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Abstract

Many control algorithms or optimisation procedures profit
from a consistent set of data which is available with a high
frequency: e.g. machine learning or automated commission-
ing. Modern distributed control systems allow combining
and presenting data based on data models, which are then
transported consistently over the network: e.g. EPICS7
introduced these data models as normative types or their
combination.

The authors present use cases that can profit from a con-
sistent robust combination of data sub-models of many de-
vices to a higher order model. Finally common patterns are
presented which could be reasonable to implement indepen-
dently.

INTRODUCTION

Distributed control systems are used for operating com-
plex machines e.g. accelerator complex or large scale ex-
periments. These machines have hundreds to thousands of
actuators (e.g. the number of magnets of a large 4th gen-
eration light source) or hundreds of dedicated diagnostic
instruments (e.g. beam position monitors for modern light
sources [1-5]).

All these devices work together for a common target: to
provide e.g. stable beam with low emittance for a fourth
generation light source. Thus one not only needs to control
the individual device or collect data from an individual in-
strument but rather one wants to operate them as a whole
or at least a subset of it: e.g. to get an update of the current
orbit or to apply a new consistent settings to the steerers to
drive the orbit closer back to its desired positions. Here one
can see that these instruments work as an ensemble or need
to be orchestrated.

These instruments exhibit their state over typically an ex-
tensive set of process-variables where only a certain subset
of them is typically needed for studying and describing the
machine: these are typically provided in a flat name space,
which is sufficient when addressing a single device or instru-
ment.

For real machines, however, hundreds of devices are com-
bined e.g. beam position monitors to an orbit object. One
could see it as a line camera producing data over time. Com-
bining this data is rather trivial as long as communication
issues can be neglected. Typical instruments of today pro-
vide their measurement together with a time stamp which is
synchronised over all of them. Furthermore, modern devices
deliver data in a data model.
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Data from many devices in a family can be combined,
especially if all data packages that are part of a measurement
contain the same tag. Handling it in a simple and efficient
manner is not so trivial any more, in particular in case soft
real time latency is required. Furthermore, such combiners
should be able to deal with non-responsive devices or devices
sending obviously faulty data or with delay.

Modern distributed control systems support communica-
tion using data published in models. EPICS 7 calls these
“normative types” [6-9]. Thus an orbit model can be built
as an aggregate of the beam position monitor sub-models.
Using these data-models changes of the sub-model could
then propagate through the whole on-line or even off-line
analysis chain.

Similarly, data with time tags could be combined, filtered,
analysed and delivered to the data-sink. These data analysis
pipelines are typically based on streams. Although these
could handle delays and jitters, their end users can depend
on a swift delivery: Control loops require a timely flow of
data to achieve their optimisation tasks within a required
frequency band. Training reinforcement learning agents
typically needs many steps (1 000 — 10 000 steps), thus fast
swift data combination can make tasks feasible, which can
be out of reach if data combination takes too long.

This article is based on the authors’ experience combining
data from their BPM’s into an orbit object using an in-house
developed application. We have the impression that it could
be worthwhile to consider that certain aspects of this task
are common tasks which would be best provided within the
distributed control system environment.

HANDLING DATA MODEL DATA: AN
OVERVIEW

Distributed control systems of today allow publishing data
in a structured manner: e.g. as normative types for EPICS.
Then these structured data or data models are published as a
consistent set by a single node.

We think that it would then be helpful if we could work
on this data in a straightforward manner to

» Aggregate single data models to a consistent larger one

* Transform contents of the data models

* Modify the data model e.g. enriching the data model

with metadata or remove sub parts of the model that
could be confusing further down the processing line.

USE CASE: ORBIT OBJECT

We see creating an orbit object as an example of aggre-
gation. We build a combined data model from single sub-
models ensuring that these are consistent.
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The Ideal World

In the ideal world:

* All beam position monitors dispatch their measured
beam position with appropriate time stamp for the ag-
gregator.

* The aggregator combines all packages. As soon as
all individual packages have arrived it creates a new
instance of orbit object.

» The orbit object is received by a controller which pro-
duces a new set of target steerer values.

* The steerers receive their new value and deliver it timely
and consistently to the beam.

The Not So Ideal World

In the real world aggregations are more involved. Here
only the aspects of data combination and data delivery are
addressed.

1. A beam position monitor can have stopped working.

2. A beam position monitor is sending data with wrong

time stamps or identifiers.

3. A beam position monitor has been brought back to

service.
4. A steerer is not reacting to the delivered data.

USE CASE: HANDLING MAGNET
CROSSTALK

Modern machines, e.g. 4th generation synchrotron light
sources, install magnets so close to each other that the mag-
netic flux from one magnet links to neighbouring mag-
nets [10]. The flux change affects the magnetic field of
the neighbouring magnet to such extent that it can not be
ignored. This problem is addressed today implementing a
correction loop in the control system, which then corrects
the artifact.

Analysis shows that this task requires

1. aggregating the sub-models to a consistent data model

2. transform the inputs to take the cross talk into account

3. modify the resulting sub-model so that only the infor-

mation required is delivered to the power converters.
This split up then would mean that steps 1 and 3 could be
used from a standard tool set provided by the control system
processing units. Only the step 2 is then left to the user.

We will discuss further down the different issues in real
world why we think these two are not so easy to process.

USE CASE: HANDLING INSERTION
DEVICES

The groups designing and building Insertion Devices (un-
dulators or wigglers) take a lot of effort to build them in such
a manner that any unwanted effect of the beam is minimised.
Dedicated devices (corrector magnets) are then used to com-
pensate the remaining deterioration caused by the undulators.
These artifacts are partly mitigated by adjusting the set-point
of some accelerator magnets. The control system takes care
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that these values are provided to the different parts of the
system.

Here typically the insertion device publishes a consistent
set of values. These need then to be further processed and
provided at the locations where needed.

Analysis of performance could make use of aggregators
again. If the different devices provide data with consistent
time stamps, aggregation could ensure that a consistent set of
applied corrections can be provided to an analysis algorithm
or self-adaptive system.

SO WHAT’S NEEDED?

We described above orbit correction, where we have col-
lected ample experience. We will explain what we think
what is required focusing on this use case in particular.

Orbit feedback, in particular its fast version, is often re-
alised at high speed in dedicated control and hardware, we
see it as a good example for explaining basic aspects that we
see applicable to other systems.

Aggregating Data-Models in a Fault Tolerant Man-
ner

Aggregating the data is straight forward as long as every-
thing works smoothly (see also Fig. 1). We think that such
an aggregator should be based on the following assumptions:

» The aggregation should be based on its sub-models.
Changes of the sub-models should be passed automat-
ically through. One can consider that adaption only
happens on e.g. external request.

» Aggregation should focus first on integrity then on
timely delivery.

* Missing items shall be clear to down-stream consumers.

* Aggregators should communicate clearly what they are
processing, what they are waiting for, or which devices
they consider as non responsive.

» Aggregators should be able to combine packages by
arrival time. These should contain a manager that es-
timates average arrival time and its distribution. The
maximum deviation threshold from the average arrival
time should be configurable.

This mode could be seen e.g. as a fall back mode if
the controller realises that sorting by data-identifier (or
internal timestamp) is not reliable.

Making Devices Ready for Aggregation Individual
devices (here the electronic boxes reading the beam position
monitor system) can fail and be brought to service. Typically
devices of an ensemble emit their data in parallel as these are
commonly triggered. Here functionality should be foreseen
which allows getting one member “part of the choir” again:
It needs to be informed which stamp and perhaps increment
to use starting from the next trigger.

This functionality could be (partly) implemented inside
the aggregator. It would then monitor if the device is back
in good service and then include its data into its ensemble.
Furthermore it could provide information what it expects as
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Figure 1: Aggregation: different data sources are publishing their data model. For aggregation one can consider that each
document consists of an id and a payload. These have to be aggregated by “id” which is identical for data model which are
member of the same set. Please note that some source may not be delivering data (indicated by the document in a dashed

line or being delayed for some reason (as for the second sender).

next update based on the majority vote of the participating
devices (e.g. using linear interpolation).

Modifying Data-Models

Data models can need to be modified: e.g. with some
meta-data. This e.g. would be nearly possible on the EPICS
side using the Q:Info fields. What is missing that it is just
added to an existing model. Changes of the down stream
model should be automatically propagated through.

In similar manner one could see recalculating different
parts of its values. Here again one would only affect certain

aspects of the data model, but be able to leave the rest intact.

Furthermore calculations would need to process different
fields or submodels. Publishing of the model should then
happen in a consistent fashion again.

Filtering Data-Models

Down-stream consumer can perhaps be selective on the

data-model content passed to them:

* The consumer could not accept data models with field
entries it does not know.

* They could expect a different content in some field.

* The data should not be made available to the down
stream user as it e.g. could overwrite configuration
data, which one could consider as a better use.

All these requirements make it necessary to

* remove fields from the model or
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* only select a subfield or some subfield components
* or rearrange the received data to a different data model.

CONCLUSION

Modern distributed control systems allow transmitting
data consistently within a structure or data-model. These
data are provided by different sources: e.g. beam-position
monitors and aggregated to higher order models. Further-
more, these models are transformed or modified further
down the processing line.

We consider aggregation and modification of data models
steps that are happening frequently within data processing
pipelines realised within control systems. These are rather
straightforward to implement if one does not consider fail-
ure scenarios. Handling these failure scenarios then makes
them more complex, thus we believe that it is worthwhile
to provide the aggregation and modification step within the
control system.
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