tagged with “train-id”  

► Within train: “pulse-id” 

 

 

 

 

 



13 Data acquisition and data management T.M. Baumann, H. Fangohr    SQS Early User Workshop, 12.02.2018 

Data analysis infrastructure 

Hardware: “Online cluster”,  

8 nodes x (20 cores, 256GB RAM) dedicated to 

users 

Additional nodes for control and XFEL provided 

calibration and processing 

 

Hardware: “Offline cluster” = Maxwell cluster (DESY) 

80 nodes/3200 cores (Intel Xeon E5-2698v4) 

~112 TFlops 

512GB RAM each node 

+20 nodes with other spec 

7 GPU nodes available 
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Data management online -> offline 

During measurement (run)  

Calibrated and raw data available in hutch (GUI, 

online) 

Data migration after each run 

After each run, data manager decides  

on quality of the data: “good”, “unclear”, “not 

interesting” 

“good” and “unclear” data transferred to “Offline 

cluster” 

Migration triggers computation of calibrated data at 

online cluster 

After experiment 

Raw and calibrated data available  

Analysis on ”Offline cluster” (Maxwell @ DESY) 
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Various data sources 

Detectors 

Cameras 

Sensors 

Actuators 

Computing 

… 

Various protocols 

Message broker 

TCP 

UDP 

… 

Interesting sources are gathered in the DAQ system 

Synchronized by train ID ( show daq schema) 

Stored to file (HDF5)  (  show storage schema) 

Streamed over TCP  (  show pipeline) 

Online data flow and data analysis 
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Karabo data pipeline 

Various data sources 

Detectors 

Cameras 

Sensors 

Actuators 

Computing 

… 

Various protocols 

Message broker 

TCP 

UDP 

… 

Interesting sources are gathered in the DAQ system 

Synchronized by train ID ( show daq schema) 

Stored to file (HDF5)  (  show storage schema) 

Streamed over TCP  (  show pipeline) 
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GUI ‘scenes’ 

Various data sources 

Detectors 

Cameras 

Sensors 

Actuators 

Computing 

… 

Various protocols 

Message broker 

TCP 

UDP 

… 

Interesting sources are gathered in the DAQ system 

Synchronized by train ID ( show daq schema) 

Stored to file (HDF5)  (  show storage schema) 

Streamed over TCP  (  show pipeline) 
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Online data  

analysis: 

 

Rapid  

feedback 

through GUI 
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Various data sources 

Detectors 

Cameras 

Sensors 

Actuators 

Computing 

… 

Various protocols 

Message broker 

TCP 

UDP 

… 

Interesting sources are gathered in the DAQ system 

Synchronized by train ID ( show daq schema) 

Stored to file (HDF5)  (  show storage schema) 

Streamed over TCP  (  show pipeline) 

Export data pipeline – Karabo bridge 
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Export data pipeline – Karabo bridge 

We provide an interface to listen to Karabo pipelines 

Allows to integrate existing (complex) user provided 

tools 

Quick (dirty) specific scripts to use during an 

experiment 

Karabo Bridge requirements 

Low latency 

Loosely coupled Interface between Karabo and 

external programs 

Export data in a generic container 

Using straightforward network interface 

Development in collaboration with CFEL Chapman 

Group (S. Aplin, A. Barty, M. Kuhn, V. Mariani) 
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Client implementation and simulator 

Python: https://github.com/European-XFEL/karabo-bridge-py 

C++: implementation existing  

Successful use during first early user experiments 

OnDA, Hummingbird, CASS, custom 

Latency (SPB experiment, AGIPD detector) 

 

Export data pipeline – Karabo bridge 

https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
https://github.com/European-XFEL/karabo-bridge-py
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Offline data treatment and analysis 

 

Offline means after beamtime 

But can also be used ‘during’ experiments (after 

data has been migrated) 

DESY’s Maxwell cluster 

Reserved partition (“upex”) for XFEL users 

Accessible a few weeks ahead of beamtime 

During, and after beamtime.  

HDF5 Files 
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Data Files 

For each experiment proposal 

Data are stored in run folders 

Runs contain a collection of HDF5 files 

HDF5 files are structured in EuXFEL specific format 

Euxfel-h5tools 

Command line mode: quick overview 

Library to read run data more conveniently 

https://github.com/European-XFEL/h5tools-py  

https://github.com/European-XFEL/h5tools-py
https://github.com/European-XFEL/h5tools-py
https://github.com/European-XFEL/h5tools-py
https://github.com/European-XFEL/h5tools-py
https://github.com/European-XFEL/h5tools-py
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Summary 

Outlined data acquisition, management, and analysis 

Data policy 

Online and offline analysis  

Early stages of the facility 

Outlined current state and plans 

 

Keen to work with users 

Get in touch  

Help us prioritise resources 
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Thank you for your attention! 
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