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sx=[6r"" o ¢" oI SkI" 1 - Asnx
x=[0r") o ¢ | (1) Pe= Pt o
itl:’:]: Tﬁ%ﬁo %’@iﬁ%%%&(ﬁﬂ? =21 n ASE’/{
S n __ an n (2) ko (RN +h)COSgD
rErer hk=hk—l_ASD,k (11)
Ci=1-(10 oIIC, ) R o USRS (05 WA R, ms
£ = - T (4) R ROPHI UGB 7 B G2 079
Rl R, D) R TEAME LA B RT3 T,
ol=1-1 (5) oI PR AR bR 2R T 0 HEL AR AU 160 -0 O 0 24
ASV — (1 +5k)ASV ( 6 ) ﬁﬁﬁ?ﬁ}i{ji*&ﬁ‘{jﬁﬁ%ﬁ%ﬁyio

A or o AR AR R T L7 HE SR A B Y 7 D
T B B CYoh 28 %€ 7 68 N 1Y) ] 4% 5% B 5
(-X) Ay [o) 22 X8 JOE 1 B % R 6 I 5 2ok 2 A 1R 25 Y
TR AH I A4 550 ) B A 6 A
1.3 s

ZEAR AR R ZR T 45 B[] D3 T A TR B S Ok As, IR
W NHC Z5 45 107, #8 ZE AR R A= ) e 0 i B 1 17
BN, YR 2l 07 B B o B, 25 R R AR R Y
2], 0] >4 iy s 221 1) FE RS 1 ASY N
AS;=[As 0 O (7)

O HIF- 8 A 380 AR L 8, K Gy R A b 2R 5
PCE 3t i [ AL AR AR e, R IR T P Y 82 B8 350 3
(Gl —NJ7 [ L, WA AR A AR 2R T 45 IR D JC Y
[HIBERCEEY
As = |lrg=rgll (8)
)Y 204 T o 220 ) 2 2 A R 22 2 Ay, DA 2 A A

B 2N B LR A B S AT ARBR AR
AS;: = CECBASZ = [ASNJ( ASE,k ASDYk]T ( 9 )

H T hrk—-137R E—0FZ0, WAE SRR T
A b — B 220 B Y W I A7 %) DR A B R
e
r=r, +Cg,k—1CSASZ (10)
H i, A2 9) A2 (10) 7T 45 2 Hb Ak BR &
TR & SRR

14 FREBIEFEF[RSRERE

1) {7 B iR 2E R 20 (10) y JC 1R 2 1Y DR AL AL
LB Rk, (IR 22 P s 15 207 B 18 22
([N

ort = 6r!_ | +(C'C°AS") x ¢ — C:C°Ma + CIC°AS" 5k

(12)
Hp, MBS, TRl
0 0
M= 0 —As (13)
As 0

2) HifthiR 258880 B B 55 AU, 22 % i
P RSN URZE I ARG A bU A5 R R 2 2 T R
TR AR BEALIEE B i TR R G AT
FE . AR AL E BN R, NHC #F#F r] gE 2 & A A8 1k,
B — AN 25 R K B2 AR Ak, Jie LAFFR o m DL
ARy B ML A A

3) RYUIRA R ZERRL 45 X DA iR 25 iR
TT NS, B R R APIR 2 7 F AT LSRR
0x, = Py 6% + Gy (14)
K & WIRES B G RG 5 3K 5)
FEFE; @1 ~ N(O,Qi1)s Qu 9 FRGEME P B 7 263
[T
1.5 YmisiE

DR fi o $ B 3RAS 1 = 40 B 7 5 ST R ALY
YA A R R 2 BB AR LI

8Zimus = 0rp —Cr(IPx)p — CR[SI"  0]" + e, (15)



5524

U e M LI N 75 5] 55 Ry = Ele, e,{], R, A S

M 7 P37 22, S — N3 x 3 AR, Tl i GNSS/INS

A A TR R AT AR 2 RS O IO 1 P 2 R A
T ST TR BR A5 A A7 S LI Oy R m 3w

0zmux = Hidxy + ey (16)
b H O IR R, 15 00
H, = [13x3 050 —Cy(I°%) -U 03 ] (17)

Kf: URESFIECRS 1 BRI 2 510 KUK
Y3 X 24

2 EFHIXWSEHERTH
2.1 SKInHA

A0 3 2 A8 S 6 O I 5 A 6 I AR SC B B,
TR A AL AN 3 TR o AE IR 4 o e
AT — K kG B A R (POS620) AR A
75 B 19 MEMS IMU(ADIS16465 Fll HG101), 15
1 FEE RS ENE 1 PR

EI R R = R S e
Fig.3 Equipment installation of vehicle test

F1 IMUERKSH
Table 1 Basic parameters of IMU

FOEERERLIRE, RN L FEBRE M IR/

IMUR! 5 : . i i
e (©rh") (msHh™  @©hYH  @ms?)
PO620 0.03 0.003 0.0l 0.00015
ADIS16465 0.10 0.100 5000 0.000 50
HG101 0.30 0.200 1500  0.00200

I3 37 b 57 LT (0 REL A s DX, 300 DX sl
¥ JG 3 £, GNSS 155 ML 2% 1 Ko 3t 2t 1]
WE 4 Jros, A8 T B0 R w0 B A,
PLSE SR AT A mT OAbE o MK AR RSk T RS R
A GNSS B UHL A R £, 7E DR X B s 4R i T
GNSS He3i, 5 % 3% GNSS 22U WL AN 15 5 [5] 45 R 4
JE U B A

WA SRR [E 3, phoSr JF R 3 IR E B LK, 4
FHEAESER AL By C, RER SE5 B E 4 sh A B KK
T 20 min, A K E B TF 4R B B, R 7R R
5min LA I, # 1k 0 BORAE B EBE FH T RS S
ESEIRGROR]iEN
2.2 NHC FHE it

SCHS A AL 3 R U, 43 X R AT A

FBIL N, 4« F TR B 2 B A S R 5 NHC AR AR 1501 671

K4 DRk
Fig. 4 Test trajectory

T ant&l s iz . i & S AL, NHC FHE AR5
TRRETE 60 s WIS, A T B TIEFFE (4 T 5 & 4, K
S AL B, C B9 3 4L80H At 3T B9 NHC AFE A
AT R L, W% 2 firn .t 2 AT, XS
5 3 3 IMU, AR SEK T NHC PR E AL 3
(9 A2 PRI 25 R KT 2 em, D] NHC #1843 19
—EERY, SR TIE

g 1.0
;ﬁ 0.5
= 0 — : ;
0 30 60 90 120 150
Al /s
(a) POS620
£ 0sF
#o0
=05k . . . .
0 30 60 90 120 150
A H] /s
(b) ADIS16465
g 1.5
~ 1() L
05 F
£ Ok
0 30 60 90 120 150
Hifa]/s
(c) HG101
o i yira:

K5 NHC FFEb Tz Ok B 525 A i)
Fig. 5 NHC lever arm estimation curve

(from the data in experiment A)
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0.412 0.560 0.777 0.000 0.015 -0.016
0.396 0.556 0.774 —0.002 0.017 -0.018
0.416 0.573 0.793 0.020 0.022 -0.013
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(from the data in experiment A)
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(from the data in experiment A)
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NHC lever arm estimation algorithm for vehicle-integrated navigation systems
based on dead reckoning
DENG Chengjian, CHEN Qijin", ZHANG Tisheng, NIU Xiaoji
(GNSS Research Center, Wuhan University, Wuhan 430079, China)

Abstract: The non-holonomic constraint (NHC) of vehicle motion can be used as the velocity observation
information for the vehicle-integrated navigation system, which can effectively suppress the error accumulation of the
inertial navigation system (INS). To fully exert the constraint function of NHC, it is significant to accurately estimate
and compensate for the inertial measurement unit (IMU) stagger angle and NHC lever arm. This paper researched the
NHC lever arm and estimated the IMU stagger angle and NHC lever arm simultaneously by three-dimensional dead
reckoning and Kalman filter without an odometer. The results show that the proposed algorithm can accurately
estimate the stagger angle and NHC lever arm of the high-precision INS and low-precision micro-electro-mechanical
system (MEMS) INS, and the stagger angle error is less than 0.1°. The estimated NHC lever arm projection point is
more in line with the NHC constraint condition than the IMU center, and it can significantly improve the auxiliary
effect of NHC constraint and strengthen the performance of the vehicle-integrated navigation system.

Keywords: vehicle-integrated navigation system; dead reckoning; non-holonomic constraint; NHC lever arm;

IMU stagger angle
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