
77th International Astronautical Congress 2026

24th IAA SYMPOSIUM ON SPACE DEBRIS (A6)
Space Debris Measurements and Orbit Determination SST (1) (1)

Author: Mr. Silas Fiore
Astronomical Institute University of Bern (AIUB), Switzerland

Dr. Alessandro Vananti
Astronomical Institute University of Bern (AIUB), Switzerland

Prof. Thomas Schildknecht
Astronomical Institute University of Bern (AIUB), Switzerland

Prof. Adrian Jaeggi
Astronomical Institute University of Bern (AIUB), Switzerland

TOWARDS SINGLE PHOTON AVALANCHE DIODE PHOTOMETRY OF SPACE DEBRIS

Abstract

Optical observations of inactive resident space objects are one of the main techniques used to char-
acterize their attitude and reflective properties. The intensity of the sunlight reflected by the object can
be used to infer geometry, attitude motion and the combined albedo and size of the object. There is
a fundamental limitation to the bandwidth of these observations given by the exposure time necessary
to obtain a sufficient signal-to-noise ratio and the dead time of the sensor. Typical light curves of large
pieces of space debris in near-geostationary orbits are sampled with frequencies in the order of 0.2 to 1
Hz. To characterize fast tumbling, or to detect specular glints from smaller features of objects in GEO
or beyond, higher sampling frequencies are required. Due to atmospheric turbulence and the diffraction
limits of sensors used for this purpose the objects appear as point sources similar to stars. For this reason,
standard processing of data from imaging sensors involves reducing the areas containing the object to the
summed intensity or a corresponding magnitude of the signal that stems from the observed object. Single
Photon Avalanche Diodes (SPAD) are a type of photon counting sensors that generate an electric signal
for each detected photon. They are typically used in applications where the time of arrival needs to be
determined with high precision or the signal consists of extremely low light. For the object characteri-
zation using ground-based measurements SPAD offer a way to make observations with a higher dynamic
range and with a significantly greater sampling frequency than possible with conventional imaging sensors.
To investigate the potential benefits of SPAD sensors for this application we select a commercial SPAD
and develop the necessary software and hardware to acquire observations. Using a 1-meter telescope, we
calibrate the sensor on stars and characterize the detector response. A CMOS camera is used in parallel
to align the object with the sensor. The present work may serve as guideline or reference for the design,
testing and commissioning of similar sensors.
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