
High-definition Photometry - an optical method for  

remote detection of MMOD impacts on satellites 

Daniel Kucharski
 (1, 2)

, Georg Kirchner
(3)

, Sven K. Flegel
(2)

, Moriba K. Jah
(1)

, James C. Bennett
(4, 2) 

(1) 
The Oden Institute for Computational Engineering and Sciences, the University of Texas at Austin,  

201 East 24
th
 St, Austin, Texas 78712, USA 

(2) 
Space Environment Research Centre, AITC2 Mount Stromlo Observatory,  

Canberra, ACT 2611, Australia  
 (3) 

Space Research Institute, Austrian Academy of Sciences, SLR Observatory,  

Lustbuehelstrasse 46, A-8042 Graz, Austria 
(4) 

EOS Space Systems Pty Ltd, 55A Monaro St, Queanbeyan, NSW 2620, Australia 

 

ABSTRACT 

The detection of micrometeoroid/orbital debris (MMOD) impacts on the satellite surface elements exposed to the 

particle flux requires a visual inspection via on-board CCD cameras or in-situ sensing by the strain gauge 

installations. Such methods however require spacecraft power to operate and transmit collected information to the 

control center. For the passive or defunct satellites we are proposing the High-definition Photometry (HDP) method 

that analyzes the solar reflections off the satellite surface elements and detects the reflectivity anomalies that can 

indicate the surface damage caused by the MMOD impacts.  

The HDP method has been developed with the use of the light curves of the Experimental Geodetic Satellite - Ajisai 

(NORAD 16908, altitude of 1490 km) collected by the photon counting system of Graz SLR Observatory. The solar 

photons reflected off the satellite towards the ground observing telescope are detected by the Single-Photon 

Avalanche Diode (τ-SPAD FAST), time stamped in UTC, and converted into a light curve at 10 kHz sampling rate 

for further analysis. The well modeled inertial attitude of the satellite makes it possible for HDP to project the 

observed intensities of the solar reflections onto a phase vector expressed in the satellite body -centered and -fixed 

coordinate system. As a result of this process the highly detailed reflectivity maps of 149 on-board mirror panels 

(approx. size of 20 x 20 cm each) are generated exposing anomalies that can indicate the surface damage. 

 

Figure 1. Normalized reflectivity profiles of 4 convex mirrors of Ajisai. The angular coordinate frame is centered at 

the focal point of a convex mirror. The middle rectangular frame indicates an angular size of a mirror panel.  

The examples of the measured reflectivity profiles of 4 convex mirrors on-board Ajisai are presented in Fig. 1. The 

image a) represents an expected, good quality profile while the others demonstrate different types of the anomalies: 

b) a low reflectivity spot is visible near the middle of the top edge, c) the impact-like damage on the left side of the 

panel, d) an uneven reflectivity along the edges.  

The Ajisai mission has started in 1986 and it is expected that the overall quality of the surface elements will degrade 

over time due to the long term interaction with the space environment. The spot-like anomalies however can be an 

indication of the MMOD impacts that occur at the predicted (MASTER) average rate of up to 0.6 impacts /m
2 

/year 

at the maximum impact velocity of 13 km/s (particles larger than 0.1 mm).  

This presentation will introduce the specification and the properties of HPD method, the validation results obtained 

with Ajisai as well as the plans for the remote detection of the MMOD impacts on the solar panels of the sunlit 

active and defunct satellites. 
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