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Abstract: Because of the challenges faced by GNSS/INS high-precision integrated navigation models in complex urban canyon
environments, which are prone to occlusion, multipath effects, and fault interference, this article proposes a hierarchical resilient tightly
coupled RTK/INS integrated navigation method that ensures system accuracy and robustness by implementing a multi-stage framework of
detection, fault exclusion and multi-source enhancement. Initially, during the satellite RTK positioning stage, the method achieves rapid
fault identification in the observation data of each epoch by introducing a Chi-square test-based fault detection method. If a fault is
detected, a solution separation method is applied to accurately identify and isolate the faulty satellite, thereby enhancing the reliability of
the satellite navigation system. However, due to the inherent limitations of threshold detection methods, while a loose threshold setting
helps ensure the timely detection of large faults, it may also trigger false alarms, leading to the incomplete exclusion of some small
faults. To further improve the resilience and reliability of the integrated navigation system, this article employs the IGG-III robust

estimation method. By dynamically adjusting the observation weights within the integrated navigation system, this approach effectively
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enhances the system’s capability to suppress small faults that fall below the threshold, thereby boosting its overall performance in complex

environments. The experimental results indicate that the proposed algorithm reduces the eastward positioning error by 34.29% and the

northward error by 13. 22%. Notably, it achieves a significant 55. 87% reduction in the upward positioning error. The overall

performance evaluation results show that the proposed algorithm improves 3D positioning performance by 46% compared to conventional

methods, which strongly validates its effectiveness and robustness in urban canyon environments.
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B 0. 192 m ./NT M1 T M2, 3B 7 S0 B A 15 22 0 3
T HAE N,

S M1 M2 M3 5k H AT SSOAE R T AR S
BEMEE . FEARRE S SRy KA I E S R i ot
TR AE A 2 B 2 U0 B R HERR A R
TR B AL X e e A A T A R PR B, X — PR R
FHTF AR FHERR AR £ %5 5 (37 235 R v i . 25 0 2 1) Kl
B NI HE R 1 S UAf ) T S o SR, 32 BRF TR AG
Do Sk T RURT i RS I £ AR PR AR R
BRI TERS TR, LK 23 1 T 1F 5 XL {35 4 Sy e
BB AR, 25 T30 TR R A9 < /N R A RE B 58 2 HEBR
PRI, SR 1GG-TIHT 22 Ak 1T I ik, % oA Rl 2o jip 4 11 B A
N 5 A HERR G /NS 1A TR — 25 B ARG I A ] 30
1o 2 2 R AN [ O P A ke AR S (L R 52 i), 7 R
REAIR T /NI 5 DR P TR 5

TR R 22 i, REAR CHE LR KIREN
1.902 m, W& =5 T M2 {HFE 90% F195% B HEAR T , M3 (1)
FIEAE, WA T 92. 375% 1 96. 75% , B T M1
F M2, T A SCRTEAE R G DL T S RE LR A3 =1 1 22
R

ZE L RTIR , 3R 4 AT S T UE I T AR SCHE AR
AR NORGE R 22 I sh 4y 1 ) i g, i 2 sh
BB T W EREE SRR Ta I %
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Table 4 Overall error analysis

I BT IR 2 /m TR/ m PR /m BRI /m 0% BMER/%  95% BLEMER/%
M1 0. 894 0.713 0. 541 2.993 89. 38 92.25
M2 0. 664 0.552 0.370 1. 865 91.63 93. 50
M3 0. 483 0. 443 0.192 1. 902 92. 38 96.75
DB T HAWPIFP X HEEE , JUHAE 90% F195% BFHER T,
4 it AR SO B S A R R AT

£ X5 RTK/INS 416 A 2R 5o A6 52 24 00T PR 85 Hh 4%
Ty 2255 P A 22 A T, 8 T e S A7 A R RN
WL R G AT SRR IR 4 T I T 2 Rk SR (1) RTK/
INS B4 6 77, JF il 4 5256 B0 F T 3% 7 2k A stk
SCEGEE LRI BT S SR A L AR SR 1Y) EKF AT
A AT T o 42 ) ) 300, 7 24 O ) B4 8 Ao 1R 25
R TSRS R . FEAR I b R K ] 3 A5 ]
ARSI EAL 2980 T 38 1R 25 10 8 31 75 [, 1045 4L
T 2RSS S TG R R R 22 R
SRAGEARE, AN X AR R R IR 2 S,
ASCEIEAE Y I AR 22 AR ifE 22 F0 B (5 R 45 hn B

AT TR — 2058 2 D7 1) TRARDY
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