445 £ SHI/2024 £F 4 A/RFER
an ) P_L’
IR

e B B SO B B U K T LR o
KTE, BAE, RIA RE, FAE

AL Tl K 2F 7S RN R G2 F B S L=, PvE 142 710072;
PP RO A BRAF], Wi Tk 315048;
P Tl KA T R B, WiV T 315103

WE R GO TR IR OL P R GRS R FRET PR R T b Y T R PE BRSO T — RO R Sk S A
PR G FHEE Al i Jo 3 P AR AR 0 35 4w OB 78 8 R GERI 20 B R 0 05 58, Bt 1 — e/ N RS T 9 1Y x4 3
B ARG S WS T AR RR BT B IR T RS o W a5 R R T BT Y I SR BT Sk 7R R — 40~100 “CHY IR B8 FL N
FER 4N 0.021 mm,/NTHETR0.074 mm, 78 30 Ip/mm &b 2% ML I8 i £ 18 B EL(MTF) K T 0.5, M3 WL BEE AR 7E 7 pm
VLR, K B3 B 23 PR 0.045°(H) X 0.045°(V) o B I SR O~ R GT A0 1] B AR BT RE 9 PRIRE I PE ik, 78 42
ARWOL TR 1B TR AT R 1 1 W A 5t

KR AABOLTER; RADLERL; Otricit; Tl

FESES 0439 XEIRER A DOI: 10.3788/A0S231926

1 5 7

WOL R e — b B S BN IR R SOR , BAT N B
DT BB AR WO T Ik RTE A 4R A
J 30 R BT AR R S B DX A5 TR A 2 A A
HAT W0 R A5 BEF SR BAE 0 &, X 2
O TR K Y TSR ORC R g ey B RIS T R Y
PhoBE kR RO £ B R B DR BY e R 3
HAF.

OG- 2 G0 R AT X T O T I8 Y b R
TEANZ Ao S o A LT 2 TR B B S R
KA A/ FREE, AT ERA il 2 b A5 I Ok
AR 2 AR R AL, T s ) PR R A8 b
JE, MR B 4 i R O RGER e B o SR, KA
Bk 38 W A5 R A % IR BRI A2 A N B A
IR RA B ZESR o [, 42 MO T Ik 5L PR TAE SR 2
2%, Q025 P R ) AR R B2 = A A e R PR
AR A X S B AR AR TS 85 Sk N AR DG e A AN A 4
72 AL, S BUR T RS RGBT B X TR AR
Bk, B R B R AL, R IR A R B
PR, A S SR T T B BT 1 T 12 R AT AR T I 52 2
e I AR B Sk B PR SE I o SCHRE7-8 TR M AL 3
Te AL FF WBR A [ 25082 ik 28 2000 bR I &
a7 2 B8 2y 175 5 i 170 £ Bl A0 DRI 2 A A T 8 1) 1% i

fiA% o SCHRL9-1217% ot ~A i 3l o Ak ik M e o
FEREERRR P 2 ) A 22 S AT 5 B S T R, S B T
—40~60 “Cifi £ Jw [ N 8 e Bt it o Sk 13 [IEM
TR A #sh JC I AL SR AT S BAR BA |e E RE AY I
WRCR . R, LR SCIAFE Z R E [ SR E
2% R BRBR, a5 | AT S o PR AR Bk 2 B 4 in A=
AR, HL G A R 58 Y 1R 5 7 A [ A, e L IO 4 2™
il 52 2% PRI B S B L

AR SORE A FR BTk 5 AR BRI A5 AT A ok R e
BRI R D R GEE K/ TR BE A I B A5 A, T 46
KAREWOL A RG24 #00 & g/l
PRI 7 BRI R o BT R AR BT Sk B 32 I EE R R Y
(), A D' 2 W B 245 5 DL e 3l Y XA A T O
5 R IR E B DG 6 A A 5 S50 1 I K %
G647 A R R 2 AR, R AR M IS, A B fR sk
AICHRAL o B2, BT B9 8 Sk 7 — 40~100 “CHY 58 i
JE 748 A Vi TR PN AR T AR /N TR TR A M TR R Bk
(AR B, O BT BT 4 il s LR 5 T L
LA™

2 MHFRFBRIT
21 HEBEAE

M B Sk 4 5 2 R R I 4% A B AR O R AN 1 Fr
7, R A A TR STEOE 8% (VCSEL) RO

Wi A 2023-12-13; €@ BH: 2024-01-29; KA BHI: 2024-01-31; MEBEHXBH: 2024-02-20

ELWB.: EXEAMKRR ¥4 (U21B2035, 62074128)
BEEE: zlz@yxopt.com

0822004-1


https://dx.doi.org/10.3788/AOS231926
mailto:E-mail:zlz@yxopt.com
mailto:E-mail:zlz@yxopt.com

a4 % E 8 HI/2024 £ 4 B/HHEER

window

polygon

reflector

Y

detector
VCSEL * lens

1 OB Ik AR
Fig. 1 Schematic diagram of LIDAR

KAAER S HREE (galvo) 45 (polygon) (4 H B8 LA S 2%
B 00 4, HL P R A B Sk 5 4 B R N AR R
W A L o 2 13 A B Ot B 3k ™ il
FRBOAS 2 REE S 5 BEH I A R L, oy PR A
I, K K 3 B A 3R N 0.2°(H) X 0.2°(V) 32
R T T AR . FE IR PR S RO
5 0 R BE Sk E S RBESL AE AR T AR &5 AR o B
R S A5 TR] B S AR A v B AR Y O TR I AR
B %E.

R AR T B B R e VCSEL K& G R
Zoat — RPN RS AR B bR LB A B I B
X3 . 4 galvo Fl polygon 4% 2 B, S o 78 8 I 1 2 47
— AT AT A, S R R AL R A B bR fE B R [
BRI A% o 4 I 28 A8 kg 2R 45 00 2% 1, 300 H bR o b
FA) HE S T R DX S A 53 R 22 AT RN g 2 3 YO
E—ITE R ZA7E B T R & mUR 1 73 B R R
o AR S 7E T B DR PR R R 28 R R R
RERE B R B S Hif R

RGN S5 & 1R . AR Sk
Fortsense 2\ ) {9 4% IR %% FSL 3516, 14 90 B4 51 80N
1X 16,18 56 K/ R 60 pm X 15 pm. iZ M 1Y 14 o0 58
PR 15 pm, RS0 CKE 85 Sk & W 3 B9 TR L BE 3 5 AR
(RMS) P42 BRHI7E 7.5 um Z N . KAk 09 TR
BOR IR B 5 WOG A IR EE— 3, 200028 905 nm i
—40~100 °C; 5 3k £ B % 1 78 200~300 mm Z [H] , 4>
ML £f o 0.85°, % 2 50 J8 340155 100 1 A7 WA AR 5 3% A1
i %A — VR i, SEBR A A Y AL B R
0.72°, Z 3 ZE PRI 25 09 73 HU 5, AT A 3] 0.045°(H) X
0.045° (V) 14 £ 43 ¥ 5 5 TR I 4% Sk 1) K 8 75 B 8 1, X
B B K S R HE B S 5 H £<<0.5,

22 AREIT
221 ¥kEAEFZRH%EIH

RN RERKENFEREN M, — B H—

IE— SR CE R , WE] 2 Fif 7R o 3 i &5 4 4l 450

#1 ERGEWIT S
Table 1 Design parameters of optical system

Item Data
Operating wavelength /nm 905
Working temperature /°C —40-100
RMS radius of diffuse spot /pm <7.5
Field of view /() 0.85
Focal length /mm 200~300
k <0.5
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Fig. 2 Schematic diagram of telephoto optical system
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Table 3 Structure parameters of telephoto optical system
Surface Radius /  Thickness / Material I%‘E /
mm mm (10°°/°C)
0 infinity infinity — —
1 36.6126 10.0000 H-ZPK5 124
2 infinity 27.8210 Cu 17.5
3 —25.2046 3.0000 H-ZF52 8.8
4 infinity 1.6117 Al 23.2
5 infinity 1.0000 H-ZK10 6.5
6 infinity 2.4158 Al 23.2
7 23.1118 6.0000 H-ZF52 8.8
8 infinity 20.9733 LCP 46.0
9 infinity 3.0000 H-7ZF62 6.4
10 3.0681 9.2395 LCP 46.0
11 infinity — — —
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Abstract

Objective

The actual working environment of vehicle-mounted LiDAR is complex, including seasonal long-time limit

temperature and rapid changes in indoor and outdoor high and low temperatures. These temperature variations possibly

change the internal optics and structure of the lens, which results in image plane drift and reduces imaging quality. For

telephoto lenses, the image plane drift can be more obvious with the ambient temperature changes. The current passive

0822004-9
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athermalization design method has the problems of complex structure and large volume caused by multi-layer lens barrels,

or the introduction of diffractive elements and aspheric lenses to increase the production cost, and the narrow temperature
range of thermal-free, which is difficult to adapt to the practical applications in the complex environment of vehicle-
mounted LiDAR. Therefore, it is necessary to reduce the image plane temperature drift and improve the environmental

adaptability of telephoto lenses with an advanced athermal design method.

Methods The telephoto lens which can accurately capture distant targets and magnify the details is integrated with a line
array detector to improve the resolution. Meanwhile, based on the fact that the total length of the optical system of the
telephoto structure is smaller than the focal length, the volume of the telephoto receiving optical system is compressed to a
certain extent to realize the requirements of lightweight miniaturization and high resolution of the vehicle-mounted LiDAR.
Aiming at the problem that the telephoto lens is susceptible to temperature, we improve the two-group compensation
design method of the passive optical and mechanical athermalization to maximally offset the optical focal length change of
the optical parts from the thermal difference brought by thermal expansion and contraction of the structural parts, and to
reduce the image plane drift, thus realizing the athermalization of the telephoto lens. Finally, the image plane drift of the as-
designed lens is less than the depth of focus over a wide temperature variation range from —40 to 100 ‘C. This is conducive
to ensuring the imaging quality of the lens, and the designed structure has a simple preparation process and is easy to

engineer and produce.

Results and Discussions Different combinations of optical materials and optical focal length distributions are determined,
structural components of different thermal expansion coefficients (TCEs) are matched, and the thermal difference of the
optical system compensates for each other, with the system athermalization design achieved. Without the thermal
expansion and contraction of the barrel holder taken into account, the focal shift of the lens with temperature change is
always minimized and the image plane drift is 0.075 mm when the temperature increases to 100 ‘C (Fig. 7). The thermal
expansion and contraction of the barrel holder is considered as a material to compensate for thermal aberration to make the
sensor detecting surface always in the image plane. In the wide temperature range from — 40 to 100 °C, with the
temperature change, the receiving optical system obtained from the selected optics and structural component materials has
almost no significant focal shift, even when the temperature is as high as 100 °C, and meanwhile the amount of focal shift is
only 0.021 mm, smaller than its depth of focus at room temperature (0.074 mm), and the field curvature and distortion of
this optical system have small changes (Fig. 8). The MTF at 30 Ip/mm is all larger than 0.5 for each field of view (FOV),
and the focal plane shifts are all small, which indicates that the designed lenses can maintain sound image quality over a
wide range of temperatures from —40 to 100 °C (Figs. 9 and 10). The diffuse spot radius in the full FOV is smaller than
7 pm, which reveals that the focal shift of the lens is little affected by temperature (Fig. 11). The results of photographing
vehicles traveling on the road show clear imaging of the vehicles and obvious feature areas such as the outer contours of the
vehicles (Fig. 14). The above results prove that the imaging quality and temperature adaptability of the lens can be

guaranteed by the above athermalization design to compensate the system thermal difference.

Conclusions We employ the telephoto lens with a long focal length and small FOV to subdivide the scanning area and
integrate a line array detector to achieve an image-level imaging effect. Based on the characteristic that the total length of
the optical system of telephoto structure is smaller than the focal length, a receiving optical system with a telephoto ratio of
0.38 is designed, which has a smaller lens length and lower cost and meets the requirements of vehicle-mounted LiDAR in
terms of high resolution, light weight, and small size. Given the large temperature difference in the working environment
of vehicle-mounted LiIDAR and the image plane drift of the telephoto lens, a passive optical and mechanical athermalization
is implemented to confirm the reasonable combination of multi-plane spherical glass lens and structural components.
Finally, a four-piece telephoto lens optical system with a simple structure and a focal shift of 0.021 mm less than the depth
of focus of 0.074 mm over a wide temperature range from —40 to 100 °C is designed. The MTF of each FOV at 30 Ip/mm
is larger than 0.5 and the diffuse spot radius in the full FOV is smaller than 7 pm. The vehicle imaging is clear, and the
outer contour of the vehicle and other characteristics of the area are obvious, which achieves athermalization and shows

favorable environmental adaptability.

Key words vehicle-mounted LiDAR; telephoto optical system; optical design; athermalization
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