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Abstract

Satellite orbit prediction is a major objective underlying in all real-time GNSS applications. The accuracy of the [Equatlon Ofmotlon] [chatzonal Equatzons]

GNSS predicted orbits is critical in the case of high precision approaches such as the Precise Point Positioning
(PPP) method. The current study focuses on GNSS orbit propagation based on full force model and the use of

empirical parameters estimated over previous orbit arcs. Forces CRF : : Initial Conditions
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In particular, we apply dynamic orbit determination considering the estimation of empirical forces such as bias . EOP 1 1 L

and one cycle-per-revolution accelerations introduced in the three directions of the orbital frame i.e. radial, along-

track and cross-track components. The orbit prediction is performed based on numerical integration of the Orbit Partial

Equation of Motion and the use of the previously estimated parameters i.e. the Initial state vector and the arc derivatives

empirical parameters of the force model (bias and cycle-per-revolution terms) . Gravitational &

We investigate the strength of these parameters in terms of orbit accuracy and arc length. The study aims at mﬂ-g;gf:mal P .

guantifying the impact of the empirical parameters on the GNSS orbit propagation over following arcs. esatl;llztei:r: <—| Observations
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CRF: Celestial Reference Frame

| GP? ||R—M|, PRN C||29 EOP: Earth Orientation Parameters
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0.1} =~Along-track : Figure 1. Objectives of dynamic orbit determination (Papanikolaou and
=e=Cross-track Tsoulis 2013) as applied in the current orbit analysis scheme
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Time (Hours since 00h)

Beidou PRN C11 MEO Orbit residuals for GPS satellite PRN G29, IIR-M

0.1
0.05 Orbit arc / RMS (cm) Radial Along-track Cross-track
0
_0.05 Orbit Determination
0 1Day|  0.37 0.29 0.89
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= _0.2" ___ﬁfnag'_track - Orbit Prediction
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03l | 3 hours 1.50 4.15 2.65
6 hours 1.17 4.92 2.17
~04r ) 12 hours 1.38 7.81 3.08
_0.51- . 24 hours 3.74 25.50 5.19
0 3 6 > 12 I 182l 2427 300 33 36 Table 2. GPS satellite G29 orbit determination and prediction residuals
Glonass-M PRN RO7 (745) w.r.t IGS final precise orbits on 5/06/2011.
0.11 Conclusions
0.05 -
0 e S The combination of a dynamic orbit determination and propagation scheme has been applied to GPS, Galileo,
_0.05" Beidou and GLONASS satellites as a GNSS orbit prediction scheme. The current orbit determination approach
0.1 leads to mm to few cm residuals over the estimation of daily orbit arcs. In the case of GPS and Galileo, the orbit
£ propagation over following arcs up to 12 hours shows orbital differences within 10 cm. In the case of Beidou MEO
=~ 02+t —=Radial _ and GLONASS satellites, the orbit residuals are increasing significantly in the along-track component that may
=2 e Crose-track reach 50 cm. The quantification of the orbit propagation accuracy provides an insight in the empirical forces
_03 1~ - strength. In the frame of our ongoing research, we should mention the consideration of additional orbital effects
along with alternative empirical parameters estimation.
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