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Design of optical system for high-precision laser ranging

LIU Yucheng, WANG Chunze, SONG Youjian, XIE Hongbo, YANG Lei
(Key Laboratory of Optoelectronic Information Technology (Ministry of Education), School of Precision Instrument

and Opto-electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: With the development of laser radar technology and the improvement of ranging accuracy
requirements, the new requirements are put forward for the transmitting and receiving optical system, which
should have the characteristics of adjustable beam, small measurement spot and high echo efficiency. An
transceiver integrated optical system working in the optical communication band of 1 550 nm was designed.
The transmitting and receiving modules share part of the optical paths to reduce the receiving blind area and
facilitate the miniaturization of the structure. In order to solve the problem of echo energy difference caused by
different measurement distances and different surface inclinations, the beam expansion components of the
optical system were made into a continuously adjustable structure with the magnification of 2~3.5 times. The
two sets of double gluing lenses were used for chromatic aberration correction to reduce the influence of
spectral width on the system propagation distance. After design optimization, the laser divergence angle after
system collimation is less than 0.3 mrad, and the diameter of the emergent light spot is continuously adjustable
from 6.26 mm to 10.20 mm. For the measurement targets within 50 m, the diameter of the irradiation light spot
is less than 20 mm, and the divergence angle as well as the light spot diameter meets the above requirements at
different zoom positions.

Key words: optical design; laser ranging; transceiver integrated system; zoom system
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Fig.2 Schematic diagram of collimating optical system



NG 2022,43(2)  XUFEK, 45 18 F TR EEOGINEE 12 R ik it + 193

e ST G AR P B, B R A RO AP A wp, HOBBRE
Pt w @)L REIE RS 2 i R

AR i O AR 2 B T o B A A R O, mT
% A Gt b K iU Ak 3K

22
0= T W
0
(1)
v u,
T W)
S B E, DGR R A A
) frwg
: (2)

(D @/

#(2) XA (D), MRS HEEI I ki
A FRIRAH

21 |1 IV 1 (mw\

== 07(2)(1—]—0)+F( AO) (3)

KT PR, WM ES RO . RE(3)
AATHL, M=, BICEF i 10 21035 5 09 I 3 45 15
B0 AR FE R, W] 8 R R R AT 3 R B o i
AN, BT R B = 2w/ f o HUB/INE B, WES
1 B PN A R A R YRR
22 REHRIZIT

J T SEBUKEAT R R A T AR, G 1R i
Ak, TR SR AR R X,
ANIE TR BE IR, BOR A 9 A5 . W Y
75 5 g A R A s =G, R 4
e |1 e e M 2 S R v B 7
He g LU e XA 5V E WISk . i AN
[ R FE 2, (Rl A 4 ey REE vl T e 1, B R
PR KA RN 27~ 3.5 B S ] S5 4

BB ERGMIL T EERGEA G EIHH
THE T, (BRSNS 2, AR R R G T EE AR K
AR R A R, PRAIER R E A, — R REAL
RAASfE R G, 5 ar e 4l AR f5d . #MEd
NG [ 4138 B K, e L. W A XS
e, BInBERGAMENTLEREATERL,
HEH AT EREE A, ZdHuaM0my
WARGR A SRR WE 3 Fros, HdaEsedl 1 o0
e, Bl 2 MM, BB 3 MAMEA .
X F AR B ) 288 R, Rl e MR B A (D
IR S S SO EE R AR . B (), RiE R
MY WA D/Dy, MG D) q, B2 52845
2H B SRR IR R A AR, PR A B AR S S
P AR RS PR MR Y £ L, RN ZH X N RS B
A, NI RASFH Y R/ . & 3(b) H, B Bedl i

P HRLIEKREN T Dy/Dy, § A LB, BT F) T 0ok
INBOCAE 1% A1 7 K B o 3 SRR A A R
T RGN IE L

e G
o

|

|

[
L]~
lT“

3 ZHREERGREE
Fig.3 Schematic diagram of magnification system of three

lenses
BT RGN E B EE 5 e
@2\ @3, BOCTRIE o, BELN 2 NAIBE N d, . do, $F
JIT A 1 0] 55 1) B 350 TR PR LG MRS R KR, DU R A
PN
dy = Fi(M),d, = F,(M)
© = 8(@1,¢2,3,d1,d>)
=0
2<M<35
J7 RE AL (4) # AL F R GERY AR AT, i AL
PR R AT, AN TR ROIR SR
e BACRAE AL AL F b, 0] 3R AR A5 97 R AR
GERIWIHRZEAL

(4)

3 RBRITER

ARAT BRI, 18 IV FE 0 25 A IR L
TIZE EPRAFENR, AW EHte Rk
T, B 58 U 2 N TR e I %
3.1 EEERRT

AR e HHL A A R R, 39 R AR RE R A B e 1 7
FLROCR o SR B 5 A Y AN AR T BR 1 o,
DR R 0 R, e i R SOEBE AR AR R, AN T
KR BOLINE o A2 FRTOEBERSE, AR L
PSS AR AR, LR e v R o

o T 3 2 ok o8 B o SBOC R HE AT 9 B, AR 3R AT
SR ERCR IR, B3l BE R LT 3 /1A



- 194 - o

% A3 EE 2 Y

o E e, EERATH RN . JEEF SR OEER i

Dm&/ B R R AR, TR DG 2 5 Sk B B

I BA A B R 3O H AR, Wk i T NA=0.12 42
m@J NA=0.2, LA 0l /0 A7 5 X6 22 48 8% 08 19 52 1) o
Hk, ZEIFEM . mIIRNBOLHR, A fes
XoF 5 e R R R 0, TR IR — B, R T
RESRE A9 G BE AR AR T/, 3 T 12 Dy 38 9 4R
R, PRI I 3 FH M BB B 4 1 A B B e, B R e
RGP . S, BRARA 28U B8 3 X
ARG, W B MY BOOG AR E,  R— T R AT
o AN A A5 AR T R, RO A&
75 4 B) 0 V2% .

AR R MR RS WIE 4 R, M
Zemax FAUPTHAERE AR, HSHEBEN1E 8 3.2 mm,
VE 3 KB M 0.32 mrad, #E BHAURB L. BT
WRG TR G, UL H TR Ay, T2
TE 625 R B85 A — > B A 55 B8 o L 4R, WgE
Hope g2z, s 5 pros . SPnT EEEL, Be iz
RY I 22 (5 M 0.000 8 A, RMS fH 4 0.000 2 A,
PR (EAR T =k B AR ZER 19 (120 ).

B4 EEAFRGEKE
Fig. 4 Optical path diagram of collimating optical system

PRI PRIEL
1.856e-6
~738le-5

0 ~1:58c-4

~238¢-4

31184

E=

— —4.78¢—

1o —5.58c—4

02 e

g

Gy ﬁéw 7,984
%, UES

@ 1.0 -1.0

Es BRERRERNARGKATE
Fig.5 Wavefront diagram of system after ideal lens

focusing

32 HRBERIE

M T HOCZOELT A — 2 M R, FEOLE
Vi JE R TEZ 27 nmo CATHBRIETE S GIA B (22,
TEAL AR A RAMEE L7350 5 ) A — 4 OURE & 38 B A T
FRIE S R, SN kb 2 A 6 £ BE T g, o8
— W E RS A RS, R A B SRR

W ERIE 6 Fian., K6 dh A EMT, M
S0 A 2.0, 2.8, 3.5, 55 1 R I 4, R 2.
3 NARGA, AL 5. 6 A O AMERA .

@ 1 . -4 56\]
2.0x%;
i
et
“—;t:_-;ﬂ———%_ar
 — ﬂiﬁt
e

Elo MUBHNERT RAGEHE
Fig. 6 Structure diagram of optimized zoom beam

expansion system

PR R G IRABIT ARG R 2" ~3.5 M 4L
ARG LE R, AR A LA 5 7 A A T ST B AR L,
DRI ST BB . 205 EK, RGEAEAT
TR AT IR A S PR A B 0 AT R, A I B
T PEA AT L, AT N5 AR fE AL B PV (RN T 0.1 4,
RMS fH/NF 0.03 Ao RGAFER ML & 7
B B 7 AT LA, B A2 A5 L M 284k, #4540
G [H) B 04 722 2 3 Bl oy — S L2k, AR T J5 S WL

SRRt
45 4 )
40 d, e
35F ,///
30 F ’
£ 25+ L7
£ s
< 20k e
15+ ,
7z
10 .
st e
0 1 1 1 1
2.0 25 3.0 35

M

El7 ZETRAZHORELZ

Fig. 7 Cam curve of zoom beam expansion system

3.3 RERIZI

T RE MR — RSG5, &5 580685
LAY A, AR BT R AR ), 7 2R
SRR HAE Ry 17, TR A3 AR i AL
BE, FANTE 2 iR AT R AR, AT Rk
AN 8 Fram o



B2 2022, 43(2)

TR, % 38 AT RO L RO BE i e R gt it © 195

B8 REBRRLERTEE
Fig. 8 Optical path diagram of focusing module

FH WO I 3R 1) 2R A8 6 31 5 T D TR A 422 i
AN RE AR RS . MR TR AERE ), I 2
TR, 1 R PSR ADLR RN, 2
L H BB AR B 2R B B APD #8305 [l
AN (0.3 mm) .

4 RGN
Al LB . BB R S B B AT
B 9 R IR A E R

=

ke 2]
At PR

9 EFERERE

Fig. 9 Structure diagram of overall optical path

5, MRS RGEIATIE . EOCET B LA
% NA=0.12 7157, Ll fEEBIE y 03.6 mm [F-47
JEH, SRIEIR 27 ~3.57, W SDLHE EARAE 6.4 mm~
11.2 mm B ZE 0T . FOLRTESLBRAL 3% b, A BETR
FlE S LAE R, BN IR Y B A
R, 2 BB, AR L 2570, W H O
WSEBEAE Y T A RE S5 A Wi 10 B

0.026

0.020

HRE/(W-mm™")

0.010

L

0 . . ! ! . ) L L ,
—-17.2-13.75-10.3-6.9 =344 0 344 69 103 13.7517.2
YASFRE /mm

E 10 SHEkEYEEBERESTE(2.5E)
Fig. 10 Irradiance distribution of emergent light at Y

section (2.5" configuration)

W 1R, Gl T OREEES | A A TOLR
A A8 B R T

®1HSAREESMNE

Table 1 Propagation characteristics of emergent beam

2" 0.258 6.26 17.70
2.5 0.135 7.70 13.62
3" 0.111 9.04 13.80
3.5" 0.209 10.20 12.62

Fok, MHEW RGN . APD BOGIH I, R4k
B e g RE 07 an el 11 BiR (2°4135) o & 11
e, AN TETEARBUE B B AR R Ik 7
B AL E . ZERGET TR 0 Mg (i )
2 R G %35 04758 LN YOG SR ICAE Bk R
98%, XF 0.6 Bl A (L RS Ry 90% . TEA
() S AR ZE A T, 1 9pi AT B 2003 22 il FeL T FHE0K

=)
g
g
2
&
2 0.3600 mm
Bl REEDEEREREEQER)
Fig. 11 Energy receiving diagram of focal plane (2

configuration)

AN TRI AR A3 25 My iy BE WO R 6 2 Fros o ML
F2 I E W, AR EUN, B I R, S
X 19403 P9 1 [ B2 A8 R 440 1= F 90%

x2 HESTTEIRWHERI EHRHK N
Table 2 Field of view corresponding to different receiving

efficiency in each configuration

S— Wg/(°)
98% IR 90% IR F
2 0.9 1
2.5 0.82 1.2
3 0.72 1.06
3.5 0.64 1

W, M ARGHATAZEIINT . KRR | J0
PRI LR 22 | BORHIT S R BT DLRBGR ZE AL



.« 196 - o]

A3 EE 2 Y

ZEVENAEAR, 22BN BLANEE 3 BT .

x3 RNEEGRHERE
Table 3 Tolerance indexes and value setting
X3 ol
KIAAZE i % 3
ANHILI 0.5
JClF 22 ffC>/mm +0.05
g/ () £
JEE % /mm 0.03
PR 22 R IES +30x10°
BeT DL K% +0.5

T BB G EF (R AR /N, o o X B s, T ]
P S A O O 28 22 o X D20 X 7 1) Al o0 Tt
HEAT AN 22508, G5 SR F B, JEEFfi O B X HE 25 1Y)
H b B RS B A — o R, ARG 2 880 1 5% i A
/N, SEBRAE R v AT LA LA TR D

W R EAAE R & 3T RGP bR, 2t
15 1000 K 52405 B, 25 LR W, JLfeZk &
BUfA 98% HER/NT 0.5 mrad, HL &AM T, 2
25 B HUR ) R OB e b [8] e 4 AR A A AR
1 AT FE B PR ook A A A AR R A
— R BR R REUBE AR AR R IR G AN AR
HE, 02207 el 1, DRECBEAL Y™ K 20%, i 2
T ER

5 Z5iR

ARSCR T T —3E FH T ks B ) 2 &R
G, ANALSEE T U Kk — A, I8 T SR A A 4
My, A el T i L. AUEER 11 i s, %
& T In TA, R BRIk, 156 B o i
S UE E AL TR AR AR AR, SR S5 X A5 B
AT R AT, I e . AR B
HRG, NEBRE, FEMAS T EIEE W5
W A I 7 K B/ T 0.3 mrad, HSHEBE AR TR
6.26 mm~ 10.20 mm = ZE 1] &, X} F 50 m PN I i
HFR, 240 8 568 E A2/ F 20 mm; IR
F, F A B XT 1o 37 N TR e I ROR Y e T
90%. IZIG2F R G R IFRE i AE T ALl R, 4h
¥ L E BR T 5 v AR Wi 04 R R 22, AR
T EORS B B T, WO IRCR — R OE R IR R
Gttt 2%,

S E X #k:
[1] 5T, BARX, EAE, 4. F0Rm g i oL ik

[2]

[3]

(4]

[5]

(6]

(7]

[8]

(9]

BRSSO FEENE L], Jel TR, 2019, 46(7): 7-20.
LU Zhaoyu, GE Chunfeng, WANG Zhaoying, et al. Ba-
sics and developments of frequency modulation continu-
ous wave lidar[J]. Opto-Electronic Engineering, 2019,
46(7): 7-20.

SWATANTRAN A, HAO T, BARRETT T, et al. Rapid,
high-resolution forest structure and terrain mapping over
large areas using single photon lidar[J]. Scientific Re-
ports, 2016, 6: 28277.

XN, T, 2200 WO KRR B = 4k iU O 53 i
J[I]. e TR, 2019, 46(7): 21-33.

LIU Bo, YU Yang, JIANG Shuo. Review of advances in
lidar detection and 3D imaging.[J]. Opto-Electronic En-
gineering, 2019, 46(7): 21-33.

KN, A BOBOL T IR FE vk Kok BE 43T (D, JHR:
HLT AR, 2019.

ZHANG Xiaomei. Ranging method and accuracy analys-
is based on vehicle laser radar[D]. Chengdu: University
of Electronic Science and Technology of China, 2019.
TR, Z T OGBS MAT RYCGE il B RS0 7
WEFE D], WA JKEE: W /R EE Tolk oK%, 2010.

WANG Bei. Research on lidar-based hazard detection al-
gorithms for soft planetary landing[D]. Harbin: Harbin
Institute of Technology, 2010.

FRME K. KRB =k B O LI BE G H RIS [D].
JemT: v E R 22 B 5T AR Be (L i OR Yy AT T BT ),
2014.

CHENG Pengfei. Research of key technologies of wide
dynamic range and high precision laser distance measure-
ment[D]. Beijing: University of Chinese Academy of Sci-
ences(Shanghai Institute of Technical Physics), 2014.
. T 1] O TR A N B9 B TR B AR B 5T (D]
B R AR, 2020

YU Chao. Research of single-photon detection techno-
logy in lidar applications[D]. Hefei: University of Sci-
ence And Technology of China, 2020.

Pk, A, I, . SRR TR IR R A R
WOt Rt S0 1], OG22 23R, 2016, 36(11):
65-72.

YANG Hongzhi, ZHAO Changming, ZHANG Haiyang,
et al. Design and optimization of all-fiber lidar transmit-
ting and receiving optical systems[J]. Acta Optica Sin-
ica, 2016, 36(11): 65-72.

FREERES. 2l 20RO HE B R S0 (9 I BE £ R B 5% [D].
K REEAK2E, 2007.


https://doi.org/10.1038/srep28277
https://doi.org/10.1038/srep28277
https://doi.org/10.1038/srep28277
https://doi.org/10.1038/srep28277
https://doi.org/10.1038/srep28277
https://doi.org/10.1038/srep28277

Iz e

2022,43(2) XU, S 3 T m0h B OGN 0 6% R et .

197 -

[10]

[11]

[12]

KANG Weiwei. Study on laser range finding technology
in total station laser alignment system[D]. Tianjin:
Tianjin University, 2007.

WALTER K. Solid state laser engineering[M]. 6th ed.
New York: Springer Science Business Media Inc, 2006:
215.

WU Zhong, YE Yunxia, ZHANG Yongkang, et al. Study
on propagation properties of flattened Gaussian beam
passing through a beam expander[J]. Laser Technology,
2011, 35(6): 861-864.

YUE, £LL, FEEN, 5. RIBBFOLY WA 106
THIT. BOGHEAR, 2009, 33(4): 426-428.

GONG Dun, WANG Hong, TIAN Tieyin, et al. The op-
tical design of high-power laser-beam expander[J]. Laser

Technology, 2009, 33(4): 426-428.

[13]

[14]

[15]

SANSON M C, CORNELL J, ANDRESEN B F, et al.
MWIR continuous zoom with large zoom range[J]. SPIE -
The International Society for Optical Engineering, 2010,
7660: 76601X-1-12.

FRIT, T, w, A5 BOE R Y R ARG R ).
JerFeAR, 2015, 35(9): 282-287.

WANG Peifang, XIANG Yang, GAO lJian, et al. Design
of collimating and beam expanding laser system[J]. Acta
Optica Sinica, 2015, 35(9): 282-287.

WRid, ke, 2, 55, — BN ML T ILE iR 75718
BARGIBOTI]. BADES, 2021, 42(1): 30-35.

CHEN Yue, XIE Hongbo, YANG Tong, et al. Design of
miniaturized two-steps 7.5" zoom system in visible

band[J]. Journal of Applied Optics, 2021, 42(1): 30-35.


https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.3969/j.issn.1001-3806.2009.04.027
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.5768/JAO202142.0101005
https://doi.org/10.5768/JAO202142.0101005

	引言
	1 收发一体激光测距的工作原理
	2 系统设计的理论模型
	2.1 准直模块设计
	2.2 扩束模块设计

	3 系统设计结果
	3.1 准直模块设计
	3.2 扩束模块设计
	3.3 聚焦模块设计

	4 系统设计评价
	5 结论

