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Optical system design for coaxial camera with
large compression and large relative aperture

LU Bo* , LIU Wei-gi, DONG De-yi

(Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China)
% Corresponding author s E-mail ; jllvbo@ 163. com

Abstract: Based on the imaging three-mirror aberration theory as the design basis, using a small field
angle offset setting and a one-dimensional inclined plane mirror to fold the optical path in front of the
main mirror, a coaxial large relative aperture imaging optical system with a high compression ratio was
optimized. The focal length of the camera is 2. 5 m, the image F is 6. 3, the imaging field of view an-
gle is 0. 6°X0. 3°, and the optical transmission function in the visible-near infrared band of 400-900 nm
is greater than 0. 41 at the spatial frequency of 91 Ip/mm. It is better than 0. 6 at 20 lp/mm, the ima-
ging quality is close to the diffraction limit, and the imaging consistency is high over the full field of
view. The length of the optical system has a high compression ratio greater than 1/5. 6 times the sys-
tem focal length and 1.1 times the diameter of the main mirror. The three mirrors are all conic with-
out high-order aspheric coefficients and non-off-axis spatial layout. The tolerance analysis shows that-

the optical system is easy to realize by engineering and has a wide application prospect in the field of
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compact commercial imaging altimetry optical cameras with multi-star networking.

Key words: optical design; aberration theory; coaxial reflection; large compression ratio
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Tab. 1 Parameters of optical system

Parameter Value
Focal length/m 2.5
Wavelength 400~900 nm and 1. 064 pm
s 6.3
Field of view 0.6°x0. 3°
MTF >0.3@91 Ip/mm(400~900 nm)

(after tolerance) >0.5@20 lp/mm(1. 064 pm)

5.5 pmX5.5 pm(400~900 nm)
25 pm X 25 pm(1. 064 pm)

Pixel size

Optical system size 550 mm X550 mm X 500 mm
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Fig. 1 Core optical path of traditional coaxial reflec-

tion system
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Tab. 2 Parameters of reflective mirrors in optical system

Radius/mm Conic

Primary mirror —1 034 —0.922 7
Secondary mirror —374 —1.826 3

P1 oo —

P2 oo —

P3 co -
Tertiary mirror —583.3 —0.448 4
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Fig. 3 Layout of laser receiving optical path
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Tab. 3 Tolerance allocation of mirrors
Pri'rnary Sec(')ndary - - - - Te'rtiary
mirror mirror mirror
Manufacturing tolerance DAK 0. 000 6 0.001 - - - - 0.001 5
DLR /mm 0.5 0.2 - - - - 1.5
RSE /x 1/60 1/55 1/55 1/55 1/55 1/55 1/55
Assembling tolerance DLX /mm  0.015 0.15 0.2 0.3 0.3 0.5 0.2
DLY /mm 0.015 0.15 0.2 0.3 0.3 0.5 0.2
DLZ /mm 0.2 0.6 3 2 4 4 2
DLA/(") 0.1 0.15 2 2 4 5 0.5
DLB/(") 0.1 0.15 2 3 2 5 0.5
DLC/() 2 2 0.35 0.4 0.4 0.4 2
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