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Abstract: Objectives: The continuous improvement and progress of the global navigation satellite system
(GNSS) provides a strong foundation for multi—system fusion localization, and with the increase in the num-
ber of satellites deployed for multi—system positioning, the probability of gross observational errors is also
constantly increasing. Therefore, it is of great significance in satellite positioning to correctly evaluate the
quality of the observations and eliminate the errors.Method: Based on reliability theory and the gross error
detection method, the minimum detective bias (MDB) and minimum detective error (MDE) are calculated
to analyze reliability of multi-GNSS experiment (MGEX) data. Based on these calculation results, we de-

signed and implemented gross error detection experiments. Results: The MDB and MDE values for the
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dual-frequency solution in fused BDS (BeiDou navigation satellite system)/GPS (global positioning sys-
tem) positioning were smaller than the valve in the solution from BDS alone, 7.105 m and 22.368 m re-
spectively. Unlike the single—frequency solution, the dual-frequency BDS/GPS combination reduced the
MDB by 4.105 m and the MDE by 1.621 m. When adding single gross error to the double—frequency BDS
observations, the gross error detection success rate was 99.96% and gross error recognition rate was
90.56%. For the combined system, these values were 99.96% and 99.05% respectively. When adding dou-
ble gross errors to BDS observations, the gross error detection success rate were 100% and gross error
recognition rate was 65.67% , while the gross error detection success for the combined system was 100%,
and 71.91% respectively.Conclusions: The MDB and MDE values for multi-system and multi-frequency
positioning solutions decline. Furthermore, the gross error recognition rate for the multi—system positioning
is higher than a single system alone.

Key words: BeiDou-3 global navigation satellite system; multi—frequency and multi-system; reliability

analysis; gross error detection; fusion positioning
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Tab.2 BDS Single Epoch Internal and External Reliability Results/m

TR MDB MDE TR MDB MDE TS MDB MDE
C06 12.677 7.173 C16 12.561 6.832 C34 14.962 5.953
Cco7 12.315 5.612 C23 19.053 20.025 C39 12.433 6.124
C09 12.545 4.127 C24 16.499 11.309 C40 12.501 3.389
C10 12.738 2.945 C25 13.325 4.808 C41 12.897 4.437
C12 15.184 7.623 C33 16.920 10.237
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Tab.3 BDS/GPS Single Epoch Internal and External Reliability Results/m

TR MDB MDE TS MDB MDE TR MDB MDE
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C16 13.514 4.059 C40 12.176 3.815 G31 12.233 2.441
C23 15.910 6.099 C41 14.722 7.588 G32 12.407 2.007
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Frequency Reliability Statistics/m
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Tab.5 Gross Error Detection Experiment Design
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Fig.3 Reliability Results of Dual-Frequency Data at JENG Station
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Tab.6 Single Gross Error Detection and

Recognition Results
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Tab.7 Double Gross Error Detection and

Recognition Results
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