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Abstract Space debris are regarded as a space environment problem now, so that it is important to investigate
their distributions and orbits. In this paper, we propose a signal detection and orbit estimation algorithms for
KSGC radar located at Kamisaibara, Okayama Pref. in Japan. We approximate the motion of space debris as uni-
form motion within a short time, and improve the Signal to Noise-Ratio with a coherent integration. This method
also improves the orbit estimation accuracy. The proposed method utilizes the quasi-periodicity of the evaluation
function in order to effectively estimate the orbit. We applied the proposed method to the real data observed by
KSGC radar. We show that our method can estimate the orbit with the errors of 89 m for the range and 21 m/s
for the Doppler velocity, respectively.
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Table 1 Main Parameters of the KSGC Radar

Parameters Value

Location Kamisaibara, Okayama, Japan
(35.31°N, 133.94°E)

Radar System Active Phased Array

Antenna Size 28 m x 2.8 m
Number of Elements | 1,395

Gain 38.4 dB

Peak Output 96 kW (69 W x 1,395)
Polarization Vertical

Center Frequency 3,265 MHz

Beam Width 1.9°

Range Resolution 225 m

Band Width 800 MHz

Pulse Length 200 or 300 psec
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Fig.1 Linier-Chirp Pulse Compression.
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Fig.2 Result of Pulse Compression Applied to the Real Data.
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Fig.4 Evaluation Function.
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Fig.5 Model of the Proposed Detection Method.
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Fig.7 Result of Proposed Detection Method Applied to the
Pseudo Real Data.

goooooooooo0o0ooooooooobboD 0000
gobooooooooooobooooocooobooooooo
gooooooooon
Ubob0o0oo0oooboboob00U000®eee 00 wOO
0w U0OO0Oobobooooooooooooooooog
obobos8sooooboooooboooooooobooooooono



true x

|
Estimation Error

08 OOOOO
Fig.8 Quasi-Period Problems.
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Table 2 Comparison of the Detection, the Orbit estimation and

the Expected Parameters

rilkm] | vqlkm/s] | Gain [dB]

Detection | 894.450 3.155 17.57

Estimation | 894.549 3.235 17.74
Expected | 894.460 3.256
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Fig.9 Model of the Proposed Orbit Estimation Method.
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Fig.10 Result of Proposed Orbit Estimation Method Applied to
the Pseudo Real Data.
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Fig.12 Accuracy Comparison of the Proposed and the Conven-
tional Methods.
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