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Optical System Design of Lander Camera with Focusing Type

HE Ying-hong. YANG Jian-feng, MA Xiao-long, LU Juan, XUE Bin, LI Ting, JIAO Ying
(Xi'an Institute Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: A optical system of lander optical payload was designed for the requirement of focusing on
objects. A noval focusing type was made that the optical system could keep fixed focal length during
focusing. An approaching telecentric optical structure is designed, the optical system was made up of
front fixing lens unit and rear focusing lens unit. The front fixing lens is a kind of afocal optical system.
The rear focusing lens is at the back of fixing lens unit. The optical can image objects from 0. 8 m to
infinity in focus by moving rear focusing lens unit. The optical system with spectral range from 400 to 1
000 nm, fixed focal length of 50 mm and F number of 8 can focus on objects located within the range of 0.
8 meter to infinity. At last, The modulation transfer function of the optical system can reach to
diffraction limit, and distortion is less 1%. The image quality can meet the requirement to the optical
system. By the analysis of optical system tolerance, the optical system can keep good imaging quality
after fabrication. The optical system can be used to explore moon, mars and asteroids.
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Table 1 The parameter of lens

Number Radius/mm  Space/mm Material
1 10. 359 3 ZK10
2 62.432 1.9
3 261.425 2 TF3
7.387 3.2
) 10. 928 2 ZK10
6 —57.702 0.18
Stop Infinity 1.9
7 —18. 464 2 TF3
8 16. 707 dl
9 50. 067 5.1 FK51
10 —13.948 0.4
11 50. 067 5.1 FK51
12 —13.948 0.4
13 —12.998 4.6 YAY)
14 —19. 583 1.9
Image plane —172.613 5.1 7F6
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Table 2 The distance of moving lens

Object Space/mm
distance/ mm d, d,
Infinity 10. 336 23.664
2.5 9. 327 24.673
1.5 8.652 25.348
0.8 7.166 26. 834
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Fig. 7 Distortion and filed curve at different distance object
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Table 3 The preliminary tolerance of all construction

parameter

Tolerance parameter Tolerance value

Surface error/N 1
Surface irregular/AN 0.2
Lens thickness error/mm 0.02
Surface decentration/mm 0.015
Surface tilt/ (%) 0.02
Lens space error/mm 0.02
Lens decentration/mm 0.015
Lens tilt/(®) 0.02
Refraction index error 0. 000 5
Abbe number error 0.5%
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Table 4 MTF estimation of the optical system with
fabrication error

Object MTF
distance/mm Average  90% lens 50% lens
Infinity 0. 446 0. 38 0.452
2.5 0. 456 0. 407 0.461
1.5 0. 455 0.41 0. 455
0.8 0.438 0. 396 0. 448
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