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The Challenge

Enhance the detection capabilities of very faint
streaks of NEOs - including both natural objects
and artificial ones (satellites, rocket bodies,
space debris) - within a real-time detection
framework.

The Solution

Our pipeline is purposefully optimized to deliver
igh performance in both cloud-based
nvironments and edge architectures, enabling
nboard processing directly on satellites or
naceborne platforms without the dependency
n ground based data transmission, thereby
supporting autonomous decision-making in
orbital environments.
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System Overview

N-premise observatory component
oud-based central service

ridge to external systems
nservation data storage
Automatic processes
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The NEODetect Pipeline

> '
(@) Measurement annotation
p « Mark known asteroids and
ﬁ satellites on the images.
(@)
z
Observation assignment . Image savin
Image uploading Image prepro < g g
« Image calibratio + Measurement - observation assignment « Store FITS by telescope
ant identificatio + Skyba kg d sl + Observa tion session management + Retention policies
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UPLOAD PREPROCESS KNOWN OBJ. OBSERVATION “
Known objects
e Observer J
« Observation time « Satellites, asteroids
« Exposition time . Cios_e_to target se_[ection « Batches of 3 images
« Equatorial coordinates « Paosition, s peed,wsyal < . Tiling
ion

« Semantic segmentation
« Reassembling tiles

Pre-processing:
Astrometric calibration
Noise suppression
Spatiotemporal array creation

Processing:

Deep learning based detection

Post-processing:

False positive suppression
Candidate validation

Evaluation

+ Find all blobs

+ Position, length, direction

« Search related with pruning
+ Satellite matching
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Analysis results

+ Quantitative filtering
+ Found object matching
« Cropped video

How NEODetect Works

Al model trained on real- and synthetic data

enables robust detection of faint, fast-moving NEQOs:

23,952 tiles
31,723,000 synthetic examples
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Spatiotemporal detection

Integrated noise reduction

False positive suppression
Candidate validation

Why use NEODetect?

Excellent detection performance
Reduced false positives

Automatic pipeline

Available as a web service

o0x less resource consumption

3Xx lower frame requirement

Scanning 3x larger sky area per night

mach\ne
intelligence

Future Directions

Internal orbit determination
Integration with global NEO databases
Expansion to new observatories
Demonstrate operation on RH devices

szabolcs.velkei@mi.services

Key Results & Impact

Real-time system allows for rapid alerting,
crucial for planetary defense

Object Type
I Candidate
I KnownArtificial

250
B KnownNatural

B NewNEO

200

150

Number of objects

100

50

10° 101
Proper motion ["/min]

Main-belt Asteroids Near-Earth Objects HEO GEO MEO

NEODetect identified thousands of objects
during the evaluation period. These findings
underscore its dual utility in both planetary
defense and space domain awareness.

Comparison

NEODetect can integrate synthetic tracking
NEODetect can replace synthetic tracking
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NEODetect vs Synthetic tracking

Our test period confirms that NEODetect’s
wide-field prioritization strategy increases
short-term impact risk consequence mitigation
compared to synthetic tracking-dominated
surveys. This paradigm shift aligns with the
time-critical nature of planetary defense, where
rapid all-sky coverage outweighs the
exhaustive depth-of-search optimizations.
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