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A Study on Coordinate Alignment in Optical-Based Space Object Surveillance
System
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Recently, as various damages are expected due to the risk of falling space debris, many studies are being carried out to
acquire space object information. In this research, an optical-based space object surveillance system was developed to
acquire information about space objects. To acquire orbit information by photographing a space object with this system, the
accuracy of position data of the space object is important. The telescope coordinate is located in the 2D CCD plane of the
telescope, and the space objects are in the celestial coordinate. The two coordinates have a non-linear relation caused by
a deflection of the mechanical system, a scattering of the atmosphere and so on. In this study, we propose an alignment
method for two coordinate systems. First, a model that analyzes the geometric relation between the telescope system on
earth and space objects is explained. Then, we also propose a second model with the addition of correction parameters.
As a result of performing coordinate alignment according to the method and procedure proposed in this study, the pointing
accuracy is lowered below 3 arcsec.
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NOMENCLATURE Cpz= Error in Perpendicularity of Azimuth and Zenith Axis
Cpy = Error in Perpendicularity of Zenith and Optical Axis
AAL = Altitude Pointing Error Ag = Eccentricity of Altitude Encoder, Sine Part
AAZ = Azimuth Pointing Error Ac = Eccentricity of Altitude Encoder, Cosine Part
6 = Angle of Altitude Zs = Eccentricity of Azimuth Encoder, Sine Part
¢ = Angle of Azimuth Zc = Eccentricity of Azimuth Encoder, Cosine Part

LOFF = Altitude Offset
Zorr = Azimuth Offset

Cy = Tilt of Azimuth Axis towards North 1. M2
Cr = Tilt of Azimuth Axis towards East
Cue = Mechanical Error of Telescope L Avfo]A X (Space Exploration Technologies Corporationy=
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Table 1 Specification of the space object surveillance system

Item Specification
Diameter 12’ (30 cm)
Main FOV [] 023 x 0.17
telescope
Camera CMOS, 1/3°
Diameter 12° (30 cm)
Sub 5
FOV [] 3.94 x2.95
telescope
Camera CMOS, 1/3°
Type Alt-Az
o -270-270(Az)
Mount Range [°] 0-90(Alf)
Speed [*/sec] 20

Table 2 Driving performance of the system

Angular velocity [*/sec] Driving accuracy [arcsec (RMS)]

s Altitude 0.64
Azimuth 0.40
12 Altitude 0.16
' Azimuth 0.14
Altitude 0.06
0.3
Azimuth 0.10
70
60 |
50+
%
g 40t
=
30
20
10 . . . " . . .
200 -150 -100 50 0 50 100 150 200
Azimuth(®)

Fig. 4 Data set of the stars for the coordinate alignment
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Compensated model

Pointing errors in Altitude(®)
N
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Fig. 7 2nd compensated model for coordinate alignment
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