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ABSTRACT

Multi- Global Navigation Satellite System (GNSS) integration is widely recognized as an effective approach to improve
positioning accuracy and reduce convergence time. However, issues of performance degradation regarding certain satellite
constellations have been raised, particularly some BeiDou satellites in Geostationary Earth Orbit (GEO), due to orbit-
related errors. To address this, the present study proposes a novel weighting model that maintains the advantages of multi-
GNSS integration while minimizing the adverse effects by applying differential weights based on satellite constellation
characteristics. The proposed model calculates satellite weights by comprehensively considering satellite-to-receiver range,
elevation angle, and signal-to-noise ratio (SNR), and quantitatively reflects the physical characteristics of each constellation—
Medium Earth Orbit (MEO), Inclined Geosynchronous Orbit (IGSO), and GEO. Using GNSS data collected over a 12-hour
period, this study applies a least-squares-based Precise Point Positioning method using pseudorange measurements with
State Space Representation (SSR) corrections. The positioning performance of two weighting strategies is compared: one using
elevation and SNR, and the other incorporating range, elevation, and SNR. The results show that the model considering all
three factors—range, elevation, and SNR—improved the average positioning accuracy by 3.1%, with a maximum improvement
0f 9.7%. Additionally, a low standard deviation of 4.1% indicates consistent performance enhancement, and demonstrates the
effectiveness of the proposed differential weighting approach.
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Fig. 1. Variation in weight according to elevation angle.
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Fig. 2. Variation in weight according to SNR.
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Fig. 3. Constellation-Specific Coefficient (CSC) values calculated over a
one-hour interval.
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Fig. 4. Variation in weight according to elevation, SNR and CSC.

Fig. 5. Visible satellites at PPHQ reference station on 20 April 2025.
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Fig. 6. Horizontal positioning error of relative positioning for Case 0 using
elevation and SNR, and Case 1 with additional range-based weighting.
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Fig. 7. Vertical positioning error of relative positioning for Case 0 (red) using elevation and SNR, and Case 1 (blue) with additional range-based weighting.

Table 1. Horizontal, vertical, and 3D RMSE of Case 0 and Case 1, and accuracy improvement rate.

. Case 0 (RMSE [cm]) Case 1 (RMSE [cm]) Improvement
Time (UTC+) H . 3d h v 3d rate (%)
12:00 22.2 335 40.2 22.2 32.8 39.6 1.5
13:00 20.3 32.7 38.4 19.8 31.5 37.2 3.1
14:00 31.9 31.8 45.0 324 31.7 45.3 -0.7
15:00 52.2 35.3 63.0 54.4 32.9 63.6 -1.0
16:00 54.3 35.1 64.7 57.2 31.9 65.5 -1.2
17:00 46.3 61.5 77.0 50.2 61.4 79.4 -3.1
18:00 25.0 47.6 53.8 23.9 43.3 49.5 8.0
19:00 18.7 30.6 35.9 17.4 30.1 34.8 3.1
20:00 18.1 38.3 42.4 18.7 34.4 39.1 7.8
21:00 25.0 61.9 66.7 19.9 60.3 63.4 4.9
22:00 35.0 52.6 63.2 31.3 47.8 57.1 9.7
23:00 30.8 314 43.9 29.7 29.5 41.9 4.6
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