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Abstract In order to achieve accurate positioning measurement, high precision star camera is the key equipment
of the space mapping or reconnaissance camera. The difficulties of optical system design about star camera with
long focal length are analysized. The new structure type of dual Gauss transited to telephoto is adopted, a sub—
second star camera optical system is designed with focal length of 200 mm, relative aperture of F/2, angel of 7.5°%
7.5°, spectrum range of 500~800 nm. Due to the characteristics of stellar temperature in large range, the color
correction of optical system is realized without the use of special dispersion glass, the consistency of centroid
position is achieved under different color temperatures of stellar. In order to compensate thermal drifting, negative
temperature coefficient of refract index of the crown glass is adopted, by which sub- second precision of
athermalization is come true. It is shown that, the distortion of the optical system is better than 0.003%, the lateral
color aberration is less than 1.5 pm, the accuracy of centroid position is better than 0.2” in the range of
2600 K~9800 K . Between 0 C and 30 C, the change of focal length is less than 5.1 pm, the accuracy of centroid
position is better than 0.4”, except the 1 field.
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Table 1 Targets of optical system design

Parameters Targets
Focal 200 mm*2 mm
FOV =7.5°x7.5°
Entrance pupil diameter =100 mm
Waveband 500~800 nm
Energy concentration =85% in 3 pixelx3 pixel
Centroidexcursion <0.8"
Distortion <0.03%
Temperature 0°C~30C
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Table 2 Weighted value of different wavelengths at different equivalent blackbody temperatures

Temperature /K

9800 7600 6800 6000 5500 5000 4300 3600 3100 2600

Wavelength /nm

800.00 10.58 13.67 15.73 18.82 21.23 24.59 28.30 32.59 37.21 43.48
770.00 25.25 32.20 36.78 43.61 48.83 56.04 63.46 71.37 79.60 90.00
740.00 30.76 38.51 43.54 50.95 56.46 63.98 70.77 77.00 83.06 89.65
710.00 38.26 46.95 52.50 60.55 66.33 74.12 79.92 83.84 87.21 89.46
680.00 47.47 56.97 62.94 71.46 77.31 85.08 89.22 90.00 90.00 87.39
650.00 53.77 62.98 68.66 76.61 81.76 88.48 90.00 86.96 83.30 76.18
620.00 59.82 68.19 73.24 80.14 84.23 89.48 87.98 81.05 74.02 63.36
590.00 55.54 61.59 65.16 69.92 72.36 75.43 71.69 62.94 54.79 43.87
560.00 61.17 65.97 68.74 72.32 73.70 75.40 69.25 57.96 48.11 36.06
530.00 82.18 85.67 87.62 90.00 90.00 90.00 79.32 62.66 49.10 34.00
500.00 46.27 44.69 43.85 42.69 40.94 38.91 31.27 21.71 14.97 8.67
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Fig.1 Structure of optical system
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Fig.2 Thermal differential coefficient distribution chart of lens materials
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Fig.3 Method of correcting color aberration and secondary spectrum using three glass materials
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Table 3 Results of optical system design

Parameters Results
Focal 199.9778 mm
FOV 7.5°x7.5°
Entrance pupil diameter @100 mm
Waveband 500~800 nm
Energy concentration =90% in 3 pixelx3 pixel
Centroidexcursion <0.6"
Distortion <0.003%
Temperature 0°C~30C

o 2R GE I I W A i 2k e T AT AT 4 B, 2% A0 4 W A 3 1 5 0.003 % , IV £ AN A T W 722 ) A7 L
T, W AR R B9 302k S HAE AL B A 22 AN KT 057, 30k R TR ARSE St T AL I AR

e RGN AR O 2N 5 PR, A MG R OGR4 P78 o A5 500~800 nm JE N, A5 5 @24
M 1.5 pm A5 E) T AR SE R MRS IE , ST BE B € 3 O 0 B A — B B R T SRR
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Focus /mm Distortion | -0.0015 -0.0005 0.0005 0.0015
New lens from CVMACRO:cvnewlens.seq 13-Nov-14 Lateral COlOr /mm
4 %% 3 SR ORI i 2 ERE TSP
Fig.4 Astigmatism and distortion curves of optical system Fig.5 Design curves of lateral chromatic aberration
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Table 4 Statistics of lateral chromatic aberration

Lateral color /pm

Field
Short wave-reference wave Short wave-long wave
0.3 0.024 -0.061
0.5 0.557 -0.796
0.7 1.004 -0.783
0.85 1.285 -0.828
1 1.094 —-1.482

@i

&6 fidt SR, (a) 0 w; (b) 0.5 w; (¢) 0.7 w; (d) 0.9 w; () 1.0 w
Fig.6 Spot diagrams of diffraction. (a) 0 w; (b) 0.5 w; (¢) 0.7 w; (d) 0.9 w; (e) 1.0 @

New lens from CVMACR 88%‘ ?g% gggggi

O:cvnewlens.seq 818%Z 53% 3§§SS§
R 0.000, 5.300) degrees
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Fig.7 Encircled energy curves
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Table 5 Relative value of centroid drifting under change of star temperature

Relative field 0 0.3 0.5 0.7 0.9 1.0
2600 K 0 -0.0560 -0.0620 0.1470 0.1190 0.1090
3100 K 0 -0.0590 -0.0680 0.0020 -0.1990 -0.2810
3600 K 0 -0.0480 -0.0590 -0.0610 0.0610 0.3070
. 4300 K 0 -0.0280 -0.0370 0.0340 0.0330 0.1500
Relative
. 5000 K 0 -0.0120 -0.0160 -0.0140 0.0110 0.0520
centroid
N 5500 K 0 0 0 0 0 0
drifting /jum 6000 K 0 0.0050 0.0080 0.0090 -0.0080 -0.0230
6800 K 0 0.0150 0.0210 0.0240 -0.0170 -0.0590
7600 K 0 0.0180 0.0280 0.0320 -0.0230 -0.0780
9800 K 0 0.0250 0.0450 0.0550 -0.0290 -0.1140
0.3
N
< 02
on
g 0.1
=}
E 0 ‘AAAAAMVMA.mv;\/;,a
S 2600K"
.01 3100K
:
£-02 5000K
e
2 -0.3
) 300K
04 1 2 3 4 5 6
Angle of view /(°)
Pl 8 A B iR A 5 | 0 s Y R AR
Fig.8 Relative change of angles about centroid drifting caused by star temperature
%6 AFRET RofEEHE
Table 6 Focal lengths under different temperatures
Temperature /C 0 3 6 9 12 15 18 20 24 27 30

Focal length /mm  199.9729 199.9744 199.9778 199.9762 199.9796 199.9778 199.9747 199.9780 199.9782 199.9806 199.9818
F 7 AN T A 20 C R G AR 2L L

Table 7 Changes of focal length relative to 20°C under different temperatures

Temperature /C 0 3 6 9 12 15 18 20 24 27 30
Difference /um  -5.1 -3.6 -0.2 -1.8 1.6 -0.2 -33 0 0.2 2.6 3.8
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length relative to 20 C /um
- o

I
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4
(@)

100 15 20 25 30
Temperature /C

(19 AN [m] ik B2 T 5 B AR 0 A2 fk it 46
Fig.9 Relative changes of focal length under different temperatures
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Table 8 Statistics of centroid drifting value under different temperatures relative to 20 °C

Relative field /um

Temperature /°C

0 0.3 0.5 0.7 0.85 1
0 0 0.2502 0.3496 -0.1423 0.1937 1.0680
0 0.1226 -0.0968 -0.3523 -0.2484 -0.2322
10 0 -0.0514 -0.1249 -0.2196 -0.2021 -0.2809
15 0 0.0264 0.0003 0.2620 -0.0300 -0.0017
20 0 0 0 0 0 0
25 0 0.0813 0.1011 -0.0028 0.2063 0.0771
30 0 0.1415 0.2165 -0.3330 0.2924 0.7226
0.5
£ 04
o L
g 0.3
E 0.2F
L ((}g;;mmnh
o 0.1 :5559 % <%:@%>)
g L ngzhmz,.,xmas@&
§-0.1- 0C
£-02 5T
=] 10 °C
S-0.3 015°C
& _0.4 25 C
op o ¢ 3 *80%., . . . 5
"0 05 1.0 15 20 25 30 35 40 45 50
Angle of view /(°)

(110 AN [FITRLEE R AH X 20 C O 7 B 1 158 A% 4

Fig.10 Centroid drifting value under different temperatures relative to 20 °C
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