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Abstract: Objectives: With the completion and operation of China's Beidou-3 navigation satellite
system (BDS-3), the BDS provides all-time, all-weather and high-accuracy positioning, navigation
and timing services to global users. Network real-time kinematic (NRTK) technology, as the
primary means of high-precision positioning for BDS, has been widely used in various fields. And
the demand for development and promotion of the homemade standalone BDS receivers has been
increasingly growing in recent years. Methods: The data of standalone BDS receivers will be
process by the NRTK software PowerNetwork, which developed independently by Wuhan
University, to analyze and evaluate the NRTK performance. Sinan M300 Pro standalone BDS
receiver is used to collect data at four stations in Wuhan, and then the performance in three aspects,
namely the ambiguity resolution between reference stations, generation of regional augmentation
products, and real-time positioning for rover stations are comprehensively evaluated. In the first
aspect, the ionospheric-free three-carrier ambiguity resolution (IF TCAR) method is used to process
the three-frequency observations of BDS-2, while the B1I+B3I dual-frequency observations of
BDS-2/3 are processed by the MW method. In the second aspect, the corrections including
dispersive and non-dispersive errors for the rover station are obtained by linear interpolation
algorithm. In the positioning calculations, the Kalman method is employed to determine the float
ambiguity, and then the optimal position of the rover station is obtained after the ambiguity is
processed by the LAMBDA algorithm. Results: The experimental results show that the average
standard deviation of the wide-lane ambiguity and the original double-difference ambiguity
residuals of the three baselines is better than 0.1 cycle, which can determine the ambiguity reliably
in the first aspect. In the second aspect, the accuracy of the ionospheric delay and non-dispersive
errors for all visible satellite pairs is better than 1.00 cm and 0.5c¢m; In the last aspect, the fixed rate
and correctly fixed rate of the ambiguity for the rover are 99.72% and 96.55%, respectively. And the
RMS values in the horizontal and elevation directions are better than 1cm and 5cm, respectively.
Conclusions: The service performance of the homemade standalone BDS receivers in the above
three aspects is not significantly different from that of multi-system GNSS receiver, and the final
positioning accuracy can meet the needs of high-precision surveying and mapping.

Key words: standalone BDS receivers, NRTK, performance evaluation, ambiguity resolution
between reference station, positioning
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Fig. 3 The Optimal Wide Lane Ambiguity Residual by the IF TCAR Method with Triple Frequency Data of BDS-2
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Tab.1 The Convergence Time, Standard Deviation and Their Mean Values of the Wide-lane Ambiguity Residuals Between all Visible Satellites of BDS-2
and the Reference Satellite C0O7 for Three Baselines
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JXZF-WDKJ 14.8 2.7 183.0 203.3 0.026 0.026 0.039

WDKJ-DSCZ 22.1 24.0 666.5 186.7 0.022 0.025 0.017
DSCZ-JXZF 32.6 140.3 526.3 231.0 0.032 0.012 0.027
SEYIE - 55.7 458.6 207.0 0.027 0.021 0.028
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Fig. 5 The Wide Lane Ambiguity Residual by the MW Method with B1T+B3I Dual Frequency Data of BDS-2 and BDS-3
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Tab.2 The Convergence Time, Standard Deviation and Their Mean Values of the Wide-lane Ambiguity Residuals Between all Visible Satellites of BDS-3
and the Reference Satellite C06 for Three Baselines

P WS ] (s) PR ()
L% L\ﬁf(km) 1GSO MEO 1GSO MEO
JXZF-WDKJ 14.8 545.0 73.0 0.061 0.062
WDKJ-DSCZ 22.1 9.0 30.2 0.094 0.090
DSCZ-IXZF 32.6 40.0 1.7 0.089 0.073
MG - 198.0 35.0 0.082 0.075
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Fig. 6 The B1T Double-Differenced Ambiguity Residual of BDS-2 Data
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Tab.3 The Convergence Time, Standard Deviation and Their Mean Values of the Ambiguity Residuals Between all Visible Satellites of BDS-2 and the
Reference Satellite CO7 for Three Baselines

o K am) WSS AT (s) prEZE ()
GEO  IGSO  MEO GEO  IGSO  MEO
JXZF-WDKJ 148 407 66.0 1.0 0.027 0062  0.098
WDKJ-DSCZ ~ 22.1 1.0 33.0 1330 0.031 0.048  0.063
DSCZ-JXZF 326 263 2.8 633.0 0037 0025  0.040
THIME - 227 339 255.7 0.032 0.045 0.067
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Tab.4 The Convergence Time, Standard Deviation and Their Mean Values of the Wide-lane Ambiguity Residuals Between all Visible Satellites of BDS-3
and the Reference Satellite CO6 for Three Baselines

sk P am) WSS A] (s) PrdEZE (J)
IGSO MEO 1GSO MEO
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WDKJ-DSCZ 22.1 1047.0 9.3 0.040 0.102
DSCZ-JXZF 32.6 35.0 15 0.018 0.048
S - 377.3 113 0.037 0.075
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Fig. 8 The Residuals of Double Differenced Ionospheric Delays (Upper Row) and Non-Dispersion Delays (Lower Row) of BDS-2 Data
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Tab.5 RMS Values of Ionospheric and Non-dispersion Errors for BDS-2 and BDS-2/3
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Tab.6 The Accuracy Statistics of the Fixed Solution and the Correctly Fixed Solution of Rover YHY'Y
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