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Design of common aperture coaxial field-bias optical system used

in area array imaging sensor
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Abstract: With the increasing requirement of space information acquisition ability, the dynamic high-
resolution remote sensing has become a new hotspot research in space optical fields. The field-bias
coaxial three-mirror optical system has the advantage of long focal length, small volume, high level of
lightweight and high quality image, which can satisfy the high-resolution, multi-spectrum, versatility and
low cost requirement for the LEO video satellite, so it is widely used in the field of the dynamic high-
resolution space sensing field. Based on the Gaussian optics and three-mirror aberration theory, the
common aperture optical system with area array imaging in visible spectrum and linear push-broom
imaging in NIR and MIR spectrum was designed. The focal length for visible spectrum is 4.1 m, the
focal length for NIR spectrum is 2.6 m and the focal length for MIR spectrum is 1.85 m, the aperture of

three systems is 520 mm, field of view is 0.6°x0.6°. The optical structure is convenient for area array
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imaging, and the imaging quality of the optical system approaches the diffraction limit. The total length

of the optical system is less than f" ;u./3.7, and is easily implemented because of the relatively loose

tolerance about processing and assembling.
Key words: optical design; area array imaging;

common aperture; tolerance analysis
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Tab.1 Design parameters of space optical system

Parameters Visible NIR MIR

Spectral band/pm 0.48-0.78 1.2-1.5 3-5

Focal length/m 4.1 2.6 1.85

Aperture/mm 520 520 520
Field of view/(°) 0.6x0.6 0.6x0.6 0.6x0.6
S =0.408 =0.408 =0.408

Pixel size/pm 6.5 15 25

gosp/m 0.8 2.5 6.8

Width/km 5 5 5
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Tab.2 Parameters of coaxial optical system

Radius/ Thickness/ 6th order 8th order

Coni
mm mm one coefficients coefficients
Primary 1356.17 519.3 0.9549 3.3509x —1.876 3%
mirror o0 - ' 107 1072
S d
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Fig.1 Layout of optical system
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Fig.2 Layout of infrared spectral optical system
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Tab.3 Field of view

1 2 3 4 5
x/(°) 0 0.21 0.3 -0.21 -0.3
¥/(°) 0.95 0.95 0.65 1.25 1.25

4% 31 5% F A=632.8nm A=1 350 nm FI A=4 000 nm
PE Rl WG 1E B . I T AM % B R 2D AME B I & %
R, ERENPAR ML AR RIESZ KX
RO SR, W LATG B #5 % Be iy SC B H AR AR 5 O
12.17 pm (7] W63 B ) ;16.47 wm (GIF 41 5h 3% BY) ;
34.75 pm(P LLAME BY) , R G & S A& 5 BF
TR o 4% T B ] 1 32 R () (ELTE £% 25 ) 430 58 A0 B
He AT AR, W3 TR o

R4 XFRFREE(SE KK A=632.8 nm)
Tab.4 Wavefront error of optical system

(Reference wavelength A=632.8 nm)

Visible WFE NIR WFE MIR WFE

FOV

PV RMS PV RMS PV RMS

(0°,0.95°) 0.243  0.04 0.139 0.027 0.032 0.006
(0.21°,0.95°)  0.248 0.039 0.187 0.033 0.052 0.009
(0.3°,0.6°) 0.264 0.045 0.176  0.037 0.093 0.014
(=0.21°,1.25°) 0.220 0.04 0.236 0.042 0.03  0.005

(-0.3°,1.25°)  0.240 0.044 0.271 0.045 0.043 0.007
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Tab.5 Spot diagram of different spectrum
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Tab.6 Tolerance allocation result of visible system

Type Item Primary mirror Secondary mirror Third mirror
Displacement x/mm 0.02 0.05 0.3
Displacement y/mm 0.01 0.02 0.1
Displacement z/mm 0.2 0.5 1
Assembling
Tilt /(") 10 10 20
Tilt B/(") 5 3 6
Tilt y/(") 60 60 60
AR/mm 2 0.6 1
AK 0.000 5 0.001 5 0.001
Manufacturing AB 5.0x107 - 5%107"
AC 5.0x107* - -
Surface error RMS(A=632.8 nm) A/50 M50 M50
RTEANRGREFEER
Tab.7 Tolerance allocation result of NIR system
Type Item Lens 1 Lens 2 Lens 3 Lens 4
Displacement x/mm 0.2 0.1 0.1 0.2
Displacement y/mm 0.2 0.1 0.1 0.2
Assembling Displacement z/mm 0.1 0.1 0.1 0.1
Tilt a/(") 20 20 20 20
Tilt B/(") 20 20 20 20
AR/mm 0.06 0.1 0.1 0.15
Manufacturing AK(concave surface) - 0.002 - 0.002
Surface error RMS(A=1.35 pm) M40 M40 A40 40

il it CodeV 123 22 73 M e iiE 28 72 73 BE 25 R 19 &
PRPE W] W' I LA AR L5003 i i B S 6~8 HEAT R
{EL, X R GEEAT 1000 YO T3 PR, LR GE 4% 45 i
FEPRAL B Ao AR PR SEAR, 193055 R G R HER

B fure AR IR AN IE 4 Biw, Geibas a3k 9 fis .
O R LIE H, He B IR 25 TS SR T A0 BT
G, BB B RAL A BIH 84% MM AL T
0.368, il /& {1 A fure LT 0.2 BT HEFREER .

0718004-6



bk TR

EE www.irla.cn % 47 %
RS HUAIRGRENBRER
Tab.8 Tolerance allocation result of MIR system
Type Item Lens 1 Lens 2 Lens 3 Lens 4
Displacement x/mm 0.1 0.1 0.15 0.2
Displacement y/mm 0.1 0.2 0.15 0.2
Assembling Displacement z/mm 0.1 0.2 0.2 0.2
Tilt a/(") 50 50 50 50
Tilt B/(") 50 50 50 50
AR/mm 0.15 0.15 0.15 0.2
Manufacturing AK(concave surface) 0.001 0.001 - 0.001
Surface error RMS(A=9 pm) A/40 M40 M40 M40
RINEDWER
é‘ Tab.9 Results of tolerance analysis
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Fig.4 Curves of tolerance probability
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