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We are part of an expertise group of over two dozen astronomers, computer
scientists, data scientists and digital Big Data research platform experts at 11
universities and research institutes in South Africa and Europe. We study Near-Earth
Objects (NEOs) for Planetary Defence and scientific purposes.

NEO Discovery. In this talk, we present our programme and results for algorithms
and digital data analysis platforms for machine learning-assisted Near-Earth Object
discovery, monitoring, and polarimetric characterisation in astronomical surveys for
Planetary Defence and scientific purposes.
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We present the performance of detecting streak-like features in large astronomical
surveys using classical and machine learning methods, focusing on Near-Earth
Objects. Our current focus is ESA’'s Euclid Survey, Rubin’s Legacy Survey of Space
and Time, and surveys with INAF’s VLT Survey Telescope. We present results using
Convolutional Neural Networks (CNNs) in comparison to classical methods (e.g.,
SourceXtractor, StreakDet). We present our preliminary assessment comparing
Vision Transformers and CNNs.

NEO Characterization. The VLT Survey Telescope's polarimetric survey mode will
be commissioned in 2026. We present our first analysis of polarimetry's value for
NEO Planetary Defence and science and the potential of machine learning
applications in NEO polarimetry.

NEO Digital Platforms. We present the challenges experienced in our digital Big
Data research platforms to perform machine learning-assisted Near-Earth Object
discovery and monitoring in astronomical surveys. We have a leading role in digital
Big Data platforms for ESA (Euclid Mission') and for ESO instrumentation
(VST-OmegaCAM, VLT-MUSE, ELT-MICADO*METIS). These platforms build on our
AstroWISE Information System, which was developed for astronomical research.
Our NEO discovery, astrometric, and photometric monitoring use these platforms
and their massive data archives, compute clusters, and databasing.

In this talk, we describe the lessons learned from taking this piggybacking approach.
The synergies between NEO investigations and astronomical science lie in (i)
common instrument and software requirements on astrometric and photometric
precision calibration and (ii) common requirements on databasing and IT to handle
such large datasets. The challenges lie in bridging the gap between communities
and the sometimes non-natural fit with the traditional tasks of universities and
science funding agencies. We conclude the presentation by giving an outlook on
how to strengthen the synergies and overcome the challenges. This includes future
plans to link the astronomical databases to the open-source Tudat orbit estimation
software for automated ephemeris updates of target NEOs, and dynamical validation
of new observations.

List of relevant publications involving our team: Astrophysics Data System NE
Planetary Defense library

! see also Euclid Netherlands Science Data Center
Zsee also MICADOwise.org
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