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Autonomous satellite orbit determination is a key technique in autonomous satellite
navigation. Many kinds of technologies have been proposed to realize the autonomous
satellite navigation, such as the star sensor, the Earth magnetometer, the occultation time
survey, and the phase measurement of X-ray pulsar signals.

This dissertation studies a method of autonomous satellite orbit determination using
star sensor. Moreover, the method is extended to the autonomous navigation of satellite
constellation and the space-based surveillance.

In chapters 1 and 2, some usual time and reference systems are introduced. Then the
principles of several typical autonomous navigation methods, and their merits and short-
comings are analyzed. In chapter 3, the autonomous satellite orbit determination using star
sensor and infrared Earth sensor (IRES) is specifically studied, which is based on the status
movement simulation, the stellar background observation from star sensor, and the Earth
center direction survey from IRES. By simulating the low Earth orbit satellites and pseudo
Geostationary Earth orbit (PGEO) satellites, the precision of position and speed with au-
tonomous orbit determination using star sensor is obtained. Besides, the autonomous orbit
determination using star sensor with double detectors is studied. According to the obser-
vation equation’s characters, an optimized type of star sensor and IRES initial assembly
model is proposed. In the study of the PGEO autonomous orbit determination, an efficient
sampling frequency of measurements is promoted. The simulation results confirm that the
autonomous satellite orbit determination using star sensor is feasible for satellites with all
kinds of altitudes. In chapter 4, the method of autonomous satellite orbit determination
using star sensor is extended to the autonomous navigation of mini-satellite constellation.
Combining with the high-accuracy inter satellite links data, the precision of the determined
orbit and constellation configuration is higher than that ever expected.

In chapter 5, two related pre-project researches are developed with respect to the space-
based satellite surveillance. One solves the un-convergence question in the preliminary orbit
determination and finds an advantageous preliminary orbit determination using inter satel-
lite angle measurement. In the other pre-project research, a creative space-based satellite
surveillance model is proposed, which is based on the autonomous surveillance platform
navigation. Using the star sensor’s navigation data associated with the inter satellite an-
gle measurement, the orbit parameters of the tracking space objects and the surveillance
platform are determined. Compared to the available experiment results overseas, the pre-
liminary orbit determination method and the autonomous navigation surveillance platform
model are found to be feasible. The research will significantly contribute to the new con-
ception of “space awareness”, as well as our country’s space security construction.



