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Fig.2 Structure diagram of dual-beam LDV
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Fig.3 Structure diagram of multipoint layer-type dual-beam LDV
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Fig.5 Structure diagram of single-beam LDV for ground vehicle
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Fig.7 (a) Schematic diagram of the emission angle of LDV when the
vehicle is on a flat road; (b) Schematic diagram of the emission

angle of LDV when the vehicle is on a rough road
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Fig.10 Structure diagram of two-dimension (2D) LDV

222 Z=Z# LDV

5= 4 LDV 251, =4 LDV W&t — 2 sy

A HEFOUR T R G, AT EITURFIE, =4 LDV
3R AN FROGR  R G, WO BRI 22 2 £ BE R R
SR A 11 R o
BT F G R 23 5
Vi = fpid/2 = v,sinacosd—v,cosa@cosfd—v, sinf (12)
Vs = fpad/2 =v,sinacosf+v,cosa@cosfd—v, sinf (13)
V3= fp3d/2=-v,sina@cosf+v,cosacosf—v,sinf (14)
V4= fpsd/2=—v, sinacosf —v,cosacosf—v,sinfd (15)
K o1« fpas Soa Spa 2351 0 IS BOEHT ZR GE
B2 IR SCRBA R 0, LR BT v, il
JeF 3R o, 6% AR BE ORI BN B0 BV AT g 45 242 4
AN B R
LAE B, R TOAR 7 R 0 =4 LDV 7 Horh —
AT RGTCHE IEH TR, 28 7T LSk = 2 3 B2 470
i, BAR R G A B B

LEY

B 11 =4 LDV HE1Ess

Fig.11 Structure diagram of the three-dimension (3D) LDV beams!'?

o R

3 ZFEH LDV NAFRIR

3.1 FH LDV XEBHAHRIK

i T $EFE LDV B S A, flH R 42 N X 2k
T 3R, s AR Ak A B B B 5 5, FSE N
BUEF XA Y Ak 22 S B AR AT T IR AR ST o

20230143-5



ISk A2

% 64

www.irla.cn

o

%52 %

Xt LDV [ 3% 25 | Lo B 745 S 80 TR 2
PR, A Al I AP BRI SR R 2 — o e DL
P T 2 E S50 % A A SR e 2l 2 S0 DU
AT AR, X RO A e E | EE . B ASE LA
FITE LB AR T, Y sk /NERAENY F 2012 45
P T — T R TR 5 0 B RO I SE A bR Tk
A ELAT AR R A B 5, X BRI ARG A
() L PR 7 B 2 e FRIEATRR A o BEOR 5 T 2018 4R 4
T — PO 2 0 A S B AR R A, XA
RGN EEAE B AT T PR A e AT, JF R
% 2 8o %I HORS BE R 0.1% 19 LDV #E 47 T 4 209,
VLT G b5 7 i BT o RS B R A L
HITCE TR IR o T RN E bR ik )
A, HF9E N GAR I T LDV BITEL bR AR, I 1
S, SINS % T Br g fit el B 5 B, il 3 Kalman 3§
WS JT R LDV 1 I IR | 220 25 ) 55 S 500k
FEAE bR 200, BT T IS bR T A 1 51
B, il R 18 BB LB K .

238 A 0 I B U T IS A ) R
BE, B9 N IO 238 15 5 i K 0 kb
FR 2B IE AL F 5 B, How SO | 238
AR 2 0 {1 e B (55 00 e 7 R SR B A LB
SEREAEAR T T R MR OF Y ST R R
AP 3 a2 B 114 IR 2 e AT A TS A
SO A BB, 1 225 145 5 0 o o I 1 fd 4
T, T O 22 0 A A B S A ]
Fil, ALY R 700~3300 mm, IEAE, BF5E A B 6
P T R [ R IE O 28 N RS, 7RO
25 RIS A M G L AT R ) I R
2S5 5 S TG PRI &L 3 3R L R
B R B A E S AR S, LM (A OE, A
T2 55 B A e J 28 Rl )

B T 238 {55 R LA, 3z shid A b i B
He Bl shth & 3280 LDV 1Y IR B FREAIC, X 02 R 2R
A% 118 151 85 51 2 A DS ASC 0 E A R R A T A L B
IR 2.1.4 T 23 (1 Janus Bt 09 FAOEH LDV AT LU
ANZERR bR AR B s, H TR R P S
LM HIEH LDV B R E 22 . BHEA
JEl g i T — BT 0 S R B, 3 A5 A Y
LDV & 5F W s B A — 5 I M i S0, AR 40 5 A4
EA DR IB o A P i R g N E i B

B X R EERR A LDV B9% S 2 E AR A AR
FRBEIFEIR, ELARXT T Janus BB AY LDV, 25K 58 A a7 B
PR . A XU A I, B TR
W EE R INIR, RPN 710 . M. K. Mazumder
TR FH G 2 i S Yt s A 7 A A X LDV 8 5 S
FEHEAT R A, Bl 3 B 5 2 M AR 2 T 1 O R
AT by {8 PR B, DT S B 7 1l B B o ALY,
Koichi MAru il Kento Watanabe F] Fi LiBbO5 /i 14 %)
HLOGROUN XS LDV 1 H S OGS AT A 050, DA 552 30 3F
DR, HIX PR T AR TE AL AR 5 B L
TR R B B AR . B R AT A LDV OGB4 T
Gk, S IS P 23 5 S AR AT B R S B
B, X R 1 JECER AR PR, SRAN T AL G B R R
f&, B FIT LDV & AL /NI R, A T3
A2 B I
32 FHSMEAIRK

5T LDV $2 A0y @k (R B, AR A LR
Wt L0 T R AR S E . BRSNS LDV Y
7T A B (0 2 A UK LDV R 5 7
AR 5 [ P90 248 LDV D R HAE R 382 4 S
N C A KRS8 R o [ Bl 4 2 Jo R
RRZH R FH 532 nm B R OB 38 4F B IR, Se)E
XFXOEH . BOEHR LDV #E47 T R G5 ML,
Je S LI T S BT A N ) — 4 4R
=4 LDVP; b 50T 28 i K K 24 T oS i R R 4 R
A C LR b i H AR B 2 X B R LDV #4717 WF il
I IR KR T A AR %2 4 P BE Y 1550 nm
WO,

2011 4%, A AF5E N 538 i BRSO B0, 25 i
LDV/SINS B & ST 58, 24 LDV (1% 38 B2 ) 508 3
1 0.1% B, 414 S0 2R G000 78 (50K 1 K 5 o 7 - 50
SO, W RER RERE P — RO R T R
LDV [ Wt il , B 58 N 5T 464 LDV 52 R FH £
T E A R4S T, LDV 5 SINS 2414 S0
ARG ZER Al 12 Frs, LDV 5 SINS 5 F 4 [
Fz, U— 7 0 TAESUR 4 R R M R L B8 L E
FE, — B, A4 T ARG, £ 40 Kalman 5.7
AL DB U A v A B LDV B L A R B R R A
FHTEIE SINS i i &4, 48 & F e Mg . R 1
MEET HATAH LDV 5 SINS Z5 & 7 4 8B5S
FL T 58 IR o

20230143-6



i E ok A2

% 64 www.irla.cn % 52 A
Online calibration
& 12 LDV/SINS 20450 5 40 S B P
Fig.12 Principle diagram of LDV/SINS integrated navigation system
% 1 LDV/SINS EHE & SAMaHTIR
Tab.1 Review of researches of LDV/SINS vehicle integrated navigation
. . Integrated
Lo Experimental ~ Experimental East North SINS-only o
Institution Year distance/km duration/h error/m error/m error/m navigation precision LDV type
error/m
201459 - 2 - - 1166 20 - Reuse type
201551 - 1 - - 1130 8 - Single-beam
2017 - 1.25 18 13 222 - Single-beam
201752 - 2 - - 1180 6 - Reuse type
32 1 25 18 1300 30.8 0.09% 1D
20175
30 2 3 8 1180 8.5 0.02% 2D
201754 - 1.2 - - 2000 6 - Reuse type
201853 55.6 2.1 ; ; 1020 5.8 0.01% Janus
configuration
National . 29.67 22 - - 172 006%  Reusetypelone-
University of 2018% 936 dimension
Defense 29.67 22 - - 7.1 0.02% 2D
Technology 201811 55.6 - - - 236 5.5 0.01% 2D
201821 37.6 1.9 - - 829 2.6 0.007% 2D
20181 46.4 22 - - 1053 2.9 0.006% 3D
55.4 2.1 - - 22 0.04% Single-beam
201957 253
55.4 2.1 - - 52 0.009% Janus
configuration
20205 17.2 0.65 6.7 10.7 - 10.8 0.06% Single-beam
2020 25.5 0.85 - - - 26.6 0.1% Single-beam
20215% 154 3.7 - - - 15.2 0.009% Single-beam
202214 473 1.5 - - 1158 8.3 0.02% Reuse type
2014141 - 0.6 190 70 - 202.4 -
Ui?:/tizﬁy 20151 - 0.6 115 125 - 169.8 - Fiber single-beam
2016 105 1 45 61 - 72.4 0.07%
Northwestern
Polytechnical ~ 2018 230 4.15 20 15 - 225 0.09% Dual-beam
University
Xi’an Research
Institute of High ~ 2019™*) 56.6 1.81 5 4 - 6.4 0.01% Dual-beam
Technology
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Tab.2 Existing LDV for high-speed measurement
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USA B8 MSE . ..
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Denmark * Dantec dynamics .
FiberFlow LDA Max 1331
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Abstract:

Significance  The technology known as the laser Doppler velocimeter (LDV) has gained widespread application
in both scientific research and industrial production, following years of development. This technology offers an
independent means of measuring velocity, which is especially useful for the navigation and localization of
vehicles. Compared to traditional velocity measuring methods such as odometers, accelerometers, and global
navigation satellite systems (GNSS), LDVs have high accuracy and reliability even in all-day, all-weather
conditions. These features satisfy the requirement for precise navigation and localization, thus getting the focus of
attention of the researchers in this field. In order to anticipate future progress, it is essential to review the current

research.

Progress The frequency shift of the Doppler effect in the probe beam of LDVs depends on the velocity of the
vehicle which is based on the optical Doppler effect. When LDVs are installed on vehicles, the angle between the
probe beam and the road surface remains constant. By measuring the frequency shift, it is possible to determine
the velocity of the vehicles with accuracy.

LDVs can be classified into two types based on their optical structure of dual-beam and single-beam. For the dual-
beam type, two probe beams intersect each other, and the point of intersection is referred to as the control volume.
When traveling over a bumpy road, dual-beam LDVs often lose the signal due to the limited depth of the control
volume. The researcher has proposed a multipoint layer-type LDV to address the limitations of dual-beam LDVs.
This type of LDV consists of multiple dual-beam probes that are distributed in the vertical direction. Each probe's
small depth of field is combined to form a larger depth of field. For the single-beam type, there is only one beam
containing the Doppler frequency shift during the measurement, which is different from the dual-beam LDV. The
reflected light of the probe beam is transmitted back to the detector after illuminating the uneven road surface and
is mixed with the reference beam without any Doppler frequency shift. The single-beam LDV has a broad depth

of field, ensuring accurate and stable measurements. It is particularly suitable for use in ground vehicles compared

20230143-12
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to the dual-beam LDV. Improvements have been made for single-beam LDV to enhance its performance. The
reuse-type single-beam LDV utilizes part of the reference beam power to illuminate the road surface, which
would otherwise be wasted by an attenuator in the traditional single-beam LDV. The Janus configuration single-
beam LDV eliminates the effect of vertical velocity on the velocity parallel to the direction of the vehicle's
heading when ground vehicles experience vertical jolts. The speed component in the direction of the vehicle's
heading cannot accurately reflect the actual state of a moving vehicle, as there are two components in the vertical
and lateral directions. To deal with this, two-dimension (2D) and three-dimension (3D) LDVs are investigated by
researchers. There are two probes in 2D LDV and four probes in 3D LDV. Each probe in these two multi-
dimensional LDVs can be either dual-beam or single-beam type.

For years, researchers have been investigating the use of LDVs in the navigation and localization of ground
vehicles. By integrating LDVs with inertial measurement units (IMUs), ground vehicles can achieve significantly
improved localization and navigation precision. In particular, the highly accurate velocity data provided by LDVs
can effectively suppress the measurement divergence of IMUs. As a result, the accuracy of dead reckoning has
already reached an impressive 0.01%. However, to fully explore the potential of LDV technology for new
applications such as high-speed trains, underwater vehicles, and aerial vehicles, further research is necessary. This

will require optimization of LDV technology in terms of optical design, circuit design, and system architecture.

Conclusions and Prospects This paper reviews the current research on LDVs for the navigation and
localization of ground vehicles. It demonstrates the process of development and concludes that LDV plays a
significant role in achieving precise navigation and localization of vehicles. Additionally, the paper provides an
outlook on the development trend of LDV and its potential applications for high-speed trains, underwater

vehicles, and aerial vehicles. The perspectives provided here can serve as a guide for future LDV research.

Key words: optical measurement;  laser Doppler velocimeter;  navigation and localization;
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