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The Home of Karabo:
European X-ray Free Electron Laser (XFEL):

"% Linear electron accelerator
B run by DESY

=% Undulators creating X-ray laser photons

¥ Photon beam steered
B through 3 tunnels
B to 6 instruments

Karabo:

Designed and developed
for control, data acquisition, analysis

I B Y European XFEL
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Why a New Control System?

Photon beam at European XFEL has a « 100 ms > 100 ms -

particular pattern: Train n-1 Train n Train n+1

10 Hz of “trains” of up to 2700 pulses | | |< 22.4 ms »H | H |< 22.4 ms »‘ |
Inter-pulse spacing 220 ns (4.5 MHz) p P

V/4 7/ p R

Custom-made MHz-capable 2D detectors Ja— e 600ps

Single pulse resolution: 16 GB/s / “220 “S,\ e :Floo fs\"
Calibration required for online preview R :

-~ -
-
Il

-
N, -
A i - ——— T

=>» Tight integration of control and online analysis required

European XFEL decided in 2011 to develop
a custom control and data processing framework

(presented at ICALEPCS2013)
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Karabo: Device Based Communication via a
and TCP/IP Data Pipelines

™
Equipment T
_ DAQ
Self-describing - . Control
Equipment Command Line -
Karabo Devices DAQ Interface Graphical ‘and
Equipment | I | Command Line
User Interface
Equipment control, Al @
e.g. motors, valves,... I o0, motor. bum
g. , pump,
L_] e.g. 2D-detectors ?/alve, ser?sorp GUI'S
. (AGIPD, LPD, DSSC) erver
Detectors like e.g. commercial camera &
B 2D detectors, & -
w - and other service devices
8 cameras S like project manager
Message
Data storage § |— Data Storage)__/ Broker
Node Composite
Online data analysis, | pevie
_ _ I w_/ | Analysis | > {
e.g. calibration ’ Node ¥ \
System services e.g. storage of data from e.g. calibration for
runs online processing e.g. complex detector motion
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Karabo Communication Patterns

Request/reply
Device registers methods as “slots”. * Reg/f)’teSt
Call from remote Device1 oty
» with up to four arguments and return values.
Publish/subscribe
Devices subscribe slots to a remote “signal”.
When signal is “emitted”,
all subscribed slots are called.
» No publishing overhead for “popular” devices
regular polling obsolete. * .
Device1 signal

1 | European XFEL
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Karabo Pipelines for Data Processing Ls
- GUI Server

Complement broker communication
Using direct TCP/IP connections. camera |~

. . CPU int
Designed for (large) multi-D data. P et
' nalysis ==
Sent only when receiver ready for it. Node B1
But processing and transferring it
In parallel.
T Analysis Collecting
: : C Node A i — Analysis
Offer flexible configuration: ' y
. Node C
Sender can wait, drop or queue data
when receiver not ready yet.
Individual copy vs. data shared between several devices.
Collect from several senders (scatter/gather scenario). CPU intense
Delay readiness report to reduce rate. v Analysis ——
Node B2
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Hash: Karabo’s Flexible Data Container
A nested key-value container with attributes:
B key: string
» direct nested access: separate key levels by dot: h.get (“keyl.key2.key3"”),
B value: any type,
B attributes per value: key-value container.

Hash available in all three Karabo APIs:
N C++
B Python

» “Bound” (C++ bindings)

» “Middlelayer” (pythonic)

Serialisation to Hdf5, XML and binary format.

B Supported data types: h.setAttribute(
» Scalars, complex, strings and vectors thereof, 6 h
» “NDArray” for pipelines,

» “ImageData”. NDArray and meta data colour="red" => square STRING
* not yet (!) or “Middlelayer” API.

' => 42 INT32
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Status of the Karabo Control and Data Processing Framework WECPRO03

Unified integrated cockpit:

Graphical User Interface (PyQt)

X N

System Topology | Device Topology | SA2_MAIN_BKR-wallpaper % | SA2_XTD1_XGM_OVERVIEW ¥ Configuration Editor
s v X = oA | 2 = .
N s = B Detailed access to
ong Term ntensi
% SA2_XTD1_IMGFEL 9 by SASE2 XTD1 [ DevicelD SAZ_XTD1_XGM/XGM/DO...
# 1 SAZ_XTD1_IMGSR
# SA2_XTD1_KMONO l FullRnge I Detail 1| % [£] state ON - -
> sz ps . contigurations and commanas
# ' SAZ_XTD1_PSLIT s [2] status "
# [ SAZ_XTD1_SHUT = [%] Alarm condition none
+ SAZ_XTD1_SYS r; 1S /—/ .
e % s : B [ntegrated command line
&
—. - 21125
= SAZ2_XTD1_XGM a [1] Reconnect Inte... 5 min 5 min "
= B ASENS g
> G20096F m E1100 ] Reset
* G30096F_RNC T T T T T T T .
> V20106D_ANAPOS ;3129?09 -, 16:28 16:29 ; 16:30 16:31 16:32 16:33 [£] Location XGM.2595.T6
-09- ime
* V20706D_SIGNAL [7] Polling Interval 50 ms 50 ms
+ B DCTRL [ 2016-09-26 16:26:19 }e] [ 20160926 16:3326 }%] F O r eve b O d ]
T EAESIEOQDP = [ Crapied I One Day I One Hour ) Ten Minutes I Uptime ) =[] Gas Supply I !, y :
* G20091M Pulse Energy Intra Train | 1116.0,1153.26,1040.25,1106.9,1231.87,1257.62,997.482,994.03,1116.86,1009.82, [1] GAs Type ID 1
> G20100P . 7] T
ot ‘* B Customizable “scenes
> GAS_TYPE .
G B PUMP ~ - +-[] Gas Dosing
*= P2009205 = D Pressure
S5 1200
#- B SWITCH = =1 . .
= | [ Pressure Filt.. 41462708 mbar » no codin g requi red
T 800 SA2_XTD1_XGM/XGM/DOOCS.output.schema.data.intensityTD [ pcr 3.84e-06 )
Projects g
; H o ; 600 [L] RSP 411.03 Hz d d d rt'
=1
Search For: a 400 [1 pressure 4.14573e-05 mbar ' ra g -a n = ro p p ro p e I e S ]
Projects [<] 200 [7] rRD 2.71924e-07
= 0 u =
e v w W o e ! M Rich set of widgets
= Switch_Instrument_Macro = [ | Current Readings -
* Macro-Switch_Instrument_Macro...
- Scenes = [_] Beam Position
== SA2_Motor_Positions_Overview (4] D
= switch_to_MID [ x 0.1224 mm
; sRviirtecrﬁnt(:':élg_edlt_md = Karabo_AlarmService | Console 3 } Log ¥ I Ly 1.29177 mm =
\_to_| . I .
= Reference_MID_edit 2 = +[_| Control Data O r O e ratl O n
5= Reference HED_edit "
* @ show alarms and warnings 1 £\ Show interlocks =[] Pulse Energy
= SA2_MAIN ' .
= HIREX_Spectra ID  ne of First Occuren Time of Occurence  Device ID Property Type Description  Acknowledge [ signal Adaption - Sta n d a I O n e S Ce n eS
= HIREX-Got
Device Servers 3401 9/17/19447PM  9/18/1911:22AM HED_XTD6... errorCount... @ alarmHigh Errer fracti... Acknowledge[ ] HAMP chambers "
e S“z";g;‘_f_; LT 3832  9/18/1912:54PM 9/18/19 12:59 PM HED_XTD6... errorCount... @ alarmHigh Error fracti... A(kncwledge[ Output
2 Sﬂid_x'l'm_'MGFE'- 4116 9/20/199:15PM  9/20/199:15PM  HED_XTD6... errorCount... @ alarmHigh Error fracti... A(kncwledge[ [l pistribution ... load-balanced
3 acros
+ Scenes 4308 9/22/198:31AM  9/22/198:31 AM  SA2_XTD1... errorCount... @ alarmHigh Error fracti... Acknowledge [ [=] No Input (sh... wait =
= Device Servers
=+ cppServer/sa2_beckhoff_mov1 [ Hostname default [+
% #- <+ SA2_XTD1_IMGFEL/DCTRL/...
& @ SA2_XTD1_IMGFEL/SWITC... | | Shutdown instance Apply all X Decline all
[l #-# SA2 XTD1 IMGFEL/DCTRL/ L7 | | [4] [v] @ Sl 23

European XFEL

GUI SERVER: exflcon84n0:44444

KARABO TOPIC:

SA2

For experts:
B Full system view.
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System Services

Shipped as part of Karabo framework
GUI server device
Server to centrally run macros and GUI command lines
Project Database
» Joint storage of GUI scenes, macros, device configurations
Alarm service: <> @ A\
» Track device properties outside normal operation value
Data Logging

Outside Karabo framework by independent software devices
» E.g. to allow faster release cycle
Data acquisition
Scan tool

ICALEPCS’19, October 9th, 2019
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:
Karabo Data Logging v % . e

=¥ In-built data logging and retrieval mechanism. Devicel) e |
B Control data only, no pipelines. N — "
“% Main control use cases:

Value

» Past data for trendlines: single scalar property vs time. /
» Past configurations: all device properties at point in time. e

I I I I
30 31 01 02 03 04 05

2019 Time

- o _raaran s weeacs [ 20190829 16:1523 E{ [ 20190905 16:15:23 }%{
" 5A1—KTD2—PS ( One Week \ ‘o eD ) ( One Hour ) ( TenMinutes ) | Uptime
E - aﬂ 1@§TDE_PSLIT — [SA3_XTD10_VAC/GAUGE/G30060P.value
~ E M MOTOR
™ BLADE_BOTTOM F Configuration Editor |

& BLADE_LEFT

& BLADE RIGHT A — &

BLADE TOP =
. - M@ TSENS About Property Current value on device Value =
#-10 SA1_XTD2_SYS Get Configurgtion | D[ Request hardware values l
#-10 SA1_XTD2_UND :
#10 SAT_XTD2_VAC L EEL s ~[_] Properties to poll [‘avalue'] N
~[11] pollinterval 1.0s 30.0s

IR A L Propertiesto read ! ;

| One Week || OneDay || OneHour || 10 Minutes |

\ - - - [] Read
’2019-09-05 15:48:15 VJ [ l A configuration has arrived!

~[] Trigger [ 101036831949

Timepoint

]

o oK

‘ K cancel J o/ OK

#-[_| push Triggers

~[11] Maximum Update Frequency 2.0Hz 2.0 Hz
I B Y European XFEL
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Karabo Data Acquisition (DAQ) Integration

Commercial ' Data Storage

— Node
Focus on scientific instrument data with long term storage: |
EuXFEL data policy :
£
Support for different types of data sources:
data with train resolution: e.g. sensors, motors = I\ggzc'jjs;:lf

2D or pulse resolved data: e.g. from cameras, digitizers

> I

MHz-capable 2D detectors (XFEL train data format - ) _ & l <

> (il h <

Raw Data Generated at EUXFEL Nl

Data stored in HDF5 files, indexed per train 9

9 PB raw data stored since experiments started ag

12 GB/s achieved (600 images per train) Qg

N5

Provide data stream for online display and analysis: é‘;

Calibration of big 2D detectors (1.8 GB/s, 2s latency), © 2

External tool via Karabo-to-ZeroMQ bridge

1 | European XFEL
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Achievements

Karabo in use at EUXFEL.:
B Commissioning since 2016
B First user experiments 2017
» meanwhile on all 6 instruments
B8 Almost 14,000 devices,
» more than 1.6 million “control points”
(properties, commands)
» average broker rate per installation: up to 1 kHz

Example application combining processing and control:
“Beam Position Feedback System Supported by Karabo
at European XFEL”

B Compensates drift for EUXFEL beam pointing stability
BN See poster MOPHAO040.

1 European XFEL

22.5

20

17.5 - i

15 =
12.5 ]

10

Oscillating around 15| px

| AL
\‘|r| Wil

T T T T T T T
10:06 10:07 10:08 10:09 10:10 10:11 10:12
2019-09-19 Time

ICALEPCS'19, October 9, 2019 13

(__ FullRange | | Dy taiM OPH A 04%0

300 —
200 __ Fei;IIEJFack Manua"y 10

4 -

R\\ ] move the |
N1 Actuator
lﬂﬂ\ﬁg_)\ -10

: / o \ -20
0 — WWL e A AP ST A g bty
" -30
3 P>
i Feedback
ON
-200 —
| | |
10:17 10:18 1t
2019-09-19Time
20100019 10:76:03 }%{ ‘ 2010-09-19 10:20:00
| OneWeek || ©OneDay || OneHour || Tem Minutes |




Status of the Karabo Control and Data Processing Framework WECPRO03 Gero Flucke, European XFEL ICALEPCS’19, October 9th, 2019 14

Lessons Learned
Early versions of Karabo had serious communication delays
» Especially for C++ servers hosting many hundred devices in one process
Measure 1: No blocking calls in shared event loop, Pp— p—
» use asynchronous coding patterns pevice |-} *=3 _x=30
Measure 2: Broadcast messages only once per process pevice pevice
» Before: 500 devices start, 500 other devices receive

Device

0)

Device Device

Device Device

= 250 k messages pevice -~

Device

Broker
Calibration pipelines suffered from slow (de-)serialisation
Now avoid copies of NDArray data Server Ep— -3
Device L=5 ~ L=5 Device
[ [ [ [ —
Rare, but serious issues with message ordering Device Device
Respect that posting functions on multi-threaded Device Device
event loop has no order guarantee Devos _ Sevee
Device Broker Device
set (“motor/A”,

“targetPosition”, 2);
execute (“‘motor/A”, “move”) ;

1 | European XFEL
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Developing and Releasing Karabo Framework

Unit and integration tests are vital:
Running with continuous integration
No new functionality without test
Good test coverage
» 67% of C++ and 74% of Python,
Final release test cycle includes device classes

Code review mandatory

Karabo shall be released with an open source license
Planned since the beginning
Discovered conflicting licenses in dependencies: GPLv2 only and Apache 2.0
Cleaning this up has progressed, but still steps to go...

1 | European XFEL
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Future Directions

Steered by experiences gained in European XFEL operation:

Data logging:
Replace custom text and index file based backend
Time series database InfluxDB tested
» Will need enterprise edition in production

Device configuration storage
Current solution with independent “projects” very flexible
Central storage more applicable for commissioned system

Authentication and authorisation foreseen in original design, but not implemented
Becomes a limiting factor in more and more stable system: Who did what?

JMS broker is very stable
but openMQc client library not maintained,

» C++ prototype of communication unit for MQTT broker developed

1 | European XFEL
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Summary
European XFEL endeavored the development of a new control and data processing framework:

Broker based control communication
TCP/IP pipelines for big data transport
Fully event-driven

C++ and two Python APIs

Many lessons learned to make it scale:
Now operate reliably about 14,000 devices with 1.6 million control points at European XFEL

Online calibration of MHz-capable 2D detectors with < 2 s latency, 1.8 GB/s throughput

driven by needs to control European XFEL instruments
Improve data logging, more central configuration storage, add authentication/authorisation

Goal: publish with an open source license
Even before we manage that: If interested, do not hesitate to contact us.

1 | European XFEL
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