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Abstract

As Earth’s space environment becomes increasingly congested with operational satellites, defunct
spacecraft, and space debris, enhancing Space Situational Awareness (SSA) is essential to ensure safe
and sustainable space operations. Ground-based optical observation systems play a key role in SSA by
detecting and tracking Resident Space Objects (RSOs). Conventional CMOS cameras are widely used for
such observations due to their high spatial resolution, but they face limitations when tracking fast-moving
objects or operating under poor or rapidly changing lighting conditions. Motion blur, low sensitivity to
faint objects, and limited dynamic range reduce their reliability in challenging scenarios, particularly for
debris detection in low-Earth orbit. In this work, we perform two independent observation campaigns
using both a CMOS camera and a Neuromorphic Vision Sensor (NVS), mounted on the Ritchey–Chrétien
telescope at the Abu Dhabi Quantum Optical Ground Station (ADQOGS). The NVS, an event-based
camera inspired by biological vision, operates asynchronously by detecting only changes in brightness at
each pixel. This allows the NVS to excel at capturing fast-moving objects with microsecond-level tem-
poral resolution, high dynamic range, and efficient data handling—qualities that can overcome many of
the limitations faced by frame-based CMOS sensors. We directly compare the performance of these two
sensors in terms of detection accuracy, operational range, and sensitivity to object velocity and brightness
level. To further enhance the analysis of NVS data, we develop a deep learning algorithm capable of
distinguishing between background noise and true RSO event streams by exploiting the spatiotemporal
patterns present in event streams. Based on these results, we will also propose a clear path forward for
future system enhancements, sensor fusion strategies, and operational workflows to maximize the effec-
tiveness of ground-based space monitoring using both CMOS and neuromorphic-based vision technologies.
This work contributes to advancing the UAE’s capabilities in space object monitoring and space debris
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