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ABSTRACT

With the availability of smartphone GNSS raw measurement data, research on enhancing positioning accuracy using
smartphones has become increasingly prominent. Despite the widespread use of C/N -based weighting models to mitigate
multipath errors, these models do not sufficiently account for the intrinsic characteristics of the observations, resulting in
unstable positioning accuracy. To address this limitation, this study proposes a novel weighting model that incorporates the
inherent characteristics of GNSS observations by combining code pseudorange residuals and C/N,. The proposed model
utilizes a sliding window technique to calculate residuals through curve fitting of code pseudorange observations. These
residuals are then combined with C/N, to better reflect the unique features of the observations. Experimental results from
tests conducted at Inha University demonstrate significant improvements in positioning accuracy. The proposed model
achieved 40%, 32%, and 33% improvements in horizontal positioning accuracy and 32%, 20%, and 23% improvements in
vertical accuracy for DOY 022, DOY 058, and DOY 253, respectively, compared to conventional elevation-based and C/N,-
based models. These findings confirm that the proposed approach effectively improves both the accuracy and precision in
smartphone GNSS positioning by addressing both observation noise and signal quality.
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Fig. 1. The setup of RTAP2U and Galaxy S21+ during data collection.

Fig. 2. Correlation between elevation angle and C/N, in (a) RTAP2U and (b)
Galaxy S21+.
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Fig. 3. ACMC measurements for 4 satellites during the data collection, with
RTAP2U in red and smartphone in blue.
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Table 1. Comparison of RMS and variance of code minus carrier (ACMC)
measurements between RTAP2U and smartphone.

Satellite ID : RTAP2U : Galaxy S21+
Variance [m] RMS [m] Variance [m] RMS [m]
G04 0.015 0.122 2.526 1.589
G07 0.009 0.095 2.089 1.445
G038 0.001 0.035 0.777 0.881
G09 0.011 0.103 0.962 0.981
Gl16 0.003 0.054 0.740 0.860
G26 0.014 0.120 0.397 1.986
E02 0.005 0.070 2.799 1.673
E07 0.003 0.059 2.404 1.550
E27 0.002 0.041 1.872 1.368
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Fig. 4. Variance of noise based on elevation angle in elevation based
models.
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Fig. 5. Variance of noise based on C/N, in sigma model.
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Fig. 6. Sliding window-based second-order polynomial curve fitting approach.

Fig. 7. Residuals of code pseudorange observations for 8 satellites.
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Fig. 8. Variance and weighting model based on C/N, and residual.

Fig. 9. Test environment and data collection site at Inha University.
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Fig. 10. Comparison of horizontal position errors with and without weighting models for each DOY.

Fig. 11. Comparison of time-series errors in NEV directions with and without weighting models for each DOY.

Table 2. Comparison of RMSE and improvement rates for different weighting models.

Weighting model
DOY
No-weight Elevation C/N, Combination

H 5.84 4.62 3.83 3.50

RMSE [m] \Y% 9.63 7.63 7.45 6.55

3D 11.26 8.92 8.38 7.43

022

H 20.9 34.4 40.1

Improvement [%] V 20.7 22.6 32.0

3D 20.8 25.6 34.0

H 4.10 4.33 3.76 3.67

RMSE [m] \Y% 7.48 6.92 6.52 5.97

3D 8.48 8.17 7.53 7.01

058

H -5.6 8.3 10.5

Improvement [%] V 7.5 9.6 20.19

3D 3.7 9.5 17.3

H 6.06 4.63 4.55 4.04

RMSE [m] \' 12.52 10.14 10.53 9.57

253 3D 13.91 11.15 11.47 10.39

H 23.6 24.9 33.3

Improvement [%] V 19.0 15.9 23.6
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