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ABSTRACT

Following the introduction of civilian navigation, the commercial Global Navigation Satellite System (GNSS) receivers' market

has been expanding in various fields such as autonomous driving and smart cities. With improved receiver performance

and widespread use of GNSS, the configurations of base and rover receivers are becoming more complex. As a result, user

must consider combinations of base stations with different qualities, costs, and performances. To address these issues, we

conducted zero-baseline tests to analyze the double-differenced code-pseudorange noise of various receiver combinations,

ranging from low- to high-cost. The results showed that the noise varied depending on the receiver combination. Notably,

receivers from the same manufacturer exhibited similar noise and positioning errors despite significant price differences. We

also found that the double-differenced noise of all receiver combinations was correlated with the Carrier-to-Noise Density

Ratio (C/N0), the satellite elevation angle, and the Doppler shift, and it did not perfectly follow a normal distribution. Further
analysis based on Modified Allan Deviation (MDEV) showed that different types of noise were observed for each receiver
combination and the double-differenced noise and positioning errors have similar statistical characteristics. From this study,

the importance of receiver combinations and their various characteristics can be better understood.
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(b)

Fig. 1. Configuration of zero-baseline test, (a) antenna and receiver, (b)
block diagram for signal path from antenna to receiver.

Table 1. Number of available hardware channels of zero baseline receiver

Receiver # of channel
Septentrio AsteRx4 SB3 PRO+ (SB3) 544
Javad TRE-3S (TRE) 874
Septentrio mosaic-X5 (MX5) 448
u-blox ZED-F9P (F9P) 184
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Fig. 2. RMS of double differenced noise of GPS, GLONASS, Galileo for each receiver combination.

Table 2. RMS value of double differenced noise of GPS, GLONASS, Galileo for each receiver combination.

RMS of each receiver combination [m]

System

SB3-TRE SB3 - MX5 SB3 - F9P TRE - MX5 TRE - F9P MXG5 - FOP
GPS 0.667 0.295 0.748 0.666 0.872 0.739
Galileo 0.541 0.197 0.847 0.540 0.950 0.836
GLONASS 1.420 0.440 1.509 1.424 2.195 1.510
Table 3. Double differenced code-pseudorange noise and positioning RMS [m].
Receiver GPS GLONASS Galileo
combination VAe dH dv VAe dH dv VAe dH dv
SB3-TRE 0.667 0.610 0.870 | 1.420 1.379 2.446 | 0.514 0.540 0.799
SB3-MX5 0.295 0.273 0.342 | 0.440 0.477 0.696 | 0.197 0.251 0.245
SB3-F9P 0.748 0.685 1.000 | 1.509 1.469 2.383 | 0.847 0.747 1.222
TRE-MX5 0.666 0.609 0.862 | 1.424 1.388 2.439 | 0.540 0.531 0.801
TRE-F9P 0.872 0.789 1.152 | 2.195 2.134 3.631 | 0.950 0.849 1.388
MX5-F9P 0.739 0.671 0.976 | 1.510 1.462 2.396 | 0.836 0.734 1.203
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Fig. 3. Horizontal error of relative positioning using double-differenced code-pseudorange of GPS L1, GLONASS G1, Galileo E1.

Fig. 4. Vertical error of relative positioning using double-differenced code-pseudorange of GPS L1, GLONASS G1, Galileo E1.
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Fig. 5. Time series double-differenced code-pseudorange noise.

Fig. 6. Comparison plot of correlation of code-pseudorange double-differenced noise with respect to C/NO.
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5.1 Noise Characteristics with Respect to C/NO,
Elevation, Doppler Shift
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Fig. 7. Comparison plot of correlation of code-pseudorange double-differenced noise with respect to elevation.

Fig. 8. Comparison plot of correlation of code-pseudorange double-differenced noise with respect to doppler shift between receiver and OS.
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Fig. 9. Normal probability plot of double-differenced code-pseudorange noise GPS, GLONASS, Galileo for each combination of receivers.
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Table4. Noise type and corresponding slope of MDEV.

Slope of MDEV
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5.3 Stochastic Characteristics of Double-
Differenced Noise: Modified Allan Deviation
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Fig. 10. Average MDEV of GPS, GLONASS, Galileo for double difference code-pseudorange noise.
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Fig. 11. Average MDEV of double-differenced code-pseudorange noise and positioning error (mean of dH, dV) of GPS L1, GLONASS G1, Galileo E1.
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