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Analysis of the fast positioning method of digital zenith camera

in tilt state
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(State Key Discipline Laboratory of Armament Launch Theory and Technology, Rocket Force University of Engineering,
Xi"an 710025, China)

Abstract: Aiming at the problem of long time and slow positioning speed when the digital zenith camera
was in precise leveling state for astronomical positioning, based on the principle of positioning the digital
zenith camera, the correction model of the inclination angle was established by the direction cosine matrix
transformation principle, the positioning method after the correction of the tilt angle was analyzed and
deduced, and the two kinds of localization algorithms of the tangent plane and the spherical triangle of
the digital zenith were improved, achieved the positioning of equipment without fine leveling, speeded up
the positioning speed of the purpose. The accuracy of the two types of positioning algorithms in the tilted
state was compared by experiment. Experiments show that the positioning accuracy of the spherical
triangle method is relatively high, and the calculation accuracy of the latitude and longitude can reach
0.5" or less.
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Fig.1 Schematic diagram of the position of the two CCD plane

rectangular coordinate system
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Fig.2 Schematic diagram of the b angle around the x, axis
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Fig.3 Schematic diagram of the a angle around the y, axis
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Fig.4 Schematic of tangent plane projection
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Fig.5 Schematic diagram of the spherical triangle positioning

in the tilted state
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Tab.1 Part recognized star data

No. CCD x CCD y Star Star
coordinate/pixel coordinate/pixel longitude/(°) latitude/(°)
1 1821.375 16 1 052.041 08 108.97247  33.463 06
2 582.921 23 1953.314 29 107.576 09 34.087 86
3 1018.702 61 1331.178 81 108.11297  33.609 88
4 748.267 38 1857.377 14 107.760 14 34.026 19
5 319.531 01 2 472.487 44 107.22722  34.497 55
6 3216.259 36 3438.462 54 110.11252  35.648 10
7 1920.094 89 3502.274 49 108.743 16 35.564 98
8 1 504.530 94 2 033.581 84 108.514.35  34.265 21
9 1 423.600 80 3028.463 71 108.161 98  35.871 27
10 2734.526 04 907.078 12 109.92563  33.436 56
11 2919.020 83 2999.053 87 109.85569  35.242 66
12 642.039 56 3025.738 30 107.47785  35.008 39
13 3489.853 35 1196.170 04 110.66539  33.75845
14 3727.01252 1252.563 50 110.90270 33.829 23
15 2884.676 47 1741.878 43 109.97708  34.164 83
16 1592.314 65 3155.932 89 108.448 32 35.23248
17 1139.004 51 2911.07223 108.01142  34.971 06
18 1552.523 84 549.738 07 108.76510  33.004 97
19  2170.039 78 2 542.978 78 109.13423  34.773 93
20 2647.552 22 1229.344 01 109.796 19  33.702 65
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Tab.2 Positioning results

‘ _ _ ) Tangent plane method Spherical triangle method

No. Position DIII\)I 1/a(r’l’fle DIII\)Ij(I’l’%le Position DI[I\)II;I(I’l’fle DIII\)IZZI’IEIC Calculate Calculate Calculate Calculate
latitude/(°) latitude/(°) latitude/(°) latitude/(°)

1 1 73.64 -74.67 5 —-99.01 74.05 34.299 54 109.083 4 34.299 35 109.083 3
2 2 —-6.81 -111.38 6 -18.15 113.86 34.298 99 109.084 4 34.298 85 109.084 3
3 3 -84.77 —-81.06 7 64.97 81.47 34.299 15 109.085 1 34.298 99 109.084 8
4 4 -122.32 -8.87 8 100.45 5.36 34.299 54 109.084 5 34.299 35 109.084 5
5 9 100.24 5.36 13 -121.91 -9.08 34.299 65 109.084 5 34.299 50 109.084 5
6 10 64.97 81.68 14 -83.74 -80.86 34.299 38 109.084. 7 34.299 33 109.084 8
7 11 -18.15 114.27 15 —-5.36 -110.15 34.299 35 109.084 2 34.299 07 109.084 1
8 12 -99.21 74.05 16 74.87 -72.8 34.299 90 109.083 3 34.299 77 109.083 3
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Tab.3 Standard deviation of longitude and
latitude calculation of different

positioning algorithm
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Fig.6 Distribution of latitude and longitude calculation of different

positioning algorithm
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