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Orbital Optimization of BDS-3 IGSO Satellites for Arctic Shipping Route Services
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Abstract: To address the limited service performance of the BeiDou-3 Global Navigation Satellite Sys-
tem (BDS-3) in the Arctic shipping route, while maintaining the overall architecture of the existing con-
stellation essentially unchanged, it is considered to equip the inclined geosynchronous orbit (IGSO) sat-
ellites with regional short-message communication (RSMC) and satellite-based precise point position-
ing (PPP) payloads. The optimization of the IGSO satellite orbits is carried out to compensate for the
performance shortcomings of geostationary orbit (GEO) satellites in high-latitude regions. To tackle the
conflict among optimal values of different performance metrics during parameter selection, an orbit-op-
timization model based on multi-criteria decision making (MCDM) is developed. Max-min normaliza-
tion and an equal-weight simple additive weighting (SAW) method are adopted to unify the dimensions
of multi-dimensional indicators and rank candidate schemes, thereby determining key parameters such
as inclination and eccentricity. Results show that when the IGSO inclination is 75°, the eccentricity is
0.1, the argument of periapsis is 260°, and the recurrent longitude is 113° E, the maximum position di-
lution of precision (PDOP) decreases markedly from 3.9x10* to 110.44 at a 20° elevation cutoff angle,
while the availability of the combined GEO+IGSO configuration increases to 99.92%, significantly en-
hancing the comprehensive service capability of BDS-3 in the Arctic shipping route.

Key words: BDS-3; Arctic shipping route; inclined geosynchronous orbit (IGSO); orbital optimiza-

tion; multi-criteria decision making (MCDM)
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