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Space-ground collaborative weighted orbit determination and
prediction method for resource-constrained space-ground
communication scenarios

Deng Ruofan, Wang Haoyu, Wei Fengmei, Qin Lin, Ning Kai
China Satellite Network Innovation Co., Ltd., Beijing 100029, China

Abstract: Precise orbit determination is fundamental to ensuring the reliable operation of low Earth orbit satellite services such as com-
munication, navigation, and remote sensing. Under resource-constrained space-ground communication conditions, traditional orbit de-
termination methods that rely on ground-based processing of raw global navigation satellite system (GNSS) observations face signifi-
cant challenges. To address this issue, a space-ground collaborative orbit determination low earth orbit satellite weight and prediction
system architecture was proposed. Under this framework, satellites no longer merely forward raw GNSS observations but autonomously
compute and transmit lightweight position and velocity coordinates. The ground system then performs efficient orbit determination and
prediction based on these results, substantially reducing the demand for space-ground communication bandwidth. To enhance orbit de-
termination accuracy, the Helmert variance component estimation method was further introduced to optimally weight the heterogeneous
position and velocity information computed onboard, fully utilizing their statistical characteristics. Experimental results demonstrate
that using 3-hour position and velocity coordinates as observation data, the maximum position errors for 1-day and 2-day orbit predic-
tions are better than 43 meters and 349 meters, respectively, validating the effectiveness of the proposed method in resource-constrained
scenarios.
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