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Calibration method of laser Doppler velocimeter based on Janus

configuration in land integrated navigation

Wang Qi, Gao Chunfeng, Zhou Jian, Xiong Zhenyu, Nie Xiaoming, Long Xingwu
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: In the field of land integrated navigation, a laser Doppler velocimeter (LDV) can be used as a
speed sensor to compose an integrated navigation system with a strapdown inertial navigation system
(SINS). To suppress the influence of the inclination variations caused by vehicle jolts on conventional
LDVs, a split—reuse LDV based on Janus configuration was presented. Aiming at the error parameters of
this configuration type LDV in the integrated navigation with SINS, the velocity error model of LDV was
deduced first, and then a Kalman filtering method assisted by a differential global positioning system
(DGPS) to calibrate the error parameters was proposed. A simulation and a vehicle integrated navigation
experiment were implemented to verify the effectiveness of the method. The experimental results show
that the calibration method proposed in this paper is effective. The LDV based on Janus configuration
after being compensated can greatly improve the positioning accuracy of the integrated navigation system.
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integrated navigation system

W HHE.2018-11-13; {&1THH#A.2018-12-16
E£TAB . BHEK A RB# 34 (61308060)
YEHE BT TRI(1989-), F 1, 32 %0 D 30 £ 35 i 3 e 5 06 M 500 &R Go AL A 18 T R

Email: tianmawangqi @hotmail.com

S UM v 2R (1958-), B, #dz, P A R0, 2 00 P K BB R 7 9958 . Email:xwlong110@sina.com

0417003-1



ok AR

% 4 1 www.irla.cn % 48 A
A v Z R RN
0 5| 5 fr=2vcosB/A (1)

1964 4, Yeh S5 UESE T 0] R F O 235 #5045
FEAR R Hff 7 TR BT O IO 22 T AU AE
SRy B R AR R R AR B sh A R
G I E 9 PR T R AR k] S SO AT AR LA
HAE B A AT B P Y A 2 AR Ot
23§ 3 {Y (Laser Doppler Velocimeter , LDV)#{
FFti S M40, 5 SINS A & S A%, &
ZAR AR M R T SR, M Hb T AR 2 Ak
R BT AR5 S % AR LDV (9 A S £ s
23R AR DT P AR B ORI R 22, O T /N AR
R R RZE, EEREAE N T ET Janus
il B 19 2% R A LDVE (B R34 T 05 B 5
FRTFL A SE BB E . B T8GR A 45# LDV (1915
W b PR RE AT S IS TR A S 4B 0 BT
PLSCH e Al B 45 T 2T Janus E Y 40O
FIHIR LDV (454,

M F 3T Janus B & (9 LDV I35 1952 A B AL b
Ry AL, SR A s A A bR 5 HE DL S RER
50 5 5 PR 1) 2 B 5 (Inertial Measurement Unit , IMU)
FHEAG, HAAENE RS IMU RILRIRZEM
Janus JiCE LDV 3500 A 210 M T ) S B il M 5 11
fHZ (AR TR 22, ZE AR 22 A AV Al 1R 25 2 244
Janus fiC ¥ (1Y LDV 5HEHCI T RGH A UK B 1)
KA S, N ILTE R kG BE 4 & U2 T, 75 Zhn
SR, X T ARG SR R A ARG
MRS, — MR A2 AUbR e B BRI A 8 1
FEIIRZESE, SR BT 32 S ERG BE S15
T R G IR ERE BE B RS B B R
2R FABY S 12 5 i B A SRt ) R B 22 2 A WL
i, S RAS T WL B2 Y S AR A AN

TSR SR IR ZE SR, SO AR T 2%
41 GPS(Differential Global Positioning System , DGPS)
BT B BRI AR i, R A SER I IE 1R
1A Rk

1 Janus BEEHNSEF HE LDV

1.1 %S ZHFKE LDV
SR LDV /Y 238 855 % f, 54 8k

o A OGBS 5 0 O HR A S 2 My A5 A
WA V() Iz, 24 A2 E BIAR 1 f% T L ok

v, (TR, 238 B o, h
Jo=2v,cos0/\ (2)

Vehicle

—1—

LDV

O \<5' O Ground

(a) PR BT
(a) Smooth road
B 1 L5 5% HN LDV WA TE A [ % w4750

Fig.1 Vehicle loaded with a conventional reference-beam LDV runs

(b) NP4 B T

(b) Uneven road

on different kinds of roads
BARBAT R
v=fpA(2c0s ) (3)
TESEBRAT Rl BT EAT — 2 AR, AT 5 | A 42
AR BT 1) A AR EE v, R S S £ AR
b A0, WA 1(b) Tz, BE B A 2235 A% £, o

fo'=2[v,cos(6—AB)—vsin(6—AB)]/A (4)
TS B IB T3 v,
v,'=f,’ M(2cos6) (5)
AL H A R 2E O
Av, |_| /=

=Itan fsinA O+cosA §— Y=

Vy

v, :
[tanBcosA O—sinA O]—1I (6)
MK (6) AT LIE ), 125 2% 5L )] A LDV 1Y
DSR2 5 A G 0 AR AR 1k A K G458 15 )y
Iia) 3 5 7K ST [ SRS LU A v/, 4756
1.2 Janus BEE RIS BFR AE LDV 445
SHGEF AR LDV 252 % A LDV 1y
I AR TS EHR R LDV, Janus I8 (950 G
FIH A LDV R 48 H WA /G A AL LDV F 248
N, BET RGEEHAR , B AR %R E I,
WOCH LA R i f 0 23 B S 43k fn 42 R 7 a1 i
by T [F]ER N A% B B 223 R An R 2 R, )
FEETE R T 50 mW  JE 4 532 nm 1) AR [E R S8l
WOk, 2k HAMESE B e BUS 10306 R A ST £
B % 50% 19 4 48 BST |, B SR & 4 s

0417003-2



ok AR

548

www.irla.cn

% 48 %

M1 HC /LS BT S5 6 HR 28 S 32 98 % 1Y
YR BS2 e, HUR AL H AR5 M2 M1 R
S LARR TR £ B ST 20, YR 5 1) A% 3% 114 3 T
BUREE 5 B BS1 #43 SO I S fmdie . B8Ot A

Collimation and

Avalanche Sompensation le nu.

photodiode

R ffﬁg

M3
o

P miml
diaphragm

f— [

M1

Solid-state (]3
laser

Attenuator

%Ss’“

&) %L;‘ﬁﬁﬁfi/\ﬁﬁu 1351 St = & 3 e N
5506, Al BS2 M SOG4 508 7 )5 4
BE M3 U, VT ][RI RE A BRI 2% L 5%
. FEE SN AL - TR £

%XOPULM filter

Polaroid

Vehicle

Ground

2 Janus Fic & 195 Y6 F A K LDV &5 #4
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