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Robust filter-based PDR/GNSS pedestrian integration navigation
approach enhanced by fault recovery
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(1. School of Instrument Science and Engineering, Southeast University ,Nanjing 210096, China; 2. Key Laboratory of Micro-inertial
Instruments and Advanced Navigation Technology, Ministry of Education, Southeast University ,Nanjing 210096, China)

Abstract : In response to the challenge of diminished accuracy in integrated navigation for smartphones due to satellite signal interference
in complex environments, this article proposes a robust extended Kalman filter enhanced by fault recovery. Firstly, this method uses
equivalent weight factors to adjust observation weights in real-time, effectively reducing the impact of gross errors on combination
navigation accuracy. Considering the low redundancy of observations in smartphone-based loosely-coupled navigation, this algorithm
divides the detection range into three segments for fault-free, bias, and anomalies. In the absence of faults, no further processing is
undertaken. When a deviation occurs, the observation value is reduced in weight. For anomalies, the predicted innovation is used to
repair the fault amplitude and correct the observation value. Practical experimental results show that when a satellite experiences a
single-epoch fault, the robust filter method can effectively improve the positioning accuracy of the smartphone PDR/GNSS combination
navigation. The maximum error in the north direction is reduced from 7.27 m to 3.20 m, and the maximum position error in the east
direction is reduced from 24. 01 m to 6. 60 m. In the case of multiple-epoch consecutive faults in GNSS positions, the proposed fault
recovery-enhanced robust filter method shows an average reduction of over 50% in positioning error compared to the classical robust filter
method.
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Fig.2  Flowchart of three-stage fault detection
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Table 2 Positioning error statistical results m
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Table 3 Positioning error statistical results m

Jem R R R

LI BRI
RMS RMS
EKF 4.45 6.78 7.03
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Table 4 Statistical results of single fault epoch position errors

m
SE R Jerm ke 2 VREE SN T
EKF 7.27 24.01
REKF 3.20 6. 60
FR-REKF 3.24 6.02
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Fig. 13 The horizontal position error of the second segment

of continuous fault epochs
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Fig. 14 The horizontal position error of the fourth segment

of continuous fault epochs

5.6 AN A G5 R Hr, N AT LAAR
552 BEAISE 4 B o 2 0 Ty e K - 15 22 94 4 il
TFET 62.6% 1 50.9% . % L fr ik, X4 8 g8 F #l
GNSS WL {F 3 B0 45 4 s (] ) o 2 5% F M, SO Re e 2
B SR (440 25 08 K 7 Y BB 8 AT 00 R 3% 2k 1 oo UL T
W IAE

R5 F2REGHEHITMERESITER

Table 5 Continuous epochs positioning error statistical

results of the second segment m
REDAERCS SEUNERTS AL WEHMNE
RMS
EKF 16. 02 14.26 14.52
REKF 16. 02 12.49 11.49
FR-REKF 5.99 4.33 4.46

x6 FA4REEMBEHTMERERITER

Table 6 Continuous epochs positioning error statistical

results of the fourth segment m
Eh RAERE TR
RMS
EKF 21. 64 18. 86 19.91
REKF 21.57 14. 00 13.72
FR-REKF 8.87 6.42 6.73
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