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ABSTRACT 

 

In the framework of IADC WG1 activities an action item addressed to observation of objects 

in higher orbit has been issued (AI23.4). The present report contains the description of the joint 

international observation campaign performed by IADC delegations in the period between 

February and June 2008. This has been the largest joint observation campaign carried out by the 

members of Working Group since all delegations participated.  Nine space agencies carried out 

measurements and at least thirteen telescopes were involved in the AI. The whole campaign was 

spread on a timespan of five new moon weeks starting from February 2008. The observation plan 

and observation strategies are given in the present report. 

A large effort was addressed by the coordinators to prepare a common data exchange form, 

absolutely mandatory considering the huge amount of data, collected by different partners, to be 

analysed. The used form is described in the report. 

The AI main objective is the comparison of data achieved with the data collected in 2004 

during the joint international observation campaign related to IADC AI21.2 in order to evaluate 

differences or similiarities to better understand the space debris HEO population evolution. A brief 

analysis of collected data is given in the present report. 
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List of abbreviations 

 

AIUB  Astronomical Institute of the University of Bern  

ASI  Italian Space Agency 

BSGC  Bisei Spaceguard Center  

CCD  Charge Coupled Device  

CNES  Centre National d’Etudes Spatiales  

ESA  European Space Agency  

ESASDT  ESA Space Debris Telescope  

FOV  Field Of View  

GEO  Geostationary Earth Orbit  

GEODSS  Ground-Based Electro-Optical Deep Space Surveillance  

GTO  Geosynchronous Transfer Orbit  

IADC  Inter-Agency Space Debris Coordination Committee  

JAXA  Japan Aerospace Exploration Agency  

LEO  Low Earth Orbit  

MEO  Medium Earth Orbit  

MODEST  Michigan Orbital Debris Survey Telescope  

NASA  National Aeronautics and Space Administration  

OGS  Optical Ground Station (ESA 1-m telescope, Tenerife)  

SpaDe  Italian Space Debris Observatory 

TAROT  Telescope a Action Rapide pour les Objets Transitoires  

TLE  Two Line Elements  

UKSA  United Kingdom Space Agency 

USSTRATCOM United States Strategic Command 
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Report structure 

 

The report is organized in the sequent subsections 

 

 Description of campaign  

 Description of observation plan 

 Discussion on results 

 Appendices 

 

The first part, related to the general description of the observation campaign, includes objectives 

and background of the action item AI23.4. In the same section a general overview of the campaign 

is given, all participants delegations are treated as a whole in this section highlighting the broad 

dimension of the group of participants as well as its worldwide spreading. 

In the second section the description of the observation plan is detailed, including observing 

technique and strategies and the analytic list of observed fields. 

Last section of the reports includes a discussion of the results, the magnitude and orbital 

parameter distribution is given. Statistics on correlated and uncorrelated target are given and 

comparison with respect to the previous observation campaign in HEO (AI21.2) is given 

Appendices includes single participants contributions:  a description for each participating sensor 

(sensor description form) , survey procedures,  list of the planned and eventually acquired 

observations , 

 

History of IADC HEO observation campaigns 

• 12.1 – 1997-1998: ESA, NASA 

• 18.1 – Jan – Mar 2002: ESA, NASA 

• 20.2 – Oct 2002 – Mar 2003: ESA, NASA, ASI, JAPAN, BNSC 

• 21.2 – Jan – Sept 2004: BNSC, CNES, ESA, JAXA, NASA 
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The AI23.4 observation campaign 

 

At the 23th Inter-Agency Space Debris Coordination Committee (IADC) Meeting was decided to 

perform a new international observation campaign for debris in higher orbit with the aim to 

compare and if required complete the results achieved during the previous one (AI 21.2 , 

International Optical Debris campaign in Higher Orbit).  Objectives of this campaign were to 

determine the extent and character of debris in HEO, specifically by obtaining distributions for the 

brightness, inclination, right ascension of ascending node, and mean motion for the debris.  Where 

possible, complete sets of orbital parameters were calculated in order to discriminate GEO objects 

from ones in different orbits (e.g., GTO).  Moreover the orbital analysis of UCT objects permitted 

avoiding an overestimation of the number of GEO objects by eliminating repeated counts of the 

same object.  This observation campaign was a further step in the development of an 

understanding of the space debris situation in HEO through the following points: 

 Continue statistical monitoring of 8+ hour period orbital regimes. 

 Initiate small-object optimized observations of clusters in orbit pole distribution to provide 

information on evolution of GEO break-ups. 

 Seek advice from WG2 to optimize search strategies for small objects. 

 Facilitate opportunities for inter-facility co-operation by defining simple formats for 

exchange of data as appropriate. 

 Initiate collaborative observing of found objects with significant night-to-night motion, 

such as GTO and librating/drifting GEO debris. 

 Extend observing techniques to enable estimation of eccentricity to minimize 

contamination of surveys by e>0 objects. 

 Ensure inclusion of groups with different experience within campaign. 

Observational surveys were carried out by delegations of all nations participating in WG1. These 

surveys took the form of a common, coordinated observation campaign based on a common plan. 

Participating delegations were ASI, CNES, CNSA, ESA, JAXA, NASA, NSAU, ROSCOSMOS, BNSC. 

 

 

 

 



IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 9 

Working Group 1 (“Measurements”)  IADC 

Shown below are the sensors involved in AI23.4 observation campaign spreading all around the 

world: 

 

 

 

The nine delegations who reported observing and their sites: 

1. ASI 

2. CNES 

3. CNSA 

4. ESA 

5. JAXA 

6. NASA 

7. NSAU 

8. ROSCOSMOS 

9. UKSA 
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The Aperture versus the field of view of the involved sensors are shown in the following. 

 

 

Results 

 

Final reports were received from the following seven delegations: 

1. ASI 

2. CNES 

3. CNSA 

4. ESA 

5. JAXA 

6. NASA 

7. UKSA. 

 

The reports are attached to this document. 

  



IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 11 

Working Group 1 (“Measurements”)  IADC 

 

Conclusions 

 

All of the delegations reported similar results as previous years: a distribution of bright objects 

near V = 12th magnitude, which for cataloged objects, are primarily intact spacecraft and rocket 

bodies.  Where telescope size allowed going fainter, a second distribtion of fainter, largely 

uncataloged objects, was found fainter than 15th magnitude.  The assumption is that this fainter 

distribution is largely debris. 

No large scale differences were noted between the various delegations this year, and results from 

previous years.  Unfortunately, it proved impossible to normalize the various reports onto one, 

standard summary plot.  
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Adopted WG1 AI23.4 

 

 

 



IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 14 

Working Group 1 (“Measurements”)  IADC 

  



IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 15 

Working Group 1 (“Measurements”)  IADC 

 

IADC WG1 AI23.4 Observing Plan for Optical Debris observations 

 

 

 

 

 

IADC WG1 AI 23.4 Observing Plan for Optical Debris Observations 

 

Patrick Seitzer 

NASA Delegation 

pseitzer@umich.edu 

 

Fabrizio Piergentili 

ASI Delegation 

Fabrizio.piergentili@uniroma1.it 

 

Version 1.5 

 

 

In this document we describe the observing dates and observing plans in support of IADC WG1 Action Item 

23.4: International 2008 Optical Debris Campaign in Higher Earth Orbit.  The goal of this action item is 

statistical studies of the debris population both at GEO and in the navigation satellite orbits with mean 

motions near 2 revs/day. 
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1. Observing Windows 
 

The AI calls for four one-week windows.  For runs centered on new moon, suggested starting dates are: 

 

 5 February 2008 0h UT 

 4 March 2008 0h UT 

 2 April 2008 0h UT 

 1 May 2008 0h UT 

 30 May 2008 0h UT 
 

All of these dates have reasonable galactic latitudes of the right-ascension of the geocentric anti-solar 

point.  For a run starting in the beginning of July, however,  the anti-solar point is right in the galactic plane, 

and source confusion is very strong.  Observing debris objects against such a high background of streaked 

stars is effective only for the very brightest objects.  Therefore we recommend that all observations be 

completed before July 2008. 

 

If at all possible, we recommend that all observatories observe GEO objects during the March and April 

windows for a coordinated worldwide campaign.  Observatories should feel free to observe at times of 

their own choosing for the two additional weeks. 

 

 

2. Observing Techniques 
 

The observing techniques to be used are consistent with previous IADC optical campaigns.  This will permit 

comparison of the data obtained in this campaign with data from previous campaigns.   

 

Previous IADC GEO campaigns observed a section of sky close to the anti-solar point (but out of eclipse) for 

maximum reflected brightness.  The next night the telescope is offset by 1.2 degrees in declination (dec), 

and the observations are repeated at the same right ascension (ra).  For the 2008 observing runs, since the 

Sun is moving North in declination, the anti-solar point is moving south, and so the nightly declination 

offsets are towards the south to keep as close to the anti-solar point as possible. 

 

If your field of view (fov) is less than 1.2 degrees, then please offset at the same 1.2 degree amount.  Your 

observations will cover the same range of inclination (for circular orbits), but will not be as complete.  If 

your fov > 1.5 degrees, please contact us and we will suggest some alternative pointings. 
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The faintest objects can be detected if the telescope tracks at the same rate as the object so that the object 

is detected as a point source, with most of its flux in the smallest number of pixels, and not as a streak.  

Stars will appear as streaks in these observations.  

However, not all GEO objects travel at the same rate and thus some objects will appear as short streaks.  In 

order to keep streak losses low, the exposure times are kept short (typically a few seconds).  

 

Thus for GEO observations there are three possible observing modes: all satisfactory  for the goals of this 

campaign: 

 

1. Point the telescope at the desired topocentric ra and dec 
a. Turn all drives off. 
b. Take N short exposures, where N is at least 10. 
c. At the end of the observing sequence, reposition the telescope to the original ra and dec, and start this 

sequence again. 
 

2. Point the telescope to the specified topocentric ra and dec 
a. Turn the drive off. 
b. Take a single exposure. 
c. Reset the telescope to the first ra and dec. 
d. Repeat the process for the time period of the observations.  This will track a fixed topocentric ra and 

dec: GEO objects will drift in one side and out the other side.  How many detections of an individual 
object one gets depends on your field of view, exposure time, and CCD readout time.  

e. If your CCD can drift scan (TDI) like MODEST, then leave the telescope tracking a fixed topocentric ra 
and dec, and drift scan backwards during the exposure.  Stars will appear as streaks, GEO objects as 
point sources or very short streaks. 

 

3. Point the telescope to the specified geocentric ra and dec.   
a. Turn drive off. 
b. Take a single exposure. 
c. Reset the telescope to the first geocentric ra and dec, and repeat the procedure for the time period of 

the observations.  In this technique as well objects will drift in one side and out the other side of the 
field of view. 

 

Note that methods 1) and 2) observe at a fixed topocentric ra and dec but each field has a slightly different 

geocentric ra and dec due to the changing parallax between the observatory and the geocenter.  But 

method 3) has a fixed geocentric ra and dec but each field has a different topocentric ra and dec.  Methods 

1) and 2) are the easiest to implement on a conventional astronomical telescope.   

 

Please choose the one technique for all of your observations which will give you the greatest probability of 

success. Do not change methods during the night, or from night to night.  Each method samples the orbit 
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distribution of debris in a different way, and we need each station to be consistent in order for a 

reasonable analysis. 

 

The above observing methods work for GEO objects.  For navigation satellite orbits, however, the rates are 

much greater.  To observe a piece of debris in the GPS orbits, for example, requires tracking under 

computer control at changing rates.  We are most welcome to hear ideas on how to effectively sample this 

region.  One idea is to track using a TLE, and offset the telescope at regular intervals either cross-track or 

along-track.  

 

Filters – the purpose of this campaign is to go as faint as possible, and not to do colors. Therefore one 

should observe in as broad a filter as possible, or even open without a filter. Use of narrower filters such as 

V or R is discouraged.  Since we are observing objects reflecting the solar spectrum, one should observe 

through a filter near the peak of the solar spectrum. 

 

 

4. Calibration of Observations 
 

Calibration – please calibrate your observations using standard astronomical techniques by observations of 

standard stars.  We recommend at a minimum observing once per photometric night a Landolt 

(Astronomical Journal, 1992, 88, page 340) equatorial standard star field with sidereal tracking on for flux 

calibration.  Additional observations may be necessary to determine the extinction. 

 

We also request that each observatory perform once on a photometric night a special series of 

observations on a Landolt field near the meridian. The exposure time on this field should be the same as 

the exposure time used for debris observations, in the same filter as debris observations, and N exposures 

be obtained (N ~ 8).  This will permit each observatory to estimate from the standard star observations the 

sigma of the observed magnitude versus observed magnitude.  Observations of debris can not be used to 

obtain this curve because of tumbling of debris objects.  This will also determine accurately the brightness 

at which the system saturates. 

 

5. Field Positions 
 

For the following fields there will be two fields per night, specified in terms of the geocentric ra and dec.  

The first field leads earth shadow, the second field trails Earth shadow. At the given local sidereal time, 

please goto the second field. 
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In the following tables, all positions are epoch of date and geocentric.  You will need to correct to 

topocentric depending on your observatory’s position.  If additional observing time is available, then 

continue the sequence in steps of 1.2 degrees in declination. 

 

We also show a plot for each month where the fields are with respect to the Earth shadow, and cataloged 

objects for the middle of the run. 

 

If your fov is < 1.2 degrees, please offset at 1.2-deg step from night to night.   

 

If your field of view is wider than 1.8 degrees, or you have the capability of observing multiple declinations 

on the same night, then choose geocentric declinations such that: 

 

1. your overlap from night to night is 10%. 
2. your geocentric declination in the center of each run is the same as listed for each month. 

 

Thus you will observe more of a range in declination, extending above and below the above fields. 

 

 

 

a. February 2008  
 

Change fields at 09h20m local sidereal time.   

 

UT Date RA (Field 1) RA (Field 2) Declination 

5 Feb 08h20m 10h20m 14.40 deg 

6 Feb 08h20m 10h20m 13.20 deg 

7 Feb 08h20m 10h20m 12.00 deg 

8 Feb 08h20m 10h20m 10.80 deg 

9 Feb 08h20m 10h20m 9.60 deg 

10 Feb 08h20m 10h20m 8.40 deg 
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11 Feb 08h20m 10h20m 7.20 deg 

 

 

 

 

 

 

b. March 2008 
 

Change fields at 11h14m local sidereal time.   

 

UT Date RA (Field 1) RA (Field 2) Declination 

4 Mar 10h14m 12h14m 8.40 deg 

5 Mar 10h14m 12h14m 7.20 deg 

6 Mar 10h14m 12h14m 6.00 deg 

7 Mar 10h14m 12h14m 4.80 deg 

8 Mar 10h14m 12h14m 3.60 deg 

9 Mar 10h14m 12h14m 2.40 deg 

10 Mar 10h14m 12h14m 1.20 deg 
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c. April 2008  
 

Change fields at 13h02m local sidereal time.   

 

UT Date RA (Field 1) RA (Field 2) Declination 

2 April 12h02m 14h02m 3.60 deg 

3 April 12h02m 14h02m 2.40 deg 

4 April 12h02m 14h02m 1.20 deg 

5 April 12h02m 14h02m -1.20 deg 

6 April 12h02m 14h02m -2.40 deg 

7 April 12h02m 14h02m -3.60 deg 

8 April 12h02m 14h02m -4.80 deg 

 

 

 

 

 

 

d. May 2008 
 

Change fields at 14h52m local sidereal time.   
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UT Date RA (Field 1) RA (Field 2) Declination 

1 May 13h52m 15h52m 0.0 deg 

2 May 13h52m 15h52m -1.2 deg 

3 May 13h52m 15h52m -2.4 deg 

4 May 13h52m 15h52m -3.6 deg 

5 May 13h52m 15h52m    -4.8 deg 

6 May 13h52m 15h52m -6.0 deg 

7 May 13h52m 15h52m -7.2 deg 

 

 

 

 

 

e. June 2008 
 

Change fields at 16h45m local sidereal time.  All positions are geocentric. 

 

UT Date RA (Field 1) RA (Field 2) Declination 

30 May 15h45m 17h45m    -8.4 deg 

31 May 15h45m 17h45m -9.6 deg 
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1 June 15h45m 17h45m -10.8 deg 

2 June 15h45m 17h45m -12.0 deg 

3 June 15h45m 17h45m   -13.2 deg 

4 June 15h45m 17h45m -14.4 deg 

5 June 15h45m 17h45m -15.6 deg 

 

 

 

 

 

For June, the recommended fields are all very far south, and may be too far south for some northern 

hemisphere stations to observe effectively.  In this case, try the following geocentric fields: 

 

UT Date RA (Field 1) RA (Field 2) Declination 

30 May 15h45m 17h45m    0.0 deg 

31 May 15h45m 17h45m -1.2 deg 

1 June 15h45m 17h45m -2.4 deg 

2 June 15h45m 17h45m -3.6 deg 

3 June 15h45m 17h45m    -4.8 deg 

4 June 15h45m 17h45m -6.0 deg 

5 June 15h45m 17h45m -7.2 deg 
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f. Comments 
 

Please send both of us a nightly report of your observations: what the sky conditions were, how many 

hours you observed, and how many images you obtained. 

 

We will update this document as required.  Please send all communications to both of us, in order that one 

of us gets your email.  We will confirm all communications. 
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Format of delegation report 

 

 

AI 23.4 

International 2008 Optical Debris Campaign 

In Higher Earth Orbit 

Format of Delegation Reports 

Prepared by:  

Patrick Seitzer (pseitzer@umich.edu) 

and 

 Fabrizio Piergentili (Fabrizio.piergentili@unibo.it) 

 

This document outlines the format of the report of each delegation who participated in IADC WG1 AI 23.4. 

The organizers request that each delegation send two things: 

1. a short written report with: 

a. Description of the telescopes and facilities used. 

b. The observing method used. 

c. Data reduction methods 

d. Calibration techniques. 

e. A summary of what your delegation’s results are.  For example, this could include 
histograms of magnitudes of detected objects, discussion of selection effects and 
incompleteness, etc. 

2. the data from your delegation: 

a. object data (this is the most important). 

b. fields observed. 

mailto:pseitzer@umich.edu
mailto:Fabrizio.piergentili@unibo.it


IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 27 

Working Group 1 (“Measurements”)  IADC 

c. Tracklets. 

 

The format of the data is given in Appendix 1. 

We know that each delegation may not be able to provide all the data requested, but please provide what 

you can. 

Please send your information via email to both of us.  We will confirm receiving all emails. 

 

 

 

 

Appendix 1 

Data Exchange Format 

 

The Data Exchange form is an excel file, divided in three sheets: object data,  fields, and tracklets. Here are 

the explanations of  the different fields to be filled by each delegation. 

The most important data to be sent is the object data, followed by the fields, and then the tracklets. 

If you can send only one thing, please send as much of the object data as possible.  If you can not send in 

Excel format, then please send in csv or another simple text format. 

 

AI23.4 Data Exchange form, sheet 1: Object 

This sheet is intended to collect information on observed objects.  The orbital parameters should be 

determined from your data, not values from the catalog. 

 

Sensor ID: is the name of the observatory 

Calibrated Magnitude: is the object mean magnitude calibrated for atmosphere extinction and 

instrumental zeropoint. 

Magnitude error: total error in the calibrated magnitude. 

Magnitude System: what filter (BVRI or open) are these observations referred to. 

Hour Angle rate: is the object mean hour angle rate expressed in arc-sec/sec 
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Declination rate: is the object mean declination rate expressed in arc-sec/sec 

Corrected Magnitude: is the calibrated magnitude corrected for 42000 km distance and 0 degree phase 

angle 

RAAN: Right Ascension of ascending node, assuming null eccentricity hypothesis if it is not possible to 

assess complete orbital determination 

Inclination: Orbit inclination assuming null eccentricity hypothesis if it is not possible to assess complete 

orbital determination 

Mean Motion: Mean motion evaluated assuming null eccentricity hypothesis if it is not possible to assess 

complete orbital determination 

Eccentricity:  include if you were able to do a complete orbital determination.  Leave blank if assuming e=0. 

UCT/CT(SSN Number): results of comparison with TLE catalogue, the object will be Uncorrelated Target 

(UCT) or Correlated Target (CT, in this case the SSN number is optional.)  Leave this column blank if you did 

not correlate with the catalog. 

 

AI23.4 Data Exchange form, sheet 2: Fields 

This sheet is intended to collect information on observed fields,  

Sensor ID: is the name of the observatory 

Start Observing time: is the time expressed in year, day of the year, hours, minutes, seconds in which a 

certain field has been observed. 

End Observing time: is the measurement time expressed in year, day of the year, hours, minutes, seconds 

in which a certain field has been observed 

n. of frames: number of frames taken of the considered field of view 

RA field center: Geocentric Right Ascension of the considered field of view in degree (assuming 42000 km 

of distance)) 

DEC field center: Geocentric Declination of the considered field of view in degree (assuming 42000 km of 

distance)) 

Epoch: Epoch of the observation, suggested J2000 

 

AI23.4 Data Exchange form, sheet 3: Tracklets 

This sheet is intended to collect all measurements, assembled, by tracklets 
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Sensor ID: is the name of the observatory 

Tracklet ID: is a progressive number starting from 1 assigned to each observed tracklet 

Measurement number for this ID: is the number of measurement within the same tracklet (this is a 

progressive number starting from 1 up to the number of measurements included in the same tracklet) 

Time: is the measurement time expressed in year, day of the year, hours, minutes, seconds 

Right ascension: the measured geocentric right ascension in degree (assuming 42000 km of distance)) 

Right ascension error: is the right ascension measurement error in degree 

Declination: the measured geocentric declination in degree (assuming 42000 km of distance) 

Declination error: is the declination measurement error in degree 

Epoch: is the measurement Epoch, possibly J2000 

Calibrated Magnitude: is the measurement magnitude calibrated for atmosphere extinction and 

instrumental zeropoint. 

Magnitude error: is the magnitude error. 
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Reports of Each Delegation 
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This document summarizes observations and results obtained by SPADE obserbatory in March 

2008 in the framework of IADC WG1 AI23.4 “International 2008 Optical Debris Campaign in Higher 

Earth Orbit). The goal of this action item is statistical studies of the debris population both at GEO 

and in the navigation satellite orbits with mean motions near 2 revs/day. All of the work reported 

here was supported by Italian Space Agency and Group of Astrodynamics of University of Rome 

“La Sapienza”. 

 

 

 

 

 

 

2. Description of instruments and observational techniques 
 

1-INTRODUCTION 

 

Since a few years, the Group of Astrody-namics of the University of Rome “La Sapienza” (GAUSS, 

Gruppo di Astrodinamica dell’Università degli Studi di Roma “La Sapienza”) has started space 

debris optical observations in GEO and Low Earth Orbit (LEO). The first observations campaigns 

were carried out exploiting the facilities of the Associazione Astronomica Frusinate (Frosinone 

Astronomical Society) which operates the Campo Catino and the Collepardo observatories. 

Moreover, a joint campaign from Collepardo Automatic Telescope and Observatori Astronòmic de 

Mallorca (Spain) was performed. 

In 2007, in the frame of a contract with the Italian Space Agency (Agenzia Spaziale Italiana, ASI) 

GAUSS was committed to construct the first Italian observatory completely addressed to space 

debris monitoring. 

The whole observatory design and development has been accomplished involving GAUSS 

students, facing real problems in structural and optical design. 

The features of an optical observatory depend on its purpose. As the observatory is addressed to 

space debris monitoring, the following requirements were taken into account: 

 High brightness for detecting small objects; 

 Small focal length, hence large Field of View (FOV) for surveying large regions of space; 
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 A large Charge Coupled Device (CCD) sensor, hence a large FOV for surveying large regions 

of space; 

 High optical accuracy for orbit determination; 

 A mount/workstation/software package that allows not only the sidereal tracking mode, 

but also the debris tracking. 

Moreover, in the case of the first Italian observatory for space debris monitoring, it is required the 

semi-portability of the whole observatory. 

All these requirements have been taken into account in the observatory design although 

considering that a main contractual drive of the project is the low economical budget. 

 

2 THE OPTICAL TUBES 

 

In general, the most important characteristic of an optical tube are: 

• The diameter, therefore the resolution and the brightness; 

• The focal length, therefore the FOV; 

• The image quality; 

• The transportability, if required by the project. 

 

The image quality may be poor due to the optical configuration itself or to defects induced by poor 

manufacturing. 

Taking into account what we said in section 1, we can say that, for the debris observation, the 

optics must have: 

• a very short focal length to achieve a large FOV (allowing to survey a large region of the 

sky); 

• a primary mirror diameter as large as possible (let say at least 300 mm) to see objects as 

small as possible; 

• a configuration not heavily affected by aberrations. 

The first two issues yield to a short focal length to aperture ratio. This is the main drive for the 

choice of all the optical configurations. 
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To take account of the semi-transportability, the weight of the optical tube cannot be too high: let 

say that a couple of people must be able to transport the optical tube. 

 

 

Fig. 1: The Baker-Schmidt optical tube. 

 

2.1 Baker-Schmidt tube 

 

The project to have a focal ratio as small as possible yielded to the choice of the optical tube of the 

observatory, a Baker-Schmidt with a diameter of 300 mm and a focal ratio f/2.8 (Fig. 1). 

The classical configuration of this telescope consists of a spherical primary mirror, a hyperbolic 

secondary mirror and a corrector plate to reduce the spherical aberration.  
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Fig. 2: Two-dimensional total field spot diagram for the 30 cm Baker-Schmidt optical tube, coupled 

with the 4K × 4K CCD. 

Fig. 2 shows the two-dimensional total field spot diagram for the Baker-Schmidt tube: as it is 

apparent this optical tube is not affected by coma aberrations, while a small amount of spherical 

aberrations remain. 

 

3 THE MOUNTS 

 

Earth satellites tracking requires a fast tracking system. 

We have chosen equatorial mounts, which easily compensate for Earth rotation, avoiding the 

rotation of the star field typical of alt-azimuthal mounts. 

As the optical tubes are relatively light, a commercial mounts (described in the following sub-

sections) could be chosen, avoiding the high cost of a specific design mount. 

The mount is motorized with “Bisque TCS” Telescope Control System, a control 

hardware/software package, to be completed with a workstation (WS), which allows to 

accomplish the telescope pointing and the sky visualization, the automatic tracking planning, the 

CCD image acquisition and the remote control through the internet with client and server 

applications. On the other hand, the hardware alone can be used with specifically developed soft-

ware for the telescope control. 

 

3.1 Paramount GT1100 
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This is a very popular and appreciated equatorial mount used not only by amateur astronomers, 

but also by professionals when light OTAs have to be supported. 

It is built of stainless steel and anodized aluminium; it weighs 45 Kg, without OTA and 

counterweights bar, and can support a load of 45 Kg. It can be interfaced with a workstation (WS) 

for fully autonomous operations. The fastest tracking speed is 5 deg/s for the right ascension 

engine, and 7 deg/s for the declination engine. 

 

 

4 THE CCD CAMERAS 

 

 

The observatory will be equipped with a CCD sensor. The choice of the sensor has been done with 

the following criteria: 

1. The sensor should have been as large as possible, in order to have a FOV as large as 

possible. As the low-cost drive would have preclude any mosaic CCD assembly, the only feasible 

choice was procuring the largest CCD available off-the-shelf; 

 

Typically the largest sensors have lower performances especially in terms of sensitivity (quantum 

efficiency) and pixel size. If a great pixel size is an advantage when looking for a great FOV or when 

observing faint objects (so that the same pixel can collect a greater number of photons), it is not 

fair when the greatest position determination accuracy is desired. Thus, for the CCD sensor is 

useful having quantum efficiency as high as possible and a pixel size as small as possible. 

 

4.1 The ProLine  CCD 

 

The CCD sensor chosen among commercial cameras is the Kodak KAF 16803, featuring 4096 × 

4096 pixels. In the following all the characteristics of the sensor are reported. 

It is possible to see that the quantum efficiency (that is, the ratio between the revealed and 

incident photons at a certain wavelength) at 550 nm is the 60%, which is a relatively poor value. 

The pixel is a me-dium size one (9 μm); however the total sensor dimension (38.6 × 37.76 mm) is 

the greatest we found off-the-shelf. 
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Parameters of the CCD sensor. 

Number of Active Pixels 4096 (H) × 4096 (V) = 16.8Mp 

Pixel Size 9 µm (H) × 9 µm (V) 

Chip Size 38.6 mm (H) × 37.76 mm (V) 

Saturation Signal 85 k e- 

Quantum Efficiency (at 550 nm) 60% 

Responsivity (at 550 nm) 1303 ke/µJ/cm², 28.7 V/µJ/cm² 

Read Noise (f = 4 MHz) 9 e 

Dark Signal 3 e/pix/sec 

Dark Current Doubling Temperature 6.6 °C 

Maximum Data Rate 10 MHz 

 

 

 

Fig. 3: FLI Proline 16803. 

 

 

5 THE DOME 
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Generally, the dome of an observatory has an important role not only in the telescope protection, 

but even in isolating the instrument from the wind during the observations. 

In the case of ASI observatory, a traditional semi-spherical dome was not suitable both for 

economical reasons and for the semi-portability requirement, which implies that the dome can be 

easily assembled and dismounted. 

The structure is essentially made of a rectangular base with four quadrangular arcs rotating 

around a central axis in order to close the dome with a fabric cover, see Fig. 4 and Fig. 5. 

 

 

 

 

Fig. 4: The dome open. 

 

Fig. 5: The dome completely closed. 

The transportability requirement was the main drive of the design. As a conse-quence, the main 

characteristic of the de-sign is the modularity: the structure consists of small, light parts, easy to 

transport and fast to assemble. Moreover, the modular  
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design allows the user to easily enlarge or reduce the dimensions of the dome − in case of future 

specific need − just by adding or removing some elements. 

The structure is completely automated and it can be remotely controlled. An electric engine 

permits to open and close the structure in one minute. 

While the framework is totally realized of Aluminium, the fabric material of the cover is 

Poly/450/PVC, a light and resistant material, which permits an easy deployment and an effective 

protection in most weather conditions. 

 

 

6 THE ASSEMBLED OBSERVATORY 

 

 

 

Fig. 6: The telescopes of the observatory. 

 

 

Fig. 4 shows the telescopes inside the dome. The same telescope is better visible in Fig. 6: it has 

been assembled with the Paramount mount, the Baker-Schmidt optical tube and the FLI Proline 

16803 CCD. 
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In Fig. 7 is reported the connection sketch for the observatory. A single portable WS (a laptop) is 

connected through serial and Universal Serial Bus (USB) connections to the CCD, the mount and 

the dome controller and the whole system can be remotely controlled via internet. 

 

 

 

Fig. 7: Connection scheme for controlling the telescope of the SPADE observatory. 

 

 

7 AUTOMATIC IMAGE PROCESSING 

During the optical campaigns, a large number of images is expected to be archived. This is the 

reason why the software has been developed to process the images in order to automatically 

detect the objects and correlate them with the catalogue. 

The algorithm is based mainly on single frame handling to make the noise level as flat as possible, 

with a successive two-image comparison, which allows removing stars and biases. The software 

also performs the object identification by comparing the actual position of the detected objects 

with the propagated positions of the catalogued ones. 

The object identification is achieved by comparing the targets’ measured positions with the 

propagated positions of catalogued objects. 

 

8 POTENTIAL OF THE ORBIT DETERMINATION 
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Orbit determination for AI23.4 was performed by using null eccentricity hypothesis.  

With the hypothesis of circular orbit, two optical measurements suffice to determine the 

remaining four orbital parameters: semi-major axis, inclination, right ascension of ascending node 

and the argument of latitude. 

 

 

 

3. Description of observatory  
 

All data was obtained with the SPADE Observatory located at Collepardo (IT) (longitude = 13 

degrees Est, latitude = 45 54 degrees South, altitude = 500 meters).. The total field of view is about 

2.0 x 2.0 square degrees. This telescope is not equipped with filter system. Since the purpose of 

this campaign is to go as faint as possible, and not to do colors, observing without a filter will not 

get problems. 

The observatory observed fields suggested by coordinators. First night a section of sky close to the 

anti-solar point (but out of eclipse) for maximum reflected brightness was obsrved.  The next night 

the telescope is offset by 1.2 degrees in declination (dec), and the observations are repeated at 

the same right ascension (ra).  For the 2008 observing runs, since the Sun is moving North in 

declination, the anti-solar point is moving south, and so the nightly declination offsets are towards 

the south to keep as close to the anti-solar point as possible. 

The observations were taken with sidereal tracking on to make easy the automatic object 

identification, this choice was due to the automation software and was preferred even if the 

faintest objects can be detected if the telescope tracks at the same rate as the object so that the 

object is detected as a point source, with most of its flux in the smallest number of pixels, and not 

as a streak and with stars will appear as streaks in these observations.  

The observation mode we chose can be briefed as such several steps: 

1. Point the telescope to the specified ra and dec 

2.Turn the drive on. 

3. Take exposures. 

4. After 30 minutes correct for parallax 
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4. Observation results 
 

 

It was observed for about 15 nights, But only data from 6 clear nights have been considered adapt 

to be inserted in the database, since other nights are corrupted by bad visibility.  

 

During the analysed nights about 3000 frames were collected. About 150 objects were seen with 

about 1000 detections. The faintest magnitude of these detections can up to about 16. All 

magnitudes have not been reduced from apparent magnitudes to so-called absolute magnitudes 

by correcting for the illumination phase angle.  

 

 

 

Fig.8 - Calibrated tracklets magnitude 

 

Fig.8 shows the calibrated magnitude distribution of all tracklets detected. The magnitude didn’t 

reduced from apparent magnitudes to so-called absolute magnitudes by correcting for the 

illumination phase angle. The accuracy is a few 0.1 magnitudes except someone which could rise 

to about 0.5.  

Fig. 9 shows the calibrated magnitude for detected objects, the largest tracklet magnitude value 

was selected to identify the objects magnitude. 
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Fig.9 calibrated magnitude distribution for all objects 

 

The inclination and semimajor axes distributions are shown in Fig. 10 and Fig. 11. Parameters for 

unidentified objects were achieved by using TLE and null eccentricity hypothesis.  
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Fig. 10 Inclination distribution 
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Fig.11 Semimajor axes distribution 

 

 

The inclinations and right ascensions of the ascending nodes are strongly correlated, which can be 

shown in Fig.12 . 



IADC AI 23.4 International 2008 Optical Debris Campaign in Higher Earth Orbit 

           Page 46 

Working Group 1 (“Measurements”)  IADC 

 

 

Fig.12 Inclination versus right ascension of ascending node 

 

 

5. Discuss 
The ASI telescope was designed for debris observation. All observing nights were ready to observe. 

Extremely bad weather conditions permitted to observe only during a few days, especially in May. 

Nevertheless a large number of trackletes were identified.  
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Introduction 

This document summarizes observations and results obtained by C.N.E.S., using the TAROT Calern 

telescope owned and operated by Observatoire de Haute Provence (OHP France), in the framework of IADC 

WG1 AI23.4 “International 2008 Optical Debris Campaign in Higher Earth Orbit”. The goal of this action 

item is statistical studies of the debris population both at GEO and in the navigation satellite orbits with 

mean motions near 2 revs/day.  

a) Description of the telescope and facilities used 

TAROT telescopes are robotic observatories that observe with no human interaction. TAROT are two 

identical 25 cm telescopes F/D=3.4 that cover 1.86°x1.86° field of view on the Andor CCD cameras (Marconi 

4240 back illuminated). Spatial sampling is 3.3 arcsec/pix. Six filters are available : BVRI, a clear filter and a 

2.7 density coupled to V (for Moon and planets). Detection limit is about V=17 in 1 min. exposure. Locations 

of telescopes are: 

 TAROT Calern observatory (France) 

 TAROT La Silla ESO observatory : (Chile) 

The principal investigator of these instruments is Michel Boër (Observatoire de Haute Provence, 04870 

Saint Michel l'Observatoire, France). Two co-investigators are Jean-Luc Atteia and Alain Klotz, astronomers 

at the Observatoire Midi Pyrénées, Toulouse, France. 

Observation requests are sent by observers through an internet interface or by the Gamma-ray Coordinates 

Network (GCN) through a socket. Planning is computed each time a new request is received. Telescope 

slewing is very fast, up to 60°/second, and read-out time of CCD cameras is only 5 seconds. When a GCN 

alert is received, the delay until the opening of the shutter is less than 8 seconds. 

Raw images are automatically processed by TCL scripts runned by AudeLA software to provide reduced 

data ready use for researcher collaborators via web pages 

TAROT telescopes are not only used for gamma ray bursts observations. They are also used by collaborators 

concerning many other scientific projects (http://tarot.obs-hp.fr/tarot/infos/), as well as educational 

programs. 

mailto:Firstname.lastname@cnes.fr
mailto:Pascal.Richard@cnes.fr
http://www.audela.org/
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Telescope Name Tarot Calern 

Main mission Gamma Ray Burst Detection 

Telescope Type Automated telescope 

Telescope data 

Position Observatoire de la Côte d’Azur (OCA)  

WGS84 coordinates : 

43.7° N ; 6.9° E ; 1320 m 

Sensitivity For a 10 seconds exposure, without filter, 

without moonlight : 

- for photometry : magnitude 14.9 (10 times the 

standard deviation of the background sky). 

-  

For a 60 seconds exposure, without filter, 

without moonlight : 

-  

-  

Optical scheme Newton shaped, with hyperbolic M1 mirror 

Apperture diameter 250 mm 

Focal lenght 850 mm 

Camera type CCD, Andor DW436S (Marconi 4240 back 

illuminated) 

Active pixels 2048 x 2048 pixels 

Image Area 27,6 x 27,6 mm 

Field of View 1.86 x 1.86 deg 

Pixel size 13.5 µm => 0.91 mdeg 

CCD temperature 225 K 

Wavelenght range 350 - 1000 nm 

Mount Characterictics 

Equatorial mount 

Pointing precision : 15 arcsec 

Pointing velocity : up to 40 deg/s 
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b) The observing method used 

Filter : No filter were used, in order to maximize sensitivity 

Observing routine (the time taken by a full cycle is about 90 seconds): 

a. Compute the topocentric equatorial coordinates for the location given by the GEO  regime semi 

major-axis and the target geocentric equatorial coordinates. 

b. Repeat three times 

i. Point to computed topocentric equatorial coordinates. 

ii. Stop the drives 

iii. Take one exposure of 10 seconds 

iv. Readout the CCD 

c) Data reduction method 

Earth Satellites detection 

Algorithm based on mathematical morphologies described in Myrtille Laas PhD Thesis: “Détection des 

satellites artificiels dans les images astronomiques: application aux images” (Université de Provence). 
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A dot or a streak  on the image is considered as a detections if its flux is 7 times the standard deviation of 

the background sky. 

False detection elimination 

Rectilinear  tracklets were constituted by software then visually validated and corrected. Dot detections 

that cannot be associated in tracklets of 3 measures were eliminated. 

Detections of streaks were all kept. 

Orbit computation 

The orbit computation assumed circular orbit. 

Apparent magnitude of objects 

The apparent magnitude of objects was chosen as the median value of the apparent magnitudes of their 

observations. No correction was applied for atmospheric extinction or solar phase angle. 

NORAD TLE correlation 

the object identification is achieved by comparing the measured positions with the propagated positions of 

catalogued objects. 

d) Calibration techniques 

Astrometry 

Differential astrometry based on Tycho 2 catalog. Accuracy is about 4 arcseconds. 

Photometry 

Six photographs ( 10, 10, 30, 30, 60 and 60 seconds) of a Landolt field  near the target field were taken 

every 2 hours. Those photographs were not used for calibration. An empirical offset was applied on the 

photometric measures. 

e) Summary of CNES results 

The March to June observation rounds encountered respectively 3, 5, 6 and 2 good nights. We got a mean 

of 10 measures per detected object. 

The tables and schemes below present: 

 the nightly amount of object detections and USSTRATCOM TLE correlations, 

 The distribution of observed instrumental magnitudes, 

 Some characteristics of the orbital elements of detected objects. 

 A synthesis of GEO and non GEO detections and correlations with USSTRATCOM TLE. 
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Nightly amount of detections and correlations 

 Images Measures Objects Correlated 

 March Summary 1979 872 92 79 

April Summary 4421 2197 230 162 

 May Summary 4081 3112 301 236 

 June Summary 1173 195 30 19 

Global summary 11654 Images 6376 Measures 653 Objects 496 Correlated 
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Distribution of apparent magnitudes for correlated and uncorrelated objects 
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Distribution of inclinations of orbits for correlated and uncorrelated objects 

Two regimes can be distinguished: GEO between 0 and 15°; MEO between 60 and 70°. 
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Inclination of orbits, function of the right ascension of their ascending node 

 The GEO regime and the MEO can be distinguished on this figure. 
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Semi major axis distribution 

The two regimes MEO and GEO can be distinguished. 

 

Synthesis of detections and correlations after GEO/MEO classification 

 GEO Satellites Measurements Objects UCT/CT (%) 

Correlated 4509 391  100 

Uncorrelated 348 91 23 

 

Non GEO satellites Measurements Objects UCT/CT (%) 

Correlated 1251 105  100 

Uncorrelated 268 66 67 
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Introduction 
 
This document summarizes observations and results obtained by Purple Mountain Observatory in 

March 2008 of space debris at geosynchronous orbit (GEO) in support of WG1 Action Item 23.4, 

International 2008 Optical Debris Campaign in Higher Earth Orbit, organized by the Inter-Agency 

Space Debris Coordination Committee (IADC). The goal of this action item is statistical studies of 

the debris population both at GEO and in the navigation satellite orbits with mean motions near 2 

revs/day. All of the work reported here was supported by Center for Space Object & Debris 

Research, CAS. 

mailto:ydping@pmo.ac.cn
mailto:rysun@pmo.ac.cn
mailto:wangxin@pmo.ac.cn
mailto:meteorzh@pmo.ac.cn
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Description of observational techniques 
 
All data was obtained with the PMO’s CNEOS Telescope located at the Xuyi Observatory (longitude 

= 118。5 degrees West, latitude = 32.7 degrees South, altitude = 219 meters). Fig.1 shows the 

dome of this telescope. The CNEOS Telescope is a classical astronomical Schmidt telescope with 

1.04  meter aperture. A 4k x 4k pixel CCD is equipped on the focal plane. The total field of view is 

about 2.0 x 2.0 square degrees and the pixel size is 1.7 arcseconds. This telescope is not equipped 

with filter system. Since the purpose of this campaign is to go as faint as possible, and not to do 

colors, observing without a filter will not get problems. 

 

Fig.1 Dome of the PMO’s CNEOS Telescope at the Xuyi Observatory.  

 

The observing techniques to be used are consistent with previous IADC optical campaigns. This will 

permit comparison of the data obtained in this campaign with data from previous campaigns.   

Previous IADC GEO campaigns observed a section of sky close to the anti-solar point (but out of 

eclipse) for maximum reflected brightness.  The next night the telescope is offset by 1.2 degrees in 

declination (dec), and the observations are repeated at the same right ascension (ra).  For the 

2008 observing runs, since the Sun is moving North in declination, the anti-solar point is moving 

south, and so the nightly declination offsets are towards the south to keep as close to the anti-

solar point as possible. 

Table 1. Observing fields of March 2008. Change fields at 11h14m local sidereal time. 

UT Date RA (Field 1) RA (Field 2) Declination 

4 Mar 10h14m 12h14m 8.40 deg 

5 Mar 10h14m 12h14m 7.20 deg 
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6 Mar 10h14m 12h14m 6.00 deg 

7 Mar 10h14m 12h14m 4.80 deg 

8 Mar 10h14m 12h14m 3.60 deg 

9 Mar 10h14m 12h14m 2.40 deg 

10 Mar 10h14m 12h14m 1.20 deg 

 

The faintest objects can be detected if the telescope tracks at the same rate as the object so that 

the object is detected as a point source, with most of its flux in the smallest number of pixels, and 

not as a streak.  Stars will appear as streaks in these observations.  

However, not all GEO objects travel at the same rate and thus some objects will appear as short 

streaks.  In order to keep streak losses low, the exposure times are kept short (typically a few 

seconds).  

The observation mode we chose can be briefed as such several steps: 

1. Point the telescope to the specified ra and dec 

2.Turn the drive off. 

3. Take a single exposure. 

4. Reset the telescope to the first ra and dec. 

5. Repeat the process for the time period of the observations.  

Each clear night, we takes a 5 second exposure every about 40 seconds at a constant right 

ascension and declination. Typically over 700 images are obtained each night. During the 8 

minutes that it takes a GEO object to drift across the field of view, up to 12 independent 

detections of each source are made.  

Fig.2 shows a representative image from a typical observing sequence. Three active satellites are 

visible.  
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Fig.2 PMO CNEOS Telescope’s example image, which is a 5 second exposure, obtained on the 
geostationary belt. There are 2 stationkeeping satellites in the image. The short streaks are 

remnants of star subtraction. 

 

Observational results 
 
In 5 clear nights, we conducted the observations with the CNEOS Telescope. Table 2 gives the 

overview of these observations. Above 2500 observation detections were identified to be the 

space debris. The faintest magnitude of these detections can up to about 19. All magnitudes have 

not been reduced from apparent magnitudes to so-called absolute magnitudes by correcting for 

the illumination phase angle.  

Table 2. PMO Observations 

Date Frames Observe Time Image Data Observed detections 

04/03/2008 100 3 hours 3.2GB 39 

05/03/2008 550 6 hours 17.6GB 830 

07/03/2008 550 5hours 17.6GB 594 

09/03/2008 600 5hours 19.2GB 669 

10/03/2008 550 6hours 17.6GB 534 
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Table 3 shows the detections overall, within which there may be some detections refer to the same 

object. All of the objects do not correlate with the catalogue. 

 

Table 3. PMO GEO Sruvey 

Date Frames Observe Time Image Data Detection

s 

03/2008 2500 5nights/28h 80GB 1217 

 

Fig.3 shows the calibrated magnitude distribution of all objects detected. The magnitude didn’t 

reduced from apparent magnitudes to so-called absolute magnitudes by correcting for the 

illumination phase angle. The accuracy is a few 0.1 magnitudes except someone which could rise 

to about 0.5.  

 

 

 

 

 

 

 

 

 

 

Fig.3 calibrated magnitude distribution for all objects 
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The inclination and semimajor axes distributions are shown in Fig. 4 and Fig. 5. Optical surveys are 

inherently designed such that the objects are detected on a short series of a few frames. The total 

time interval of these series is of the order of a few minutes. These short arcs of angle-only data 

force us to determine circular orbits.  

 

Fig.4 Inclination distribution 

 

 

 

Fig.5 Semimajor axes distribution 
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The inclinations and right ascensions of the ascending nodes are strongly correlated, which can be 

shown in Fig.6 . 

 

Fig.6 Inclination versus right ascension of ascending node 

 

 

Discussion 
 
The CNEOS telescope was not designed for debris observation, many sources do not have 

adequate independent detections for orbit determination. This problem make the following data 

analysis work become infeasible. A 90cm telescope designed for debris observation is being 

developed now. The routine GEO debris survey will be done by this telescope in China, and we will 

carry out the IADC campaign perfectly.  
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JAXA 

 

Brief report of the observation at Nyukasa(JAXA innovative technology research center) 
 
Toshifumi Yanagisawa(yanagisawa.toshifumi@jaxa.jp) 
 
a. Description of the telescope and facilities used. 

Telescope: Takahashi ε350, D:355mm, f:1248mm(F/3.6) 
Camera:  N.I.L. CCD42-40, Chip:e2v CCD42-40 

FOV: 1.27×1.27-degree 
 
b. The obsevation method used. 
No sidereal motion. The telescope changes its obsevational region every 5 minutes to follow the geocentric 
coordinates at the range of 42164km.  
 
c. Data reduction methods. 
Line-identifying technique developed by JAXA was used. The line-identifying technique needs 18 
consecutive CCD frames with 3-second exposure time. First, it detects candidate objects using a threshold 
and a shape parameter. Then, it finds any series of objects that are arrayed on a straight line from the first 
frame to the last frame. In this analysis, 400 candidates of each frame were used to find objects.  
 
d. Calibration techniques. 
In order to determine the coordinates of detected objects, the matching algorithm of IRAF (ccxymatch, 
ccmap and cctran) and the guide star catalog ver 1.1 were used. The guide star catalog ver 1.1 was also 
used to estimate the magnitude of detected objects. 
 
e. Summary 
This could include histograms of magnitude, inclination, and semi-major axis of detected CT and UCT. This 
could also include distribution of CT and UCT in the RAAN-inclination plot.     
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NASA 
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