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Closed-loop filter design for
X-ray pulsar-based satellite navigation system
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Abstract: The measurement of the pulse arrival time or phase on the satellite is affected by the satellite clock bias in

the X-ray pulsar-based satellite navigation(XNAV) system. The clock bias and the satellite position in three dimensions

are processed as the unknown quantities, and are determined with the measured information from more than four pulsars.

Using the difference of the determined positions and positions predicted by orbit dynamics, we obtain the measurement

information. The closed-loop Kalman filter is designed to incorporate the measurement information and the satellite dy-

namics. Simulation demonstrates that the orbit can be estimated optimally by the designed closed-loop filter, which solves

the problem of the clock bias within the XNAV system.
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2 (Problem formulation)
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3 (Design of closed-

loop filter )
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Fig. 1 Principle of open-loop correction
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Fig. 2 Principle of closed-loop correction
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4 (Simulation and analysis)
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: 42167.170 km, 0.0001,

5◦, 193.4◦, 0◦, 0◦.

J2000.0 ,

STK(satellite tool kit, V5.0) . 4

B0531+21, B1937+21, B1957+20

B1821–24, [6].

X 1 m2,

500 s, 1 μs, 1

. [7], 1 4

σ1, φ =109 m, σ2, φ =
344 m, σ3, φ = 1866 m, σ4, φ = 325 m.

Qk−1 = diag{q2
1, q

2
1, q

2
1, q

2
2, q

2
2, q

2
2},

q1 = 0.35 m, q2 = 3.5 × 10−4 m/s.

500 s,

500 m 1 m/s.

1 X

Table 1 X-ray pulsar attributes

/( ) /( ) /s Ḋp d/kpc

B0531+21 83.6332 22.01446 0.033085 4.228e–13 2

B1937+21 294.9107 21.5831 0.001558 1.051e–19 8.33

B1957+20 299.90321 20.80420 0.001607 1.685e–20 1.53

B1821–24 276.1334 –24.8698 0.003054 1.619e–18 4.90

Monte Carlo ,

3 . ,

,

, .

.

3

Fig. 3 Errors of position and velocity using closed-loop

correction

5 (Conclusion)
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