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ABSTRACT

The Apophis asteroid 99942 will make a close approach with Earth on 13 April 2029 (1) and can be followed from central Europe and Africa (2). Its trajectory influenced by Earth’s gravity is well predicted. However, there are uncertainties concerning its rotational behavior and the long-term influence on its path (3–6). Changes to its rotation period of at least 27 hours, are predicted, but their magnitude is unclear due to uncertainty of non-homogeneous mass distribution. Gravity interaction with Earth during the flyby may change these rotations and the strength of the semimajor axis drift rate due to Yarkovsky acceleration (4,7). It is therefore of interest to measure Apophis’ rotation combined with its trajectory during the flyby.

The MEADE LX200GPS telescope is primarily designed for astronomical observing and is used to observe celestial and deep-space objects where, after lock-on, tracking is mainly achieved by adjustment of Earth rotation (8,9). Additional adjustments must be made to track an artificial satellite or the Apophis asteroid during the close approach to Earth (10). The tracking data are initially based on open loop calculations. During actual observation, real-time corrections are made through optical tracking with a camera. In addition, the camera will be used to measure rotational changes through Fourier analysis on the apparent brightness (11,12).

A first experiment is planned in 2024-2025 to track the International Space Station (ISS) using the adapted telescope and estimate the tracking measurement precision. The adaptation includes the integration of a camera and software development to calculate the offset from the nominal path. Through the creation of inserted offset-errors from the nominal known path, precision of the optical calculated offset will be derived. In addition, an on-line site will be developed to share information for public education and will present real-time calculations of tracking ISS and Apophis in 2029. The adaptations and the results of the experiment will be presented, as well as suggestions for further upgrade of the system in order to retrieve significant data from the actual Apophis flyby.

References:

1.	Giorgini JD, Benner LAM, Ostro SJ, Nolan MC, Busch MW. Predicting the Earth encounters of (99942) Apophis. Icarus. 2008 Jan;193(1):1–19. 
2.	ESA. ESA - Planetary Defence. 2024 [cited 2024 Jun 11]. Apophis. Available from: https://www.esa.int/Space_Safety/Planetary_Defence/Apophis
3.	Pravec P, Scheirich P, Ďurech J, Pollock J, Kušnirák P, Hornoch K, et al. The tumbling spin state of (99942) Apophis. Icarus. 2014 May 1;233:48–60. 
4.	Benson CJ, Scheeres DJ, Brozović M, Chesley SR, Pravec P, Scheirich P. Spin state evolution of (99942) Apophis during its 2029 Earth encounter. Icarus. 2023 Jan 15;390. 
5.	Souchay J, Souami D, Lhotka C, Puente V, Folgueira M. Rotational changes of the asteroid 99942 Apophis during the 2029 close encounter with Earth. Astron Astrophys. 2014 Mar;563. 
6.	Souchay J, Lhotka C, Heron G, Hervé Y, Puente V, Folgueira Lopez M. Changes of spin axis and rate of the asteroid (99942) Apophis during the 2029 close encounter with Earth: A constrained model. Astron Astrophys. 2018 Sep 1;617. 
7.	Vokrouhlický D, Farnocchia D, Čapek D, Chesley SR, Pravec P, Scheirich P, et al. The Yarkovsky effect for 99942 Apophis. Icarus. 2015 May 5;252:277–83. 
8.	Kruzhilov I. Small-angle rotation method for star tracker orientation. J Appl Remote Sens. 2013 Nov 19;7(1):073479. 
9.	Wahr JM. The Earth’s rotation. Annual review of earth and planetary sciences Vol 16. 1988 May 1;16(Volume 16, 1988):231–49. 
10.	Anderson LG. Satellite tracking with telescope and software [Internet]. [Monterey, California]: Naval Postgraduate school; 2019 [cited 2024 Jun 11]. Available from: https://apps.dtic.mil/sti/pdfs/AD1086919.pdf
11.	Riel T, Sinn A, Schwaer C, Ploner M, Schitter G. Iterative trajectory learning for highly accurate optical satellite tracking systems. Acta Astronaut. 2019 Nov 1;164:121–9. 
12.	Serra M, Curetti M, Bravo SG, Mathe L. Implementation of control algorithm for optical tracking system in Meade LX200-ACF telescope. In: 2017 17th Workshop on Information Processing and Control, RPIC 2017. Institute of Electrical and Electronics Engineers Inc.; 2017. p. 1–6. 
 
1
Approved for public release. OTR 2025-00021.
