o AT The 10th International Conference on

So \; 0/ %%9 Fuzzy Systems and Data Mining
W\ (FSDM 2024)

Nov. 5-8, 2024
(Matsue, Japan)

Satellite Telescope Self-Calibration
through Precise Stellar Data Mining

Presented by: Konstantin Ryabinin, Gerasimos Sarras, Wolfgang Loffler, Olga Erokhina,

Michael Biermann
Affiliation: Astronomisches Rechen-Institut, Center for Astronomy of Heidelberg University

ﬁﬂﬁ: \Eﬁb
’ ’ ZENTRUM FUR Eplinn. MQ% UNIVERSITAT
ASTRONOMIE Rl U
?§ & ZUKUNFT
el 7
72

SEIT 1386

FSDM
4562



JASMINE FSDM 4562

Japan c—

A strometry / |

Satellite g ‘
Mission for \ ( Pe \ \
IN frared \ ‘

E xploration

NAC)J

National Astronomical
Observatory of Japan

\J /

’

K. Ryabininetal. | ARI/ZAH Satellite Telescope Self-Calibration through Precise Stellar Data Mining 2/16



JASMINE FSDM 4562

Japan Goals:
Astrometry 1. Star catalog
S atellite refinement

Mission for of Milky Way center

IN frared 2. Earth-like

E xploration exoplanets
discovery

FIIXNZS

‘('
National Astronomical
Observatory of Japan

b=—1.1°
[ =+41.2° [ = +0.7° [=0° [ =—1.4°

K. Ryabininetal. | ARI/ZAH Satellite Telescope Self-Calibration through Precise Stellar Data Mining 2/16

[ =—-1.9°



JASMINE FSDM 4562

Japan Goals:

Astrometry | 1.Star catalog

S atellite refinement

Mission for of Milky Way center

IN frared 2. Earth-like

E xploration exoplanets
discovery

FIIXNZS

‘('
National Astronomical
Observatory of Japan

b=—1.1°
[ =+41.2° [ = +0.7° [=0° [ =—1.4°

K. Ryabininetal. | ARI/ZAH Satellite Telescope Self-Calibration through Precise Stellar Data Mining 2/16

[ =—-1.9°



Astrometric Problem FSDM 4562
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Calibration Model Validation: Synthetic Distortion FSDM 4562
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Calibration Model Validation: Synthetic Distortion FSDM 4562

Synthetic Pattern: 2196 Stars Synthetic Distortion: 775 Stars Visible
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Calibration Model Validation: Naive Solution FSDM 4562
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Calibration Model Validation: Spectrum FSDM 4562
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Calibration Model Validation: Wrong Solution FSDM 4562
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Calibration Model Validation: Correct Solution FSDM 4562
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2 Exposures
1150 Observations

/75 Stars in Catalogue
(75 Stars Updated

42 Eigenvalues Cut

K. Ryabinin et al. | ARI/ZAH Satellite Telescope Self-Calibration through Precise Stellar Data Mining 12/ 16



JASMINE Mission Overview FSDM 4562
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AJAS Performance on a Cluster FSDM 4562
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Conclusion FSDM 4562

Key Contributions:
1. Direct solver AJAS handles JASMINE problem in 8.5 hours on 5000 CPU cores
2. Calibration model based on the Legendre polynomials can recover significant distortions

Future Work:
1. More complex distortions should be tested

2. Data mining on residuals — extracting systematics and moving it to calibration,
so the residuals have random Gaussian distribution
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