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Table 1 Noise parameters of the link

Type  qo/ns® qi/(ns’ h™") go/(ns® -h™7)
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Table 2 Analysis of frequency stability gain in fusion results

*2 MAERMEREEERSN

7/min  GPS PPP TWSTFT Fusion Gain

30 2,69 x 107" 1.33x 107" 240 x 107"  91.08%
60 1.85 x 107 8.03x 107  3.60 x 107 80.49%
120 1.27x 107" 471 x 107 3.72x 107 70.59%
240 7.94x 107 3.97x107' 328 x107'° 58.69%
480 454 x107'  3.87x 107 266 x 10715 41.35%
960  2.73x 107" 147 x 107" 177 x107*°  35.16%
1917 1.43x107%° 126 x 107" 1.12x107*° 21.77%
3834 816x 107 3.13x107* 816x 107  0.00%
5117 6.92x 10716 251 x 107" 6.63x 1075  4.19%
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Table 3 Frequency stability analysis of fusion results

7/min GPS PPP TWSTFT Fusion (+) Fusion (—)

30 2.69 x 107" 1.33x 107" 240 x 107"  4.34 x107'®
60 1.85x 107 8.03x 107 3.60x 107'° 4.89 x 10715
120 1.27x 107" 471 x 107" 3.72x 107"  4.56 x 107'°
240 7.94x 107 397 x 107 3.28 x 107 4.73 x 107'°
480  4.54x107'° 3.87x 107 266 x 107 276 x 107
960  2.73x 107 147 x 107" 1.77x107*® 1.67 x 107'°
1917 143 x107%% 126x 107 1.12x 107" 1.24x10°%
3834 816 x107'% 3.13x107" 816x107'% 598 x 107'°
5117 6.92x107'% 251 x107" 6.63x107'% 5.20x 107'¢
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Research on Data Fusion Method of Time Transfer Link under
Unequal-interval Measurement Conditions

WANG Xiang??  SONG Hui-jie’'?>  GUO Dong'?  GAO Zhe'?  WANG Wei-xiong!2
WU Wen-jun!'?3  DONG Shao-wul?3
(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)

(2 Key Laboratory of Time Reference and Applications, Chinese Academy of Sciences, Xi’an 710600)
(8 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)

AsstracT In order to fully utilize different types of time transfer links, it is necessary to realize the fusion
application of time transfer link data under different sampling rates. This article proposes a data fusion
method based on multi-resolution analysis. Firstly, we perform wavelet decomposition on the original data
to achieve a unified resolution and initially eliminate high-frequency noise. Subsequently, Kalman filtering
is employed across various resolutions. Ultimately, the Mallat fast reconstruction algorithm is utilized to
derive the fusion result. The method is used to process time transfer data between the National Time
Service Center (NTSC) of the Chinese Academy of Sciences and the Physikalisch-Technische Bundesanstalt
(PTB) of Germany. The results show that the fusion algorithm can handle data problems caused by link
anomalies or interruptions. Since the actual measurement results of the GPS (Global Positioning System)
PPP (Precise Point Positioning solutions) link perform better than those of the TWSTFT (Two-Way
Satellite Time and Frequency Transfer) link overall, the GPS PPP link measurement results are used to
evaluate the gain of the fusion algorithm. Using Rapid Realization of Coordinated Universal Time (UTCr)
as the reference, the accuracy gain of the data fusion result is about 1%, and the daily frequency stability
gain is better than 20%. At the same time, the fusion algorithm can suppress the periodic noise of the
TWSTFET link, effectively improving the stability and robustness of the link.

Key words techniques: TWSTFT, techniques: GPS PPP, techniques: time transfer, methods: wavelet
decomposition, methods: Kalman filtering, methods: fusion
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