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Study on Space Situational Awareness Using Ground-Based Radar Satellite
Tracking Results
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Abstract

As the demand for and interest in space surveillance continue to grow and congestion in the space environment intensifies,
the need to monitor various space objects, including space debris, commercial satellites, and reconnaissance satellites, has
increased, further underscoring the importance of space situational awareness (SSA). Although previous SSA research has largely
focused on optical sensor observations or analyses using publicly available orbital elements, empirical studies utilizing actual
ground-based radar measurements remain limited. In this study, a ground-based radar system is used to detect and track an
operational satellite, and the numerical differences between the obtained tracking results and two-line element (TLE)-based and
consolidated prediction file (CPF)-based predicted orbits are compared. The comparison highlights the numerical discrepancies
between the measured and predicted orbits, demonstrating that real radar-derived tracking data can support the validation of
existing orbital information, the monitoring of orbital changes, and the development of SSA-oriented databases. This study
provides empirical evidence that ground-based radar can function as an independent SSA sensor and verifies its potential
contribution to strengthening national space surveillance architectures and military space security capabilities.
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Table 1. Definitions of key terms.

Term Description w :
0 10 20 30 40 50 60 70 80
SSA Space situational awareness Time [sec]
TLE Two-line element J8 4. AFHA 4 23NR 2 AZ-&% 1 x)
CPF Consolidated prediction file Fig. 4. Satellite tracking results (SNR and range-velocity
RMSE Root mean square error graphs).
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H 2. 9= A4 Z9¥ RMSE(root mean squre-error)
Table 2. Root mean squre-error (RMSE)of each trajec-
tory prediction model.

Category Azimuth (°) | Elevation (°) | Range (m)
Track - TLE 0.3223 0.0580 94.3948
Track - CPF 0.2906 0.0862 45.7052
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According to Time, Az-El-R Tracking Error
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