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Abstract: Systematically adopting strict control over the processing and assembly accuracy of optical elements,
adopting high-quality and stable opto mechanical structure, and using precision thermal control are the

conventional methods to ensure the high performance imaging quality of the optical system of space cameras in
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the past, but at the same time, the implementation of this strategy also brings high economic and resource costs to
camera development. In the face of the development trend of low-cost high-performance space optical cameras,
reducing the error sensitivity of the optical system and lowering the implementation cost while ensuring the
imaging performance are the issues that need to be faced and solved. In this paper, a compact space camera as a
background, and the low error-sensitivity design method (desensitization design method) is applied to a coaxial
two-mirror catadioptric optical system with a focal length of 500 mm, a relative aperture of 1 : 5, and a field of
view of 2.75°x2.75°. The results show that the optical system, based on the desensitized design method, not only
gets excellent aberration correction theoretical results and modulation transfer function which is close to the
diffraction limit, but also shows that the optical system is robust under the error interference in the simulation,
which provides a guarantee for the rapid and low-cost manufacturing of the camera. The optical system

desensitization design method has an important application value for the design and rapid development of high-

performance small space loads at low cost.
Key words: space camera;  optical system design;

catadioptric optical system
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Fig.1 Schematic diagram of light propagation at the intersection of light and optical elements. (a) Mirror; (b) Lens

FH I SC A3 AT T, G2k 5 45 T 28 AR D) AR
Er 5962 Z Gu i ph i 22 U R e, PR AR R i
BT Ep BUE MG, (2 Ex 1N IE VI sRBUARETR
13 ERH, REOCEE — A M E, AL
PR B A3 BT, A Akt A3 2 R AR P Ak pR B B/
{H o N T8 F 5% B R 2 USRS B, & X Er 150
Y X (B E=(1/E-|, 14 8 1% 25 UL T iR 8L

X — 1, SO RGBT A G 2E R R
ZEMURPE VR BR BN Es:

S

Es=\ = Q)

n

et RGeS 25 2 SIS MU F e
D Esi

_ k=1

Ese =\ . @

A i e RGBSR ST, I n A1

. . . .. 202
(C)1994-2023 China Academic Journal Electronic Publlshmg?#

k RGF RGNS i, 2 m
1.2 XERGESIZITHE

AR AT SCAr AT, BT X 52 S 2O 25 R g8 LU
RHEURBE PP BREL Es p A% 0 190G R SRR
Tk, HEE R R et [t RS
Es ¢ BUEIRZ) H bR B, 4515 25 BUR AR 167 &
o WITHEFEZS AT =P RR:

(1) B BHE PR TR 466 R W IR S5 .

(2) M4 e SR AL o 5 0 RAR TR, W
kB TR (3) HATREBUR AL BT, B AR AR BTEKR,
RS TR S TR By |5 = 2P G o e =i & 2|32 4 ]
55T Ak Sk AT B Ak

(3) R 22 HURBE DAk, 5 1 2 1% 2 R B 2 SRk )
B HR VLT, AT R BRI RGBT R 22
TR AL

H ) [ 96 L 55 S SR R R 22 SRR B SR 10 K
EE T

M

20365-3, .
ouse. All rights reserved.

http://www.cnki.net



s Gk A2

% 10 47

www.irla.cn

Ot 5 2R G bR 22 WU AR D AR AR AT 2 B
Ao H IR (3) MOtss R G TR 22 HURBE 1 AN A
PEALTR Sy, 2R S R AL AL ) R S ieit iy, 2o
NIATHIE:

1) 1 2 SURR P F T B AR By IRAFL . X T 1 Uit

Design start

Design index input

optical system

Calculate the structural parameters
of the initial coaxial two-mirror

Gradually expand the field of view

Add correction

mirrors

optical system

Use aspheric

Image quality optimization of

surfaces

Meet image quality
requirements?

______________________

Meet error sensitivity
requirements?
Yes

(967 R e, AT LI i 1 22 SRR R BN TR 3R 45 7
FIWT A Ey, T U i 4t i AR Oz 48 5 B B
A4, gt — ROt E BRI B D7 545 2
AR ZE OB VI, PE 45 BT B By

Set error sensitivity judgment
threshold E,,

Calculate the average error
sensitivity of optical surfaces £,

Calculate the comprehensive error
sensitivity Eg

Desensitization optimization of

Error sensitivity
optimization

optical system

(

Output results

)

Output desensitization results

2 e R R ZE MR LT IR R A
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Tab.1 Optical system index requirements

Optical system index Requirement
Focal length/mm 500
F number 5
Wavelength/nm 450-750
Field of view/(°) 20=4
Total length/mm <180
Back working distance/mm >15
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Fig.5 Catadioptric optical system with two correcting mirrors in a 2° field of view. (a) Layout diagram; (b) MTF diagram
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