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Nonlinear Maximum Correntropy UKF Algorithm for GNSS/SINS
Integrated Navigation System

LIN Xueyuan* SUN Weiwei?
1 Shandong Vocational University of Foreign Affairs, Weihai 264500, China
2 Naval Aviation University, Yantai 264001, China

Abstract: Objectives: Unscented Kalman filter (UKF) is an effective method to solve the nonlinear filtering of GNSS/SINS
integrated navigation system. UKF shows good performance in Gaussian noise, but its performance will be seriously degraded in
non-Gaussian noise, especially when the system is interfered by some heavy tail pulse noise. In order to improve the robustness of
UKF against heavy tail pulse noise, this paper proposed a maximum correntropy UKF (MCUKEF) algorithm for GNSS/SINS
integrated navigation system is proposed in this paper. Methods: Firstly, the nonlinear system model of GNSS/SINS integrated
navigation system is established, which is characterized by nonlinear state equation and linear measurement variance. Then, a prior
estimation of the state and its covariance matrix is obtained by using the unscented transform (UT) of UKF. Finally, the maximum
correntropy criterion and statistical linear regression model are used to obtain the posterior estimation of the state and its covariance
matrix, and the fixed point iteration of MCUKF algorithm is designed. Results: The simulation results show that the performance of
UKF is slightly better than MCUKEF in Gaussian noise; Compared with UKF, MCUKF with a core bandwidth of 5 can improve
position accuracy by 13.4% and velocity accuracy by 10.3%; Compared with AKF, MCUKF can improve position accuracy by 8.8%

and speed accuracy by 7.5%. Conclusions: The experimental results show that the filtering performance of MCUKEF is obviously
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better than that of UKF at small core bandwidth, which can improve the filtering accuracy of integrated navigation system in

complex environment.

Key words: UKF; maximum correntropy criterion; fixed point iteration; unscented transformation; statistical linear regression

model.
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Fig. 5 Position error curve comparison diagram under heavy
tail non-Gaussian noise interference
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Fig. 7 Attitude error curve comparison diagram under heavy
tail non-Gaussian noise interference
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Fig. 8 Velocity error curve comparison diagram based on
AKF an MCUKEF under heavy tail non-Gaussian noise
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AKF an MCUKEF under heavy tail non-Gaussian noise
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Tab.3 Comparison of filtering accuracy between UKF and MCUKF (&=10") for heavy tail non-Gaussian noise

LB %% RMS/(m) W R Z RMS/(m/s) R R % RMSI(9 ¥4

TR A KT HET mEl O RIEET JbREES RWEE O BEMIT WWmTT Miamdr 4@
i) i) fi1) i) fi1) fi1) fi) fi) ¥
UKF 21520  2.6643  1.7259 0.1450 0.1504 0.0350 0.0820 0.0788 3.9190 1
AKF 2166 2405 1654 0.138 0.148 0.035 0.0763 0.0752 3562 1




MCKF (o=3) | 19628 22901 15660 0.1186 0.1298 0.0328 0.0578 0.0619 25216 2956

MCKF (o=5) | 19323 22072 15560 0.1279 0.1363 0.0340 0.0657 0.0692 2.8457 2881

MCKF (o=7) | 19616 21756 15146 0.1340 0.1406 0.0341 0.0706 0.0723 31973 2621

MCKF (o=9) | 19976 21740  1.4851 0.1378 0.1434 0.0342 0.0733 0.0744 3.4297 2457

MCKF ( o=15) | 2.0625 21961  1.4485 0.1423 0.1476 0.0347 0.0772 0.0770 37231 2222

MCKF (o=30) | 21021 22131  1.4885 0.1444 0.1497 0.0349 0.0793 0.0783 3.8676  2.056
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