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Analysis of Deep Space Probes Observational Data
by 13-m Antenna

HE Qing-bao'?, CHEN Yi-hao?, YANG Xuan?, YAN Jian-guo?, LI Fei2

(1. Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen
518055, China; 2. LIESMARS Laboratory, Wuhan University , Wuhan 430079, China)

Abstract: The 13 m antenna of Wuhan University has now equipped with hydrogen atom-
ic clock, X-band cryogenic receiver and digital back ends. It performed observations on
Chang’E-3 (CE3), MRO (Mars Reconnaissance Orbiter), MEX (Mars Express) and Juno.
We processed and analyzed the observational data of the past two years. The results showed
SNR (Signal to Noise Ratio) increased by 3 dB after installing the cryogenic equipment on
receiver, and the accuracy of received frequency with 1 s integration reached 20 mHz after
replacing rubidium atomic clock by the hydrogen atomic clock. Analysis found that the sta-
bility of local frequency generated by hydrogen atomic clock was low when the integration
time was in the order of millisecond. However, the stability reached the level of 1072 when
the integration time was 1 s, which indicated it could meet the requirements of current space
missions. What’s more, we presented a new method of calculating total phase of received
signals. It can be feasible in the case of signals with very low SNR. We calculated the total
phases of MRO and MEX. Power spectrum results were in good agreements with studies
carried out by other researchers. The overall results showed that Doppler frequency with
high accuracy and total phase fluctuations can be obtained by the 13 m antenna observing
deep space probes. They can be used not only in orbit determination, but also in the study

of solar plasma.
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