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Abstract: This study proposes an enhanced initial orbit determination algorithm utilizing dynamic thresh-
old distance search methods to improve success rates and accuracy compared to traditional algorithms. By
dynamically adjusting the search threshold, the algorithm aims for more precise and efficient initial orbit de-
termination, addressing current needs for tracking space objects. Testing is conducted using measured an-
gular data from Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Geosynchronous (GEO) ob-
jects. The methodology begins with a detailed exploration of the dynamic threshold distance search algo-
rithm's implementation. Drawing on extensive data processing experience, dynamic thresholds are strategi-
cally integrated into the orbit screening phase of the initial orbit parameter quality control process. A com-
prehensive breakdown of the algorithm's implementation is provided, highlighting its intricacies and opera-
tional nuances. Evaluation of the Initial Orbit Determination (IOD) parameters is performed using Two
Line Elements (TLE) derived from angular data across various orbital zones. Rigorous testing is conducted
using angular data from the Zhulong Observation Network for low to medium orbit targets and from the
Changchun Observatory, Chinese Academy of Sciences for GEO objects. The results indicate impressive
success rates for initial orbit determination, with approximately 94% for LEO, 75% for MEO, and 89%
for GEO objects. Additionally, the algorithm shows mean semi-major axis errors of about 9, 12, and 50
km for LEO, MEO, and GEO objects, respectively. In conclusion, the proposed algorithm demonstrates
high applicability, achieving significant success rates and exceptional orbit determination accuracy. These
findings highlight the algorithm's effectiveness in leveraging monitoring data for precise and reliable initial
orbit determination processes.
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Fig.2 Initial orbit calculation process based on dynamic
threshold
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def adjutfunction(a, a,, r):
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a=a,

converged = False

while not converged :

p = calcOrbitParams(a)

res = calcResiduals(p)

if all(res << [a,]):

a *=r
else:
a, — d

converged = True

return at
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Tab.1 Basic information of LEO object (from n2yo.

com)

NORAD A ﬂ/iini{ﬁ,ﬁ!?jlﬁ @70&1/

D = % /km ()
56703  STARLINK-30132  565.4/567.0  43.0
43437 SENTINEL3B 809.3/810.3 98.6
48621 HAIYANG 2D 953.6/964.6  66.0
48245 ONEWEB-0217  1211.9/1214.0 87.9
41240 JASON3 1338.9/1350.8 66.0
46984 SENTINEL-6 1338.8/1351.0 66.0
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Fig. 3 Orbital distribution of observed space object in LEO
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Tab.2 10D errors of LEO objects
NORAD ID B MK /s a iR /m iR HR2ZE/() RAANIRZE/(Y)
46984 1 144 —6414.4 0.003 33 —0.059 0. 387
56703 1 46 —25415.8 0.002 91 0.035 —0.701
43437 8 69 9291.5 0.001 39 0.071 0.058
41240 16 97 9220.3 0.002 27 —0.035 0. 046
48621 7 89 2822.3 0.002 21 0.063 0. 040
48245 1 62 —1513.2 0.001 63 0.162 —0.020
V- 84.5 9112.9 0.002 29 0.071 0. 209
20 . T 56703 HFRZ Ak, HoAh B AR B 97 B0 il 58 22
ol '. ) y PIFE 10 km N, R RKAHIR 22 B EZ R 9. 1 km,
g | T . . Hrr66.67% My BRI AR 2E/NT0.07° f54
2 o] . A~ EBR 9 TH 38 25 2 95 25 39 8 /8 F 0. 05,
S0 R 1 46984 Fi1 56703 H 47 i 7} 32 s 5 28 122 53 3
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Fig.4 Errors distribution of observation arc length and

initial orbit semi-major axis of LEO objects
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Tab.3 Information of MEO objects
NORAD ID TRAFK AT /36 Hb 5 BT 5 ) /km faifa /() J& 381 /min
28115 BREEZE-M R/B 18 959/19 310 63.7 675.7
28509 COSMOS 2411 19 124/19 149 63.6 675.7
36111 COSMOS 2456 (GLONASS) 19 132/19 142 64.5 675.7
F4 MEO BRVIBBWEIRE
Tab.4 10D errors of MEO objects
NORAD ID FURIR(ERINE ' atR2E/m e R 22 im2e/(%) RAAN 2 /()
28115 44 23709 —0.007 00 —0.076 00 —0.016 00
28509 58 1593 —0.000 33 0.039 00 0.017 00
36111 73 9859 —0.000 42 —0.018 00 —0.014 00
-4 58 11710 —0.002 58 —0.018 33 —0.004 33
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Tab.5 10D errors of semi-major axis of GEO objects

PRZE X ] i/ %
<<100 km 92.74
<<50 km 82.31
<230 km 66.43
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Tab.6 Success rates and errors of initial trajectory calcu-

lations at different orbital altitudes

atmzs/ MXER R
- ‘s Yy
Bl IK/s NI/ % o ¥y #)Y

LEO 85 1.4 9.1 0.12 94
MEO 174 0.43 11.7 0.05 75
GEO 77 0.09 50. 2 0.012 89

x7 WELENLEO BAANNWHENRER
Tab.7 10D results of space objects observed by the
ground-based data

7ok IAKs I/ R 2E /km
30~60 94. 40 600
Gauss
10~30 52.50 1 800
30~60 27.60 260
Laplace
10~30 8. 60 250
30~60 81. 20 285
Gooding
10~30 33.10 265
10~30 9.22 1100
Double R
30~60 69. 16 500
10~30 72.10 50
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