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Study on multi-system GNSS data fusion technology in PPP time comparison
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Abstract : With the construction of global navigation satellite system ( GNSS) , the technology of multi-system fusion time comparison has
become the developing trend in the field of timekeeping. In this study, the data of GNSS receivers are utilized, which are from the time
keeping laboratories of National Time Service Center of Chinese Academy of Sciences, Institute of Photonics and Electronics Academy of
Sciences of the Czech Republic, and SP Technical Research Institute of Sweden. Based on the multi-system measurements data and the
precision products clock, orbit downloaded from the international GNSS service center, the multi-system GNSS data fusion technology in
PPP time comparison is studied. Experimental results show that the multi-system fusion technology can increase the number of available
satellites. Compared with the single system, the number of observed satellites is doubled. The effects of multipath error and observation
noise are reduced, which are caused by observation altitude angel. The influence of receiver clock error is suppressed, which can be used
to improve the stability and reliability of time comparison. With the multi-system GNSS fusion technology in the long baseline time
comparison, the stability results are better than of the any single system. Compared with BDS, GLONASS and Galileo, the stability is
increased by at least 5%.
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Fig.1 The method of GNSS space signal receiver
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Table 3 The ADEV of UTC(NTSC)-UTC(TP)

Tau/s e GPS BDS GLONASS Galileo
30 1.661x107" 1.848x107"2 1.917x10712 1.872x10712 1.775%x107 12
60 1. 143x10712 1.232x10712 1.295%10712 1.289x10712 1.217x10712
120 8.048x107" 8.540x107" 9.096x107" 9.126x107" 8.583x1071
240 5.556x107 13 6.024x10713 6.353x10713 6.216x10713 5.957x107 13
480 3.937x10713 4.153%10713 4.506x10713 4.325%107"3 4.220x107"
960 2.695x107 13 2.753x10713 3.012x10713 2.922x1071 2.866x10713
1920 1.917x107"3 1.946x1071 2.084x107"3 2.034x10713 2.006x107"3
3 840 1.348x10713 1.364x1071 1.463x10713 1. 426x10713 1.406x10713
7 680 9.578x107™ 9.706x1071* 1.036x107"3 1.023x107"3 1.007x107"3
15 360 7.205x1071 7.286x1071 7.721x107% 7. 666x107' 7.526%x107™
30 720 4.907x107 4.925x1071 5.520x107" 4.855x107* 4.870x107"
61 440 3.107x107* 3.115%107 3.811x107" 2.913x107 2.976x107 '
122 880 2.617x107 2.601x1071 2.901x107™ 2.440x107' 2.561x107'
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Tau/s [cliSEs GPS BDS GLONASS Galileo
30 2.742x107 1 2.867x10713 6.786x107 "3 6.348x107 4.955x107"3
60 1.579%107"3 1.647x1071 3.915%x10713 3.706x107"3 2.818x10713
120 9.538x10™ 9.887x107 2.321x10713 2.288x107 1 1.652x10713
240 6.502x1071 6.582x107" 1.468x107" 1.464x107"3 1.042x107 "
480 4.659x107" 4.563x107 9.052x107 9.961x10™* 6.778x107 1
960 3.313x107 3.200x107 5.789x107 1 7.063x1071* 4.488x1071
1920 2.250%x107™ 2.281x1071 3.807x107™ 4.915%107™ 2.974x107™
3 840 1.474x1071* 1.535x107 2.747x107 3.516x107* 2.125x107
7 680 1.132x107™ 1.195x1071* 2.179%107 3.123x107™ 1.731x107™
15 360 9.057x107% 9.805x107 %% 1.718x107* 2.227x107 % 1.181x107*
30 720 8.569x107 " 8.822x107" 1.467x107"* 1.434x107* 9.192x107"
61 440 7.810x107"% 7.866x1071° 9.639x107" 1.027x107 8.050x107"3
122 880 6.634x107" 6.691x1071% 9.090x107" 1.042x1074 7.853%107"
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Fig.13  The improvement percent of UTC(NTSC)-UTC(TP)
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