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Observational accuracy analysis of space object with APOSOS

photo—electric telescope
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Abstract: Based on APOSOS (asia—pacific ground—based optical space observation system) project, the
first 15 cm ground —based space debris photo —electric telescope manufactured by China was firstly
installed abroad and obtained much observational data. The paper calculated and analyzed the
observational accuracy of observational data using two accuracy estimation criterion —internal fitting
accuracy and external fitting accuracy estimation, and the result of internal fitting accuracy is on 5 arc
seconds; then, obtained precise orbit of satellite Lageosl, Lageos2 and Ajisai derived from precise orbit
determination which made use of satellite laser ranging normal point data from International Laser
Ranging Service (ILRS), and the analysis of external fitting accuracy was based on the precise orbit, the

result of external fitting accuracy was around 6 arc seconds. All the results indicate that APOSOS 15 cm
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opto —electric telescope has relatively high observational accuracy and reaches the design specification,

which can satisfy the demands for science and engineering application.
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Fig.1 Distribution of member states in APSCO
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Tab.1 Parameters of 150 mm telescope

Item Function Parameter
Aperture: 150 mm refractor
Tube Optical system Focus length: 300 mm
Image size : radius 6.5 pm
Resolution:: 2 048x2 048
(binning mode, 1 024x1 024)
CCD I
mage sensor FOV: 2.5 °x2.5°
Frame frequency: >10 frames
Track speed: 5 °/s
Mount(A/H S rt part
ount( ) Hpport pa Track acceleration: 2 °/s*
F : 10 MHz/
GPS Frequency & clock reduency 7“2 s
Accuracy: 10
IPC Controller Main—stream computer

Pl 2 B R gL R

Fig.2 Component of telescope system
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Tab.2 Models of high precision orbit determination and reference frame with SLR data

Reference frame

Force model

Measurement model

Earth nonspherical perturbation :
JGM3 earth gravity model , 70x70

N-body perturbation : JPL. DE 405 Ephemeris,
including solar, lunar and planetary gravitations

J2000.0 reference system

Observation station position and
velocity ; ITRF97

Marini—murray
atmospheric refraction
Tracking station displacement caused by
solid earth tides

Solar and lunar gravitations tides ;
DE405/LE405 ephemeris

Permanent tides effect on tracking station

Solid earth tides perturbation :

TAU2000 precession model

IERS1996 convention , wahr model

Ocean tides perturbation ; CSR3.0 model

Nutation model and IERS
nutation correction

Relativistic perturbation ; recommended model

Plate model ; ITRF97

Earth rotation deformation perturbation

Load tides effect on tracking station

Solar radiation pressure and earth radiation pressure perturbation

Earth rotation deformation effect on
tracking station

Periodic RTN perturbation ; empirical force model

DE405/LE405 ephemeris

General relativity correction

Empirical drag perturbation
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(RMS) #7 :0.0118 m;; [A] B 8 Bz 7 B BB MCC (mission
control center) LAGEOS % & 73 # 41t 45 %& 7 1Y Lageos
e, A 2015 4F 11 A 2 H~4 H 3 REGW
WS 174G 2% F115 2 1Y Lageos] #1 Lageos2 5% 2=
BIor iR R 0.014m, SERE KGR
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Tab.3 External fitting accuracy of Ajisai, Lageosl and Lageos2 from their celestial positioning data

Satellite Obs.time (UTC) Data qtn Data reduced a") as(") )
2015/11/215h 50 m 51 s 262 252 3.124 3.453 4.657
Lageos2
2015/11/316 h 59 m 53 s 391 308 1.965 2.651 3.299
Lageosl 2015/11/323 h50 m 57 s 366 313 4.070 4.232 5.872
2015/11/216 h47 m 26 s 24 22 3.243 4.708 5.717
Ajisai
2015/11/315h53 m 13 s 287 229 4.762 1.402 4.964
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Tab.4 Internal fitting accuracy of Ajisai, Lageosl and Lageos2 from their celestial positioning data

Sat. Obs.time (UTC) Data qtn Data reduced a(") as(") a(”)
2015/11/215h 50 m 51 s 262 240 2.473 2.707 3.667
Lageos2
2015/11/316 h 59 m 53 s 391 296 2.450 1.601 2.927
Lageosl 2015/11/323h 50 m 57 s 366 292 3.668 3.739 5.238
2015/11/216 h47 m 26 s 24 20 1.707 5.166 5.441
Ajisai
2015/11/315h 53 m 13 s 287 217 4.664 1.407 4.872
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