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Fig.6 Long-Term Variations and RMS Statistics of the Model Fitting Residuals of GLONASS Cesium Clock in Orbit
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Fig.7 Long-Term Variations and Mean Statistics of the Stability at 1 800 s Interval of GLONASS Cesium Clocks in Orbit
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Long-Term Characteristics Analysis of GLONASS In-Flight Clocks

ZHAO Danning'

LEI Yu'?

1 School of Electrical &. Electronic Engineering, Baoji University of Arts and Sciences, Baoji 721013, China

2 School of Computer Science and Technology, Xi'an University of Posts and Communications, Xi'an 710121, China

Abstract: Objectives: In October 2011 the Russian GLONASS (global navigation satellite system) or-

bital constellation of 24 satellites is restored, enabling global coverage for positioning, navigation and

timing for civil users once again. It plays key roles in navigation system performance evaluation, integrity

monitoring, determination and prediction of satellite clock correction. To analyze the time-frequency charac-

teristics of GLONASS in-flight satellite clocks, GLONASS satellites are equipped with cesium clocks,

which are different from GPS, Galileo and BDS (BeiDou navigation satellite system)

satellites, so

GLONASS in-flight Cesium clock may have quite different time-frequency characteristics. However, analy-

sis and evaluation are rarely reported about GLONASS satellite clocks. Methods: In order to estimate the
behavior and state of GLONASS in-flight satellite clocks, the long-term characterization of the GLONASS
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in-orbit Cesium clocks is carried out in terms of the long-term variations of the five indices, namely clock
phase, frequency, frequency drift, frequency stability and clock model noise. In view of the availability and
accuracy of GLONASS satellite clock data, the precise GLONASS satellite clock products from Jan. 1,
2016 to May 11, 2019 with 5-minute interval released by the Russian GLONASS Information and Analy-
sis Center for Positioning, Navigation and Timing are used as data base to derive the clock phase, frequen-
cy, frequency drift and clock model noise from the quadratic polynomial model, as well as calculate the
clock frequency stability at the short interval according to the classical Hadamard deviation. Results: It is
clearly shown that the phase and frequency of the GLONASS on-board Cesium clocks are very stable. The
average values of the model noise and frequency drift of the GLONASS in-orbit clocks are 0.7 ns and
5.94X107%/d, respectively. The results demonstrate that GLONASS Cesium clocks have good physical
characteristics. The frequency stability of the GLONASS satellite clocks in orbit is at the 10™" level at short
interval , and there is noticeable relationship between the frequency stability and clock model noise, which
will be needed to clarify further. Conclusions: The results show that the physical characteristics of new
satellite clocks are better than that of older clocks, and the clock model noise are also substantially lower.
Key words: global navigation satellite system(GLLONASS); satellite clocks; clock model; frequency drift;
frequency stability

First author: ZHAO Danning, PhD, lecture, specializes in the autonomous satellite navigation. E-mail: zhaodanning31@163.com
Corresponding author: LEI Yu, PhD, lecture. E-mail: leiyu@xupt.edu.cn

Foundation support: The National Natural Science Foundation of China(11503031).

5] X #& 3 : ZHAO Danning, LEI Yu.Long-Term Characteristics Analysis of GLONASS In-Flight Clocks[J]. Geomatics and Information Science
of Wuhan University, 2021, 46(6):895-904.DOI:10.13203/j.whugis20190233 (& #+ 7 , T H§ .GLONASS & % J5 7 4h i K W45 P 20 B 1], 2%
IR - 5 BRI, 2021, 46(6):895-904.DO1:10.13203/j.whugis20190233)



