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Fig. 3 Sequence Diagram of Positioning Errors Using

Static Data with Abnormal Error
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Fig. 4 Sequence Diagram of Positioning Errors Using

Static Data with Robust Estimation
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Tab. 1 Positioning Accuracy Statistics Using Static
Data with Abnormal Error Before and After

Robust Estimation/m

K RE(95%) RMS
1) Pz Pz b % b %
i it il it
E J1i 2.570 0.956 1.151 0.471
Ny Ii] 7.763 1.495 2.779 0.800
U J5 Il 10.110 3.051 4.851 1.767
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Fig.5 Sequence Diagram of VPL Using Static Data with

Abnormal Error
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Fig. 7 Sequence Diagram of Positioning Errors Using

Dynamic Data with Abnormal Error
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Fig.8 Sequence Diagram of Positioning Errors Using

Dynamic Data with Robust Estimation
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Tab.2 Positioning Accuracy Statistics Using Dynamic
Data with Abnormal Error Before and After

Robust Estimation/m

A EE(95%) RMS
5 In] bz b2z bz iz
A il E 31 i e
E J7 1] 1.709 1.625 8.554 1.389
N J7 [l 2.157 0.875 6.449 0.991
U J5 I 20.712 2.792 4.890 1.998
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Fig.9 Sequence Diagram of VPL Using Dynamic Data

with Abnormal Error
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A Method of Protection Level Reconstruction Based on Robust Estimation
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Abstract: The basic construction of BeiDou global satellite navigation system (BDS) has played a key role
in promoting the development of global navigation satellite system, which provides an important guarantee
for multi-constellation fusion positioning, navigation and timing. Multi-system fusion positioning provides
users with more navigation information, and also provides a better guarantee for the realization of naviga-
tion performance indicators. At present, in order to ensure integrity, it is necessary to warn users when navi-
gation service is unavailable. Due to satellite failure, the protection level exceeds its alert limit. However, un-
der the condition of multi-frequency and multi-constellation, the number of satellites is sufficient. After a
few satellite faults are eliminated quickly, the influence on the overall navigation accuracy is very small and
no alarm is needed. A protection level reconstruction method based on robust estimation is proposed. The
protection level is reconstructed by using robust information and posterior variance.In order to verify the fea-
sibility of the algorithm, the accuracy and protection limits required by localizer performance with vertical
guidance 200ft (LPV-200) approach phase are selected as the standard of this paper, and the global positioning
system (GPS)/BDS combination of dynamic and static data are used for calculation and analysis. The GPS
adopts 1.1 pseudo range observation, and the BDS adopts B1 pseudo range observation. Each group of
experiments is divided into two parts, fault detection and elimination and the method of adding abnormal
error is calculated respectively, the vertical protection level is calculated by the protection level calculation
method based on a posteriori variance and the protection level reconstruction method based on robust esti-
mation. The results show that our proposed method can reduce the alarm f{requency on the premise of
ensuring the positioning accuracy.
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