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Analysis of the fast positioning method of digital zenith camera

in tilt state
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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  34.26521
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 3727.012 52 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 2911.072 23 108.01142  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  2647.55222 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’fle Position DI[I\)ll;a(I}fle DIII\)IZ;I(I’I’?C 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

Latitude standard
deviation/(")

Longitude standard

Locati Igorith
ocation algorithm deviation/(")

Tangent plane
method

1.478 850 54x107* 1.347 042 55x107*

Spherical triangle

-4
method 1.297 122 96x10

1.371 500 73x107*

i 2 3 0] LA BRI = 8 2 £ 07 A
L= N 7 R N T =R AY R F {1 R X (SR =S e
BRI =AU 5 ORI R SCA S R B . H AT
e R B IR 28 TR K SCE 7 B9 RS 2 B X 21 0.3, 1
3 AR, TEAARPIR SR S OR HY R AR £ RS
JERTLLIR ] 0.5" 2847, A EL T 75 8RR 2R A9 i 3
R A B B, (R BURPIR 0 A A & T X A
T - 19 28 B BE S R OR Y A R L I ]

0217002-5



oGk T2

% 2 www.irla.cn % 47 A
Equipment, 2005, 7(1): 28—-29. (in Chinese)
4 é:él: 'i»/l? FRHL, KLY, CCD ¥ % 58 78 K 3 i W = vp i i3 F AR

1 48 4 5 1 75 15 A 2 5 80 R TOUASORS At 341 °F- Ji
PEAT R SE B A7 AE BR AR R B 2% AR BRI I SE A
BEEEAS R BiT BT LSO g T R AR RIS R
AT JEAT 58 L B PN J5 vk, 1A% 2 19 U0 T L 07
T FER T = A E A T vk A 51 BUREH A R AR
f, WA A R 7 1) A% 0 R R 2 AT 18 OE R BE AT iR
B S AR BUREIR 25T M 53 MG R A R SC R £ R RS
JERT LK 2 05", £ € ALAT BE I R AN RIS O F %
o 2 A B 2 o, E oL I 1) SRk 46

SE MR

[1] Tian Lili, Guo Jinyun, Han Yanben, et al. Digital zenith
telescope prototype of China[J]. Chin Sci Bull, 2014, 59(12):
1094-1099. (in Chinese)

[EERVATTINEE S-S P S 1 N S - EE (T e o F o N T O B
[J]. 438 iz, 2014, 59(12): 1094-1099.

[2]  Song Laiyong. Research on theory and algorithm for
measuring of vertical deflections based on CCD and GPS
[D]. Jinan: Shandong University of Science and Technology,
2012. (in Chinese)

KK B . 5T CCD/GPS IR £k f 22 Il 4 3 & 5 1 0F 52 [D].
Ve AR KA, 2012

[3] Guo Min, Zhang Hongying. The application of CCD in the

astronomy Measurement

orientation  [J]. Technology

0217002-6

[4]

[5]

(o]

[7]

[8]

[9]

W)L D2 R 3 #, 2005, 7(1): 28-29.

Hirt C, Seeber G. Accuracy analysis of vertical deflection
data observed with the hannover digital zenith camera system
TZK2-D[J]. Journal of Geodesy, 2008, 82(6): 347-356.
Zhai Guangqing, Ai Guibin. Digital zenith camera astronomical
positioning measurement of project implementation [J].
Journal of Geomatics Science and Technology, 2014, 31(3):
232-235. (in Chinese)

RO, JESE. B K WU R R K SCE R A TR S
BLLI]. 2Bl 22 B R 22 4, 2014, 31(3): 232-235.
Halicioglu K, Deniz R, Ozener H. Digital zenith camera
system for astro-geodetic applications in turkey [J]. Journal
of Geodesy and Geoinformation, 2012, 1(2): 115-120.

Hirt C, Biirki B, Somieski A, et al. Modern determintation
of vertical deflections using digital zenith camera[J]. Journal
of Surveying Engineering, 2010, 136(1): 1-12.

Wang Bo, Tian Lili, Wang Zheng, et al. The image and
data processing in digital zenith camera [J]. Chin Sci Bull,
2014, 59(12): 1100-1107. (in Chinese)

FE, WS, FE A BT R T BT L P 1R R AR
P Ab F[T]. LA AR, 2014, 59(12): 1100-1107

Zeng Zhixiong, Hu Xiaodong, Gu Lin, et al. The image
processing in the digital zenith camera [J]. Acta Photonica
Sinica, 2004, 33(2): 248-251. (in Chinese)

B ME, BIEAR, A bR, AL BT R TR R A AT 4R Ak B
[J]. JtF 24z, 2004, 33(2): 248-251.



