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• Despite progress, there still is a lack of policy regarding debris removal [1];

• Current models do not agree quantitatively [2];

• But all conclude that space operations will become hampered in the next decades;

• The debris population in near-Earth space - extensively studied during the last decade [2];

o Information on objects > 2000km is still sparse;

o Best detected by optical telescopes;

o Many similarities with NEO observations.

1. Scope
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Radar – limited to low-orbiting objects; area > signal wavelength;

LADAR – Laser Radar – point clouds from 3D scans;

Light curves - time-varying brightness measurements that result when sunlight reflects off the surfaces of a 

moving space object and reaches an observer;

• Used for stars, asteroids, and now space debris.

• Time intervals depend on the object’s movement.

Size

Brightness change      Shape

                                                Rotation!

2.1 Observation Principle [3]
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2.2 Light Curves
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Light curve of a supernova [4]. Light curve of a binary star system [4].



• Optical surveys provide statistical information [5]:

o rough characterization of the orbits, information on the magnitudes of the objects. 

• Magnitudes physical sizes: knowledge of surface properties shapes [5];

o analysis of properties: observations of individual objects with large aperture, small FoV telescopes;

▪ Tracking of individual objects: precise ephemerides (catalogue of precise orbits). 

• Most objects have brightness variations with frequencies of [mHz] up to [dHz], corresponding to tumbling or 

rotation rates of the order of a tenth to many rotations per minute [5].

2.2 Light Curves
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Shape modelling

SO with i facets; facet with area Ai. Relative orientation of facet to body (B) is given 

by:

Relative orientation of the Body (B) and Inertial (I) frames is described by the Atrue

matrix:

The estimated attitude matrix A will include the error vector:

Light reflection modelling

2.3 Mathematical Models [3]
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Vector system of facet i [3]



1. Fast Fourier Transform

2. Epoch folding method

3. Lomb-Scargle periodogram

4. Phase reconstruction

2.4 Extraction Methods [6]
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Commonly used for space debris observation - baseline

Requires equally spaced data points – difficult in practice

Measured light curve of PAKSAT (07.11.2014) Reconstructed phase with 581s period.

Box-wing satellite - GLONASS



Challenges

• Limited Resolution: Detecting and tracking small debris (<10 cm) in LEO [7]

• Short Observation Windows: limited data collection due to brief observation periods [8];

• Weather & Atmospheric Conditions: Ground-based telescopes are affected by weather, limiting 

observation times;

• Ambiguity: Light curves from different objects can sometimes look very similar, making it hard to identify 

specific debris;

• Tumbling Complications: Objects that are tumbling rapidly create complex light curves that are harder to 

interpret [5].

Future trends

• Machine learning approaches: automated light curve analysis, object classification [9];

• Multi-site stereoscopic observations: improved 3D reconstruction [10];

• Integration of spectral data with light curves: enhanced material characterization [11];

• Improved models: non-rigid body dynamics for tumbling objects [12].

2.5 Conclusions
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3.1 Equipment – Hardware 
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3.1 Equipment – Hardware 
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Telescope 

CELESTRON EdgeHD 11''

Image source: CELESTRON WHITEPAPER 2013, p. 3

https://www.celestron.com/products/edgehd-11-

optical-tube-assembly-cge-dovetail#description



3.1 Equipment – Hardware 
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Telescope 

CELESTRON EdgeHD 11''

Mount

10Micron GM2000 HPS

https://10micron.eu/montierungen/aequatoriale-

montierungen/gm2000-hps-ii-combi-goto-montierung

https://www.qhyccd.com/qhy174g

ps-imx174-scientific-cooled-

camera/

https://www.celestron.com/products/edgehd-11-

optical-tube-assembly-cge-dovetail#description



Camera

QHY174GPS

3.1 Equipment – Hardware 
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Telescope 

CELESTRON EdgeHD 11''

https://www.qhyccd.com/qhy174gps-

imx174-scientific-cooled-camera/

Mount

10Micron GM2000 HPS

https://10micron.eu/montierungen/aequatoriale-

montierungen/gm2000-hps-ii-combi-goto-montierung

https://www.celestron.com/products/edgehd-11-

optical-tube-assembly-cge-dovetail#description



Camera

QHY174GPS

3.1 Equipment – Hardware 
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Telescope 

CELESTRON EdgeHD 11''

Mount

10Micron GM2000 HPS

GNSS Receiver

QHY174GPS

https://www.celestron.com/products/edgehd-11-

optical-tube-assembly-cge-dovetail#description

https://www.qhyccd.com/qhy174gps-

imx174-scientific-cooled-camera/

https://10micron.eu/montierungen/aequatoriale-

montierungen/gm2000-hps-ii-combi-goto-montierung

https://www.deepspaceproducts.co

m/uimages/qhy/174GPS-3_b.jpg



3.2 Equipment – Software 
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kstars

(astronomy 

software)



3.2 Equipment – Software 
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kstars

astronomy 

software

ekos

astrophoto-

graphy suite



3.2 Equipment – Software 
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kstars

astronomy 

software

ekos

astrophoto-

graphy suite

indi

control of 

hardware



• Equatorial mount (2 movable axes):

− Axis of right ascension

− Axis of declination

• Alignment of right ascension parallel to 

earth rotation axis

• To follow movement of sky continuosly 

4.1 Calibration - Polar alignment
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https://optcorp.com/blogs/deep-sky-imaging/polar-alignment-

on-your-mount



Methods:

• Rough alignment to Polaris with eyepiece of telescope

• Polar scope

• Drift alignment

• All-star alignment

− One star align method

− Two star align method

4.1 Calibration - Polar alignment
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https://britastro.org/2021/using-a-

polarscope

https://astrocamera.net/equipmnt/p-

align/driftaz.htm



• The bigger the zoom the more difficult

• Not stable      atmosphere (flickering, temperature changes)

= Putting the sensor into the focus plane of the telescope where all the beams of a star converge and the 

maximal amount of light is concentrated into the smallest possible area

Methods:

• Primal mirror focusing (rough way)

• Fine focussing, manual

• Fine focussing, motorized

• Masks:

− Bahtinov mask

− Scheiner mask

4.2 Calibration - Focusing
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• Primal mirror focusing (Schmidt-Cassegrain-Telescope)

4.2 Calibration - Focusing
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https://abenteuer-astronomie.de/was-ist-eigentlich-ein-schmidt-cassegrain-teleskop/



• Bahtinov mask: 

4.2 Calibration - Focusing
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https://www.gerdneumann.net/deutsch/astrofotografie-parts-

astrophotography/bahtinov-masks-bahtinov-masken.html

Out of focus Exactly in focus

https://www.gerdneumann.net/deutsch/astrofotografie-

parts-astrophotography/bahtinov-masks-bahtinov-

masken.html



Image Calibration (Bias, Dark, Flat frames)

➔ To correct image errors and noise (Remove artifacts and interference)

• Bias frame: with shortest exposure time and closed shutter

 contain offset and camera noise

• Dark frame: with closed shutter, same exposure time & temperature

 to remove dark current, sensor glowing, hot-pixel & dead-pixel

• Flat frame: with same position, similar focal point & further settings

 to correct vignetting and irregular illumination  

• Darkflat frame: with closed shutter, same exposure time as flat frames

to remove offset and dark current

4.3 Calibration - Bias, Dark, Flat frames
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  Schema:

4.3 Calibration - Bias, Dark, Flat frames
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https://astrobasics.de/grundlagen/bias-flats-darks-darkflats/



5. Measurements
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Finding the satellites with the website N2YO



5.1 Measurements – example: NOAA 16 DEB
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5.1 Measurements – example: NOAA 16 DEB
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For us important: 

DEB = Debris

 

→ Space debris

→ Possible objects: De-

functional satellites, burn-out 

boosters or stages of e.g. 

Ariane rockets



5.1 Measurements – example: NOAA 16 DEB
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For us important: 

 

Criteria: Overpass in the next time 

with a suitable elevation



5.1 Measurements – example: NOAA 16 DEB
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For us important: 

RCS = Radar Cross Section

 

→ Determination of the exposure 

time that we will need 

→ In this case unknown: 

estimating the exposure time 

by the size of the satellite



5.1 Measurements – example: NOAA 16 DEB
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• operational, polar-orbiting, weather 

satellite

• decommissioned on 9 June 2014 

due to an undefined "critical 

anomaly"



5.1 Measurements – example: NOAA 16 DEB
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For us important: 

RCS = Radar Cross Section

 

→ Determination of the exposure 

time that we will need 

→ In this case unknown: 

estimating the exposure time 

by the size of the satellite

→ Chosen exposure time: 0.2 s



5.1 Measurements – example: NOAA 16 DEB
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For us important: 

TLE = Two Line Element Set

 

→ Position and velocity of the 

satellite

→ Using the Kepler elements to 

track the satellite

→ Import those lines into the 

software of the telescope (as 

Simone explained)



5.2 Measurements - TLEs
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TLEs change over time 

→ Changing Kepler elements

→ But what do the number stand for?

07.10.2024

11.10.2024



5.2 Measurements - TLEs
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Line number 1

Satellite catalog number 42418

Classification U

International Designator (launch number of the year) 00

International Designator (last two digits of launch year) 055

International Designator (piece of the launch) TN

Epoch year (last two digits of year) 24

Epoch (day of the year and fractional portion of the day) 280.16314470

First derivative of mean motion; the ballistic coefficient .00016147 

Second derivative of mean motion (decimal point assumed) 00000-0

B*, the drag term, or radiation pressure coefficient (decimal point assumed) 70092-2

Ephemeris type (always zero; only used in undistributed TLE data) 0

Element set number. Incremented when a new TLE is generated for this object. 999

Checksum (modulo 10) 0



5.2 Measurements - TLEs
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Line number 2

Satellite catalog number 42418

Inclination (degrees) 98.7060

Right ascension of the ascending node (degrees) 350.3848

Eccentricity (decimal point assumed) 0013658 

Argument of perigee (degrees) 170.1108

Mean anomaly (degrees) 190.0342

Mean motion (revolutions per day) 14.24156525443277 



5.1 Measurements – example: NOAA 16 DEB
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5.3 Measurements – other tracked objects
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Lageos

→ Exposure time of 0.2s

→ Did not work: not visible 

in finder scope



5.3 Measurements – other tracked objects
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Satellite TERRA

→ Exposure time of 0.02s

→ Did not work: some 

images, but then 

hardware failure of the 

motor



5.3 Measurements – other tracked objects
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METEOR 2-17 DEB

→ Exposure time: 0.2 s

→ Did not work: not visible in 

finder scope



5.3 Measurements – other tracked objects
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CZ-2 DEB 

→ Exposure time: 0.2 s

→ Did not work: not visible in finder scope



5.3 Measurements – other tracked objects
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SL-8 R/B 

→ Rocket Body

→ Exposure time: 0.05 s

→ Did not work: not visible in finder scope



5.4 Cloudy summer
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5.4 Cloudy summer
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5.5 Problems and challenges
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• Very cloudy and rainy weather this summer

• Hardware failure of motor

• Very often: debris was not visible in finder scope → measurement did not work

• Problems during the session probably related to tracking problem of kstars because alignment 

was good enough (saturn was in field of view)
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Moon, Saturn, Galaxies, Polar Lights!

5.6 Measurements – Fun Observations
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