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Abstract

Much has been written in SDA literature about utilizing ground-based electro-optical (EO) systems
to detect and track resident space objects (RSOs), but one aspect of EO observations that is often
overlooked is the object characterization potential provided by photometry. EO systems produce two
types of data: astrometric data, which describes where an RSO was detected, and photometric data,
which describes the brightness of the RSO that was detected. This paper will describe the insights
derived from photometry collected by a global network of EO systems. Photometric insights include
rotation rate estimates, identification of changes in an RSQO’s attitude, and cross-sectional area changes
on orbit. In this paper, we will describe methods utilized to estimate rotation rates from a set of EO
observations, and how such rotation rates can be utilized to classify RSOs to gain a better understanding
of an RSO’s mission on-orbit. This paper will also describe how photometric insights can be utilized to
understand how an RSO’s geometry may change while it is on-orbit due to instrumentation deployment or
fragmentation. After describing the methodology for deriving photometric insights from EO observations,
this paper will apply the methodology to the use case of tracking NASA’s Advanced Composite Solar Sail
System (ACS3). Following deployment on-orbit, NASA deactivated the attitude control system of ACS3,
resulting in an observable tumble rate before the 75 square-meter solar sail was deployed. This paper will
demonstrate how EO photometric observations identified the tumbling of ACS3 and how a rotation rate
was extracted from the observations. This paper will also demonstrate how EO photometric observations
were utilized to precisely detect when cross-sectional area changes occurred on the ACS3, as compared
with NASA’s published deployment schedule of the ACS3 solar sail. While ACS3 was a cooperative,
scientific mission, the insights provided by ground-based EO photometry can be extended to any RSO in
any orbit regime. With the ACS3 use-case, this paper will demonstrate the unique insights provided by
ground-based EO photometry and their implications for improving space situational awareness (SSA).



