ERIE N SEE e R TR Vol.27 No. 12
2019 4E 12 A Optics and Precision Engineering Dec. 2019

XERES 1004-924X(2019)12-2534-08

EatFESMBIRR

koA ERERL,FE XU AREL,EIE, R B
(L.EMA¥ NBRFERR TEFK, 54 K& 130012;
2. LM KRB HE AR K, £iE 200030)

FEE B B B S A BUR AR R AR H AR — T A E S BT AR R B TR SRR A R 48 L — 3R AL AR
2 B S HURSS . MOBE BRI IR & b T LR R ST R Ay . TAEAEA R 3 i 3 1 420
RGP AV, AT WO LA = 388 32— Ritchey-Chretien R4, LK DR ITER, AT
SEHLAT LG BUAGR LA AR S WOG TR IR BRI ) RE  7E UK 2 T B T 5 B o e e TR R O R R B B O 4 5 R
RGBS Ritchey-Chretien 58 48 9 S5 56 #6430 P 8% — B B8 T AT DL G IR I 28, — B& U5 TR HIR ALK
WA AMRIN A%, BeiH25 SRR W], 0] WG RGAE 90 lIp/mm B MTF KT 0. 4. 204 RS AE 14. 7 Ip/mm B MTFE KT 0. 4, i f%
5 G5 WAL 38 PR BT AT A PR 5 O H AR GE AR TR B I 28 00> 30 pemn A2 1 R T 2 U5 35 90 %0, #E — 20~ 40 °C L% i it
RIF,

X 8B W AFEFMRARE T b ashisk

FESES:0439; 0435.1 X HRARIZAD : A doi:10. 3788/OPE. 20192712, 2534

Composite optical navigation sensor
ZHANG Liu', ZHANG Ruo-xi', LEI Jing-wen', ZHU Qing-hua?’, WANG Wei-hua?, ZHU Yang'*

(1. College of Imstrumentation & Electrical Engineering, Jilin University, Jilin 130012, China;
2. Shanghai Aerospace Control Technology Institute, Shanghai 200030, China)

% Corresponding author, E-mail: zhuyang@jlu. edu. cn

Abstract: A design method for a common aperture and multi-band optical navigation sensor was proposed
with the aim of solving the problem in which single-band navigation sensors can only get limited information
from a target, as they have a low recognition rate. The design method of the initial structure of the common
aperture optical system with primary and secondary mirrors as the common part and working in different fields
of view was presented based on the theory of optical power distribution. Visible, infrared, and laser channels
share a Ritchey-Chretien system to meet the design requirements of a large aperture. To realize the functions
of visible imaging. infrared imaging, and LLiDAR detection, the receiving part of the LIDAR was separated
and the use of spectroscopic elements was reduced by the selective transmission of an optical film on the
secondary mirror. The image of the Ritchey-Chretien system was divided into two paths by a prism; one was

to the image photodetector and the other was to the image in the uncooled infrared detector. Through a large
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relative aperture, the radiation response of an uncooled detector was improved. The design results show that

the Modulation Transfer Function (MTF) of the visible system is above 0. 4 at 90 lp/mm, the MTF of the

infrared system is above 0. 4 at 14. 7 lp/mm, the transfer function of the imaging system is close to the

diffraction limit, and the energy of the laser receiving system is up to 90% at 30 pm from the center of the

mass of the detector. The imaging quality of the system is suitable at —20—40 C.
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Tab. 1 Design parameters of optical systems for

composite optical navigation system

Parameter Visible  Infrared Laser
Wavelength/pm 0.4~0.75 7.5~12 1. 064
Focal length/mm 300 201 240

F# 3.75 2.5 3
Field of view/(®) 2 2 0.2
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Fig. 1 Optical path of two-mirror system
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Tab. 2 Initial structural parameters of optical system

Radius/mm Distance/mm Conic
PM —192.000  68.064 —1.050 o N
K 2 BAN AR B RGBT
SM —73.320 117. 393 —3.002
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Fig. 2 Schematic diagram of optical system for composite

optical navigation system
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Tab.3 Tolerance analysis
Tolerance Range
Radius(fringes) +2
Thickness/mm +0.02
Decenter/mm +0.02
Tile/ (%) +0.01
P-V/pm 3

R4 ATRERFRESWER

Tab. 4 Tolerance analysis results of visible system

Sampling probability/ % Diff. MTF Avg.
90 0.326 402 19
80 0. 387 486 99
50 0.439 389 71
20 0.467 282 32

10 0.471 442 41




2540 ﬁ[ﬁ%

R5 AHIRFEREHWER

Tab.5 Tolerance analysis results of infrared system

Sampling probability/ % Diff. MTF Avg.
90 0. 548 884 07
80 0.550 422 98
50 0.553 513 06
20 0. 556 601 35
10 0. 557 460 54
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