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Use of proprietary software and hardware 
• very often not to be coupled with each other 
• incompatible (vendor locked) file formats 
• often require (unnecessarily) expensive/

licensable special hardware and software
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IT Situation in many (smaller?) labs
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Infrastructure for data acquisition and processing
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Our Idea

• Transparent, open source 
• Platform independent (HW, OS) 
• Driven by Science-Community (not commercial)  
• Scalable 
• Lifetime support

Based on the EPICS/Bluesky framework 
Ensuring Digital Sovereignty and guaranteeing 
FAIR principles.
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Proven on a large scale: Control FEL
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EPICS support

EPICS can also be used on microcontrollers and 
real-time systems.

Current measurement on high voltage (20 kV)
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Together with electronic lab we develop further 
devices that can be used directly at the Institute 
(without extra drivers, hardware).
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EPICS support

e.g. 
40 x 16bit DAC,
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Unfortunately, the support is often not taken up 
•People do not want to change anything 
•The possibilities of automation are not seen 
•The scientists don’t want to “program” 
•The engagement with IT among scientists is 
often not rewarded 
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EPICS support
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Good scientific practice is required by funders (DFG)
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Situation at CatLab

This means reproducibility of results, proof of 
correctness, etc. 
That leads to the FAIR principles, which cannot be 
met by vendor locked systems

Following the FAIR principles will improve the quality 
of results in the long run

See: https://www.helmholtz-berlin.de/projects/catlab
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Use in CatLab

The concept idea is already being used in the CatLab. 
Implemented by Abdulrhman Moshantaf (started April 2021)

To make it perfect, Mike Wesemann has modernised the 
document archive, which has been used in the AC department 
for more than 20 years -> archiv (ac-archive.fhi.mpg.de) 
The complete setup can now be called LIMS ;-)
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Concept idea
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EPICS: Experimental Physics And Industrial Control System

CA: Channel Access (EPICS network protocol)

PV: Process Variable, has a name and a Value
(EPICS, e.g. FACILITY:MACHINE:DEVICE:PROPERTY with Value 3.14)

IOC: EPICS Input-Output-Controller, provides PVs over CA

Device IOC: IOC with drivers for Lab Devices, converts vendor-specific protocols into
EPICS CA

Lab Devices: Any Hardware that has a digital control interface

Meta IOC: IOC that holds machine metadata and controls the Runner, and is controlled
from any CA client like phoebus by a User

DAQ Runner: gets prepared by the Manager and started / checked by the Meta IOC. If
running, processes a time sequence of setpoints for the Lab Devices, while also collecting
Measurement Data and writing it into a file. Could do more since its just a python script
loaded from the Archive.

Manager: loads Runner and sequences from the Archive, stores Measurement Data in the
Archive, creates preliminary Analysis Data. Also prepares the Runner with eg. the
sequence.

CA gateway: Service that provides PVs to the "outside world", with Access Control Lists.
By default, only reading, but not writing to PVs is possible.
                     All external Services like the Archiver Appliance or an office computer only
can access the Labs' PVs via the gateway.
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Office Computer
phoebus:

EPICS GUI

CA gateway
(with Access Control)

   

Control Runner (CA)

MWX Archive: PHP and MySQL based Archive that shall contain most / all scientific data.

Archiver Appliance: Log System for EPICS PVs, logs Values 24/7 to ensure nothing gets lost.
also helpful to examine environmental influences outside of runs.

Edge Computer: Passively cooled computer with two network interfaces and some serial ports.
Hosts the DAQ Server, device IOC, CA gateway, DHCP, DNS, NAT

Lab Computer: standard office computer, directly connected to the Lab network. Accesses PVs
directly with read / write.

Office Computer: standard office computer, outside of the Lab. Accesses PVs via the CA
gateway, can only read but not write unless explicitly allowed.

Phoebus: GUI Software that can display and change EPICS PVs via CA.
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Concept idea
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Procedure
- DAQServer is initialized
   - establishes connection to MWX Archive via python archive module
   - loads Lab entry from archive
   - gets list of atttachments (runners)
   - gets list of linked entries (sequences)
   - downloads newest runner to filesystem
   - downloads newest sequence to RAM / Namespace
   - inits meta IOC with fixed control PVs
   - inits meta IOC with dynamic Sequence Editor Header and Step PVs

- DAQServer runs Manager Main Loop, meta IOC update event loop
- User Phoebus instance connects to metaIOC PVs via CA
- DAQServer is idle
- User can select and run, stop runners via dropdown (JSON via CA)
- User can select and edit, create, save sequence (JSON via CA)
- meta IOC processes user input with on_update callbacks
- user starts runner via CA
- DAQServer starts new multithreading thread with runner.py script
- runner script setups itself
- runner script does its magic, controlling the Device IOC, reading and collecting Data
- runner saves collected data to filesystem or anything else like S3
- runnerscript destroys itself
- DAQServer is idle again
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Concept idea
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Automation of Ertl - Reactor

Abdulrhman Moshantaf: Group meeting presentation, EPICS Automatization
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Automation of Ertl - Reactor

Abdulrhman Moshantaf: Group meeting presentation, EPICS Automatization
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Automation of Ertl - Reactor

Abdulrhman Moshantaf: Group meeting presentation, EPICS Automatization
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Automation of Ertl - Reactor

Abdulrhman Moshantaf: Group meeting presentation, EPICS Automatization



CAMELS
A Configurable Instrument

Control Software for FAIR Data
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Vendor-provided
measurement software
 standard data

Specialized custom experiments

No standard control
 No standard data

Two kinds of Experiments

Commercial integrated systems



Coding some piece of
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Specialized experiments

• Programming skills required

• Redundant software development

• High hurdle for implementation
of new measurement protocols

Specialized ad-hoc
experimental setup

New
measurement

protocol

Raw data,
no or (little) metadata,

heterogeneous data format
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New approach

Open software framework for measurement protocol configuration:
Making research life easier; from planning to data collection

Control Application for Measurements, Experiments and Laboratory Systems
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CAMELS concept

FAIR data*
• Raw data
• Metadata incl. devices, settings, protocol, …
• Structured data format (HDF5)

CAMELS

• Fast configuration of
measurement protocol

• No programming skills
required

Experimental setup

Configuration

Measurement protocol

Communication:
• VISA
• EPICS
• etc …

*More precisely FAIR-ready data when not connected to community standards

User
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Features

• Open source (hosted on GitHub)

• Ready to start first measurement in < 30 minutes

• GUI generates Python (Bluesky) code customizable

• Complete recording of metadata

• Scalable
 Local device communication (VISA)
 Large-scale distributed control systems (EPICS)
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CAMELS: instrument communication CAMELS

Experimental setup

Configuration

Measurement
protocol

Data
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CAMELS: instrument communication

CAMELS
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CAMELS: measurement protocol

Measurement
protocol

Possible
steps

CAMELS

configure
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CAMELS: Data File

HDF5 file

CAMELS



CA
M

EL
S:

Fi
na

l D
at

a 
Fi

le
CAMELS: Data File

„Classical“ data

Meta data

…
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vs. „old school“

CAMELS: Data File
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Why CAMELS?

Easy to use
• Low threshold entry to

device communication
• Save time communicating

with devices

FAIR data
• Standardized

data formats
• Rich metadata

Customizable
• Setup consisting of several

measurement instruments
• Dynamic changes of the

measurement setup
• Multiple use-cases for a

single setup

Open source &
Community driven
• Drivers written by & for

the community



Thank you for your
kind attention!
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CAMELS basics
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Tutorial – From an idea to FAIR data

• https://www.youtube.com/playlist?list=PLrRaxjvn6FDU3HeV6byx_kUlU6UXkfhil
• https://www.fair-di.eu/events/fairmat-tutorial-6/tutorial-6-home

https://www.youtube.com/playlist?list=PLrRaxjvn6FDU3HeV6byx_kUlU6UXkfhil
https://www.fair-di.eu/events/fairmat-tutorial-6/tutorial-6-home


EPICS - basics

EPICS
• Collection of software tools for

distributed control systems
• Runtime database
• Robust network protocols

Client/Server & Publish/Subscribe
• Collection of device drivers
• Client tools for operator control

and monitoring
• Includes data archiving
• OS and platform independent, open source
• Scalable (local instance … large network

infrastructure)

CAMELS
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Typical measurement setup
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