== RS B RERR)
s G€OMatics and Information Science of Wuhan University
—g ISSN 1671-8860,CN 42-1676/TN

iy

(RIURZEAR (B BRIER)) M E R

RH : —FhiEET LSTM-EKF (%48 GNSS/INS 414 Sl R 5

(= R, BRfh, Sid, LR, UL, FhigE

DOI: 10.13203/j.whugis20200115

WA A 2020-05-25

Mg E R HE:  2021-01-06

g1 g HRE, BRfE, S, FLEEE, ABdtin, fHEgE. —FET LSTM-EKF W%

# GNSS/INS HE P RS BB F 5 (E SR EMR).
https://doi.org/10.13203/j.whugis20200115

@NKitassn

www.cnki.net

WIS ER: EHmBE IR T, ffh NSRRI 2 DR e R HEBUER . BN g 8 R S5
B HEMBAR L E, HEdFRATITF B8 FE TR HEROE e 5 H e fa 4 )
FIRE RN (RIEM S 2R HERRE IR, WTEAE MARE. & BIRTTRS. BEHNC g e F 1
AR 2 HL DU Y CURfh E ) VIR i R P B e 1 o S P S8 Al I 2% 1 AR N 8 e AUAF 4 (il
R ERZEB) AN T AR BEAE Y A RAE s 2 ARWE TR A B . Bl RSBl 77 &g
BB TSCSR R, AR ARANGGAT 9 S AR BUT s R fF N 2 LA R 5 [ A R A5 T i
AR BOARDRE,  IEB OIS —HIVETE 5507 f759 . 807, A0, doE thE A ROt ERRESS
N ERF T ERRI A BRI, SR ERG— 25, AMRBSOLSCEH | 1E# . HUA AR R A,
FURTEE T g A HEAT > B0 IE

HREEIN : AU TIgR i EE I S (R E2EARIT] OsfiBoO) By REHARAREL, £ (hE
FARWIH (MZRREO) ARG & LA 5 405 T N 7 — B R i, LR BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN RE R . B (o B AR (RIZRRO) A2 B 5l
R H L SR TR 28 3 4 0 ) (ISSN 2096-4188, CN 11-6037/Z), it AR 29 W T AT 285 i b X 4%
RSN IE 2 AR



2021-01-06 14:09:09
https.//kns.cnki.net/kcmg/detail/42.1676.TN.20210106.1109.001.html

DOI:10. 13203/ j. whugis20200115

5] AR R:
R, M5, S, 25 —FhET LSTM-EKF 1423k GNSS/INS & SRS [J]. B =54k - 5 EA

ZERR, 2020, DOT: 10.13203/j. whugis20200115 (Fu Shuaizhi , Chen Wei, Wu Di, et al. A GNSS/INS

Vehicle Integrated Navigation System Based on LSTM-EKF [J]. Geomatics and Information Science of

Wuhan University, 2020, DOI: 10.13203/j. whugis20200115)

—FhETF LSTM-EKF B9Z£; GNSS/INS

HEFMARS
PR T PR T Sl 20 AL T Y ke
1 B TR H AR, #1dk B, 430000
2 BTG AT PR B 5 VR R O S RSB SE, )P BT, 530001
3 RO PR BHUEMEAT G, Wit I, 430000
4 L RN A TRRBORWT A b, B, 200030

78 E: T GNSS/INS 89484 FMAE L, TUNEBSHREESEDHHEGZE L. R, EFHN
% 2% GNSS/INS 4 FA 7% £+, B KA GNSS 1212 &k, 2 FH DM ERE TR, ZAHFL
ARTATEIREFR AT L. Bk, %t T —# K482 F % (Long Short-Term Memory, LSTM)## 8/ 49 %
F ¥ & F R % 8% (Extended Kalman Filter, EKF)#9 GNSS/INS 484 F#1 7% % .LSTM £ A GNSS {2 3R3% T,
FAUESFMARNIREES INS BHELERZI MK F XA, £R GNSS RAZIFRT, HAEFAM;MA KR
ZREHATN HE O, #F ik B EAZHE G B 69, 4R BT GNSS B A24Z &H kBt K 15 Aot
A F EKF #5 GNSS/INS 44 57 sty dbmig 24 8] 1.93 K, A&k £ % 13.92 K, £ F LSTM-EKF
HEASFMERARIREN LIT K, A@EREA 084 K, EAAFE KRR,

KRR B SALG AsFA: YRFRZEE, KahitiiRs

hESHS: P228 SCEKFRSRD : A

S [R] A P, 78 SE ARSI INS fU
A B, ey B R o 2h A8 PR R R T A L

4Bk TR 51 & 41 (Global Navigation
Satellite System, GNSS)) ¥z N T £ #& S

i EgiH, GNSS HA nl K HASR AL ks B
SRR AL ERHE R, g
REKE E 5y 52 R TN 2 423508 S 5 m ™,

Horp—Fhoi FRREE R 7 W, B GNSS
M S A1 & S (Inertial Navigation System,
INS)E:E, INS B—MAFEXFHARG,
RIGINRINEE, N2 TLL s 55 m A,

H2 R 2= 2 b AE I R] RAR TG b0, €
AKE FEE < i 4 BT () 38 it B . GNSS (K

#b, T GNSS/INS & 3 R 5 A A wiks
M SRS

TEH & FATIE R A, W R DE R L%
HRRZUE . R IK 2 JE 3 (Extended
Kalman Filter, EKF). JEiZi /R 23k T
PR, RN SIS RS B T
TR ARSI AR B, TRV 2 JuAR IR U H 2
—REHRGE BN M E RS
(Micro-Electro-Mechanical System, MEMS)

R HEH: 2020-05-25

WE B EXE AL “HaeiRi g ” £ (2018YFB0105205); 2018 4E ) I ke v i 4R UM
FAlE F1HETH I H (2018KY0357); 2018 | WG 613 Bk zh & & T (H: F:L 2018 AA18118025).

B, MRE, BbE, FEME GNSS/INS A4 ST . fushuaizhi@whut.edu.cn

BEEE: R, WL, BiEEFFAE A . wudi324243@163.com



W, RS IR ZE R AR A L. PRI
1E “HR TR ” K i) ) JE GNSS 52 fs &
MIFRES (Rt s e S5 i S B 3 3 T
BEAREEMMIAED H1, GNSS/INS 445
i R G AR EE INS TAE, gk B4R
PORE, BN ESWE TR AT iz
&, W LL i A% BE (Artificial
Intelligence, ANBLHURAHE) GNSS/INS H&
SRS, SCER[A1EEH T —M 3 m E L
(Support Vector Machine, SVM) %t B 1)
GNSS/INS A& FHi RS, FIHEAEF IR
1k SVM 1z, MEAES GNSS/INS 41
GRS, £ GNSS IR, 5 T E
PLKE o SCHR[BIFE 38 260k b, 380 7 i
F, N AR ) B A, SRS ES)
SVM N[, ZH FE5E AN A i B i A T
TAFEIALE, W/ H AR S EON 2RI 5Y
W, 0T SVM HBhEREH & SRR
W fae . SCHR[6] BT T — Rk & EKF
R 2 M 24 1) GPS/DR & SR, HHA
/N EKF TR B iR 2, Hhas
T2 2 AR A 2 X 4% 43 Sl I G A T A
JermnRzE, M NEHE GPS 2 i [A]
Rg EERE. B R e A, H
FRIIETC GPS M5 T, 7] LA R EKF
1) R HL o

IRWF R AL S B R R S AL
5 EAEN—NE R, 25 R JE  Z 2Z [A]
INS EN IR ZERIIE R AXHE T HET
LSTM-EKF f#] GNSS/INS & SHiE i &
4t, K ZHE 20 INS SRR Z mEfEA—4
i (8] 7 B3 AT AR BE o FFTEIE S 1 S AL bR 2R
N, KRS BREARTE & B AR 52
N ZR. EKF FRIRAS IR LA RE .
FERZE . BRI w1 P AR %
AR LSTM % N B 46 GNSS 22 Az i [H]
MFIRE. SEEER R, fLEME. KEE.
iR ZE AL B R 2 EKF RS LSTM 1
W2k I ¥ AR o0 3 [ AR AR R
(Earth-Centered Earth-Fixed, ECEF) Fi#47,
LSTM 4 B3 T EKF [ GNSS/INS 414 &
WL RGAETE GNSS IR, Al iR 5 my e r

1 GNSS/INS #AFE& LA A SN

1.1 SRR

SRS E FHIALER R HUO
AR F HLOHLE AL BR R AHE S TAR AR R
NN RS TEFMRFZMIRE A, H
FH 85 2 (1 52 Hiu 0o b 351 A4 b 2 R0 AR 1L 5 A A
rF&. W 1 AR, ECEF Ak R AL T
My, x iR ) 8T8 5 PR T 2RI AS
X,y ffR R AR S R A 90 FERIAE XA,
z B AL s . AH S TARAR R I —
Tl 9 7R - b - # Ak BR & (North-East-Down,
NED), x HhiyFhERU)SF e bk, y #hs
HERV)FIH R AR M), z 43R BT ek )7
T 45 0,

A, HE PR PIARE RN T
BRI S5 5 T 4 7E ECEF A4 45 &2 T
HHAT, TN T EIMBEMMER, B RN
i 5y M e NED ARFR R FiEAT .

£
-
/
[
[

Z,
s 7#
/
/
0

e
\\\
e
1D
N

7,

™
E E90°
/

7—* Yecer

/
4

\
Xear/ N\

1 AR R
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A GNSS/INS Vehicle Integrated Navigation System
Based on LSTM-EKF
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Abstract: Integration of GNSS and INS can provide continuous and accurate positioning information for vehicles.
However, the accuracy of low-cost GNSS/INS vehicle integrated navigation systems is unreliable during GNSS
outages, which are common in urban areas. So, a long and short-term memory (LSTM) networks-aided GNSS/INS
integrated navigation system based on extended Kalman filter (EKF) is proposed in this paper. LSTM networks are
trained to learn the relationship between position error and INS output when GNSS available. When GNSS outage
occurs, LSTM networks predict and correct errors of the integrated navigation system to improve location
precision. The experiment shows that the north error and east error of the GNSS/INS integrated navigation systems
based on EKF is 1.93m and 13.92m during the 15s GNSS outage. Meanwhile, the north error and east error of the
GNSS/INS integrated navigation systems based on LSTM-EKF is 1.17m and 0.84m. The comparison results
indicate that the proposed system can effectively improve location precision during GNSS outages.

Keywords: inertial navigation system; integrated navigation system; extended Kalman filter; long short-term
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