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Regional Navigation Satellite System (RNSS) employs a constellation of navigation satellites in Inclined Geosynchronous
Orbit (IGSO) and Geostationary Orbit (GEO) because they can provide constant coverage over specific area. Navigation
satellites in these orbits, as well as conventional ones in Medium Earth Orbit (MEO), are affected by perturbations other
than the gravitational pull of the Earth. However, the influence of each perturbation on IGSO/GEO is different from that of
MEO because of their higher altitude. In order to provide precise orbit to RNSS users, the influence of each perturbation
on IGSO/GEO must be considered in the dynamic model for orbit determination. Therefore, in this study, we analyzed the
influence of each perturbation on the accuracy of orbit propagation model using precise orbit from German Research
Centre for Geosciences (GFZ). As a result of the analysis, it was confirmed that geopotential, third body gravity, and solar
radiation pressure have such dominant impact that they must be considered to achieve decimeter-level orbit propagation
accuracy.
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Fig. 1. Perturbations acting on navigation satellites.

Table 1. Perturbation model descriptions.

Perturbations Models
Geopotential EGMO96 (degree: 12, order: 12)
Third body gravity DE405 (Sun, Moon)
Solar radiation pressure ECOM (9 coefficients) with conical shadow model
Tidal effect 1IERS conventions 2010; FES2004 for ocean tides

General relativistic effect IERS conventions 2010
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dY AE=Z BeiDou GEO &1 QZSS IGSO &0l CHol 22k SLR &Xt LIEA 45 c¢m, 15 cm =
HETE M3B06l= German Research Centre for Geosciences (GFZ) JI22 &HY HTE AIZoACH
(Montenbruck et al. 2017).
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Table 2. Acceleration forces perturbing the navigation satellite orbit.
Acceleration [m/s?]
QZSS J01 (IGSO)  BeiDou CO1 (GEO)

Two-body 0.19~0.26 0.22
Geopotential 6~10x10° 8 x 107
Lunar gravity 3~5x10° 3~5x10°
Solar gravity 2~3x10° 2~3x10°
Solar radiation pressure 1.6 x 107 107
Tidal effect 1~2x1010 1~3x101°
General relativistic effect 6~8x10M" 7 x 101
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Fig. 2. Propagation model error time history for QZSS PRN JO1 IGSO satellite.
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Fig. 3. Propagation model error time history for BeiDou PRN C01 GEO satellite.
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Table 3. Maximum propagation error after 24 hours under each perturbation option.

A B C D E F G
Two-body v v v v v v v
Geopotential - v v v v v/ v
Lunar gravity 4 - 4 4 4 v v
Solar gravity v/ 4 - v v v/ v/
Solar radiation pressure v v v - v v v
Tidal effect V4 v V4 v - V4 v/
General relativistic effect 4 4 4 4 4 . v/

Maximum propagation error of QZSS PRN JO1 (IGSO) [m] 3949 3596 2675 3594 082 0.77 0.72
Maximum propagation error of BeiDou PRN CO1 (GEO) [m] 19383 5302 2854 578.3 0.46 0.25 0.25
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