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Application of Vondrak-Cepek combined filtering in
the fusion of BeiDou CV and TWSTFT
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Abstract: In order to reduce the diurnal in TWSTFT ( two-way satellite time and frequency transfer) , based on the fact that there is no diurnal
in BeiDou common view link, the Vondrak-Cepek combined filtering was applied to combine BeiDou common view and SATRE (satellite time and
ranging equipment) TWSTFT or SDR ( software-defined radio) TWSTFT among NTSC ( national time service center), Chinese Academy of
Sciences, PTB ( physikalisch-technische bundesanstalt) and NIM ( national institute of metrology). Two indexes, namely time deviation and
amplitude spectrum, were used to evaluate the gain factors in reducing the diurnal of the fusion results, and the agreement of the two types of links
was revealed by taking GPS PPP ( precise point positioning) time comparison as reference. Results show that the diurnal of the fusion results is
greatly improved after Vondrak-Cepek combined filtering, and the absolute value of the differences between the fusion solutions and GPS PPP
solutions is kept within the calibration uncertainty of time link. For the baseline of NTSC-PTB, the gain factors of 1 — day time deviation( TDEV)
of fusion results versus SATRE TWSTFT and SDR TWSTFT are 1.85 and 1.81, respectively. For the baseline of NTSC-NIM, the gain factors are
1.69 for SATRE TWSTFT and 1.59 for SDR TWSTFT. The short-term stability of fusion results is significantly improved.

Keywords: time transfer; redundant link; data fusion; diurnal; Vondrak-Cepek combined filtering
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Fig.3 Gain in TDEV of NTSC-PTB and NTSC-NIM links
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& TDEV/ ps TDEV/ ps 5E2
NTSC-PTB 407 220 1.85
NTSC-NIM 306 181 1.69

e SDR TWSTFT ~ SDR & BDS CV M5
TDEV/ ps TDEV/ps 5E2

NTSC-PTB 380 210 1.81
NTSC-NIM 297 187 1.59
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Fig.9 Spectral analysis of NTSC-PTB link before and

after combined smoothing
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Tab.4  Gain in 24 h frequency amplitude of
NTSC-PTB and NTSC-NIM links

SATRE SATRE & 2%
G e

TWSTFT BDS CV HF
NTSC-PTB 0.37 0.02 4.30
NTSC-NIM 0.23 0.03 2.77
SDR SDR & iy

% )
TWSTFT BDS CV HF
NTSC-PTB 0.25 0.04 2.50
NTSC-NIM 0.47 0.02 4.85
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solutions and GPS PPP
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Tab.5 DCD results of different links

i DCD e KAA/ ns e/ ME/ ns ¥IH/ ns FrUEZE/ns
SATRE & BDS CV-GPS PPP 0.41 -1.31 -0.29 0.35
SDR & BDS CV-GPS PPP 0.63 -1.16 -0.17 0.36
NTSC-PTB
SATRE TWSTFT-GPS PPP 2.37 -3.86 -0.28 0.95
SDR TWSTFT-GPS PPP 1.36 -3.20 -0.16 0.70
SATRE & BDS CV-GPS PPP 1.39 -1.65 -0.16 0.61
SDR & BDS CV-GPS PPP 1.22 -1.64 -0.18 0.57
NTSC-NIM
SATRE TWSTFT-GPS PPP 3.89 -3.79 -0.20 1.02
SDR TWSTFT-GPS PPP 3.43 -5.11 -0.20 1.04
4 @B DCD ZEF8HR 3 #7, uEBH T V-C J7 kX TWSTFT
zh7T

K Vondrak-Cepek 20 458 I 5 i 0 A5 JE
H W B4 ) BDS CV 1 TWSTFT 45 S 76 R [m) 3
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I E) 4 22 , A3 24 b Zp S WRAE LA S5 GPS PPP 1Y
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