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Abstract: Objectives: The global BeiDou-3 navigation satellite system (BDS-3) along with regional Bei-
Dou navigation satellite system (BDS-2) is providing users with high—precision positioning, navigation and
timing services on three or more frequency signals. To deeply integrate the triple-frequency observations of
BDS-2 and BDS-3, we establish the BDS-2/BDS-3 joint triple-frequency precise point positioning (PPP)
models and analyze the characteristics of biases arisen in these models. Methods: Using the linear combina-
tions of raw observations, the triple-frequency ionosphere—{ree and uncombined PPP models are developed.
In particular, the mathematical expressions of receiver inter—frequency bias (IFB) and time delay bias (TDB)
between BDS-2 and BDS-3 are derived. Results: The experimental results show that BDS-3 can signifi-
cantly enhance the PPP performance. In static mode, the BDS-2/BDS-3 joint PPP is able to achieve the
positioning accuracy of 1.2/1.0/1.8 cm after the convergence time of 15.8/7.3/22.3 min in the east/north/
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up components. As for kinematic PPP, the convergence time and converged positioning accuracy are 27.3/

10.3/33.8 min and 2.2/1.7/4.4 cm, respectively. Conclusions: The convergence performance and positioning

accuracy of triple-frequency ionosphere—{ree and uncombined PPP models are comparable, and the third

frequency signal makes a marginal contribution to positioning performance. Both IFB and TDB show the

good intra—day stability. The intra—day standard deviations (STD) of IFB can reach 7.9 and 3.6 cm for
BDS-2 and BDS-3 signals, respectively, and the intra—day STD of TDB can reach 8.8 cm.
Key words: BeiDou—2 navigation satellite system (BDS-2); BeiDou—3 navigation satellite system (BDS-3);

triple-frequency precise point positioning ; receiver inter—frequency bias; time delay bias
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Fig. 2 Static PPP Position Errors and Available Satellite Number of 4 Models for BDS-2, BDS-3 and BDS-2/BDS-3 at

CUSV (DOY 32 of 2021)
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Tab.2 Static PPP Convergence Time and Positioning
Accuracy of 4 Models for BDS-2, BDS-3 and

BDS-2/BDS-3
\ SR R R/
PPP YRS /min " -
ES4 cm
i
E N U E N U
IF12 61.5 48.0 112.9 2.7 1.7 4.1
IF1213 61.0 40.9 99.1 2.4 1.9 4.1
BDS-2
IF123 59.9 439 104.6 2.5 2.0 4.2
UC123 62.7 47.8 110.3 2.4 2.0 4.0
1IF12 229 114 30.7 14 1.0 2.3
IF1213 194 9.2 276 1.3 1.0 1.9
BDS-3
IF123 19.3 10.2 26.3 1.3 1.1 2.0
UCl123 22.8 109 289 14 1.2 1.9
1IF12 17.1 7.8 23.8 1.2 0.9 1.9
IF1213 14.5 6.7 21.1 1.1 0.9 1.8
BDS-2/BDS-3
IF123 14.8 6.8 21.3 1.2 1.1 1.8
UcCl123 16,9 8.0 229 1.2 1.1 1.8
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Fig. 3 Kinematic PPP Position Errors of 4 Models for BDS-2, BDS-3 and BDS-2/BDS-3 at CUSV (DOY 32 of 2021)
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Tab.3 Kinematic PPP Convergence Time and Positioning
Accuracy of 4 Models for BDS-2,BDS-3 and BDS-2/BDS-3
WSEIF ] /min WSS E LR/ em
) N 6] E N U
IF12 110.3 68.4 200.3 5.9 4.5 10.0

A4  PPPHi#l

IF1213 100.7 56.4 190.2 6.1 4.6 10.1
BDS-2
IF123 1114 61.9 186.4 6.2 5.0 10.7
UCl123 112.8 72.6 203.9 6.8 4.8 10.8
1IF12 59.1 249 63.2 3.4 2.8 6.7
IF1213  47.1 19.1 53.1 3.1 2.5 5.9
BDS-3
1IF123 55.7 22.2 61.7 3.5 3.1 6.5
UCl123 479 209 57.3 3.5 2.8 6.7
1IF12 29.9 11.9 36.5 2.1 1.5 43
BDS-2/ 1F1213  25.0 9.2 30.9 2.2 1.6 44
BDS-3 1F123 26.2 9.9 334 2.2 1.7 43

UCl123 28.0 10.3 34.3 2.4 1.8 46
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