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Abstract

This paper explains major considerations for integrated GPS/GLONASS/BDS positioning, and then analyzes
integrated GNSS positioning accuracies based on low-cost receivers in open-sky and poor reception environments. In
an open-sky environment, horizontal RMSE of the integrated system positioning is about 1.2m. It shows improved
result compared with single system positioning, the improvement ratio was 17-55%. In poor reception environments,
we sometimes could not do positioning because the number of visible satellites gets below four. In an integrated
positioning mode, the number of visible satellites was always higher than four, allowing us to find positions all the
time. The horizontal RMSE of the integrated system positioning in poor reception environments is about 6.4m.
Compared with single system positioning, the integrated system positioning shows better performance and the
improvement ratio was 8-47% for the horizontal directions.
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Table 1. Parameters of WGS84, PZ90, and CGCS2000
Parameter WGS84 PZ90 CGCS2000
a(m) 6378137 6378136 6378137
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2, (rad/s) 7.2921151467 % 10~ ° 7.202115 % 107° 7.2921150 < 10~ °
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Figure 2. Horizontal errors (left) and time series of positioning errors in each direction (right)
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Table 2. Comparison of positioning errors of single
systems and integrated system in open land
environment (m)

Satellite system | Horizontal | Vertical 3-D
GPS 1.39 1.84 2.31
GLONASS 2.51 2.75 3.72
BDS 2.55 5.12 5.72
Triple 1.16 1.95 2.27
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Figure 5. Horizontal errors (left) and time series of positioning errors in each direction (right)
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Table 3. Comparison of positioning errors of a single
systems and an integrated system in poor
reception environment (m)

Satellite system | Horizontal | Vertical 3-D
GPS 7.01 17.31 18.67
GLONASS 13.20 11.18 17.30
BDS 6.94 9.32 11.62
Triple 6.38 8.70 10.79
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