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The premise

Taking data in the lab is rarely a synchronized process, there are many systems that do not always talk to each
other well.

e HV

* Position stages

e Chip configuration

« DAQ

e Laser / Monochromator

A reliance on manually changing setting limits our ability to do detailed scans of experimental conditions!

Therefore, we wanted to create a centralised control software that handles data taking alongside changing the
experimental configuration to enable easy automated scans across multiple systems.
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The Edinburgh-Cambridge Run Operator and Controller

The repository is here: ecroc

Further reading on Kapitsa’s crocodile.



https://gitlab.cern.ch/dfouldsh/ecroc
https://www.phy.cam.ac.uk/news/kapitsas-crocodile/
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ECROC

ECROC is a control system inspired by the the LHCb WinCC

control system, and the telescope run control software EUDAQ. \\ lI /
It runs a single server as an FSM (-ish) that holds objects that
communicate with the various systems (HV, position, etc) in
. : ) Commands
their own threads. The server can be communicated with using ECROC server Status
a GUI connection.
This has an advantage of enabling multiple GUIs to see data ‘1
and give inputs (e.g. you can ssh into the PC and input

commands without restarting any software) System System System
(HV) (Position) (DAQ)

\



https://indico.cern.ch/event/516140/contributions/2039505/attachments/1261709/1865178/LHCbUpgrade_Electronics_Meeting.pdf
https://github.com/eudaq/eudaq

The main window

The main window is the launch pad for various GUIs and holds the top-level / system agnostic control.

O [ J ECROC

Status: Connected to Server

O o ECROC

Status: Connected to Server
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Connect Kill server Connect Kill server
Config Start RUN XXX / Se I ect th e Syste m set /l o strt AN XXX
gty DAQ Run control... RICH
e / We will return to this
S MuDAQ

keithley HV G H\/ — ECHO HV

TCT Position
GECCO \ POSit i on Sta ge —] Position stage

Server not found. Launching in background...

Launched

Server not found. Launching in background...
Launched
Detector set to RICH
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Systems

MARS - o X
Status: Connected to Server
5_dag/mars_dag/config/If_mightypix/If_mightypix-Test.yaml - Save prefs
_daq _daq g/it_mightypix/Iii_mightyp y P Keithley 5 o X
S 20 [fo7 [0 | (SCENN (NGSEN
® @ ition
Start Run Stop Run Status: Connected to Server
Read FIFO 192.168.1.35 GOnnecE Save prefs Status: Connected to Server
alue Gek: Set 6.26 Set Connect | Rename
ToT, all pixels On/Off
Read
. I E T ! 1 1 L
E | | |
1 1 1
SELIJECLIUN VUILdUE TallEu. JSIZE Ul Udld (0 DYLES) IS LUU DIy 1o mieiury (v uywes) & a N E
MARS Injection Failed: MARS.Configurelnjection() missing 1 required positional < . - = - L
argument: 'ninj' 5 i i
MARS Run Started Time
MARS Rum Stopped b Requesting server for conencted stages
Reset Plots Fake Hits

DAQ HV Position stage

Systems are the various bits of equipment that you want to control and coordinate.
Each one has its own GUI and backend implementation.
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Run contrOI Command Range / step

| NON Scan Cénfig
Scans can be easily configured to run over a Status: Connected td Server
range of system commands. System =P | pos move:X |} 0.0 10.0 1 Add Delete
Run name
e.g. move a position stage or set a HV voltage. DAQ =»| ctcco 15 0 test-scan Apply
The run control will set the system settings move:X move:Y
according to the scan, then start a run using the :’g ;O:
selected DAQ and wait a 2.0 9.0
before stopping the run and moving to the next jg :2
step. 5.0 75
6.0 7.0
o . 7.0 6.5
Data and a log file is saved in a new run folder B &
named after the run name. 2 55
10.0 5.0
It can be configured to send a mattermost
message to update you on the run progress:
- ecroc-run-info BOT 11:30 AM
oA _
Run Test-Run is over 75% done! Config Start RUN XXX

Config, start, pause, and abort on the main panel



Proof

of life

ition
Status: Connected to Server
Connect | |3 | |Axis2 Y
X |-2700
z |-8000
Y (8250

MoVIng a stage
Moving a stage

311313877795

1
5
1 311313935141
4

[*] Request received: Action='StopRuUnGECCO'
Readout loop halted.

[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111
[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111
[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111
[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111

[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111

[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111

[*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111

*] Request received: Action='ReadWordGECCO'

8 11111111 11111111 11111111 11111111 11111111
Request received: Actio
Request received
Request received
Request received
Request received:

MightyPix communicates with the sensor readout
see Hussian’s talk), Keithley HV, and TCT position stage =

Scan Config

Status: Connected to Server

gecco  ~ |[th 160 130 16 Add

Rename

GECCO ~ | [10.0 0 scan-50V-220ct

Move
Move
160.0
158.0
156.0
154.0
152.0
150.0
148.0
146.0
144.0
142.0

Move

ECROC -

Status: Connected to Server

~ Connect Kill server

Config Start

Mighty
MARS
keithley HV
TCT Position
GECCO
11111111
11111111
11111111
11111111
11111111
11111111

11111111

11111111

'setVoltageKeithley'
SetVoltageKeithley'
'SetVoltageKeithley' ol
SetVoltageKeithley'
SetVoltageKeithley'

[Execution Result] For action 'SetVoltageKeithley"

tage
[Execution Result] For action 'SetvoltageKeithley':
“voltage”

Run 13

Delete

Apply

192.168.10.1;

GECCO SAEC X

Status: Connected to Server

0 ) e opt_dig x| (SRR | save prefs

160 [setThreshold | - Set Baseline
Set TDAC Write TDAC

# inject

timerend: [ ~||128Gbjs ~ || Toggle Clock

Reset Readout

Toggle decode

Update ASIC | | Update pins
GECCO Connected
Keithley _ o x

Status: Connected to Server

Beep

Set voltage limit | [1e-3 Set current limit

3 Activities

[Execution Result] For action 'SetEchoPar':
"Value edited"”

RICH communicates with the MuDAQ readout, CAEN HV,

and ThorLabs position stage

© The BIG draw

25 Aug 16:27

Requesting server for conencted stages
List of stages:

(. Status: Connected to Server Connected to Server HV-0 | HV-1
Connect Kill server Init MUDAQ
Status: Connected to Server
B | config tart Pause Abort | Completed! Save prefs tyACM1 usb
b 3m FPGA | uDAQ/run/lpgbt-tb/mudaq-cli
MuDAG
yMuDAQ | /mudaq_UDP_6Mar.regs
ECHO HV JGBT || FEReset || Config TDC | jottorr Apply | VMon  IMonH  Vset ISet Pw
! - Position stage Get register | X |value CHOO | 020 0.00 0.00 0.00 0.00
& cHol | 000 [[0.00 |[0.00 | [0.00 | [0.00
‘_ CHO2 0.00 0.00 0.00 0.00 0.00
i _EdiLab.regs| [0 Sett
CHO3 2100.40 | 0.00 2100.0 50.00 1.00
Run | |path/tofrun/folder
TION KeSULT] For action APPLY INFESNOIas
t ing thresholds"
[EXECULION KESULL FOr 3CUON SetECnorar : tion Result] For action 'SetEchoPar'
"Value edited" edited"
[Execution Result] For action 'SetEchoPar': tion Result] For action 'SetEchoPar"
"Value edited” edited"
p—
Status: Connected to Server
~ | 103#1 |2200 ' 2100 | 11 Add Delete
200000 hv-scan-2-25Aug || Apply - -
Connecting to slot 0.
setV:CHO3#1
22000
2190.0 Status: Connected to Server
2180.0
2170.0 Status: Connected to Server
2160.0 Name Port Add Stage
2150.0
2140.0 X 190.00000000000001 Move
2130.0 1 Y [281.0 Move
2120.0 !
i
i
i
i

ppetabs ppetabs

. 1 ppelabs ppelabs 2

. 1 ppelabs ppelab:
o

v

mu
mudaq.0-run. 8. dat
25 mudag.e-run.9.dat

516 Aug
448 Aug

= AN

DT1470ET

Chstatus
18032.00
18032.00
18032.00
18032.00

IMonL
0.00
0.00
0.00
0.00

password
ImonRange MaxV
0.00 2300.00
0.00 2300.00
0.00 2550.00
0.00 2500.00
The BIG draw

PDwn
1.00
1.00
1.00
1.00

Polarity
0.00
0.00
0.00
0.00

RDwn
30.00
30.00
30.00
30.00

Plot

Connect

30.00
30.00
30.00
30.00

7/12

Save prefs

Trip
10.00
10.00
10.00
10.00

F O T DL

b A el

AN

N b WA U RA A SN A NS



https://indico.ph.ed.ac.uk/event/439/
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What can this do"

’E‘ 20 &g 7 388 8 7000 *-100V
—_ < - E C - -50V
= > e %88 £ 6000 30V
> (=) 384|— . C ¢ o - -20V
15 S . Z 5000 R *ov
= 382— C
10 O agol- 4000~ o
378 3000?— $ o
5 876 20003— .
374|— C ¢
- 1000 — ° .
0 e Co L b e - % o ¢
2100 2120 2140 2160 2180 2200 0_ J hd
Photocathode V [V] 130 140 150 160 170 180 190 200 210 220
g Threshold
T ] Threshold scans
17 0.04— —
16 -
s 0.03— .
'g 50 b o‘ozf— —_— .
& i L Here are a few of the studies we
g% 3 have used it for, but in general...
f 0_21100 — 21l20 E— 21|40 — 21J60 — 21|80 — 22100
30 Photocathode V [V] L I
HV scans 0 ts.
20
10 More details in later talks!
0 0 Jack, Miles
0 10 20 30 40 50 Position scans

X [steps, 2um]


https://indico.ph.ed.ac.uk/event/439/
https://indico.ph.ed.ac.uk/event/439/
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Possible use as a TB control =~ rconc

r
J

Offline alignment
using trigger
number.

8
3
H
2

Pl
w’ﬂ

Trigger
e -
MARS / GECCO
HV
Data
200V Commands
Status
HV
2000V

=al CAEN HV
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Adding a system

Adding a new system is not entirely trivial, but easy enough
once you understand how.

It requires three main changes. A GUI, a python module that
executes the control code, and some plumbing to pass
information between these two through the server.

You only need to add two files:
Commands
Status

Server
ecroc /| ECROC_GUI / Keithley.py plumbing

ecroc /| ECROC_SERVER / Keithley.py

Server

Importantly! If you are interested in using ECROC but doing
this sounds like too much effort. Worry no more! We will do
the GUI / server wiring for you!

Just provide us with a python module to control the
equipment and we will do the rest!



But my equipment doesn’t have a python

control module...

Don’t panic! This is likely a solved problem.

We have compiled C++ classes into python modules. We have
called compiled Java functions in python, we have used random
sketchy stuff from online.

It all works well.

class MuDAQ:
def ( NE
## Start the java virtual machine
if not jpype. (O)F:
ipype. (
## This is again hardcoded!

/home/ppelabs/Desktop/MuDAQ/install/PDMDBKIT/pdmdb. Lnx/lib/server/libjvm.so",
-Djavax.xml.bind.JAXBContextFactory=com.sun.xml.bind.v2.ContextFactory",

f'-Djava.class.path={classpath_jars}",
convertStrings=

)

## Init various CBSW java classes
. JPDMDBDepp = jpype. cbsw. lhcb. pdmdb. JPDMDBDepp")
.JniAdeptDepp = jpype. cbsw.adept.JniAdeptDepp")
.LpGbt = jpype. cbsw. lhcb. pdmdb. LpGbt")
.MuDaq = jpype. cbsw. lhcb. pdmdb.MuDaq")

Calling Java classes in python.
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(gecco_core)
namespace bp = boost::python;

bp:: GECCO_Python, boost::noncopyable>("GECCO_Python", bp::
// Execution Controls (Threaded Readout Loop)
("StartRun", &GECCO_Python::StartRun)
("StopRun", &GECCO_Python: :StopRun)
("IsRunning", &GECCO_Python::IsRunning)

// Device Connection Lifecycle Hooks
("ConnectDevice", &GECCO_Python::ConnectDevice)
("CloseDevice", &GECCO_Python::CloseDevice)

// Hardware Controls & Configuration Mappings
UpdateASIC", & : :UpdateASIC)
LoadConfigFile", : :LoadConfigFile)
ResetFastROFifo", : :ResetFastROFifo)
FastRO_Clk_toggle", : :FastRO_Clk_toggle)
AutoPhaseAlign", : :AutoPhaseAlign)
ReadWord", : :ReadWord)
ToggleDecode", ) : : ToggleDecode)
WriteTDACs", &GECCO_Python: :WriteTDACs)

// Data Utility Helpers
("WriteToFile", &GECCO_Python::WriteToFile)
("CharToHex", &GECCO_Python: :CharToHex)

// Expose critical internal string variables for live Python inspection
("fastro_lastread", &GECCO_Python::fastro_lastread)

}

#endif // GECCO_PYTHON_H

Python integration of C++ using boost.
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Summary

 ECROC has been proven to work well performing scans across experimental conditions.
* Lots of systems have been added (HV, position, DAQ).
* Has been used for both MightyTracker and RICH work.

Next steps

 We would like to add more systems! (Monochromator, rotation stages, oscilloscopes, etc).
* We have ideas of how to use this to take measurements, but perhaps you do too?

Stay tuned for some nice results using ECROC!



