
HARVESTING LARGE ASTRONOMICAL DATA ARCHIVES FOR SPACE DEBRIS
OBSERVATIONS

Stephan Hellmich, Elisabeth Rachith, Belén Yu Irureta-Goyena Chang, and Jean-Paul Kneib

Laboratory of astrophysics, École Polytechnique Fédérale de Lausanne (EPFL), Switzerland
Email: stephanhellmich@epfl.ch

ABSTRACT

To obtain a better picture of the evolution and current
state of the orbital debris population, we are develop-
ing novel methods to efficiently extract observations of
satellites, debris and Solar System objects from large
astronomical data archives. We are currently evaluat-
ing different techniques for detecting the characteristic
streaks that these objects cause on the images, such as tra-
ditional Hough-transform-based methods and machine-
learning approaches. The data we are extracting from
these archives contains valuable information that help to
better understand the size-frequency distribution of de-
bris particles, which is crucial for the development of
strategies to maintain the usability of Earth’s orbit for fu-
ture satellite missions.

We focus not only on detecting orbital debris but also on
performing photometric analysis that will allow us to de-
termine the attitude, size and possibly the compositional
properties of the observed objects. These properties are
of great importance for the selection of targets for active
space debris removal missions. In this article, we are pre-
senting the current status of our work and first light curves
measured from streaks detected on VST/OmegaCAM ob-
servations. Although we focus on space debris, the meth-
ods developed are also applied to the detection of near-
Earth objects, which leave similar features on the images.

Keywords: Data processing concepts; Light curve pho-
tometry.

1. INTRODUCTION

Despite enormous observational effort by numerous
space surveillance networks, the population of small (<10
cm) debris particles above low Earth orbit (LEO) is still
not well understood. These particles endanger the grow-
ing number of satellites in orbit around the Earth. The
situation is so dramatic that a collisional cascade, called
the Kessler syndrome [1], that would render space around
earth unusable for centuries can only be prevented by col-
lision avoidance maneuvers by the operational satellites

and by performing active space debris removal (ADR)
[2]. These tasks require very precise knowledge about
the orbital distribution, size, attitude and physical proper-
ties of the resident space objects around Earth, and cur-
rently, this knowledge is obtained from observations by
the surveillance and tracking networks. Depending on
the observation technique, the tracking and surveillance
systems cover different size and altitude regimes. The
radars currently used for tracking resident space objects
can detect particles down to a few millimeters but are lim-
ited to about 2000 km altitude (LEO regime). The USAF
Space Surveillance Network employs a few meter class
optical telescopes that are capable of observing objects
beyond LEO but due to the limited number of telescopes,
these objects cannot be tracked as reliably as objects in
LEO. This results in the debris population of particles
up to about 10 cm just above LEO to objects smaller
than about 1 m in geostationary orbit (GEO) remaining
almost completely unobserved by the surveillance net-
works1. Recently, a survey in the geostationary region
was performed with the 2.54 m Isaac Newton Telescope
on La Palma, Canary Islands [3]. In eight nights of ob-
servations, several hundred particles were identified and
it turned out that almost all detections with an estimated
size of less than 1 m could not be correlated with any
of the cataloged objects. The large number of facilities
that are needed to observe small orbital debris on high
altitudes make it currently impossible to track these ob-
jects as reliably as is the case for debris in LEO. Fur-
thermore, there is only little knowledge on the rotational
states and physical characteristics of space debris, proper-
ties that are very important for planning active space de-
bris removal missions. While sizes and shapes are known
for rocket bodies or other mission related objects, there
is a huge amount of fragmentation debris and unidenti-
fied objects with unknown physical properties. The ro-
tational state and size of orbital debris can be character-
ized by photometric observations [4]. However, due to
the large amount of observational data needed for photo-
metric analysis, only a few objects have known rotation
periods.

The fact that a large fraction the resident space ob-
jects are not tracked by the surveillance networks does
not mean that they are not observed: there are sev-

1https://orbitaldebris.jsc.nasa.gov/measurements/
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Table 1. Number of known objects observed with Omega-
CAM and DECam in September 2015

VST/ Blanco/
OmegaCAM DECam

Number of images 4067 5321
Total observation time 131.8 h 129.8 h
Observed objects 645 2200
Streaks 701 3151
Streaks with start or end 117 680
Streaks with start and end 36 765
Streaks crossing the field 548 1706

eral large-aperture telescopes with highly advanced wide-
field imaging devices that gather large amounts of data
every night [5] [6] [7], and of course, satellites and or-
bital debris have left their traces on the acquired data.
However, these observations were not designed for ob-
serving satellites and space debris objects but rather to
answer fundamental scientific questions in the fields of
cosmology, galaxy and star formation and evolution and
planetary science. Thus, exploiting their data for space
debris research requires sophisticated methods for satel-
lite and debris detection as well as specialized data anal-
ysis techniques. In this article we will give an estimation
of what we expect to find in the data archives of large
aperture survey telescopes, elaborating the debris detec-
tion methods that we are currently developing, and show
first results that demonstrate the high quality of the data
and the advantages of high angular resolution wide field
imagers.

2. TREASURES TO BE RECOVERED IN LARGE
ASTRONOMICAL DATA ARCHIVES

We are currently focusing on the publicly available data
archives of two survey telescopes: the 2.65 m ESO VLT
Survey Telescope at Cerro Paranal and the 4 m Blanco
Telescope at Cerro Tololo. VST is equipped with Omega-
CAM, a 300 Megapixel wide-field optical camera, con-
sisting of 32 individual CCDs that covers one square de-
gree with a resolution of 0.2 arcsec per pixel [8]. The
main instrument of the Blanco telescope is the Dark En-
ergy Survey Camera (DECam) that consists of 62 indi-
vidual CCDs, making up an image of 520 Megapixel that
covers 3 square degrees at a scale of 0.26 arcsec per pixel
[9]. OmegaCAM was commissioned in 2011 and DE-
Cam followed in 2012, and the combined data acquired
with these instruments over the last decade consist of al-
most one million individual science exposures. This cor-
responds to 3.4 years of continuous exposure time and
results in over 1 Petabyte of data.

To give an estimation of what we expect to find in these
archives, we can combine the catalog that contains the

Table 2. Orbits of known objects observed with Omega-
CAM and DECam in September 2015

Orbit Type Altitude VST/ Blanco/
[km] OmegaCAM DECam

LEO <2000 464 1533
MEO 2,000 - 35,786 159 535
MOL 600 - 39,700 1 6
GEO 35,786 6 44
HEO >35,786 15 82

orbits of known satellites and debris with the observing
history of the telescopes. Therefore, we randomly se-
lected one month of observations from the OmegaCAM
and DECam archives (September 2015) and combined
the pointing history with the orbital elements in the space
track catalog at the same epoch in order to determine how
many known objects crossed the observed fields and were
illuminated by the sun at the time of observation. The re-
sults of this analysis are shown in Table 1. Due to the
larger field of view, there are more objects observed with
DECam than with OmegaCAM. Furthermore, because
some objects were observed multiple times, the number
of streaks is higher than the number of observed objects.
Multiple observations of the same object are especially
useful for determining the rotation period. Space debris
cover a wide range of rotation periods with the fastest ob-
jects spinning at a few revolutions per second [10] [11].
In our case, the exposure time places an upper limit on
the duration of each observation and thus the maximum
rotation period we can detect from a single observation.
Streaks with starting and ending points on the image are
observed for the entire exposure time (usually between
30 and 300 s) while streaks with a recorded start or end
or streaks that cross the whole image are observed for
a shorter time, accordingly. This means that for objects
with low tumbling rates, only a fraction of the period may
be observed during a single exposure, making period de-
termination impossible. However, by combining the light
curves from multiple exposures of the same object we
will be able to identify tumbling periods longer than the
duration of a single observation. As can be seen in Ta-
ble 2, most of the observed objects were in LEO and thus
have high angular velocities, causing the streaks to cross
the whole field which means that the exact observation
time is unknown. Still, astrometric and photometric mea-
surements of these streaks can still be made by fitting the
orbit to match the streak in order to determine the obser-
vation time.

This estimation is based only on the known objects. How-
ever, because the catalogs are becoming more and more
incomplete with increasing altitude and decreasing object
size, we expect to find a lot of unknown objects. In or-
der to demonstrate the capabilities of the instruments and
to show how the data in the archives would complement
the existing catalogs, we determined the detection limits
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Figure 1. Left: Angular velocity at zenith for a circular orbit over orbital altitude. Right: Size of an object causing a
streak with SNR=3 (dashed lines) and SNR=30 (solid lines) over altitude at different orbital regimes

for both telescopes. The brightness of a debris particle
on an astronomical image depends on the characteristics
of the telescope and the detector, the size and orbit of the
observed particle, its distance to the observer and the so-
lar phase angle at the time of observation, the reflectivity
of the surface material as well as other observational cir-
cumstances like zenith distance, atmospheric conditions,
lunar elongation and moon phase. While distance and or-
bit define the apparent angular velocity, phase angle and
reflectivity determine how much sunlight is reflected to-
wards the observer. Depending on the airmass, a part of
that light is absorbed by the atmosphere which decreases
the signal on the detector. The apparent brightness of a
particle is defined as

mapp = −msun − 2.5 log(AρF (α)) + 5 log(r) + χX

where msun is the magnitude of the Sun, A the cross-
sectional area of the observed object, ρ the albedo de-
scribing the reflectivity, α the phase angle, r the range
between object and observer (in the same units as A), χ
the athmospheric extincion in mag/airmass and X the air-
mass. The phase function (F (α)) for a diffuse sphere is
[12]:

F (α) =
2

3π2
((π − α) cosα+ sinα)

and the airmass can be computed from the zenith distance
z as

X =
1

sin(h+ 244/(165 + 47h1.1))

where h = π − z is the apparent altitude. Blurring due
to atmospheric turbulence (seeing) causes the light to be
scattered over multiple pixels on the detector, reducing
the signal to noise ratio (SNR). Also, as the object is mov-
ing across the detector during the exposure, its signal is
distributed over a large area, resulting in the SNR to be
further decreased. Finally, Lunar elongation and Moon
phase determine the background sky brightness [13] and
thus also impact the SNR. In order to estimate the SNR of
a target on OmegaCAM and DECam, the apparent mag-
nitude mapp of the debris particle can be converted to a
corresponding flux N∗ in e−/s on the detector using the
flux of a mag 20 source (N20) as a reference.

N∗ = N2010
−(mapp−20)/2.5

The SNR is then defined as:

SNR =
N∗ttar√

N∗ttar + Snpixtexp + npixR2



where ttar is the time the target spends in the measure-
ment aperture (defined by its angular velocity), texp the
total exposure time of the image, S the flux due to the
background sky brightness, npix the number of pixels in
the seeing dependent measurement aperture and R the
readout noise per pixel. Note that this definition of SNR
does not correspond to the integrated SNR for the whole
streak but is rather intended to indicate how bright the
streak will appear above the background of the image.
Combining all these factors, an estimation on the size
limit for the objects that we can expect to find in the
archives can be made. The left panel of figure 1 shows
the angular velocity as a function of the orbital altitude,
assuming a circular orbit and observation at zenith (where
the velocity is at maximum). Objects with angular veloc-
ities below the dashed lines do not cross the entire field
of a 90 s DECam exposure and a 60 s OmegaCAM ex-
posure, respectively (exposure times that are represent-
ing typical values used). For streaks that have start and
end point recorded, astrometric and photometric mea-
surements can be made even if the object is unknown,
as the exact observation time is determined.

The results for the estimation of the smallest objects
that we expect to detect in the OmegaCAM and DECam
archives are shown in the right panel of figure 1. An
albedo of 0.175 [14] is assumed and the objects are con-
sidered to be spherical and to give a lower limit of the
objects that can be detected, the target is assumed ob-
served at zenith (1 airmass) in a moonless night with a
seeing of 1 acrsecond in the r band. The exposure times
where again assumed to be 60 s and 90 s for OmegaCAM
and DECam, respectively. Due to geometric constraints,
objects in LEO can only be observed at high phase an-
gles while objects at higher altitudes are observable at
lower phase angles resulting in more light being reflected
towards the observer. To estimate the detection limit, a
phase angle of 60 degrees is assumed for the LEO regime
while for objects at higher altitudes a lower value of 15
degrees is used. A streak with a brightness corresponding
to an SNR=3 should be just bright enough to be detected
and streaks above SNR=30 will allow photometric mea-
surements to obtain light curves. Figure 2 demonstrates
how bright streaks of different SNR would appear on an
image. As can be seen in the right panel of Figure 1, we
expect to detect objects down to about 7 to 14 cm in LEO,
while in GEO we expect to detect particles as small as 30
cm. These results may seem counter intuitive: As sensi-
tivity drops with the square of range, one might expect the
detection limit would increase much steeper. However,
due to the fact that the angular velocity decreases with
orbital altitude, the flux of the target is distributed over a
smaller number of pixels, resulting in a lower ttar/texp
ratio and thus SNR decreases slower.

This estimate clearly shows the great potential that as-
tronomical data archives from large aperture telescopes
holds for studying space debris. However, sophisticated
image processing techniques are needed to cope with the
huge amount of data. Our goal is to develop a processing
pipeline that can extract and analyze space debris obser-
vations from the archives in a fully automated manner.

Figure 2. Streaks with SNR of 3, 5 and 30.

Furthermore, the pipeline should be scalable so that it
can be applied to the data from next-generation survey
telescopes, such as the Large Synoptic Survey Telescope
(LSST) [15].

3. DETECTION TECHNIQUES

Several methods exist for the detection of straight lines on
images, and more particularly for the detection of space
debris tracks on astronomical images. Most of these
methods are based on a morphological analysis of the im-
age and the use of a Hough or Radon transform algorithm
such as in the work of [16], [17] or [18]. A first analysis
of the VST/OmegaCAM images was performed using an
algorithm developed by us and based on the Hough trans-
form. The algorithm, as could be expected from previ-
ous research, is effective for the detection of space debris
tracks in most cases, but suffers from several important
limitations.

• The algorithm is poorly performing for the detection
of low SNR traces.

• Multiple defects are present in the images, in partic-
ular due to diffraction peaks of the brightest stars,
bad columns or saturated pixels and the algorithm
is not robust in the differentiation of these elements
from the true space debris tracks, generating a large
number of false positives.

• Despite many efforts to increase the efficiency of
this type of algorithm, morphological methods us-
ing Hough or Radon transforms are computationally
expensive and do not allow for the analysis of the en-
tire OmegaCAM or DECam archive in a reasonable
time.

Albeit most detection techniques for satellites and space
debris are applicable to asteroid detection, there have



been specific efforts aimed at finding Near Earth Ob-
jects (NEOs), which are usually much slower objects (and
hence, leave shorter traces on the long-exposure images).

• In this regard, we should remark the work of [19]
for detecting asteroids using the Zwicky Transient
Facility (ZTF). Their algorithm DeepStreaks breaks
down the problem of identifying streaks into three
simpler problems with three different groups of clas-
sifiers: one that finds all streak-like objects, one
that finds all short-streak-like objects, and one that
finds real streaks. With this approach, they achieved
high levels of completeness and relatively low false-
positive rates compared to some previous ZTF al-
gorithms [20], but they still rely on human visual
inspection to discard the remaining false positives.

• Besides ground observations, there have also been
significant developments focused on exploiting data
from space telescopes. More specifically, the up-
coming mission of the European Space Agency
(ESA), Euclid, will be orbiting the second La-
grangian point, and will thus be able to observe a
range of Solar System objects, mainly main-belt as-
teroids and transneptunian objects. As a result, ESA
has developed a dedicated software, StreakDet [21],
to identify moving objects in the field of view. How-
ever, perhaps its main limitation is the extremely
high rate of false positives, which can only be re-
duced using other methods.

• Other methods for asteroid detection in Euclid in-
clude the machine-learning algorithm developed by
[22], which, despite its high performance, can only
confirm the presence of an asteroid in an image,
rather than detect it.

With this in mind, we decided to look at other methods
for the detection of streaky features in astronomical im-
ages. Two algorithms are being developed, one for space
debris detection and the other for NEO detection. The
two problems, although similar in their linear character-
istics, differ in several points. The tracks left by space
debris and satellites are long and cross in most cases the
whole detector, consequently leaving the beginning and
end of the tracks outside the detection area. Moreover,
the variations in light intensity, thickness and shape are
more pronounced in the case of space debris than in the
case of NEOs.

Space debris detection Our current algorithm for the
detection of satellites and space debris is based on the
HT-LCNN neural network devoloped by Lin et al. [23].
The algorithm is a convolutional neural network with a
trainable Hough transform prior. The structure of the neu-
ral network is such that the Hough transform block allows
the learning of the global features of the image, i.e. the lo-
cation of the lines to be detected, while the convolutional
layers focus on the learning of the local features. The

algorithm is initially intended for edge detection in build-
ings and interior images, and can be used for automatic
orientation of smart objects, but has proven to be very
promising for the detection of streaks in astronomical im-
ages. The main advantages of a machine-learning method
over the more traditional morphological tools are the im-
proved versatility for the detection of various shapes and
intensities of streaks as well as the rapidity of the algo-
rithms, much less computationally demanding once the
neural network has been trained. Promising initial tests
have been conducted and a new dataset of 7168 individ-
ual images from the VST/OmagCAM is currently under
preparation for the training of the algorithm.

NEO detection Our current algorithm for finding
NEOs is based on a modified TernausNet architecture
[24], which is, in turn, adapted from the well-established
U-Net architecture [25]. This type of networks show a
strong performance for pixel-wise segmentation, not only
allowing for the detection of a streak in a given image, but
also returning precise information on its position within
the image. Such information is key to subsequently cal-
culate astrometric and photometric parameters that define
the asteroid. More specifically, when fed a raw astronom-
ical image, the algorithm conveys in a heatmap the prob-
ability of presence of the asteroid streak. Furthermore,
to improve the performance of the model during training,
the loss is based on a distance criterion from each pixel
to the streak. To cover each image as a whole, a window
sliding across the full image will be used.

4. LIGHTCURVE PHOTOMETRY

4.1. Image calibration

The OmegaCAM and DECam archives contain various
data products that are reflecting the individual require-
ments of the different surveys done with the instruments.
Most of the high level image data products are combined
images from dithered exposures to eliminate the gaps be-
tween the individual CCDs of the detectors. Because
transient objects such as space debris and solar system
objects are not present in these higher level data prod-
ucts, we decided to start from the raw data and perform
our own calibration. All data required for calibration is
stored along with the raw science images in the archives.
To calibrate the data processed in this work, we median
combined all available bias and flat field exposures that
were acquired in the same filter as the observations from
the same night as the observation and used these median
frames to perform the calibration. A coarse astromet-
ric solution is already stored in the metadata of the im-
ages. We use this information to improve the astrometry
by matching the images to the GAIA DR2 photometric
star catalog.

The large amount of data in the archive places high re-
quirements on the speed of processing pipeline. Each in-



dividual processing step needs to be optimized to achieve
acceptable overall processing time. Radiometric calibra-
tion is mainly limited by disk throughput capacity. Using
cfitsio 2 for data access and performing data manipula-
tion in parallel whenever possible, we achieved compu-
tation times of less then 30 s to combine the master cal-
ibration frames out of 10 individual bias or flat field ex-
posures and calibration of a single image takes less than
4 s. For star catalog matching, we decided to implement
a parallel version of the optimistic pattern matching algo-
rithm described in [26]. This method requires less than
a second to match all 32 frames of a single OmegaCAM
image (provided that the star catalog is locally stored).
These processing times are archived with a consumer lap-
top equipped with a PCIe 4.0 solid state disk and 4 core
CPU. Calibrating the whole OmegaCAM data archive on
this computer would take about 21 days.

4.2. Photometric data reduction

One goal of our work is to determine the rotational and
physical characteristics of the observed orbital debris.
The information needed for this task can be extracted
from photometric observations. The amount of light that
is reflected from the observed object to the observer de-
pends on the illumination geometry, the rotational phase
and the object’s shape and surface properties. Acquir-
ing and examining series of brightness measurements,
called light curves, makes it possible to draw conclu-
sions about these properties even if the object is not re-
solved. Light curve analysis is a very power full tool to
study unresolved observations and has many applications
in astronomy, ranging from characterizing solar system
objects [27], searching for exoplanets [28] and variable
stars [29]. For our analysis, we are employing the Fourier
Analysis of Light Curves (FALC) algorithm [30], that ap-
plies a least-squares fit of a Fourier polynomial to the
data. This technique is considered the standard method
for rotation period determination of asteroids.

To obtain the light curves, we are using a similar ap-
proach as in [31]. The intensity profile of a streak is re-
trieved by placing a series of rectangular apertures along
the streak and measuring the flux received from the target
in each aperture. We decided to use Photutils3 to measure
the fluxes, a tool that uses similar source extraction and
background estimation algorithm than SEXtractor and al-
lows user defined aperture shapes and forced photometry
on user defined image coordinates. The time stamp of
each measurement is derived from the observation time
and the target’s apparent angular velocity, computed from
its orbital elements. The angular velocity also defines the
exposure time of each measurement (the time the target
spends in each measurement aperture). Knowing the ex-
posure time allows us to obtain the apparent magnitude
of the target on an absolute scale. Therefore, a set of
high SNR photometric reference stars on the same field
is selected from the GAIA DR2 catalog. Conversion of

2https://heasarc.gsfc.nasa.gov/fitsio/
3https://photutils.readthedocs.io/en/stable/

the magnitudes from the GAIA system to the observed
band was done using the relations in [32]. Only stars
with a similar color index as the Sun (V-R = 0.5 ± 0.1)
were chosen. Outliers were rejected by combining the se-
lected stars to a master reference star that was then used to
compute the expected magnitude for each individual star.
Reference stars with a magnitude deviation of more than
3σ from the expected value were rejected. This procedure
resulted in 19 to 25 photometric reference stars for each
CCD and allowed a robust absolute magnitude determi-
nation with an error of a few hundredths of a magnitude.
From these reference stars, the magnitudes for each mea-
surement were calculated, accounting for the correspond-
ing exposure time that is defined by the angular velocity
of the observed object and the aperture width. Apertures
contaminated by background stars or image artifacts were
manually excluded.

5. FIRST RESULTS

5.1. 2012-009B (ATLAS 5 CENTAUR R/B)

While annotating the data for training, we noticed a very
prominent but not saturated streak that we were able to
identify as 2012-009B, a Centaur upper stage of an At-
las 5 Launcher. The object is on an elliptical orbit with
a perigee of 3,235 km and an apogee of 35,247 km. It
was observed on 2022/05/27 at a distance of 29515 km
from VST. The object was in the field at the start of the
exposure and crossed eight CCDs of the detector while
exposing, resulting in a total duration of the observation
of 244 s. We obtained a total of 927 data points from the
eight individual light curves.

The search for the fundamental frequency resulted only in
a poor fit. Investigating the residuals revealed that there
is very likely more than one frequency present in the light
curve which usually is an indicator for non principal axis
rotation. The implementation of the FLAC algorithm that
we are using is capable to search for a second frequency,
a feature that can be used to detect and characterize mu-
tual occultation events in binary asteroid systems. This is
achieved by employing the FALC algorithm to the resid-
uals of the fit to the most prominent frequency and then
subtracting this second fit from the first one [33]. The re-
sult of the two period search is shown in Figure 3. The
main period (upper plot) is 36.72 s with an amplitude of
2.9 magnitudes. We were not able to detect a clear sec-
ond frequency with the data reduction method that we
used. The lower plot of Figure 3 contains the best fit for
the secondary frequency. However, the residuals indicate
that there are short- and long-period variations and that
the method could not uniquely identify any of the fre-
quencies involved. The solution we found suggests that
the period around the shortest axis of rotation is 36.76 s
but we will need to employ more sophisticated methods
such as the WINDOWCLEAN algorithm [34] to properly
interpret the data. Nevertheless the result clearly demon-
strate the high quality of the photometry that we can ex-



Figure 3. Two period fit of the eight light curves extracted
from the streaks of 2012-009B.

pect to find in the OmegaCAM archive.

5.2. 2004-031B (BREEZE-M R/B)

This object, tank of a Proton-M launcher, was observed
on 2022/06/09, only a few days after 2012-009B. It also
resides on an elliptical orbit with an apogee of 3305 km
and a perigee of 35424 km and was at a range of 22688
km while it was observed. The faint streaks that it caused
on three CCDs of the detector showed an intensity profile
that indicated fast rotation. The duration of the observa-
tion was 40 s. Sampling the intensity along the streaks
with a rate of 50 ms resulted in as much as 712 data
points and allowed us to determine a rotation period of
0.84 s with an amplitude of 1.1 magnitudes. The result-
ing phase plot is shown in Figure 4. The high sampling
rate at a magnitude of 12.76 resulted in a reduced SNR,
causing uncertainties in the range of 0.1 to 0.3 magni-
tudes.

5.3. 2010-006C (BREEZE-M DEB)

On the same image where we found 2004-031B, we iden-
tified another object, classified as a debris particle origi-

Figure 4. Phase plot of the three streaks caused by 2004-
031B.

nating from a Proton-M rocket. With a perigee of 460 km
and an apogee of 35784 km it is crossing a large part of
the LEO regime. It was observed for 57.5 s at a range of
37280 km and left steaks on two CCDs of OmegaCAM.
Sampling the light curve of 2010-006C at a rate of 0.5 s
resulted in 74 measurements with uncertainties of about
0.03 magnitudes. Analyzing the data, we were not able
to identify the period of the light curve (Figure 5). How-
ever, if we identify another observation of this object in
the archive, we will search for period using the combined
light curves from the individual observations.
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Figure 5. Light curve of the two streaks caused by 2010-
006C.

5.4. 1991-033C (COSMOS 2145)

Another interesting object encountered during the prepa-
ration of the machine learning algorithm can be seen in
Figure 6. The streak presents two distinctive lines paral-
lel to each other. After correlation with the space-track
catalogue, we have found the streak to correspond to the
object 1991-033C (COSMOS 2145), part of the Strela-3
constellation.

The satellite is a former communication satellite
launched in 1991 by the Soviet Union. Interestingly,



Figure 6. Streak of COSMOS 2145 taken on 2022/03/11.

Strela-3 satellites carry a gravity-gradient beam for sta-
bilization and we believe that OmegaCAM was able to
resolve the satellite, hence the characteristic two lines
streak. To validate this assumption we performed a mea-
sure of the across dimension of the streak to obtain an
estimate of the main body and beam length. Knowing the
exact positions of the satellite and observer and assum-
ing that the gravity gradient boom is pointing towards the
center of earth, we estimate the total system to be ∼13 m
long, for a beam length of the order of 10 m. These es-
timations correspond to the expected average dimensions
of the satellite and give us great hope for the successful
resolution of other space objects.

6. CONCLUSIONS AND FUTURE WORK

This work demonstrates the great value that data archives
from large aperture telescopes have for the study of space
debris. The high sensitivity of the OmegaCAM imager
allows to sample light curves at a high rate with no dead-
time which is impossible when using traditional obser-
vation techniques that track the target and acquire series
of images to obtain light curves. Also, the high angular
resolution is an advantage over conventional surveillance
and tracking telescopes. OmegaCAM would resolve an
object of 1 m at 600 km with 12 pixels. The example of
the Strela-3 satellite, that was observed at a range of 1506
km, demonstrates how we can utilize the high resolution
to estimate the size of a resolved target directly from the
streaks.

These results encourage us to continue developing our de-
tection methods, further automatize photometric reduc-
tion and implement more sophisticated methods to an-
alyze the light curves. We will also implement initial
orbit determination methods for streaks that can not be
identified with known objects. This makes it possible to
link these streaks to identify multiple observations of the

same object and will allow us to determine rotation peri-
ods longer than the duration of a single observation and
identify changes in the rotation period. Multiple observa-
tions of the same object can also be used to reconstruct
the object’s phase curve which can be used to estimate
its size. The astronomical data archives typically contain
observations in multiple pass bands. Analyzing the light
curves from the same object in different bands may give
further insight on the composition of its surface materials.
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