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Abstract In order to realize the round—the—clock space—to—earth observation with high resolution, a visible and
infrared bands common aperture optical system is designed, taking full advantage of the high resolution of the space
optical system with long focal length and large aperture. The system consists of a visible spectrum optical system
and an infrared (IR) subsystem. The fields of view for the two spectral ranges are both 1.3°%0.1° which is convenient
for push—-broom imaging simultaneously. A coaxial three—mirror structure with a middle image plane and a real
exit pupil to facilitate suppressing the stray light is utilized by the visible spectrum optical system whose working
wavelength band is 0.38~0.78 wm, focal length is 25 m, and F-number is 10. The beam is split near the exit pupil
of the visible spectrum optical system, to which an IR subsystem is designed and connected. Then the coaxial three—
mirror optical system and the IR subsystem are integrated into a common aperture IR optical system, whose working
wavelength band is 8~10.5 pm, focal length is 4 m and F-number is 1.6. After optimization, the structure of the whole
system is compact, and the image quality in the two bands approaches the diffraction limit satisfying the design
requirement. The tolerance analysis of the two systems is accomplished, and the result of Monte—Carlo analysis
indicates that a static modulation transfer function(MTF) better than 0.2 is achievable.
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Table 1 Design parameters of optical systems

Parameters Visible IR
Spectral bands /pm 0.38~0.78 8~10.5
Focal length /m 25 4
Aperture /m 2.5 2.5

G /m 0.16 3.125
Field of view /(°) =0.92 =0.92
Faigomen * Facign(O) =0.347 =0.347

Fici =0.408 =0.408

AJ LGS B FR G (18] I 2 21 A0 3 B A 2L AL AR )R T R B = SOt R4, R R B W Ih 45 i 2=
Bt saE 2 SaiRe A A an AR EGE .
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Table 2 Structural parameters of coaxial three—mirror optical system

Radius /mm Thickness /mm Conic 6" order coefficients
Primary mirror -9722.7271 -3909.8804 -0.9506 0
Secondary mirror -2564.8363 6725.3626 -2.3365 0
Tertiary mirror -3465.2646 -4032.0815 -0.4485 -5.0992x107
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Fig.1 Optical system configuration. (a) Visible spectrum optical system; (b) IR=band optical system; (c¢) whole optical system;
(d) IR subsystem
K3 LI T RELMSH

Table 3 Structural parameters of IR subsystem

Surface Radius /mm Thickness /mm Material Aperture /mm

1 -249.0725 60.0000 Ge 221.7641

2 -302.1192 5.0000 265.3145

3 417.3421 52.3391 ZnSe 280.9466

4 351.1098 7.9178 264.2672

5 398.7362 55.0654 Ge 266.3323

6 523.2788 206.3427 246.2663

7 322.8316 60.0000 Ge 192.0976

8 387.9416 95.1378 163.3899
Image Infinity 0

5 OtEtERe A
H2E RGN A 1.3°%0.1°, F (4) 2075 b T 2 35 96 B2 Gk 11.35 kmo B T AL B XS FRAE 3 8 5090 4% /A i
BT, 3R 4 Frw

*4 WM
Table 4 Field of view
1 2 3 4 5
x/(°) 0 0.455 0.65 0.455 0.65
v /(°) 0.51 0.46 0.46 0.56 0.56

B Bt RGBT TG o 7 g ORI AR R R Y B B DI R R S AR T BT A Y
2, 0 2 7R B 2(a) 0y SCHEFFRIOCEE ™ A2 B EE R SCRRIEES 15 8 2(b) o ST 8 B HG O B8 7 A 1Y
i EA N i S I S R - B A

B2 A4 =R RGN . () BEFE 15 (b) BEFE 2

Fig.2 Area of obscuration of coaxial three—mirror optical system. (a) Obscuration 1; (b) obscuration 2
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-1.00,0.82| | RMS~0.002589 | |RMS~0.013460
-0.65,0.460 DG 100%-~0.006282 100%-~0.037502
-0.70,0.82 | | RMS~0.002683 | | RMS~0.007470
-0.46,0.460 DG 100%~0.006256 100%~0.014895
1.00,1.00| | RMS~0.003963 | |RMS~0.013636
0.650,0.560 DG 100%~0.008046 100%~0.040345
0.70,1.00 | | RMS~0.002328 RMS-~0.007249
0.455,0.560 DG 100%~0.006588 | 1100%-~0.014650
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0.000,0.510 DG 100%-~0.007087 100%~0.012562
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Fig.3 Spot diagram. (a) Visible spectrum range; (b) IR—band
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Fig.4 Curves of the MTF. (a) Visible spectrum range; (b) IR-band
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Table 5 Tolerance of coaxial thre

e—mirror optical system

Item Primary mirror Secondary mirror Tertiary mirror
Displacement x /mm - 0.02 0.2
Displacement y /mm - 0.03 0.2
Displacement z /mm - 0.13 1

Tilt a/(") - 3 6
Tilt /(") - 3 6
Tile y/(") - 60 60
AR /mm 0.3 0.5 2
AK 0.0005 0.001 0.0003
AB - - 5107
Surface error RMS (A=632.8 nm) AI50 AI50 AI50
K6 MITRELE
Table 6 Tolerance of IR subsystem
Item Lens 1 Lens 2 Lens 3 Lens 4
Displacement x /mm 0.2 0.15 0.15 0.15
Displacement y /mm 0.2 0.15 0.15 0.15
Displacement z /mm 0.3 0.3 0.2 0.2
Tilt & /(") 15 15 12 15
Tilt B /(") 15 15 12 15
AR /mm 0.15 0.15 0.15 0.2
Surface error RMS (A=9 wm) AI50 Al50 AI50 AI50
a) Monte Carlo m Monte Carlo o
(500 rals) & (500 trias) £
X100 i x 100 =
g 90 S 9
= 80 = 80
=70 2 70
S 60 < 60
= 50 g 50
o 40 o 40
= 30 -% 30
= 20 = 20
E 10 E 10
20 50
<0.463289 0.330632 0.197975 ©0.503943 0.381109 0.258275
62.500000 I /mm 20 I/mm

K5 RtRiZ . (o) 7T WOEHEBE (b) Z05ME B
Fig.5 Curves of the cumulative probability. (a) Visible spectrum range; (b) IR-band
KT SHERE O a R

Table 7 Monte Carlo analysis results

MTF

Cumulative probability

Visible spectrum range (62.5 lp/mm) IR-band (20 lp/mm)

50% 0.384 0.401
84.1% 0.348 0.353
97.7% 0.298 0.298
99.9% 0.218 0.247

HI 3R 7 R 6 T UL, MR8 22 43 B 445 SR BEAT I 2608 5, T 849 i mI WL O it BOL 2% R G MTF L T
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