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Optical system design and ghost analysis for ultraviolet star sensor
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(1. Key Laboratory of Optical System Advanced Manufacturing Technology, Changchun Institute of Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To satisfy the requirements of space ultraviolet autonomous navigation sensor, a method based
on usual glass combination was proposed to supersede costliness special glass such as CaF,. An ultraviolet
star sensor was designed, whose waveband was 330-365 nm, F number was 1.6 and field of view was
8°x8°. The ghost suppression target was calculated by paraxial ray tracing. The paraxial first-order ghost
was preliminarily analyzed and estimated by Code V, then the off axis multi-orders ghost and energy
distribution was simulated by non-sequential ray tracing technology. The results show that this optical
system has compact structures and high image quality. The dispersion spot radius is smaller than 10 pwm,
and relative distortion is less than 0.05% . With a target dynamic range of 7 magnitudes, the ghost
irradiance of the brightest star is 1/21 of the darkest star and meets the requirements of ultraviolet star
sensor.
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Fig.1 Ghost model at Gaussian image plane
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mv2—mv1:—2.510gE—2 (6)
E,
SNR: E(arggl min__— Elarge( max/ K (7)
g,n_total Eg.n_tmal
:K °
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Tab.2 Characters of common ultraviolet optical glass

Trans

, (4)~(7) Material Index Abbe _ 50% trans
atenais @365 nm number (5 mm) cutoff/nm
Ten R @350 nm
2
Fer=Ty* K* Riget " SNR+ C,, * M (8) CaF, 1.445 95.31 0.986 130
2 o - ’
. C2N N Fused silica 1.458 67.8 0.920 170
o RMS LiF 1.405 97.29 0.930 125
, n 0.05~ FK5_Schott  1.504 70.41 0.995 205
0.2,
QF1_CDGM 1.579 45.87 0.981 315
n 0.1,
K6_CDGM 1.532 60.46 0.990 310
7 , (6)~(7)
K 200, SNR 10, .
5% ,
b V [0] o
Fon 0.75mm,
0.75 mm, '
2 o CaF,
b ’
’ 274, FK5 QF1
L 24.5, CaF, ,  FK5
1 QFI1 CaF, ,
Tab.1 Specifications of ultraviolet star sensor o )
optical system ,
Parameters Targets FK5 QF1 R CaF,
Focal length/mm 80
9 o
Field of view/(°) 8x8
F number 1.6 2 ’
Waveband/nm 330-365 s
Energy concentration =80% in 30 pm RMS
Distortion <0.1%
o FK5,
SNR of ghost =10
RMS of ghost/mm >0.75 QFl1, ,
Pixel size/pm 13 5
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Code V s s
DISC .
DISC Code V , DISC
N 9 b
3 - DBFL 5
JEFL ,DISC :
, Pupil Ratio , Magnification ,
, Detector ,L2b 5
Lens2 ,L7f Lens7 o 7(a)~(b) 0°~6°
40% , s 7 o
o 3 s 3 7(a)
’ o OO
4mm, L7t ,
Lof DISC 1.523 mm, 2 , ,
0.75 mm ,
’ © o
3 Code V Irradiance/W-mm* Irradiance/W-mm*
10
Tab.3 Ghost analysis by Code V o
Image
Maznifica. _ L7£-L6f ;
Ghost path DBFL DISC Pupil ratio agfn e £ : : -
tion 5 Detector-L6t 10°
L2b-L1b  -16.555089 -3.324272 0.546242 1.556 270 L4f-L3bf 107
10°
L7f-Lof 5.022484  1.523 105 1.000000 1.030478
X/mm
L7b-L6b  —-7.125205 -1.799640 1.000000 1.237278 e il
Irradiance/W-mm* Irradiance/W-mm *
L5f-L4b 6.556831  1.903 620 1.000000 1.076 376 [ 10 10
mage
L7f-L6f ) 1
L2f-LIf  —25.924852 —9.798014 0.925941 0.826 853 Lo 10 10
g 10" E 10”
L4f-L3b 10.154 203 -2.626 740 1.000 000  1.208 033 = o = 10°
L7b-L5b  -32.188 779 9.323535 1.000000 1.078 882 107 107
" Detector-L6f -
107 h
Detector—-L6f —10.821 299 4.158 700 1.000 000  4.158 700 4 0 4
X/mm X/mm
(c) 4° FOV (d) 6° FOV
Detector—-L7f —-13.649 656 5.878 709 1.000 000 -0.725 587
7
Detector=L7b ~75.583 513 =31.199903 1.000000  0.757 049 Fig.7 Irradiance distribution of multi-orders ghost in focal plane
Detector-L6b —-78.141 053 —42.515392 1.000 000 0.574 359 40
Detector—-L2b  83.779 674 33.922 561 2.273642 0.771 792 1w
’ 9
Code V 4.25 W/mm?, L7f-Lof
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5.2x10°W/mm?,

1.2x10~" W/mm?,
Detector —L6f
L4f-L3b
2.5x10™W/mm?,

200 , 0.021 W/mm?,
1.01x107* W/mm? 21,
SNR 10 ,
o

4
, JFK5 QF1

CaFg )

, 10 pm,

MTF 0.7,

005% 5 ) ’ ©

b
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