o W & # R #4645 5 16 B
ELECTRONIC MEASUREMENT TECHNOLOGY 2023 4F 8 H

DOI:10. 19651 /j. cnki. emt. 2212076

ETIERBRBEENSIERSISRETMETEMRR

WEF HER H£E H #' O FEA
(. AFREEIEXFAHLER &R 210044; 2. % W kK &5 35 214500)

B OE: RARLAEENIEDE R RS R T 22 Vi SRR AR R0, by IS S R S W LR Lz
A OC R Bk B 2 2B RAE AP BN, S BUE MR W . O T 42 i K B IR AP SR B R B, A R T R B YR R OR
S PR AN PR BT 4R ) — Rl B £ R e R AR RS O A . WA R YR R R S R B X SR
5] BE AL 2 7 AR HE AT 8 R0 A LAAL SR AL B8 0 20 03 3 0 U ST T — i ZDRESME 205 > LA AR B 2R IR I 1 45
SE T ARG J7 2245 B (E VR AR 7 22 R S A TR BE S . B AT IR TE TN B R AT ) B SR I, 2 R R W
A I S 8 R T I A AT B RO AR 5 R R AR S IR R A R AT L T LA EIE T 0.5 m 5
K 2 BOHE TN 0% 22 149 W S0 G 42 0 T 50 0 R AR b T Bk O B

FEER : TR YR RR RN P I IR R A

MESES: TP249  XERIRE: A ERFEFMIENE: 510.99

Research on asynchronous multi-sensor fusion location method
based on smooth filtering

Liu Yunping' Fan Jiayu' Su Dongyan’ Ma Yue' Yin Zefan'
(1. School of Automation, Nanjing University of Information Science & Technology,Nanjing 210044, China;
2. Changzhou University Huaide College,Jingjiang 214500, China)

Abstract: In the process of location and tracking of unmanned bus, the sampling signal is affected by noise variance,
bandwidth and sampling rate, which is prone to signal loss or discontinuity. In addition, the related [iltering algorithm
lacks asynchronous sampling and smoothing capabilities, leading to location failure. In order to improve the positioning
accuracy and supplement missing data, this paper proposes an improved sensor asynchronous sampling fusion
smoothing algorithm based on asynchronous extended Kalman filtering and non causal filtering smoothing. First,
asynchronous extended Kalman filter is used to exponentially discretize the continuous time stochastic differential
equation to process the measured value at any time. After the state value at the next time is predicted and updated, the
non causal filter is introduced to smooth the given available initial variance information, so that the noise variance
impact is smaller and the estimation performance is better. The algorithm is verified by physical experiments on an
unmanned bus. The results show that this multi-sensor asynchronous fusion smoothing algorithm has a good effect in
vehicle driving. Compared with the results of asynchronous Kalman filtering algorithm, it can achieve a positioning
accuracy better than 0.5 m. The data prediction error is signilicantly reduced, and the positioning accuracy is improved
and missing data is supplemented.

Keywords: asynchronous sampling;extended Kalman filter; smooth filtering; sensor fusion

0z (inertial measurement unit, IMU) .4 Bk & i & 4t (global
positioning system, GPS) 5 5 #i #% & 38 W 4% (controller
TEH B GUR P RBUE N F B E SR ENEE area network, CAN) b %0 4ig . 3 T K45 i 8 58 02 (5 B 1K
RER L — R FAESMEERAMEIES ZRNE FRAKREENAE.
B, TVE T R R G OR . BN i )R, Rl S AR I B B 5T EEHFHBHERYEHMIT T AREEEETY R

il

U H 9 :2022-11-14
*» FATH . FRH AR EHE4 (51875293) ITIM A RS AE 5 B AN 0 B (SICX22_0358) ¥ BY

« 38



MNEF FATFREBANDSHBEFIRETENA

FIR B 3E I (extended Kalman filter, EKF) il & 5 4 1% 8%
PSR SRR IR A AR R R R T £ A
M B AR AN, Ao &Nl GPS M IMU i 47 84
FlG B H — PR bE iR 22 B AL B A A E N R Ok
Yok EKF, 1\ T REREN: B H ST BB n A B
WL 2% (4 EKF fil & S AU A T4 % EKF @la . A 5%
REAIRRE AR 2% TR BB 2T FE Al A INS/GPS b8 T R/R &
UE LA EKF . 45 32 W EKF & £ 4% 5 8 4 ; Weon %742
Y —F ek GPS fl IMU #4744 % 1E , SR )5 FIIH EKF
B A6 5 (GPS fl IMU S04, R 88 A sh B W i 5
WA B )7 5 s Pua 5™ $R I — Al EKF HIEE 3R e 5t Y
Tk A B AL R B SV A S AL E AT R Y
PLTHERE S . BAESLRMNANE T, LR RARER % &
R ] L,

R SCHEH T — Fh L F 3% S i) B A B B A9 EKTF 44 %
T SRR AT N B S A R 2 A S R AT
0T L A5 R B A B b 4 Bk B i s B
WE NN . 7ETC A B b AT i 2 S B A 25 SR R
B, BIf GPS AR AR G AR K, A8 SCHR S 9 B AR AT 3
F6 ST A T 5 R RE A B R B AT B 2 B D FE AL R
AP .

1 FRFRBBERE

AR B RO A RGORS M EE DRz 2
EKFS " HIEAR AR e &t R kit SR G AT F
IR R M R — Rk G U . 7R R B A HIRAE
flitE AT, B Al A S S RSN ITARGEE R T
UKFM #1258 #1 K /R 2 € U% 28 (cubature Kalman filter,
CKP)"*™  EKF bl £k 1 oR 5 40 28 ) T R AT — B 4%
PEAGCTRNT , 200 Hoa s W o R R @ 4Rk BN T
ALt R G , AT B ALl e M M)

EKF B8 Z 0 R i JE 22 v BE L 30 25 3 48 fl e ot O
2= D2 FR -

= f(x,e,) (@D)

y =h(zx)+e, (2)

Az € R RAGKRE. y € R” RMEERE; e,
R S8 i ) R % B ) G [ MR 7 5 e, 2RO 2
A R 7 22 B A [a] MR 7

BB A% R4S 1 B 25 B LY {5 5 T 8 R, SR AR T 221
A PR 7 25 B H (] M R L AR R R f (v he) R >
R™ Mh(z):R" —>R"™, 5544 R G 82 Rk b AR Lt
T, G R R IS AL Oy RE AN = (3) I (4) B

z~Ax +Be, (3

vy~ Hx +e, (€D)
K A B H A3 2R o RS w FIf RIS y

%16 0
By A ey e g E AR R .
- af(.l',sw)
= T (5)
J " yE .
g — e <6>
de
H = dh(z) N
dx

2 UHMESERBRRIMATRER

A 55 R R /R 2 98 3 (asynchronous extended
Kalman filter, AEKF) #1 2 #t 4 K 5 & 3% (rauch tung
striebel smoother, RTSS) 45 & , 4%t — b ot it i) EKF 4% gk
MR REME PR Y., BESATIE 1 E,
FEF EKF #E47 % 22 i 18] 00 A0 B Bogss k. B T30
B SE MR, I H EKF F28 4 — Bt = oy R &
{8, BRI EHIE L5 2 BB, o T BAF Al T
AEKF RSB, FH RTSS™ 48t 5 e i 20 (4 IR 25 A8 3
EEZIRTI5EN) | R 8
2.1 SEBBERSHMEERE

IMU RAEH R 100 Hz, GPS KA R L0y 1 He,
SAE J1939 CAN Bl rh, 400 B A A C Wit E %
AR (H ARG PRSBSOS AR A . A R A
S R BMRASE R 5 RAEEBR M 10 ms~1 s R4,

MEFRUTHEL: ZuHA B BIESE . ((rl,s],
1), (yr2,52,22) 500 )y ZICH AR B 2 A% R U A A% /%
75 B 5 R R IO £ (A Y B 2

W 2 - R AG RS 15 21 AS [R] B (7] 38 4 1% IR 000
1B A0 AE e — 5 2R R HE AT I & 33— I Z2 0 oAy R 25 T

F b AR 3% 5 A () 4k Mk B B Aok AR 5 BT LLAS 3 i AE AL
FH W F—NHERE 2, G e, MRS TIRGR
FEECIR B (R B 2 22 RAE IR o, » IERIBCXT B BUR A T 2 w
mF .

x,+8, =y (8)

v =l mr:e[ff do { 2 }

f(x,.e.,) — Az,
9
.= ¢ 10)
Az, BEBHRMWACIRE ., Uy 2R3 0 s wfb
T AR A s RORAR L B Oy 2 RS E O ¢ M AD PR -

|: al BLQLB;[C|

du P o 4, 7

= = 11

¢ { 0 @j ‘ av
Az - 2

{ ¢ (12)
Qz = ¢22¢|z

KA LB A RRE o R w WFER LR, Q.
. 39



5 46 & woF o

¥ #H K

R, Q, BT 28 .
A, W LA e B R A I B R 25 P,
K A3 R
P,=APA+0Q,
Arfr: P, BREFERENHES
25, G R AR WM AT AR R B st (1D
B -

(13)

ah* (x) -

= | z =z,

A A () S 25 Rl R 4 0 R P A S
i,k 48 EKF 3445 K, WMPRA =, MBI P,
A (15 A Fx -

K, =P,(H)"(H:P,(H)" +R""

(14)

(15)

z,. =z, +K.(y,—h)

P,={U—KH)P,
2.2 BEFEBEZX

TEB ORI B R AT LR AR B O T, AR
B Ryt E B o X AT Fis

(16)

St:Tut*Tt an

— 2 FHEVH EKF 335 Lo, 55 SR A T
@%&%%Mﬁ N ENSDT
Lf — (Tipz)(Tf+|Az)T(Ti+1Pt)71

(18)

2, =Tz, +L,(:—T
2.3 HiXEHA

HHl, T A G i i e mi A E A 2, £
LT GPS.IMU il CAN JIB 2 2 i R
MR FE E R BEIR. EM AR ERHE M SRE
==

EL‘

1T e)

A 445 CAN R 5C Bl 130 A4 iy 48 3 B2 0 & 8 08 17 4G
B, SR FH O B 28 B [y U] 5 4T . ) 5 2 LA G B R R
AP Y TS LS [ R 3 2 5 sl DA R TR R AR B
TERXFEE L H 5 g, B B SE 2 L 2 HT R R
¥s R, A A A T8
. 4L (vg — o)
¢. = 0. 5arcslnm
Arf: L RATEMZBGES, W BZ2 4G FERZ EMEEE,
vr Moy PG AR FR A . 8 71 87 WA o
) 77 1) 45k Ay B R BT v & A BE (R 48 SF- 129 75 160D 22 (1] Y L
R o" = flor s PR EWSH0E XA L L 15
MR f =17, &5, EWMrMEE N CAN B4R, 6
MUTF F BRI RREE o MER T 4.

(19

oo — ande 2
A o™ CAN BRI, (p0, pi™) & GPS i
W RRALE

o« 40

R TG TN B s B 2 ORI x R
x=[p. P, 0 w0 v a o o o]
D
Kb p, Mp, REGHYALE, 0 AT L, o &M
JE v R, a RMEE, 0, 2 IMU fi8 2 # &
0" & IMU BB FE i, 0, 2 CAN MEi L i .
= MR E y e N

GPS GPS

y=1[0p7" »}

IMU MU IMU CAN CAN
% w a w v

LOANTT

(22)
K. pt™ M pS™ B GPS B EME, 0™ & IMU
W B 7 BL A s ™Y R IMU P& A, o™ 2 IMU I
BIERE, o™ & CAN BERMEE, oY & CAN B4
T, o & CAN BRI,

53— 7 T fR B R M A g
—[e,, €, €u € sJMu EIML LA\]T (23)
Krhee, e, REWMOGBEME, e, RAEERE, e, £
ﬁﬁﬁ%,ez’“%IMUﬁaa_Eﬁ% FE s e RN MR R 22
N I CAN B8 i B R 22
[RUCIEESoF
e, [euPs cOPS ¢ éMU MU IMU  CAN  CAN sCAN]T
= py w© a w v a
@26

K el e B GPS B E M, " & IMU Il &
TP, e M BAEEMZE, M BIEEMZ, e
£ CAN BN BEAEEmE, Y BEEMRE, <Y 2

T 2%
25 A5 2% 7 B AR anal 29 PR
[vcos(4)]
vsin(@)
w
0
x = f(x,g,) = a +Bge. (25)
0
0
0
L 0
y = h(x,e,) = Hx +¢g, (26)

AP T —NHERE 2 B e, RN, I
WRFEHETT HLAERE B, G T ISR RE HORDIR S T7 72
Teal LLAERE A, A RR N

A =MD e =0 20
dx
If(x,e.)
:“76‘1:33,967”:0 (28)
de .,
Ih(x se.,)
H:L\x:x, (29)
dx



MNEF FATFRBEANSHEERF I L

516 i

[0 0 —wsin(@) 0 cos(d) 0 0 0 O
0 0 wecos(@) O sin(@ 0 0 0 O
0 O 0 1 0 0 06 0 O
0 0 0 0 0 0 0 0 0
A, = |0 O 0 0 0 1 0 0 O
0 0O 0 0 0 0 0 0 O
0 0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 0 0
(30)
1 0 0 0 0 0 0]
01 0 0 0 0 O
O 0 0 0 0 0 O
0 0 1 0 0 0 O
B.= 10 0 0 0 0 0 O 31
00 0 1 0 0 O
00 0 0 1 0 O
00 0 0 0 1 0
0o 00 0 0 0 1]
1 0 0 0 0 0 0 0 O
01 0 0 0 0 0 0 0
00 1 0 0 0 0 0 O
o= 0O 0 0 1 0 0 1 0 0 (32
0O 0 0 0 0 1 0 1 0
0O 0 01 0 0 0 0 1
0 0 0 0 1 0 0 0 0
0 000010 0 0

3 SKIRIOIE

3.1 EWHE

R T B UEA SR 0 2R B b A R R R AR TG
N B E AR BE B G B B0 B A S E R AR
LRI T AL AT RAE .

SCE R AT A3 S 2 B R R B L =
2 875 mm, ERPFEFE W=1750 mm, K VMETAE

THAEEE EE MREMEKNEESSI¥ TR EF
e L A GPS/IMU — /R {b I & ¥ o0, Tl & #o
3. =i (2 BR 8 BiT, W RES 0.5 Pa), =
AP IR AL (2B AR 450 BR/s, B IR 2 0. 2 BK/s) . =4l
BB 200 m/s, 22 0.05 m/s) . R JE I (& B
30~110 kPa, ) J57#3Ma 75 3. 6 Pa) il GPS, K TFAEEEH 1 m
(G FRIRAAR /30 T EHREE N 2 m(x BFR) . LRI
BB E IR 1.8 1 iR,

x1 REGHRE

A A 5 1S
CPU 6-core NVIDIA Carmel ARM @
v8. 2 64 bit CPU 6MB L2+4MB L3
WEBIGE C/C++
FRAE VS Code
TAELEEEA ME ek BN
THEL TW-T506
I & T B MF ik XW-GI5610

PR R b3 AIST®

QMR

y@am RTK+IMU I*ﬁiﬂl

1 SR BRER

BB GPS.IMU H1 CAN a2k N %48 2 45 5 4
BRG0P AR S R A SR R B AT
PR R, 55 S RS . L0 BRI 2 iR

I |

1 | !

1 | :

| aps } | —

|

| | |

: | Epes R
==

| IMU ! Bt beE ey B

! e

| | B, ek

! DN/ 3

| loANgEgZ: | i L

S |

I |

L __ \ L

TAELS

e SRR

: : GPS/IMU/C :
st L1, ANBZRE |
R . — | 7 gy |
] T ; : 24 :

R L l
I B || !
; v
M s [ I
il | ! !
BAERE | I
| ] ]
| I |
3 | 1| GPS/TMU |1
ol L e |
EH Co | e |
| I I
,,,,,,,,,,,,,,,,,,,,, | L ____
SUEHIB A B S
sk i

B2 SRS

o« 4]



¥ #H K

5546 % W
3.2 BESHEEMREIE
AREBHEMDEWHEBR LW ET KAEBIK

7 2 000 m, £ [ 4 UCHe ff, R4 i 5 /9 T AR i o) 2
400 s, Jo A B XN BTN 3 iR .

To N B B AR AUAT i

Kl 3

P 3.4 JToR , 7EAH [F) # B, AR 1B 47 3R BN AR, 7E B
BEIR] N 43 50 %0 AEKF 58 47 8085 R 8 X R 7 3 5k
(recursion time smoother, RTS) % v £ 35 H ok 3k i) i & &
BB HUR AT B 26 B LA & 2 BESE AL I, 1 4 ()
FORTERALNY [ N AEKF ¥4 . RTS 535 32 Fek o 49 b &
BYEBR G RO, B & B [E] #E 8% , AEKF SRR %
T B (A B R BUE 5 RTS B 48 LT B4R A% AT

120918

- X P SR R 2 P ot
- B RS B S A
120917 |- #FY Eﬂx%ﬁ«i&ﬂ%ﬁ Myv“
120916 =
% f,_,.ﬁa*“"y
.
e
120915} /ﬁ?w"
o
120.914 L& ‘ . . ! )
0 80 160 240 320 400
I 18] /s
32.03180 1
32.03176 F—
32,031 72
=
3203168 -
32.03164
32.031 60 a ' ! ' . '
R 80 160 240 320 400
I
(b) ZEXTEL
3203185 ‘
- B X IR H R4
3203180 FATEFRDIENGE
e — BRI R A SR
£32.031751
i
3203170}
32.031 651
2
32.031 60 ‘ ‘ . |
120.914 120915 120.916 120,917 120918
ZF/(°)

() BLBERTE
B4 AL X L

o 42 .

Pl 4(b) FoR BAAL N ] Py AEKE 308 A0 st ) il 5805 2
i 2 P AR AR NI P ] LU L Bl I [ #E 28, AEKF
B R G AR LB B, RTS Bk 7 A — 2 1R L Y fm 7%, T
R HE B R S BRI R MR AL 5 [ 4 (o SRR TERT IR 42
FEWBLT 46 B R 4E , AEKE B8 72 3% » sl i il 530 0k
AR E  RE QA R

B L G A e AR B B T LIRS 2 A R AR AR R AR R
A AR AR B e Bl B A Sk A A T s OGR4 Sk T
JR T .5 2 AU ELA Bk RTS Rk M AEKE |/ %
9 2D & iR 224 TR AT .

R2 TEMRLERRENLE
=97 max mse media rmse  std
kRS 0.472 0.188 0.165 0.433 0.092
E 5 XA EEEY: 0.503 0.212 0.223 0.460 0.103
SEYBER/KE  0.515 0.298 0.294 0.545 0.124

2% 2 max FoR 8 N 1 2 i AEL, S BR AE A E 6ORG B
&M s mse.media A1 rmse 23 B TR IR Z X E P AL
MBHR, X 3 BIRERWEFAEE. std Rz,
SOWCE M R EYE. AR 2 LU B St i Bl A Bk B
FAFMR R E MR, R RIRERFEE 0.5 m LUK,
RN E TR,

3.3 BREEIETNEIE

047 30 By Be i #F A Rl B 8 v T L RTS B9k
W AEKF 5 J0] 0 80— 2 Jge 5 ) &0 % L

T BN Bl e HOPE RO, SRR L A 1R L
N EAT B A5 BARATE 2 000 m, B 443 72 457 22 1 [A)
400 s, A TR) J0 A B = 47 3 g 482 3 32 L 5 32 0 3 JBE Y K
R AR R B RTS Bk HM L AEKF 535 1500 Fn B
— A AR R XS & 5 PR,

16
o CANJE YRR BRI
£ I B D P 50 — Pt A 0

12} .
%10l {%%; 1&%

E th
= gl :
-RALVAY ;a;f}! M WA
i o % i 4. ll,:f 4/ “,
¥ W
20 i
0 ‘ 'y
40 80 120 ]60 200 240 280 ?20 360 400
i ] /s
(a) LRESEX EL

CANIIEESE - BRSO s ok
2o IMUBGE — g e ok

o o o ° ©

& o B

",”l '3’ ° ?§ &?“ 0} 8 .
H £ ’i St P &R
B AVAT ERVAVA i
= ° . e %

120 160 200 240 280 320 360 400
B} [B)/s
(b) H3E T b



AEE F ATEE

W B A R

FI@EFTERR 5516 4

06
IMUBERE - ROTRFREHE — gudlR e Rk
pa| CANMIE ~BEX TR
202 j ; f% “3 a“
g 0 7& ﬁ M-'
: %%
02}
oAl
40 80 120 160 200 240 280 320 360 400
i IR/
(c) IR LE

5 BalAE RIS

B 5 Ca) 7R o 1 il B 9A TN RTS 553 T
AEKF 8k A CAN 28 o B X L ROR s B 5(b) &R
PRy RS B T L RTS & vk 1 . AEKF 92 il |
CAN B2 fm 3 J& 7 IMU (%) 0 8 B 5 He 30 5 B 5 (o) FoR
B Rl S S5 CRTS 58k W . AEKE 835 Wi . CAN
MR A EUE A IMU f8Ext eak R. CAN BREEEHL
B AR T Wk BB A TR 22, 1 CAN S 2% fin sk FF

M FEIE A S B R 7E L R R 22,5k A CAN &
2R B E R iR 2. IMU I & 50 hm 3 3 A £ 38
EAE—BREEARENIRZE. B— GRS R s, 2
Pt o e 0%, B R RS Bkt AEKF 8951 RTS B ik
IR, AMEIR 2

TNE AT B B sE 5 o AEKF B3 RTS B
Bt AR AR A R AR 22N R 3 i . H, mse R
RZE W E  media Fon 1R 25 1 ALE B 0 B TR 45 5 19
AP s std RIARARHEIR 22, LT 45 RA . AEKFE
S A SR R R PR 25 Y (E 4y A A 0.052 2,
0.423 2 F01 0. 285 4;RTS Byk (1 B L BE 0 363 18 22
BB B2 0. 047 6.,0. 368 2 F1 0. 133 4; ok 3 10 il & 7 1
B R BB B R 58 25 SR 43 ] Dy 0. 043 5.0.332 2
F10.086 1, MATII &5 5 0912 22 M E iR 28 b A b A3
BCHE PRl A LS OIS B2 R T AEKE S35 R RTS 8%
MhrE Rz R EH N, AN ERET R SR T
AEKF %M RTS Bk,

R3 TUEMBERUKESERREXIL

SELVRRREHEL YO RS Bk I 2 XA k
EY 0 A CAN S84 A CAN B&HIE H CAN B HiR
mse media std mse media std mse media std
fHE /(rades™) 0.0522  0.0504  0.0374 0.0435 0.0454  0.0231 0.0476  0.0473  0.027 8
WA /(mes ') 0.4232  0.3572  0.2075 0.3322 0.3202 0.1514 0.3682 0.3550 0.178 4
I EE/(mes ) 0.2854  0.2733  0.1174  0.0861  0.0615 0.0403 0.1334 0.1265 0.076 3

) R B B A R s 5 RTS.AEKF X L

2472 0 4k T 1 30 B B s, 00 B3R 25 A 1T LS 2 A
MBS TR E]. 45 LT WA E R R AE
B BGH R A RR PR REXT TR R S Oy 2 SR E
B0 AEKE F1 RTS /),

WA 6Co) TR, 24 Ze 8 il 3h B, T 48 A et iy B A
BRA A E IR R A A CAN 04 , S il & 5
AR T EIERESRATE 10s, ME 6. (b
Frow FE® A CAN B BT, AEKF Bk & w2 ft
TR, RTS Bkt 2 G838 1 30, 4810 8 CAN 3 i nle it
B AL SR L, X CAN BELEE RS T
AEKF #1 RTS fm# .

TCANBGEN 5Py e /R EEE:
—HCANMENRIT R RRBHEE
CANE
6‘}?{%\:’;% o
| s

36‘0 370 38‘0 39‘0 4(‘)0
B 18]/s
(a) RV REEREEE

S N

0 350 260 30 380 390 400

fif [ /s
(b) [ & X 6] H ik
104
FCANEHE SRS
3 \ ﬁcm%gaﬁ&ﬂ@ﬁkégg
~ | % CANETE
7?1‘6_ &‘
g N
g0 N\
ot ST
o e L
%40 350 360 370 380 390 400
N EITS
(c) BUARIRLA B8

Bl 6 AEKF ¥k RTS 52 F B0 5 RS 575 X L

BRI A B Rk B GPS.IMU #l CAN 223 (R F)
RERYFLESHE S, TG H 3 FhEcE R AR R
HF S R D) o5 Y A O AR O O R AN T R L R
JEE RN Ay 3R T B RE M RS OOK R AIR L I ELRT A A IR AR

o« 43



5546 % v F o KK
ﬁ%%ﬁﬁﬁ 1%?”?"1%0 01 %5#@’?5‘\’5&%3’2
W 7 F i, CAN B2 ¥4 10 f B A5 R oo\ TR
—0.003 rad/s. fMZEEMRE, M2 BEFER, FHEIL §_0004g"‘"{\;;f?"\-/%’ﬁ'”*“‘*‘fw”“ T
b N, R B S B T 33X b (5 A2 B G AL R AR Bk A AT g ' ‘v
M, B
AEKF B3k RTS B A B O 2 03 4 RS 4 B 0008}
PPBRZEMIZR 4.5 Pizs B T TR T HTR T
MWFE A5 /N, AL LR T, CAN ML s T B ’ |
Bt AR T R 2 AR R B R 2, W Al B 7 fa A
x4 HHWEER CAN BLEERNEEL RIZEXTLL
SEYREREEE Bk B A Bk I 5 X [B) o ¥ Bk
ZH A CAN M4 ¥R A CAN & 3E A CAN M4 5
mse media std mse media std mse media std
B/ (mes ') 0.412 0. 406 0. 209 0. 286 0.236 0.114 0. 308 0. 306 0.154
R R/ (rades™’)  0.019  0.014  0.006  0.004  0.003  0.002  0.007  0.009 0. 004

£S5 HBHMEEL CAN REBIEMNERERIRENLL

BT RFREERE W Y Rl B R DX [ 9 Bk
S8 J& CAN B2k Hdie J& CAN G2k BUd J& CAN S 2R B d
mse media std mse media std mse media std
W/ (mes™ ) 0.443  0.432  0.272  0.330  0.268  0.123  0.368  0.332  0.168
fo B RA S/ (rades ') 0.020  0.018  0.007  0.007  0.006  0.003  0.013  0.011  0.005
R T AEKF H &M RTS 8k, £ 5 $obE 6= filter and back propagation neural network algorithm
EIME IR = P BRI AR T IR K, T fE AL positioning method based on anti-lock brake sensor and
global navigation satellite system information [ ] ].
4 &5 it Sensors, 2018, 18(9). 2753.

ACFRET Mk EKF ERB R ERER S [3] ESFANDIARI H, MIRROKNI V, ZHONG P.
S B [ B2 AT P sk [ IMULGPS fi: T CAN Almost linear time density level set estimation via
AR B LT E R RS . E AR+ PR dbscan[ C]. Proceedings of the AAAI Conference on
gER A L BT CAN 3 8T LB 0 RS 0 10 28 26 i 28 Artificial Intelligence, 2021, 35(8): 7349-7357.

VI I R A MR L PR O 3 A BOHE R I R A T (4] fhodm, 4 Z o, $hHh. $1 2 A & B UKF f9 INS/
FEBR BRI A T T A I L7 MRS . B sl g GNSS S AR L. S 2 201752
Fill A 510 E S o R MR O 25 5 O B K B 0 JE MK T LS.
AEKF il RTS 83, i (5 B e /T s nd i) g, wf by o0 BORAE 000, BORR, S ST AT BRI AR 89 GPS/
FIJ 2% 00 00 0 I A 07 o R INS AT AL TR B RS AL 2019,
£k B4R 2 R 5 GPS.IMU i CAN 2.4 50 , 7 1) B o
B GG T 0. 5 m, BOKHORE IR0 e oy ) o SRR BOR R FARBIRILE GRS &
e L 75 2 B BBk G AL BARBEFELT ] T B H AR, 2021,44(3)
109-103.
S Xk [7] WEONTIS, LEE S G. Environment recognition based on
[1] CHIANG K W, TSAI G J, CHU H J, et al multi-sensor [usion [or autonomous driving vehicles [ J].
Performance enhancement of INS/GNSS/Refreshed- Journal of Institute of Control, Robotics and Systems,
SLAM integration for acceptable lane-level navigation 2019, 25(2); 125-131.
accuracy [ J |]. IEEE Transactions on Vehicular [8] PUAMT, YAMAMOTO Y. Integration of look-ahead
Technology, 2020, 69(3): 2463-2476. control and multi-sensor fusion capability for an
[2] HUJ, WU Z, QIN X, et al. An extended Kalman autonomous mobile robot under outdoor environment[ C].

o 44



MNEF FATFREBRG SR

BB RV BEF ML

516 i

L9}

[10]

[11]

[1z]

[13]

[14]

The Japan Society of Mechanical Engineers,2019:1P1-
R09.

MENG X, WANG H, LIU B. A
localization approach based on GNSS/IMU/DMI/Lidar
sensor fusion for autonomous vehicles[ ]J]. Sensors,
2017, 17(9) . 2140,

ARROSPIIDE LABORDA J, SALGADO ALVAREZ
DESOTOMAYOR L, NIETO DONCEL M, et al.
On-board multiple
tracking using adaptive quality evaluation[ C]. TEEE

robust vehicle

robust vehicle detection and
International Conference on Image Processing. IEEE,
2008, DOT.10. 1109/ICIP. 2008. 4712178.
KRIZHEVSKY A, SUTSKEVER I, HINTON G E.
Imagenet classification with deep convolutional neural
networks[ J ]. Communications of the ACM, 2017,
60(6): 84-90.

ZHANG W, WANG Z, ZOU C, et al. Advanced
vehicle state monitoring: Evaluating moving horizon
IEEE
Transactions on Vehicular Technology, 2019, 68(6):
5430-5442,

MAGNUS J R, PIJLLS H G J, SENTANA E. The
Jacobian of the exponential function[J]. Journal of
Economic Dynamics and Control, 2021, 127(1): 104-122.
HONG DE D, SHAO WU D, YUAN CAIC,
Performance comparison of EKF/UKF/CKF for the
target [ J ]. TELKOMNIKA

estimators and unscented Kalman filter [ J].

et al.

tracking of ballistic

[15]

[16]

[17]

[18]

[19]

Indonesian Journal of Electrical Engineering, 2012,
10(7): 1692-1699.

PAN D, LIU H, QU D,
detection algorithm based on multisensor data fusion
with SVM[]J]. Mobile Information Systems, 2020,
49(3): 2020.

ARMESTO L, GIRBES V, SALA A, et al. Duality-

based nonlinear quadratic

et al. Human falling

Application to
IEEE
Transactions on Control Systems Technology, 2015,
23(4): 1494-1504,

JEONG Y N, SON S R, JEONG E H, et al. An

integrated self-diagnosis system for an autonomous

control;

mobile robot trajectory-following [ J J.

vehicle based on an IoT gateway and deep learning[ ] ].
Applied Sciences, 2018, 8(7): 1164.

GIRBES-JUAN V, ARMESTO L, HERNANDEZ-
FERRANDIZ D, et al. Asynchronous sensor fusion of
GPS, IMU and CAN-based odometry for heavy-duty
vehicles [ J ]. IEEE Transactions on Vehicular
Technology, 2021, 70(9) . 8617-8626.

BRUZZONE L, BAGGETTA M, NODEHI S E,
et al. Functional design of a hybrid leg-wheel-track
ground mobile robot[J]. Machines, 2021, 9(1); 10.

1EE =T

MNEFE LB FEE T E L& N R

TR B S5EE,
E-mail ;1477422021 (@qq. com

o« 45



