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Design of solid-state array laser radar receiving optical system

WEI Yu, JIANG Shi-lei", SUN Guo-bin, ZHANG Xing-xing, WANG Yu-ning
(School of Optoelectronic Engineering, Xi’an Technological University, Xi'an 710021, China)
* Corresponding author, E-mail: 2429765449@qq.com

Abstract: With regards to the safety of solid-state area array lidars, in order to improve the energy uniform-
ity of imaging plane and increase the energy received by the optical system, this paper works to ensure a low
signal-to-noise ratio and the detectability of a target. The optical parameters are given by modeling the emit-
ted and received laser energy. The factors affecting the image plane's illumination in the optical receiver are
studied and the design elements of optical systems with large fields of view, large relative aperture, and high
illumination uniformity are described. Through ZEMAX optimization analysis, a detailed implementation
process is then provided. A lidar receiving lens with A = 905 (£5) nm, a focal length of 15 mm, a relative
aperture of 1/1.4, and a field of view 2w = 76° was designed. The total system length was less than 77 mm,
and the MTF value at the spatial frequency of 20 Ip/mm was greater than 0.5. The relative distortion at the
0.85 field of view was less than 8% and the unevenness of the image plane illumination was less than

7.2%.This design meets the requirements for lidar detection.

W#e B EA: 2019-08-13; 21T HEA: 2019-10-12

ELTH: S A E TS =R (No. 181S053); BRIP4 BHL T 5 5 52560235 H (No. 2013SZS14-P01)
Supported by Research Program of Key Laboratory of Education Department of Shaanxi Province (No.
18JS053); Key Laboratory Project of Shaanxi Provincial Department of Science and Technology (No.
2013SZS14-P01)


http://dx.doi.org/10.3788/CO.2019-0166
http://dx.doi.org/10.3788/CO.2019-0166

518 HEDE

13 %

Key words: laser lidar; energy analysis; optical design; large relative aperture; relative intensity of illumina-

tion

1 3 =

T P [ 2SO s S AR G RO R IR
FE, RO A B ROR AR SR L (RRVINT

FRIBASTH, O T AR A Sh gt T JCR nT el
WE, FESEOLE RS A Geiger APD, 2k
B APD, P /NTF 1000 nm #9157 FH H AT LA
FHRT L4153k, o] LA I RE SR IR A%, A T
1 000~2 000 nm 2 [i] B D) 5 24 Ge 5 In-
GaAs WARIER, o1 FE G AR A X AT 14 1 7
A 400~1 100 nm, FLIEAE N A 900 nm, [FH}, IT
LEANIE B AL T RAH 1 o X R 905 nm Ir4L
AMNEOGER IR R TR RE . Uk R A HR I 25
HUD TAEI KN 905 nm, Hi FRUR A 25%,
A7 1% 0 1 AR N 35 pmx45 pm, 8O T 51 N
512x256, #MEHRST R 19.5 mmx11.5 mm,

TEVOE TR IR T AR R, 2 B R AR & 4
(BRI, HRHE TEC60825-1-2014 ARifEpiiE , T 201k
FeF I 1=905(£5)nm, ABR[E HAE N 7 mm, ¥
NIRZEEEE N Loyger NIRZAFE R 0.4 mW/em?,
2 R G T R A RE 2 T I B R
Z W RE I, FE G T ARG BE X A0 [ 2 T
WO TR IR R B A R ROG B IR RIFE )
PERE, M2 RGBSR B 3 &, K7 AR
fLAR, A M Sk O TR R G £
BRPREK

R, XFF 905 nm P K HOLTRIA L2k
S ST B R L ASCGET A
WEH T LT A1 905 nm [ AR HOE TR 12556 F %ot
IR SR R G ST R R R, TR
PG THR BRI TR T B B Sk S
B 258 N T O B AR, ORI T AEE R
15 mm, AXFFLAE N 1/1.4, A0 7500806
Wik o

2 RFAGISAAE

R T SEBLES (] 360°10 58 4 7 1 LA KRNI
JEFR IR Z AN 3% DY 4, ()R 3kt o 7 3 2o B i 1Y
BRI AR E X, O TR IR RGCRA 6 4
GySLE IR, AR R 65°, T ELMY
£k 300, FENTE L B IE T B 4906 ik
FEXF H RSB 654 A4 [ i 18 ZE 52 B 200 m
FIRIMFE S . 2 FH 905QCW OGRS E K & 515,
ORI IEIE IR 100 W, 25 A 10%.

6 -
4 — 905QCW-1A
— 905QCW-2A
5t 905QCW-3A
— 905QCW-4A
al — 905QCW-5A

Relative energy
S} w

—_
T

0 1 L L L h
-40 -30 -20 -10 O 10 20 30 40
Fast axis angle of laser/(°)

CRES IR S ]
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Tab.2 Photoelectric conversion value of single pixel re-

ceiving light energy when integration time is
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Tab.3 Photoelectric conversion value of single pixel re-

ceiving light energy when integration time is
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Tab.4 Optical parameter table

Items Requirement
Field of view(FOV)/(°) 76
Relative aperture 1/1.4
Focal length/mm 15
Spectral range/um 0.895~0.910
Relative distortion @ 0.8 FOV <10%
Llumination uniformity <10%
Dispersion spot radius/um 20
MTF@20 Ip/mm >0.5
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Tab. S5 Parameters of optical structure
Surface Radius/mm Thickness/mm Glass Conic
10BJECT 37.384 2 H-ZLAF53B 0
2 15.434 8 0
3 36.146 3 EP8000 —3.241
4 17.647 15 =0.111
5 32.146 6 H-QF3 0
6 —45.553 1 0
7STOP Infinity 8.394 0
8 —58.153 3 H-ZLAF92 0
9 —124.417 0.957 0
10 95.702 4.927 H-ZLAF90 0
11 —53.595 0.723 0
12 2 848.534 4 EP8000 39.972
13 —67.378 28.409 9.173
14IMACE Infinity

*6 AFTkESRIHER

Tab. 6 High-order data of aspheric mirror

Surface 2nd 4th 6th 8th
12 0 -1.573x10°  2.001x10*  —9.333x107"
13 0 1.065x107°  —7.026x10°  3.473x107"°
Surface 10th 12th 14th 16th
12 4.642x107  —1.225x107  —1.047x107"7  9.050x107

13 =2.131x10™  —-1.311x10"  3.658x1077  —6.123x107
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o RS A S SN 12 PR, 2540
YR e S Nl 13 s .
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1RIC AR, T R ER

& 14 M62F 25 MTF 2RI, HiZs 2 ik
B% M 15 Ip/mm, #5720 Ip/mm () MTF {5 % B
HAEEE KT 0.63, Fedit il KT 0.58, 1 12 A%
BITREK
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Tab.7 Tolerance parameters

Items Value
Fringe power/A 3~5
Surface irregular/A 0.2~0.3
Thickness/mm 0.05~0.08
Airspace/mm 0.01~0.02
Tilt/(") 0.5~0.9
Decenter&Roll/mm 0.05~0.07

Refractive index 0.000 5~0.000 7

Abbe number 0.005~0.007
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