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General motivation

* To describe the surface characteristic of unknown Space Debris object using
BVRI photometric methods

* To classify objects according to the similarities in surface properties

* To investigate the influence of the space environment on the artificial
materials

 To establish routines for data processing from BVRI photometry
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Table: ESA space debris object classification. Source: ESA’S

Spa ce Debris ANNUAL SPACE ENVIRONMENT REPORT On—rs

PL Payload RB Rocket Body
PF Payload Fragmentation Debris RF Rocket Fragmentation Debris
° A" non-fu nctiona I’ huma n- PD Payload Debris RD Rocket Debris
made ObjECtsl WhiCh PM Payload Mission Related Object RM Rocket Mission Related Object
finished or lost its
functionality

» Space debris research
motivation:

* To stabilize the population
and avoid new fragmentation

» Characterize existing objects,
fragments and populations

* Associate fragments with
ancestors and assess the
causes of their creation
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Figure: Evolution of number of objects in geocentric orbit by object class. Source: ESA’'S ANNUAL SPACE
ENVIRONMENT REPORT
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Instrumentation

Sensor AGO70
Mount Equatorial (Open fork)
Tubes 1 Tube
Tube design Newton
Diameter [m] 0.7

Focal length [mm];

2962.0; (f/4.2)

ratio
Camera FLI Proline PL1001
CCD Chip Kodak KAF-1001E
Dimension 24.5x24.5 mm
1024 x 1024
FOV 28.5 x 28.5 arc-min

iFOV [arc-sec/pix]

1.67

Spectral transmision

Figure: AGO70 in its Dome. Credit: Stanislav Grigus
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Figure: Photometric filters used at AGO70. Source: M.Bessel et al. 2004
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BVRI Photometry

* Photometric method
e Capturing of reflected Sunlight from target’s surface
e Surface properties are mapped into color indices

e Color index — numerical expression of target’s color
 Difference of magnitudes in two filters - B-V, R-| etc.
e Depends on general geometry of observed passage

* Object characterization
e Comparison of measured data with laboratory samples

e Objects’ classification according to the similarities in their
reflections

I IT

Figure: Representatives of the material groups with their spectra and material
examples. Source: Vananti et al., 2017

IR-I
IB-V

Figure: Demonstration of the color index meaning

Figure: Material groups in the BVRI diagram. Source:

Vananti et al., 2017
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Photometric reduction

* Transformation into the standard system of
magnitudes

e Landolt’s catalog of standard stars (Landolt,
1992, 2009)

e Two-step linear optimization

e Extinction coefficient - kf

e Correction for the losses caused by atmosphere
in specific airmass

e Measure stars with Cl close to zero

 Zero-point and color term - ZPf, ts

» General scaling factor and color correction

e Measure clusters of stars with different color
indices and magnitudes

Transformation coefficients

Figure: Transformation equation into the standard
system of magnitudes

Figure: Airmass definition
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Color indices

» Affected by number of effects
* Phase angle and phase curve

Shape of target

Rotation state

Incident angle

Age of surface materials

[ J
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Figure: State vector and rotation axis angle i.e incident angle
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Space-weathering and aging R

e Characterization to:
* Assess the material resistance against the environment

e To fully understand the physics behind the space-
weathering processes

e Change of the target’s surface properties caused by the
exposure to the space environments

* Laboratory based measurements showed ‘reddening’ Figure: Change in the Absolute reflectivity of the measured

¢ Non-constant cha nge of reflectivity - faster increase in the samples after the different doses. Source: Engelhart et al., 2017
absorption in the lower wavelengths

e Reddening - transmission received through the filter with
the longer central wavelength being brighter than through
the filter with the shorter central wavelength - Engelhart
etal., 2017

Figure: Change in the r'-i’ color index of three measured samples
after the different doses. Source: Engelhart et al., 2017
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Space-weathering and aging

e Change of the target’s surface properties
caused by the exposure to the space
environments

e Laboratory based measurements showed
many common materials overgoes the
‘reddening’ (Engelhart, 2018)

* Non-constant change of reflectivity - faster
increase in the absorption in the lower
wavelengths

e White paint (commonly used on R/B coating)
overgoes different changes — overall
decrease of the reflectivity in the first years

* Then non-constant reflectivity decrease
wavelength dependent

- Conference of Young Astronomers
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Figure: Changes in the Absolute reflectance of the measured samples after 5
different doses. Source: Hoffman et al., 2018
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Space-weathering and aging R

e Characterization to:
* Assess the material resistance against the environment

* To fully understand the physics behind the space-
weathering processes

e Change of the target’s surface properties caused by the
exposure to the space environments

* Observation based measurements showed ‘blueing’ -
increase in the absorption in the lower wavelengths

* Blueing — transmission through the filter with the shorter
central wavelength being brighter than through the filter

with the longer central wavelength - Pearce et al., 2019 SPCHINRE LSES-0-e]

35.5 years (1983-06-30|

» Two observational approaches: 34.7years (1981-04-22)

* Long term monitoring of the same object — AGO70

archive
* Color infjex e_Stimation for population of same bus Figure: Reflective spectra of 5 SL-12 rocket bodies with different launch
types with different launch dates date, normalized by the youngest one. Source: Pearce et al., 2019
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AGO70 observational campaign

* Long-term monitoring campaign since 2019

* Geostationary functional satellites — attitude
stabilized objects
* Fast spinning cylindrical dual-spin satellites
* Box-wing three-axis stabilized satellites

e Geometry changes through the year due to the
Earth’s motion around the Sun
* Varying distance influence the illumination state
* Change of solar panels orientation
» Affection by the Earth’s shadow

* Most stable geometrical conditions between vernal
and autumnal equinoxes
e To not introduce selection bias — use onIy the Figure: Sun positions at noon as seen from AGO70 during 2023
measurement from the same part of the year
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Table: List of selected geostationary targets.

* Long-term monitoring campaign since 2019

» Selected were 14 functional satellites along the
GEO ring

 Different architectures — Cube-wing satellites with
different solar panels complexity or cylindrical
bodies

* Monthly monitoring

* Each night at least 3 observations — before, near and
after opposition — to minimize the phase angle effects

e Each observation consist of number of exposures in all
photometric passbands

e All summer months are averaged to obtain annual color
indices
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* Long-term monitoring campaign since 2019

» Selected were 14 functional satellites along the
GEO ring

 Different architectures — Cube-wing satellites with
different solar panels complexity or cylindrical
bodies

* Monthly monitoring

* Each night at least 3 observations — before, near and
after opposition — to minimize the phase angle effects

e Each observation consist of number of exposures in all
photometric passbands

e All summer months are averaged to obtain annual color
indices

Figure: Snapshot of the color indices of all campaign GEO targets from the
24th of July, 2019. For each object presented are measurement under three
different phase angles with their mean uncertainties.
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METEOSAT 11 (Cospar 2015-34A; Norad 40732) N7

e EUMETSAT — meteorological dual-spin GEO satellite
e Operational since 2015 — after fast weathering
* Annual color index changes rates

e A(B-V) ~ 0.2 mag

e A(R_I.) ~0.05 mag

* A(B-1)) ~ 0.25 mag Reddening — Faster increase in
(B-V) thanin (R_I.)
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Conclusion

* Presented were:
e Motivation and general aims of the PhD thesis
* BVRI photometry basic idea for object characterization
* GEO satellite long term monitoring campaign
e Space weathering investigated on METEOSAT 11

* All routines developed are prepared to be run AGO70
data with different filter sets

e Full pipeline for the photometric reduction
* Python library of functions for the color light curve
processing
* What next:
* To continue with the monitoring of the GEO satellites

e To automatized the data processing (after 4 yeas ~170
000 frames)

* Process all measured satellites and estimate the space
weathering and aging rates

- Conference of Young Astronomers
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Thank you for attention !
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