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Abstract: Objective Aiming at the limitations of ground-based optical and radar systems for spacecraft monitoring at the
distance between Earth and the Moon, this study proposes a joint space-ground-based monitoring program for near-lunar
spacecraft based on radio passive sensing technology, which does not need to actively transmit radio signals but only
utilizes downlinked radio signals sent by the spacecraft in orbit to realize target monitoring. Method First, the theo-
retical method of radio passive sensing technology is introduced, which uses every two sensors to form a measurement
baseline to measure the time delay and frequency difference observation of the target by time difference of arrival (TDOA )
and frequency difference of arrival (FDOA) methods. Then, three monitoring programs of space-, ground-, and space-
ground-based synergy applicable to near-lunar spacecraft are designed. The space-based monitoring scheme mainly realizes

passive monitoring of near-lunar spacecraft by deploying multiple space-based sensors at the first cislunar Lagrange point
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and forming a measurement baseline between two sensors. The structure of the space-based monitoring system is preliminar-
ily designed; it contains five subsystems, namely, parabolic observation antenna subsystem, time and frequency reference
subsystem, RF link and downconversion subsystem, signal sampling and recording subsystem, and high-speed communica-
tion to Earth subsystem. The workflow of the space-based monitoring system is also preliminarily analyzed and designed as
follows: 1) the parabolic antenna of space sensors, in accordance with the guidance file, is aligned with the lunar space-
craft target and receives its downlink RF signals. 2) The downlink RF signal is amplified, filtered, and converted into an
intermediate frequency signal by the on-board downconversion system. 3) The intermediate frequency signal is collected
and recorded by the on-board signal sampling and recording subsystem and converted into a digital signal. 4) The digital
signal of the tracked target is sent to the ground station through the high-speed communication to Earth subsystem. 5) After
the digital signals from two or more space sensors are gathered at the ground station, the signal processing center completes
the generation of TDOA and FDOA observations of lunar spacecraft targets and the orbit determination of lunar spacecraft.
In the workflow design of this space-based monitoring system, the application scenario in which a single space-based sensor
completes the radio detection processing for a near-lunar space target is not considered, while the signal processing analysis
of the space-based monitoring system is completed through the ground-based signal processing center. The sensors of the
ground-based monitoring program are deployed on Earth’s surface, and the radio monitoring of near-lunar spacecraft is car-
ried out in a mode similar to that of the traditional joint observation of VLBI stations. In the space-ground-based cooperative
monitoring program, the sensors are deployed at the first cislunar space Lagrange point and on Earth’s surface, forming a
joint space-ground-based measurement baseline to realize the joint tracking of the near-lunar spacecraft. Then, the ground
signal processing center obtains the observation quantities of the time delay and frequency difference of the target space-
craft, thus realizing the orbit determination of the target. Subsequently, the key technologies involved in the design of the
near-lunar spacecraft monitoring program are analyzed, specifically including the key technologies of sensor layout, target
guidance, signal reception, TDOA/FDOA processing, error correction, and target orbiting and forecasting. Result Radio
passive sensing monitoring test of near-lunar spacecraft in orbit is carried out, and a ground-based deep-space antenna is
used to monitor spacecraft. The signal of an unknown lunar spacecraft that randomly enters into the range of the main flap
of the deep-space antenna is successfully monitored, and spectrum analysis and frequency monitoring are carried out. The
frequency result from signal measurement shows a periodic pattern, which is exactly half a cycle (1 h), during the observa-
tion time. This study infers that the Doppler frequency change period generated by the spacecraft’s ground motion is 2 h,
which corresponds precisely to the Doppler frequency change period of a typical circumlunar probe relative to a ground-
based station. Through the above experiments, the Doppler variation motion pattern of the target is grasped, and the feasi-
bility of the monitoring scheme proposed in this paper is preliminarily verified. Conclusion Effective radio monitoring of
near-lunar spacecraft can be realized through multiple space—ground-based antennas covering the near-lunar range in accor-
dance with the antenna beam range. The commonly used measurement and control frequency coverage of S/X can be set to
realize the determination of their orbits and facilitate the safe operation of near-lunar spacecraft. The space-based monitor-
ing program for near-lunar spacecraft based on radio passive sensing proposed in this paper can provide useful technical ref-
erences for the design and realization of subsequent near-lunar spacecraft monitoring systems.
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