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Abstract

The rapid increase in the number of active satellites and debris objects in Earth orbit is placing un-
precedented demands on civil space surveillance and tracking (SST) systems. While traditional radar and
large-aperture optical facilities provide high-quality measurements, their limited geographic distribution
and high operational costs constrain temporal coverage and revisit rates. Scalable, geographically diverse
optical infrastructures are needed to complement existing assets and enhance measurement resilience
across orbital regimes.

This paper presents SkyMapper, a rapidly growing distributed optical sensor network designed to
provide time-synchronized detection, tracking, and orbit refinement of resident space objects from low
Earth orbit (LEO) to geostationary orbit (GEO). The architecture combines taskable optical telescopes
with persistent monitoring nodes, enabling both targeted follow-up observations and wide-area event
detection. All instruments are synchronized with timestamp accuracy better than 5 milliseconds, enabling
reliable multi-station correlation and precise temporal measurement of fast-moving objects.

The network supports tracking of satellites as small as 3U-class platforms in LEO and objects of 12U-
class and larger in GEO. Angular measurements obtained from distributed sites are processed through
an automated astrometric pipeline and integrated using standard astrodynamics methods for orbit deter-
mination and refinement. Multi-station observations improve geometry, reduce covariance growth, and
enhance robustness against local weather and visibility constraints. The distributed architecture increases
longitudinal diversity, reducing revisit gaps and enabling rapid tasking following detection events.

A key feature of the system is its scalability. The network is undergoing rapid deployment, with a
projected expansion to approximately 1,000 taskable telescopes and 6,000 monitoring nodes worldwide
by the end of 2026. This growth trajectory significantly increases sky coverage density and measurement
redundancy, supporting improved orbit updates and anomaly detection across multiple orbital regimes.

In addition to measurement performance, the architecture incorporates cryptographic data provenance
mechanisms to ensure traceability and integrity of observation records within a civil framework. The
resulting infrastructure provides a resilient, cost-effective complement to existing SST systems and offers
a pathway toward globally distributed, cooperative optical tracking.

This paper describes the network architecture, synchronization strategy, measurement processing
pipeline, and early performance assessments, and discusses the implications of large-scale distributed
optical sensing for future civil space traffic coordination and debris monitoring.
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