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A Novel Method Based on Dynamic Model Correction on

Train Integrated Navigation Positioning

CHEN Guang-Wu' LIU Hao' LI Shao-Yuan® YANG Ju-Hua® WEI Zong-Shou'

Abstract The accuracy of extended Kalman filter (EKF) depends on the quality of the observation, the degree of
nonlinearity of the observed object, and the accuracy of the dynamic model. The default is that the degree of non-
linearity is weak, and it is usually assumed that the dynamic model is constant, which is an unreliable treatment in
actual vehicle motion. This paper proposes a new algorithm for enhancing the extended Kalman filtering using the
technique of least squares support vector machine (LSSVM). The improved EKF algorithm (LSSVM-EKF) of LSS-
VM compensates for the insufficiency of the strong nonlinear problem of the EKF processing to some extent; and it
can adaptively estimate the dynamic modeling deviation of historical data and use the estimated bias to com-
pensate the dynamic model. A K-fold cross-validation method that introduces the Allan variance is developed to de-
termine the training parameters of the LSSVM. The dynamic model deviation is trained with the LSSVM through
the finite data set. The lossless transform is introduced to integrate the LSSVM with the EKF. In order to verify
the algorithm, the paper finally designs the vehicle test, and uses the train data to verify the proposed method. The
results show that LSSVM-EKF can adapt to the actual vehicle motion environment and provide a usable vehicle po-
sitioning method.
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Table 1 Comparison of calculation results
HVESR HXHRE (%) BARIZATI I (s)
NN 3.35 10.6
SVM 5.83 7.2
LSSVM 3.58 3.5
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Table 2 Main parameters of vehicle positioning
measurement hardware
PERESRbR 4
IMU S Hi % 30 (Hz)
RSB o3 HE 0.007 (°/s)
BE AR i £t 7 1k 0.007 (25 °C, 18) (°/s)
R R AL U7 E 2.4 (25 C,18) (°/ vHz)
T BE 2 P 0.33 (mg)
s B v AR E 0.2 (25 °C,18) (mg)
TSE BE T BE LI E 0.2 (25 °C, 18) (m/s v Hz)
PR R 10 (Hz)
TR EENRE H: 3.0; V: 5.0 (m)
PR 0.03 (m/s)
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Fig. 6  Vehicle experimental instruments and test routes
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Table 3  Analysis of the speed error in vehicle test
Bk
iRz
EKF SVM-EKF LSSVM-EKF
IR I R 7 KA 2.44991596 1.64263965 1.08354018
IR R ZE A —0.51657986 —0.29959351 —0.21635647
IR 1) FE SR8 R R 2 0.57636153 0.35360989 0.23635647
RN R 2 T 2 0.46827009 0.17819068 0.10034921
A )3k i 1% 25 e K AE 5.95754509 4.48745292 1.98934116
b v R R 2 A -0.17019196 —-0.18793186 —0.08884883
b 17 P 24 A k22 0.81400385 0.65518412 0.30342385
A )3 R 2 U5 2% 0.92862895 0.59494707 0.12433562
B2 R BEINAME OW, BT EEA Y, B 15 FH TRVRE 0 7 92 e o EE X %, b Ar B iR 22 3k AT
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Table 4  Analysis of the position error in vehicle test

=07
EKF SVM-EKF LSSVM-EKF

RN B P nd 22
RIS BRI TT 22
A EbA= RSO VR
Jermfr BiR 207 %=

5.51618956  2.98874558  1.56598758
115.59446073 43.27129604  7.76993031
7.02954699  2.58372839  1.47242455

137.35228157 21.28974173  6.65581029
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Analysis of the northward position error in vehicle test
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Table 6 Comparison of train northward position error
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