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Abstract

In space situational awareness (SSA), track initiation, which establishes tracks from a few initial observations, is a key technique
that governs overall system performance. This paper proposes a constraint-based optimization technique for robust and accurate initial
state estimation using only two radar position observations. The proposed technique minimizes the Mahalanobis distance while utilizing
the quasi-circular orbit characteristics of low-earth orbit objects as physical constraints on velocity direction and magnitude. It moreover
enhances the stability of the subsequent filter by quantitatively modeling the inherent uncertainty of the constraints and incorporating
it into the initial error covariance. Through Monte Carlo simulations, the proposed technique was demonstrated to significantly reduce
the track loss rate and improve tracking accuracy when compared with conventional two-point initiation methods.
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Table 1. Analysis of track loss rate for space objects
based on TLEs.

Number | Track loss count | Track loss rate (%)

Altitude : :
(km) of space | 2-point | Proposed | 2-point | Proposed

objects | initiation | method | initiation | method

0~500 1,241 75 71 6.04 572
500~1,000| 5,569 168 72 3.02 1.29
1,000~
1,500 1,511 143 31 9.46 2.05
1,500~
2,000 138 14 2 10.14 1.45

0~2,000 | 8,459 400 176 4.73 2.08
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. !
0 5 10 15 20 25 30
time [sec]
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(b) Velocity RMSE

A8 2. TLEs 7|ike] $-F= A9 3t 52 RMSE &4
Fig. 2. Analysis of tracking RMSE for space objects based

on TLEs.
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5
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time [sec]
(b) &%= RMSE
(b) Velocity RMSE
J8 3. 554 15 wE 3 RMSE £4
Fig. 3. Analysis of tracking RMSE for space objects with
respect to altitude.
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Table 2. Analysis of track loss rate with respect to space
objects altitude.

Number Track loss count

] Track loss rate (%)
Altitude

(km) of space | 2-point | Proposed | 2-point | Proposed
objects | initiation | method | initiation | method

500 1,000 1 0 0.1 0.0
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—@— eccentricity 0.0000001 (2-point)
L & ~ ~® — eccentricity 0.01 (2-point)
5000 /‘ \ A eccentricity 0.1 (2-point)
- / ‘\ eccentricity 0.5 (2-point)
E 4000 4 iy ~—®— eccentricity 0.0000001 (Proposed Method)
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s A eccentricity 0.1 (Proposed Method)
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0 5 10 15
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Fig. 4. Analysis of tracking RMSE for space objects with
respect to eccentricity.
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Table 3. Analysis of track loss rate with respect to space
objects eccentricity.

1,000 | 1,000 39 0 39 0.0
1,500 | 1,000 62 0 6.2 0.0
2,000 | 1,000 153 0 153 0.0
Total | 4,000 255 0 6.375 0.0
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Track loss count | Track loss rate (%)
Eccentricity Numbq of 2-point | Proposed | 2-point | Proposed
simulations

initiation| method | initiation | method
0.0000001 1,000 28 0 2.8 0.0
0.01 1,000 63 0 6.3 0.0
0.1 1,000 78 0 7.8 0.0
0.5 1,000 49 1 49 0.1
total 4,000 218 1 5450 0.025
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