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Abstract

Many measurements in accelerator physics require ded-
icated scans of parameters, such as the main frequency of
the RF system for chromaticity measurements or a variation
of quadrupole strength for beta function measurements, etc.
Such measurements cannot be performed by simply reading
an instrument, but require a certain measurement procedure.
These measurements are typically implemented as scripts,
as they are often written by staff or students whose task is
the measurement itself. For reusability and maintainability,
however, an integration into the EPICS control system is
favoured. This has multiple benefits such as the easy archiv-
ing of results in the central database or the integration of the
measurements into the standard operator panels. To allow
non expert staff and students to easily build measurements
exposed via the EPICS control system, we built a frame-
work in Python to implement such measurement routines
as EPICS input-output-controllers (IOC). This framework
allows the author of such measurements to focus on the mea-
surement itself and still benefit from an EPICS integration
without the need for extensive knowledge in EPICS I0C
development.

INTRODUCTION

Operation of an accelerator facility for user operation as
well as experimental science, often requires measurements
of certain quantities. Measurements depending on a single
device reading are easy to do and reuse, however, once a
measurement requires a measurement routine it is more com-
plicated to implement maintainable and reusable routines.
While standard measurements, required for every-day opera-
tion are usually well integrated in the operation procedures
and control systems, more specialised measurements are
often developed as scripts, making them sometimes hard to
find and reuse.

Integrating measurements into the control system solves
this problem. It usually requires a certain understanding of
the control system. This requirement is not always fulfilled
for students, guest scientists and scientists, therefore, it is
difficult for them to implement the integration themselves.

Therefore, the IBPT measurement package implements
a framework written in Python [1] to easily write measure-
ments with automatic EPICS [2] integration. It does not re-
quire much pre-knowledge and uses pythonic ways to achieve
this goal. In addition to the EPICS integration it offers fur-
ther interfaces as described below.
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MEASUREMENTS

Measurements are intended to be executed multiple times,
sometimes within the same process (in the case of IOC
integration, as described below). They are implemented
by sub-classing a base measurement class that provides the
required structures and takes over the integration into the
control system. Observables and actuators are implemented
as subclasses of the “Monitor” and “Actuator” classes that
handle metadata collection and clean-up automatically and
are registered to the measurement class. The execution of a
measurement is split into three steps:

1. Preparation,

2. Measurement,

3. Post Measurement.

The first step, preparation, allows the code to prepare the
measurement each time it is executed. Tasks for this could
include gathering general data or setting-up some device.
It is not entirely required to implement this, all the steps
could be implemented in the second step, but it helps with
code maintenance by clearly separating preparation from
execution. The second step, the actual measurement, is
where the measurement loop should be implemented. It is
called right after the preparation step. The loop for executing
procedures, e.g. scans, is intentionally left to the user, as
having too much forced structure would lower acceptance
with newly arriving people. This step can be interrupted in
a controlled way when using “break points”!. The last step
to implement is the post measurement procedure. This is
where the analysis of the measured data is happening. The
return value of this method must be a dictionary that will be
saved to disk.

Preparation

In addition to the usual user implemented preparation,
the base measurement will do it’s own preparation. All
registered monitors and actuators will prepare metadata col-
lection. Actuators will also record the current value and
use that for resetting after the measurement is aborted or
finished.

Measurement

The measurement method should use the registered actua-
tors to modify the system for the measurement (if required).
It should use the “read_data” method to read all the values
from actuators and monitors. By using this method, the data,
together with metadata is gathered in a data store, that will
be saved to disk in any case, even if the measurement fails or

! Markers indicating a breakable point, not to be confused with debugging
breakpoints
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is aborted. This prevents data loss and expensive repetitions
of measurements if e.g. there is a bug in the user’s measure-
ment routine leading to an Exception. Measurements can
yield True to indicate a breakable point where the measure-
ment can be aborted or use a sleep method from the base
class that acts as a breakable sleep where at any point the
measurement can be stopped.

When a measurement is aborted or throws an Exception,
all actuators will be reset to their initial value. If more
complex reset behaviour is required, overriding the “cleanup”
method of the “Actuator” class allows for custom code.

Post Measurement Procedures

To do the data analysis the third method is used. If con-
figured, it can be run on failed or aborted measurements or
just when the measurement method exited successfully. The
return value of this method is put into the resulting file on
disk in an HDF5 Datagroup? called “Results”.

All the data gathered with “read_data” and returned from
this method will be saved in an HDF5 [3] file. If the data
is very large or cannot be lost, it is possible to configure
the measurement to save data immediately after creating
it. Otherwise it will be saved to disk at the end of the post
measurement method. Some measurement devices directly
produce files instead of in-memory data (e.g. due to the
amount of data). If these are used for a measurement, the
functionality can be implemented as a subclass of a provided
monitor class for such a case. This class is recognized as
special monitor by the framework. The resulting data file
will contain the filename of the created files. The entire
collection of files and normal result file will be packed into
a single large zip-file. In case the device produces the same
filename each time, the filenames will be suffixed with the
unix timestamp.

The normal result file has three data groups, one for data
and metadata from actuators, one for data and metadata from
monitors and one for the results.

Great care is taken to ensure that any fails of user imple-
mented methods will result in saved data until that point to
ensure no data is lost. The base class also takes care that the
system is left in the same state as it was before.

CONFIGURATION

Most of the time a measurement will have some config-
uration options. The measurement framework allows to
specify such configuration options. Each option must spec-
ify a name, a default value, a data type and optionally a short
help text. The data type is given as a Python type with the
exception of Enum. These values ensure that the various
interfaces, provided by the framework, can expose these op-
tions. Having these configuration options centralised also
allows to save the configuration in the result file.

Furthermore, the framework allows to configure the output
of measurements and results to be configured similarly to
the configuration options. This allows to present the output

2 Hierarchical elements in HDFS files used to group datsets.
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in the different interfaces in the correct manner, e.g. creating
the correct Process Variables (PV) for the EPICS interface.
This also allows to specify only a subset of the resulting data
as “output” for the interfaces while the rest of the data is still
saved in the data file.

INTERFACES

The measurement framework comes with multiple possi-
ble interfaces. By using the configuration options described
before, these interfaces are auto generated without the need
to manually define them.

Command Line

The main entry point that is used to start the other inter-
faces is the command line. It serves two purposes. One
is to execute a measurement directly from command line
by passing the configuration options as command line argu-
ments. The second is to allow to specify the interface to use
if one of the other interfaces is desired. It offers a help flag
that prints some general help for measurements and also the
descriptive text for each configuration option if it was given
in the configuration set up.

GUI

A GUI can be started that will show type-specific input
widgets for the configured configuration options as well as
fields for the generated output from the measurement itself
and the results from the post measurement procedure. It also
contains general control widgets such as buttons to start and
abort a measurement and some status information including
the log output of the measurement. Using this interface it
is possible to run the measurement multiple times without
restarting the process or reopening the GUL

An example for the auto generated GUI for a demonstrator
implementation of a chromaticity measurement is shown
in Fig. 1.

EPICS IOC

The measurement can run as a long serving process on a
server in form of a Python SoftIOC [4]. It offers PVs for con-
figuration of the measurement as well as PVs for returning
the results from either the measurement or the post measure-
ment routine. It is possible to specify for which results a
PV is generated when configuring the output. Further PVs
always present include PVs for starting and aborting the
measurement, the status of a measurement as well as the log
output of the measurement

In the measurement method, it is possible to update the
value of outputs iteratively by calling a method and specify-
ing the given name of an output as well as the value. This
will directly update the value of the associated PV, which
can be used, e.g., to show a live progress.

Panels The framework offers to automatically build
CSS and Phoebus panels [5]. It infers the type of widget
to use from the configured data types for configuration op-
tions and outputs. Furthermore, for Phoebus, it is possible
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Chromaticity

= Configuration

Amplitude  15.000000
Num Steps 30
Waittime 1.500000
Alpha C 0.009800
Marker M2
Marker X M2
Marker Y M2

Fit Function |quad_fit
Auto Sleep
Save Path  /tmp/

Status Idle

= Results

Chroma-X 1.0982990939617487

Uncertainty_chroma_x  0,003493967902842531

Dispersion [0.29673771 0.19518641 0.39440413 0.497744

0.21783359 0.40192525 0.4918642 0.1219682
0.49752882 0.14291927 0.21778866 0.401984
0.29694504 0.29693979 0.19505672 0.394490
0.21781423 0.4021026 0.49171484 0.122027¢
0.19521905 0.39448216 0.49753487 0.142861
0.49192808 0.12193221 0.29700666]

Chroma-Y 1.0433537857957305

Uncertainty_chroma_y  0,0010098757313948125

¥ Log Output

Figure 1: Example auto generated GUI for a demonstrator
implementation of a chromaticity measurement.

to configure plots with a dictionary containing keys for la-
bels, names for x and y data sources (as names of configured
outputs) as well as how to combine multiple lines into one
and some limited styling. These plots will be placed auto-
matically in the panel. An example panel for a chromaticity
measurement is shown in Fig. 2.

OUTLOOK

A number of additional features are foreseen to be imple-
mented in the near future. Among these is to strengthen the
integration into the research data management at IBPT [6]
where the resulting files are automatically pushed to the
Kadi [7] repository including metadata for easy discovery
of measurement results. Also, the automatic aggregation of
multiple measurements (potentially automatically run back-
to-back) into average and standard deviation values for better
results is planned. Furthermore, an option to write simple
scanning measurements with minimal or without any Python
code is under consideration by only using configuration files
such as YAML files [8].

SUMMARY

A framework to implement Python measurements with
explicit automatic integration into the EPICS control system
has been shown. It allows users without knowledge of the

Chromaticity
- Control
Run Abort Running @ @ OK
Options
Amplitude 15.00 kHz Num Steps 30.000 Waittime 15s
Alpha C 0.009800 Marker M2 - Marker X M2 A
Marker Y M2 - FitFunction  quad_fit Save Path Jtmp/
Flags
Auto Sleep
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Output
Chroma-X 110 Uncertainty ~ 0.003 Dispersion [0.297, 0.195,
Chroma-Y 1.04 Uncertainty ~ 0.001
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Log Output

Saved output to /tmp/f08866_2026-05-04T15h28m42_Chroma_ChromDisp.h5
2026-05-04 15:28:42,013 - ibpt. measurement.Chromaticity - INFO - Finished Measurement successfully

026-05-04 15:28:42,013 - ibpt. ci - INFO - Resetting actuators.
5-04 15:28:42,013 - ibpt. ci - INFO - Data written to
tmp/f08866_2026-05-04T15h28m42_Chroma_ChromDisp.h5
26-05-04 15:28:41,991 - ibpt. ci - INFO - Reading Data
5-04 15:28:40,490 - ibpt. ci - INFO - Step 30/30. Setting RF Frequency to

Figure 2: Auto generated Phoebus panel for a chromaticity
measurement implemented using the measurement frame-
work. The top part labelled “Control” is defined by the gen-
eral control widgets and the auto generated widgets based
on the configuration parameters of the measurement. The
second part labelled “Results” is defined by the auto gener-
ated widgets based on configured output parameters. The
plots show the measured dispersion (upper plot) and mea-
sured tune changes as well as the fit for the chromaticity
determination (lower plot).

control system to make their measurement implementations
reusable and maintainable. The framework takes care of
saving the data, generating panels, and gracefully handling
aborts and exceptions. It can be used from command line,
as an EPICS 1IOC or with a GUI, where all these interfaces
will be automatically generated. Therefore, interfaces from
different measurements follow the same general philosophy
making them recognizable by operators.
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