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Abstract: GNSS/INS integrated navigation system has been widely used. However, the loosely coupled system will degrade when the
GNSS system is subject to environmental constraints. Meanwhile, the tightly coupled system of GNSS/INS will significantly decrease the
positioning accuracy due to the frequent changes in constellation geometry layout. To solve this problem, the adaptive Kalman filter tight
integrated navigation method based on new information is used in this paper to design a vehicle-mounted experiment scheme in an urban
environment. It takes the errors of the pseudo-range and pseudo-range rate as the observation quantity to perform filtering estimation. At
the same time, the adaptive factor is determined according to the innovation variance’ s theoretical and actual values, and the system’ s
measurement noise is adjusted to correct the system errors further. Experimental results show that when the number of visible satellites is
less than four, the 3D positioning error of this method is reduced by about 24. 2% compared with the traditional Kalman filtering method.
In the environment of frequent changes in visible satellite conditions, the maximum positioning error is reduced by about 60%. The
results showed that this method could adjust the observation noise of satellite pseudo-distance when the observation conditions are poor,
reduce the state error, enhance the robustness of the filter, and provide more accurate position information.

Keywords : covering environment; GNSS/INS tightly coupled navigation; adaptive Kalman filter

YR H . 2022-12-25  Received Date: 2022-12-25
# FEATOH . op ERLE B PE R AR5 # (XAB2021 YN24, XAB2021YN28) 30 H ¥ Bf



172 - LSRR R e o

937

0 35l

il

FENLAR BN TARAT AR R B X EE N, 2R TR
S ARG ( global navigation satellite system, GNSS) PA=k:]
S Z WD R G0, T LAk BRI 2 AoRs
HR R A5 5 e b R ML e o A T R ) 58—y
-160 dBW Z2A51  FEEMIRE T, 23 L I AR
ST AR 22 B JUARI A AN A 2 A0 B S A
IXEEAF LSS GNSS 2 B R, SR MM St R 58
(inertial navigation system, INS) A& T 7 FAE BRI 7]
PO B, (H 15 22 2 Bl E) AR, GNSS 5 INS
AR AN, R H A M ARF O AR T2
T

FE, MG ik R A NS BHa6 BE
YAE3IFY ) I P EBT 4 BRI T, GNSS &
b T AN A SR R B R R B A
ST A AR ) DA R | DR R AR AR IS Sy O DN £ A A )
ROR SRR AR T RS A A TE R (R R A
BASCHLA AR A e, 23 1 iR 25 (A8 4R
BEAGRAARGEF A INS MHEWALE 5 BRI R 1 740
B AT AR T Bh A TR S ALRE ) R B DA
PO S g R R — Rtk B, B G R AR 5
BB R R R

BEXTSAT TR BOER FE , SCHER( 15 T BIFSE T R4
B WU IR A IHE S Z RSO T AT RE,
IXFAF DL T AT ST, A IS B2 A, T I s o
WRZIRE| T 15 m DL b SCHR[ 16 T4 1 i i 20 il )
GNSS/INS W B STk  FEnf L TR T 4 Ji, FH]
BALH AR B ph s PR R ph 22 o B S R 48
AT o AH 52 ] T He L S R PR BE 7R 2~ 3 AT UL
TEGWT , /NEMRZEWIER T 14. 86 m, FFAfX—
[, SCHR [ 17-18 1 FH T o i g R F 4 ( chip-scale

[ AR R 5 DO REE MK T G0 I 7 b, T RAX L 47 b 22
U AT 22 TR, SE T R GNSS F2 U AL A IR B e A7
KR SR THE WL A BE T 4R 4 S0 B Y B

SCHER[ 19 ] %% CSAC, GNSS | U I 51T (micro
inertial measurement unit, MIMU) #47Rl& , Hisp GNSS 5
MIMU SR B4 A /520, CSAC 4t ErHE B, HshE
I, X — T RAE N E W 3 WO T2 &4 Tk
TE AR T HIME R 9. 36 m, TEWLI T 4~9 T,
I E PR 2ZE Y K 4. 10 m, JEHTRE TR 2= M A, 78
SE A L T R R E 38 ( Kalam filter, KF) 575 E
1T GNSS/INS 1AM o 25 3L, 7630 2o =5 4247 T Jr i,
SENTRZERE] T 4 m LB i H KF 5 e Rk ik

BF, ZR G0 i R R 7 g T MR P 1 A S I AU AN
A EANFEE AL L PRia AT AR RS B e R
P R IS AR AR

1T GNSS/INS £ 5 L & 48 19 5 38 1 2 B X 3
B O HLH AL KE ELLES AN W78 A6 i PR 45 PRI i T A
3N R IR EJEP A% (adaptive Kalman filter, AKF ) 7] DA%
IR XT 2 56 {4 /9 MM 36 T R B A 3 B AR
(innovation based adaptive estimation, TAE) f& B A WS
SRR FE TR MG Z 7 F AT LU e 2 i O O
A AR 22 KU, DU R 2ok 7 M8 75 0 e 75 3 4y
PR

PRI, A SO 1 2 T8 B 1 AKF B 415 S 7
%, TE GNSS {55 st 220, P EE | Dh I 38 1Y 1 I 15 22 1Y)
AT RGN 23 RO AR BT R b R TR Bk X R &8
)£ 0 e P A AR AT A T 3K e KT MR Y S I A
1, R R AR A 22 W 268 07 1k AT BB/ 0N AN B
Mt I B0 T R AL, R AT LIE2H & S R 450
&N R S B SR B SR R . et Tk
LI XS b A2 20, e T 3% A AT R TR I 2%
I AR IH AT AP A % 2 1) 58 A7 B o FEASIG A% %225 1Y
e T, Al BRI 4 T Y 7% 25 (RMS) R
5.83 m, IR FOAMRER,

1 EF AKF 89 GNSS/INS RS S iEE

A FAUFIH GNSS 22 UL 5 Ak B 5 S o
hitE PhEE S, 5 INS IHH I PR BE  Ph IR A 22 1H
B AKE 0000 50 40 5 1 3 38 5 5 22, % 08
MRS UEAT R A RS EE, R F T A S
M S 805 1F DL M INS S8 B s E . HE B
B, SWAGHE, B 657 %A B0
HOHUE SRR AR, UL Y ] WL R D 4 e AT 4R AT LA
AT HIE N R R 2 Uk, T3 A, BT GNSS H2 I HL Y
Bhy B PRy B SRS T A B () A DG4 X 2 D8 O 0 0
e IR R
1.1 ENEEHFERER BENRAEREX

B K IR 2 PR IR (1) ~ (5) FEFT T A B

X, =@, X, (1)
P, =&, P &, +I_ 0 T, (2)
K =P, HI[HP, H +R]" (3)
X =X, ,+K(Z -HX,, ) (4)
P, =(I-KH)P,, (5)

M(3) ATLAE Y JE R A 45 K, 5 R EUEARI R,
TEZAG ARG, B R J9 GNSS 5 INS 11l
P2 DNERAR I A IR J5 22, TEBIIT IR, T3 2 4



WEPYIREE T HYFET AKF 445 S RUE B 7 5T 173 -

Vs | € s o o
Pins Vins|EinNs 4G B

P B it
XR

VAR SE R
FI & iR /R S DB A%

1 T AKF fEH G 2 ATER
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