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ABSTRACT

In this paper, we propose an efficient satellite selection method for multi-constellation GNSS. The number of visible
satellites has increased dramatically recently due to multi-constellation GNSS. By the increased availability, the overall
GNSS performance can be improved. Whereas, due to the increase of the number of visible satellites, the computational
burden in implementing advanced processing such as integer ambiguity resolution and fault detection can be increased
considerably. As widely known, the optimal satellite selection method requires very large computational burden and its real-
time implementation is practically impossible. To reduce computational burden, several sub-optimal but efficient satellite
selection methods have been proposed recently. However, these methods are prone to the local optimum problem and do
not fully utilize the information redundancy between different constellation systems. To solve this problem, the proposed
method utilizes the inter-system biases and geometric assignments. As a result, the proposed method can be implemented
in real-time, avoids the local optimum problem, and does not exclude any single-satellite constellation. The performance of
the proposed method is compared with the optimal method and two popular sub-optimal methods by a simulation and an

experiment.
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Fig. 3. Quasi-optimal solution problem occurring in the greedy algorithm.
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Fig.4. Anillustrative example of the transition from the second step (left plot) to the third step (right plot) of the proposed satellite selection method.
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Fig. 5. Anillustrative example of the transition from the third step (left plot) to the fourth step (right plot) of the proposed satellite selection method.
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Table 1. Comparison of the GDOP and the elapsed time for computation by different satellite selection methods for
different numbers of selected satellites.

Number of ‘K’ 7 8 9 10 11 16 17 18 19 20
Optimal GDOP 2389 2339 2300 2285 2208 2178 2164 2150 2129 2114
Elapsed time(s) | 2.605 5.709 10.94 20.65 28.56 1299 1086 5.042 1.142 0.336
Quasi-Optimal GDQP 3.389 3312 3132 2762 2719 2338 2289 2232 2212 2186
Elapsed time (s) | 0.008 0.004 0.005 0.008 0.014 { ... 0.003 0.003 0.003 0.003 0.003
DSSM GDOP 3230 2942 2531 2451 2.789 2221 2174 2151 2129 2121
Elapsed time (s) | 0.007 0.001 0.001 0.003 0.009 0.001 0.001 0.001 0.001 0.002
Proposed GDQP 2860 2.762 2543 2476 2.549 2221 2183 2151 2140 2118
Elapsed time(s) | 0.007 0.003 0.005 0.013 0.021 0.011 0.011 0.021 0.013 0.032
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Fig.9. Example of different results in selecting 8 satellites by different
methods.
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Fig. 13. Comparison of GDOP by different satellite selection methods in the open sky condition.
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Fig. 14. Comparison of the satellite selection results at GPST=176130 by different satellite selection methods.
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Fig. 15. Comparison of the satellite selection results at GPST=194040 by different satellite selection methods.
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Fig. 16. Comparison of the satellite selection results at GPST=212910 by different satellite selection methods.
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Fig. 17. Comparison of elapsed time by different satellite selection methods in the open sky condition after applying the proposed satellite selection strategy.
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Fig. 18. Comparison of GDOP by different satellite selection methods in the open sky condition after applying the proposed satellite selection strategy.
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Table 2. Comparison of the mean DOP and the elapsed time for computation by different satellite selection
methods in multi-constellation GNSS environment.

Unapplied Applied
effective satellite selection strategy effective satellite selection strategy
GDOP PDOP TDOP  Elapsedtime [s]| GDOP PDOP TDOP  Elapsed time [s]
Optimal 2.166 1.651 1.381 57.52 1.749 1.532 0.843 38.167
Quasi-optimal ~ 2.441 1.661 1.787 0.005 1971 1.724 0.953 0.005
DSSM 2.671 1.829 1.941 0.001 1.824 1.607 0.861 0.001
Proposed 2554 1.817 1.817 0.005 1.798 1.588 0.882 0.005
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Fig. 19. Comparison of the deviation of the quasi-optimal method, DSSM and the proposed method: temporal changes (left-column plots) and histograms
(right-column plots).
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