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Adaptively outlier-restrained GNSS/MEMS-INS integrated navigation method

Wang Dingjie, Meng Deli, Li Zhaoyang, Dong Yi, Wu Jie

(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract : Aiming at the problem that inevitable outliers occur in GNSS position and velocity for land vehicular navigation under complex
urban environment, which would deteriorate the estimation accuracy of GNSS/MEMS-INS navigation state parameters and even lead to
the filtering divergence, in this paper an adaptively outlier-restrained GNSS/MEMS-INS integrated navigation algorithm is proposed to
improve the accuracy and reliability of integrated navigation based on the fault-tolerant adaptive Kalman filtering. This algorithm establi-
shes accurate noise model for MEMS-based inertial sensors with Allan variance analysis technique, which reduces the influence of kine-
matic model mismatch and state disturbances effectively. The innovation sequences are used to construct the test statistic for detecting ob-
servation outliers. The adaptive innovation weighting factor is constructed according to the statistic to adjust the filter gain matrix, and
weaken the adverse influence of observation outliers on state estimation. The field test result indicates that the proposed algorithm can ef-
fectively control the influences of GNSS position and velocity outliers, and has strong real-time and fault-tolerant ability for GNSS/
MEMS-INS integration navigation. The estimation accuracies of position, velocity and attitude determination are improved by 35.78% ,
60.19% and 82.41% , respectively compared with those of traditional algorithm, which verifies the effectiveness and practicability of the
proposed algorithm.
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Fig. 1 Road section and trajectory of the field test
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Table 1 POS830 reference system performance

specifications
PEREFE b5 lo GiiHE
FENNEEE/m <0.05
FEIHEEE/ (°) 0.005
KPR EE/ () 0.002
w2 M (HOEREIR) 7 (°/h) 0.01
FmA TR E T (ORI / (°/h) 0.005

B2 S 2 lAl

Fig.2 Experiment equipment installation

#2 STIM-300 IMU &= S
Table 2 STIM-300 IMU noise parameters

PERESE bR B R S
BT 0.5°/h 0.05 mg

WAL 0.15 °/Vh 0.07 m/s/Vh
FREEPF x 10 ° +500 +£300

T " FOR08 Allan J5 22048 45

S T Y GNSS/MEMS-INS 414 JE B EE HL R F
GNSS B i B 5 5 7 235 i) 5 5 MEMS {594 S it 2
BRI A . GNSS HdlE % 0 1 Hz, IMU i 55875
Jy 125 Hz, 9] U £ & g 30. 407° N, 114. 282° E #I
20.985 m, BEAN SIS A A A A iy a8 3] 62 km/h, 4]
A9 A T, PSS EGh 2RI e, RIFE AR
T TR JCEF (] 43571 247 300. 0 1 200. 0 s 5 W1 AR B 1R 22
BiJ5 225y BIHCS 5 A1 10 mo ) bf o B R 25 34 7 22 A
0.2 m/s; IR IRUES I I 250K 5. 72° ; GNSS PR 2 17
MEZE e Ew R T 20 9.0 m 1 0.2 m/s, I
POS830 £ R Skt (17 B B AR SAE N BHAE”,
FESLIAT 2 AN B IR

7% 1. GNSS/MEMS-INS £ & 45 #E 4 J# Kalman J§
I (extended Kalman filter, EKF) ;

J5% 2. GNSS/MEMS-INS 4 & 75 4% [ & v Kalman
JE V¥ (fault-tolerant adaptive EKF, FTA-EKF) ,

PIFPEL A T 0 53 00 5 LB 1 22, X 1 A o 7
PRE LSRR ZWNE 3 14 fiR . SHRZ M T RiR 2
AT, MER 3 ~5 s, o] UL, AR AR ME EKF 555% AR SC
SRR = A TR RS A RS 4y S 4 T
35.78% .60. 19% F11 82. 41% , i L8 T GNSS/MEMS-
INS 2 & FHURE .
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Fig.3 Estimated position, velocity and attitude errors
using the standard Kalman filtering ( EKF)
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Table 3 Position error comparison between the
proposed algorithm and traditional method

ik PLENEE lo/m
1AL A Huff) =4
EKF 1.979 3.079 2.982 4.721
FTA-EKF 0. 655 0.584 2.902 3.032
T/ % 66.90 81.03 2.68 35.78

f7 8 1% % /m
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Fig.4 Estimated position, velocity and attitude errors

using the proposed fault-tolerant adaptive Kalman filtering

(FTA-EKF)

x4 AHEREERELR
Table 4 Velocity error comparison between the

proposed algorithm and traditional method

BEEREIE 1o/ (m - s7")

i T R e i
EKF 0.191 0.233 0.068 0.309
FTA-EKF 0.068 0.077 0.068 0.123
=TI/ % 64.40 66.95 0.0 60.19

x5 WHEEESRERR
Table 5 Attitude error comparison between the

proposed algorithm and traditional method

ik LRI 10/(°)
R LY Pt =%
EKF 0.057 0.062 1.060 1.063
FTA-EKF 0. 040 0.037 0.178 0.187
BT % 29.82 40.32 83.21 82.41
3.2 HRIH

GNSS OhHF L UE A FE RS 5 TR LT A4 I8 A
MR AT S TUaTH R 52 A Bk T m] 0 T2 AN K%
FORRE T FH P B U] 43 A, 5515 5 98 55 sl DL AT 58 TE
KM iRE 5 PR A RE DR ZRE KRR
FERHAS T 35 2% B NHL 2 B AR s e R A 6
I, R T o3 B GNSS JE AL E kT B2 RE , T 45 B A 4 4%
Sk P e i R TR RBURR A R 2 PR ¥ ( position di-
lution of precision, PDOP ) {H 11 GNSS & i/ & 1 15 25 22 il
ok, 2 B Sk SO [F] ) R AU 2 57, D RO T A
XoF JE s 20 7 B R 22 TN EL S I
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Fig.5 The changes of the number of visible GNSS
satellites and corresponding PDOP during the

vehicular test
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Fig. 6 The FTA-EKF detection results for GNSS

positioning outliers during the test
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Fig.7 The FTA-EKF detection results for GNSS

velocity outliers during the test
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