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ABSTRACT

Launched in 2017, FORMOSAT-5 is a spacecraft located on a 720 km Sun synchronous orbit carrying indigenously developed payloads for Earth observation and in-situ ionospheric measurements. The FORMOSAT-5
attitude and orbit control subsystem (AOCS) contains a navigation filter utilizing a numerical orbit propagator to provide estimates of spacecraft inertial position and velocity when the onboard GPS receiver is not available.
Times during which the onboard GPS is available provide an unique opportunity to assess the performance of the orbit propagator. In this paper, we report the variation of the FORMOSAT-5 orbit propagation error due to
different orbit perturbations by using the built-in High Precision Orbit Propagator (HPOP) in the Systems Tool Kit (STK) and our self-made MATLAB orbit propagator. The effects on orbit propagation error by introducing
drag effects from various empirical thermospheric models is also explored. The results will be used to improve navigation and tracking functions for future Taiwanese satellites and also provide insight into the neutral
density modeling capability of current empirical thermosphere models, which are also a key tool for understanding thermosphere and ionosphere variability.
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DIFFERENCES IN INITIAL CONDITIONS
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e | R e for the initial condition. Kutta with 1.2096 sec step size. The effect of gravitational model selection is few hundreds meters of
position error.
EFFECT OF DRAG
e (One of the most Significant but Sophisticated orbit perturbation in LEO. Comparison between propagation position error with drag calculated using the Jacchia 1970 (red), Jacchia-Roberts (green), and Naval Research Laboratory Mass
i _ Spectrometer Incoherent Scatter Model 2000 (NRL MSISE-00) (blue) empirical models. 4™ order Runge-Kutta method with 1.2096 sec step size is chosen as integrator.
* Equatlon of drag- GEM-T1 gravitational model to degree and order 21 is used.
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p : atmospheric density, estimated by empirical atmospheric models. The estimation of the
models will depend on the input of the F10.7 solar radio flux index, geomagnetic indices and

the way of processing them. :
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This calculation 1s too complicated for onboard or operational use, and a simplified estimate Is ey

Jacchia-Roberts

usually used. £ e

% : area to mass ratio, area Is defined as the cross-section of the satellite, which Is dependent upon ; : S ; ; 5 5
spacecraft attitude. Mass will also change if there is consumption of propellant. ) e L s

V.1 relative velocity between the satellite and atmosphere, not only the velocity of the satellite but Dec20  Decz2  Dec2s  Dec2s DM Mer2o Merdt A0z ez e w0 wiod Cswn s s se®
also the wind in upper atmosphere and the corotation of the atmosphere with the earth. The first row shows that during the four seasons in northern hemisphere, the propagator with drag only performs better

during winter solstice. In the second row, the propagation epochs are all during geomagnetic quiet-times. The relative
performance Is similar to the storm time case studies, with the exception of during vernal equinox.
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»  Atmospheric model: NRLMSISE-00 8 precision.
«  Accuracy: position error lower than il » Assess thermospheric density by using different empirical models of
4 km after 7-days of propagation g Eop i physical model.
Results E  The density estimation precision in this orbit may related to the solar cycle
+ Results of UPPERAIR-OP compared with 2 and need more analysis. o
space weather proxies and lunar cycle. S « Same kind of propagation method can be used for other satellites in the
+  7-days of propagation in every beginning of § future (e.g. FORMOSAT-7/COSMIC-2) for more thermosphere assessments.
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