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Abstract

Area Detector is widely used in accelerator and observa-
tory control systems to build data processing pipelines for
images and waveforms, but adding new processing stages
normally requires specialized C++ development. This slows
prototyping and limits access to modern analysis tools that
are predominantly available in Python. We present a new
Area Detector plugin that executes user-defined Python algo-
rithms directly on acquired images and their metadata. The
plugin integrates advanced scientific libraries and machine
learning toolkits, supports GPU acceleration, and enables
parallel execution through multi-stage pipelines or Python
multiprocessing. Algorithms can be updated without recom-
piling the IOC, allowing rapid iteration during operations.
An automatically generated GUI exposes configurable pa-
rameters to operators. The approach is being evaluated on
ESA’s NEOSTED telescope system, where Python-based
routines are used for telescope autofocusing.

INTRODUCTION

Area Detector (AD) [1] is the Experimental Physics and
Industrial Control System (EPICS) framework for building
image and waveform processing pipelines. At particle ae-
celerators it underpins accelerator diagnostics and beamline
instrumentation; at observatories it sexves the camera con-
trol system. A pipeline is composed as a graph of plugins,
each implemented as a C++ class derived from‘a common
base class. Adding a new procéssing stage thetefore requires
both C++ and EPICS expertise. This barrier slows prototyp-
ing and puts thesmodern Python scientific'computing‘and
machine-ledrning ecosystem out of reach.

We présent NDP1luginPython, a generic AD plugin that
executes user-defined Python algorithms directly on acquired
images and their attached metadata.“Theplugin is being de-
veloped in the Telescope On-Site Image Processing (TOSIP)
project for the Eutopean Space Agency (ESA), with the
NEOSTED (Near-Earth Object Survey Telescope Deploy-
ment) autofoeus use case [2] as its first concrete deployment.
While accelerator imaging diagnostics are not the project’s
first target, the design isifully generic and applies wherever
AD is already used.

AREA DETECTOR BACKGROUND

Images travel through an AD pipeline as NDArray ob-
jects [1]. The NDArray is a self-describing container hold-
ing pixel data, dimensions, data type, identifier, timestamp,
and an extensible list of named attributes (NDAttribute).
Attributes carry arbitrary named metadata associated with
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the array. Pipeline elements come in two kinds: drivers,
which produce NDArrays from a source such as a sensor or
a file, and plugins, which consume them through an asyn-
chronous input queue and may produce, further NDArrays.
Both expose parameter records and base operator screens,
and connect to one another through@amed ports that may
be reconfigured at run time.

PYTHON PLUGIN ARCHITECTURE

Processilsolation

In current versions of Python’s global interpreter lock
prevents threadsyin a single interpreter from running pure
Python in parallel [3], which conflicts,with the throughput
goals of an’AD pipeline. Each NDPIuginPython instance
therefore runs the useralgorithm in a dedicated child process.
The Input/Output Controller (IOC) binary itself is not linked
to Python; the child is a separate executable that embeds an
intespreter (Fig. 1).

This separation provides two levels of parallelism with-
out changes tothe user algorithm. Instantiating the plugin
multiple times runs independent interpreters across cores,
while the algorithm itself is free to use the standard Python
multiprocessing libraries. Graphics processing unit (GPU)
acceleration follows naturally: because the child process
bindsto a user-chosen Python environment, libraries such
as CuPy [4], PyTorch [5], or TensorFlow [6] work as they
would imya stand-alone script, with no GPU support code
required in the IOC. The same isolation contains memory
growth and crashes in user code, leaving the IOC unaffected.

Inter-Process Communication

Image data is produced in the parent and consumed in
the child. Copying it is costly — the sensors targeted by
TOSIP produce frames on the order of 32 MB — so image
data and metadata are copied only once, into shared memory,
and the algorithm sees the image as a read-only NumPy [7]
view backed by that memory. A message-based protocol
synchronises parent and child, carrying short events such as
image-ready and processing-complete; payloads are written
to and read from named locations in the shared segment.
The segment is grown on demand to accommodate variable
image sizes. A future version will eliminate even this single
copy by allocating NDArrays directly in the shared memory
segment.

Process Lifetime

The plugin spawns and supervises its child. Shutdown fol-
lows a graceful-then-forced sequence. Should the parent die
unexpectedly, the orphaned child is terminated automatically,
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Figure 1: Architecture of NDP1luginPython.

preventing leaked Python interpreters from accumulating
across [IOC restarts.

ALGORITHM INTERFACE
Python Algorithm Class

The user supplies a Python class that inherits from
a TOSIP-provided base class and implementsha, sin-
gle method, process(image, params, attributes,
metadata). Because the algorithm is a class'father than
a plain function, it can be stateful — acCumulating statis-
tics, caching trained models, or reusing GPU bufferscacross
frames. The class also declares the user parametefs that the
algorithm consumes as inputs and the parameters it exposes
as outputs, together with theif types.

At call time, image isya\NumPy view ofythe sharéd-
memory buffér; attributes carries the NDAttribute
values attached to the array; params carries the current
operator-set parameter values; and metadata describes
pixel layout. The return value carries a status code, an op-
tional message, the processed image, updated parameters,
and any medified attributes.

Auto-Generdted Records and GUI

On start-up, the plugin inspects the algorithm class, cre-
ates EPICS records matching each declared parameter, and
generates a Phoebus [8] eperator screen for the plugin in-
stance. Algorithm developers therefore obtain a working
interface for any algorithm without hand-written display
files, and algorithm authors can iterate on the parameter set
with the graphical user interface (GUI) following automati-
cally.

Deploying and Updating Python Algorithms

User code lives in a Python virtual environment (based
on pip [9], conda [10] or anything else) configured indepen-
dently from the IOC. Algorithm modules can be replaced

withoutdebuilding they]OC; an IOC restart is required only
when the declared parameter list changes, since the EPICS
recordiset must follow. The IOC may continue to embed its
own Python interpreter for unrelated purposes, for example a
PyDevice instance running with the system Python, without
affecting the plugin’s choice of environment.

APPLICATION: NEOSTED AUTOFOCUS

The first deployment target is NEOSTED, an instance of
ESA’s Flyeye asteroid-surveillance telescope series [2]. The
telescope is a reflector type whose primary mirror focuses
lightonto a secondary that splits the field across 16 cameras,
yielding,a very wide field of view. Existing static autofocus
procedures,are time-consuming and currently performed
only at the'start of an observing session, even though ambient
temperature and atmospheric seeing can shift the optimum
during the night.

TOSIP equips NEOSTED with dynamic focus monitor-
ing. The existing Python focus-estimation algorithm, which
depends on common scientific libraries, is ported to TOSIP
without modification. In the existing NEOSTED setup
the cameras upload their Flexible Image Transport System
(FITS) [11] files directly to the ESA File Transfer Protocol
(FTP) archive. To avoid any change on the camera side, a
new FTP gateway is inserted in front of the archive: cameras
upload to it instead, and it forwards each file unchanged to
the ESA archive while also making the file available to a
companion AD driver, ADFits, which reads the FITS data
and exposes its header keywords as NDAttributes for the
Python algorithm to consume (Fig. 2). The same driver sup-
ports a batch mode that replays archived images without a
live camera or EPICS network, which is useful for offline
algorithm development.

The operator GUI displays per-camera and field-wide fig-
ure of merit alongside ambient temperature and atmospheric
seeing, with configurable alarm thresholds, so that operators
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Figure 2: TOSIP pipeline at NEOST

can decide when a static autofocus rerun is justified rather
than running it on a fixed schedule.

The same algorithm is planned for the next-generation
telescope in the series, where cameras are integrated throug
Area Detector. This forward compatibility motivated
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