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Accurate calibration method for optical system

based on zenith observation
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Abstract: Aiming at the problem of optical system coordinated with carrier in practical applica-
tion, the optical system was placed on the plane of horizontal coordinate system and the star
image was taken. Coordinates of star image were calculated through image processing. The
equatorial coordinates of stars were obtained by automatic celestial body identification and star
apparent position calculation. Reference coordinate was established in plane of the sky centered
by zenith point. The equatorial coordinates of stars were converted to reference coordinates,
and then to topocentric image coordinates according to the relation between zenithal tangent
plane and topocentric coordinate. The calibration equation between image coordinates and to-
pocentric coordinates of stars was set up to calculate the deviation parameter of system. The
calibration accuracy is arc-second magnitude. The high precision coordinate conversion from
star sensor to carrier is realized by this method.
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Fig. 1 Calibration scheme
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Fig. 3 Equatorial coordinates and reference coordinates
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Fig. 4 Reference coordinates and topocentric coordinates
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Fig. 5 Error between measuring data and reference data
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Fig. 6 Marine star sensor material
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Table 1 Calibration error of star image right ascension

2 /) @/ () Ao/ (D
1 24,210 00 24.210 71 —2.6
2 24,383 88 24.383 59 1.1
3 22.541 80  22.542 77 —3.5
1 22.860 18 22.859 63 2.0
5 22,652 48 22.652 36 0.4
7 BEEE 6 23.600 60 23.599 44 4.2
Fig. 7 Star image used for calibration 7 21.980 49 21.981 37 —3.2
8 24,583 90  24.582 69 4.4
+. A 9 22.789 10 22.788 32 2.8
" * * 10 22.760 98  22.760 31 2.1
+ + +
+ + + 11 23.582 86  23.582 51 1.3
12 21.809 64 21.809 73 —0.3
+
+ 13 23.986 31  23.985 37 3.4
+ +
N n + 14 22,246 18 22.246 35 —0.6
+ +
15 23.175 11 23.174 97 0.5
B EB&insirrE 16 23.27576  23.275 31 1.6
Fig. 8 Labeled graph of star image identification 17 21.977 27 21.976 79 1.7
) b by e A, 110 R G B R bR E S8 18 24,564 84 24.564 89 —0.2
LURNE 19 23.872 02 23.873 19 —4.2
a=145.393 138 860 119 170 20 22.185 31  22.185 76 —1.6
b=209. 870 119 791 020 730 .
R2 BBRIAGHRTERE
=—1.993 554 1151
¢ 993 554 530 5139 Table 2 Calibration error of star image declination
d=0.056 470 972 606 988 - - .
ig=2 AS) 3/ A8/ ()
=0. 707 1 294 171
¢=0.056 707 150 29 1 38.452 70 38.453 35 2.3
f=70.000 751 652 930 937 2 38.516 10 38.516 19 0.4
k1, =0.000 000 113 653 207 3 38.585 63 38.585 47 —0.6
ki;=0.000 000 038 131 996 4 38.766 47 38.767 12 2.4
kis=—0.000 001 842 980 460 5 38.779 29 38.779 39 0.4
ki, =0.000 000 598 992 783 6 38.845 73 38.845 73 0.0
7 39.365 11 39. 364 29 —0.3

ky, =0.000 002 268 707 459




+ 860 - NFESESE 2012.33(5) B RS BEF IR TOOULI Y 2 R GRS A b o2 ik
k2 ZRIE M, Hrh R g R EME N 4. 4" FH 2
7 B8/ () 8/ 28/ N2 1 R R 2R 3. 4" P 2 1,57,
8 39.354 65  39.354 88 0.8 WAREX T E R 1.5 hdinE 2z N 1.1",
9 39.390 39 39.390 26 —0.5 3 i
10 39.494 27 39.494 61 1.2 ARSCER W T — O RS BAR bR RS
11 39.639 24 39.639 54 11 —BYFRAE 7R TEAN AR AL T AR O ik 0 2P SR AR
12 39’653 56 39.654 36 2'9 %*ﬁﬂ’ﬂy%/bmﬁﬁ%%%ﬁﬁjo igﬁéi&:%%@%’*}%
2 ek B T e 7| b o 3 3 I
b st sesios s SEHEIE T A0 B i S %7 s T 4
> X s 24 3 B — oy sk e 22
1 3840393 38403 49 s ﬁﬁﬁlﬂili?ﬂ’])iﬁ%ﬁ(‘%% AR E Z O Ot A
R G P S R g F TR R L T SR
15 38.450 90 38.450 22 —2.4
1 . 970 64 . 570 57 —0.
6 38.570 6 38.570 5 0.3 5%
1 38,680 75 38.681 69 3.4 [1] 7 €L 3K I T R . 2 SR B bR 52 7 % 10 BF 5%
18 38.817 94 38.817 22 —2.6 MREERBERT]. KEBR T R¥%M. A KB ¥
19 38.992 96  38.993 10 0.5 §2,2010.33(4) ;9-14.
_ SUN Gao-fei, ZHANG Guo-yu, ZHENG Ru, et al.
20 39. 466 06 39. 465 32 —2.7
Star sensor calibration research and development[]J].
5 Journal of Changchun University of Science and
4 Technology: Natural Science Edition, 2010,33(4) ;9-
. ; 14. (in Chinese with an English abstract)
R 1 (2] T2 EA. BF . . LT R 30 B0 ok
25 0 RGKE W bn 2 ik ()] M F 2 dik, 2011, 39 (3):
B-1 575-578,
X
_‘\E_z WANG An-guo, WANG Hua-bin, TANG Jun, et
S 3
;1 al. An accurate calibrating method of optical system
s L L L ) based on the automatic identification of starmap[J].
002 4 6 8 10 12 14 16 18 20

BT

B9 REFERE

Fig. 9 Calibration error of star image right ascension
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