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Abstract One coaxial and off-axial hybrid three—mirror optical system is designed, by combining a coaxial three—
mirror system and an off-axial three—mirror system. A 10x0.1° field of view (FOV) is achieved by the F/7.3 coaxial
system with spectral coverages of 0.38~0.78 pm and 1.2~1.7 pm. A 2°x0.1° FOV is achieved by the F/18.9 off—axial
system with spectral coverage of 0.38~0.78 pwm. The above two systems have the same focal length of 14 m, and the
simultaneously performing push—broom imaging ability. They both have a middle image plane and a real exit pupil
which can supress stray light easily. After an optimization, near diffraction-limited performance can be obtained
over all the FOVs and the spectral ranges. A minimum modulation transfer function (MTF), higher than 0.41 at
Nyquist frequency, is acquired, which satisfies the design requirement to achieve a static MTF higher than 0.2.
Moreover, the whole system structure is compact and its elements are easy to manufacture and align.

Key words optical design; coaxial and off- axial hybrid; three— mirror optical system; image quality
evaluation; modulation transfer function
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Table 1 Design parameters of optical systems

Parameters Value
F-number 7.3 7.3 18.9
Spectral bands /pm 0.38~0.78 1.2~1.7 0.38~0.78
Focal length /m 14 14 14
Aperture /m 1.92 1.92 0.74
GSD /m 0.25 0.464 0.464
Field of view /(°) =0.92 =0.92 =1.95
Fuin =0.41 =0.41 =0.41
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Table 2 Structural parameters of optical system

Radius/mm Thickness /mm Conic 6th order coefficient
Primary mirror -5242.4309 -2096.4541 -0.9529 0
Secondary mirror -1390.3217 3797.4247 -2.2377 0
Tertiary mirror (coaxial) -1878.4342 -2168.8852 -0.4618 -1.7358x107
Tertiary mirror (off—axial) -1880.2963 -2171.0612 -0.4600 -9.4142x107
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Fig.1 Optical system configuration. (a) Coaxial system; (b) off-axial system; (c) coaxial and off-axis hybrid system;
(d) three—dimensional diagram
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Table 3 Field of view
1 2 3 4 5
x 0 0.35 0.50 0.35 0.50
Coaxial system /(°)
¥ 0.61 0.56 0.56 0.66 0.66
x 0 0.70 1.0 0.70 1.0
Off-axial system /(°)
y -0.45 -0.40 -0.40 -0.50 -0.50
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Fig.2 Area of obscuration of coaxial three—mirror optical system
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Fig.3 Spot diagram of (a) coaxial system and (b) off-axial system
(a') Coaxial in visible spectrum % ‘EEFEEE“:E%EE' W‘i.‘:?:"&‘:" W“‘;"‘ (b) Coaxial in NIR-band % ?ﬁ%ﬁﬁi%{g Wg’%g"gé"““‘i"’
1.0 - 0.00000 1.0 \\\ —— - - DEFOCUSING 0.00000
0.9 el 0.9 F<
0.8 s 0.8 sl
§0.7 S ks 0.7
£06 e 50.6
205 : 205
204 S04 o
=03 0.3
0.2 0.2
0.1 0.1
7.1 214 36.7  50.0 64.3 3.8 115 193 269 34.6
Spatial frequency (cycles/mm) Spatial frequency (cycles/mm)
(C) Off-axial in visible spectrum | —— = : %Lg‘%lég EE%EE 3
1.0 e sl DEFOCUSING 0.00000
09— T
= 0.8 e
20.7
=0.6
=0.5
20.4
= 0.3
0.2
0.1

3.8 11.5 193 269 34.6
Spatial frequency (cycles/mm)

4 MTF % (a) [A 22 5807 WO Be; (b) a4l AR G20 20 AP35 BE; () 4 AR 48 mT OG5 B

Fig.4 Curves of MTF. (a) Coaxial system in visible spectrum range; (b) coaxial system in near—infrared—band;

(c) off-axial system in visible spectrum range
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