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Fig. 1 SINS/CNS integrated navigation method based on Doppler velocity of
the Sun/star
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Table 2 Parameters of observed navigation stars

(e R4 /hms FR4/dms M, (kmes™)
Starl 17:43:41.40 04°33'46.9" -12.3
Star2 18:36:56.33 38°47'1.17" -13.9
Star3 19:46:28.00 10°3724.3" -34
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Fig. 6 Accuracy of SINS/TS-DVS integrated navigation
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Table 4 Statistical accuracy of SINS/TS-DVS integrated
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Fig. 8 Impact of velocity errors of stars on navigation accuracy of SINS/TS-DVS integrated navigation
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Table 5 Statistical accuracy of SINS/TS-DVS integrated
navigation under different velocity errors of stars

Beed pERkm BIECRE s
(m's) ZE @ AR Joi R D i Bk
0.0 175.07 204.84 245.23 0.22 0.14 0.15 51.51 40.83 26.26
0.2 186.46 248.08 303.80 0.25 0.53 0.28 53.60 46.00 22.68
0.4 224.58 452.28 534.73 0.28 1.08 0.50 61.97 66.71 8.57
0.6 266.80 780.83 679.49 0.34 1.67 0.80 67.20 79.66 4.11
0.8 320.96 1109.36 824.27 0.42 225 1.09 72.43 92.60 9.61
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Table 6 Statistical accuracy of SINS/TS-DVS integrated
navigation under different direction errors

Rz, MERZEm BWEIRE (ms?)  BRIRE (D
Y g A wE KR dbi R RHD e BEE
0 175.07 204.84 245.23 0.22 0.14 0.15 51.5140.83 26.26
5 178.06 356.85298.13 0.23 0.33 0.13 50.07 39.20 31.10
10 184.81 508.86 351.02 0.24 0.57 0.13 48.6337.5735.95
15 196.29 660.87 403.93 0.27 0.81 0.15 47.18 35.94 40.79
20 208.77 812.88 456.84 0.31 1.06 0.20 45.7434.3145.63
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Impact of different direction errors on navigation accuracy of SINS/TS-DVS integrated navigation
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Table 7 Impact of various coupling errors on accuracy of SINS/TS-DVS integrated navigation

fBmRzE/ MR % + 15123 fr B R 7E/m AR/ (ms™) BERWRE ()

= HERE (msh i 4 213 ARIA ki KA R T BR
1+0.0 172.27 124.72 225.25 0.25 0.08 0.13 52.18 33.71 23.14

0 2+04 224.58 452.28 534.73 0.28 1.08 0.50 61.97 66.71 8.57
3+0.8 386.51 1002.74 854.59 0.51 2.14 1.17 71.63 83.79 4.58

1+0.0 153.30 291.63 280.93 0.20 0.23 0.09 50.40 34.15 28.61

5 2+04 240.18 300.28 587.60 0.31 0.84 0.57 60.53 65.08 13.19
3+0.8 399.61 864.11 904.14 0.56 1.92 1.24 70.33 81.62 4.47

1+0.0 198.77 209.11 114.85 0.42 0.56 0.27 55.74 32.82 12.19

10 2+04 233.04 756.28 429.00 0.23 1.56 0.36 64.85 69.97 4.15
3+0.8 360.77 1280.00 755.51 0.43 2.59 1.04 74.24 88.13 10.70
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Fig. 10 Impact of different maneuver sequences on navigation accuracy of SINS/TS-DVS integrated navigation
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Table 8 Performance of SINS/TS-DVS integrated navigation under different maneuver sequence
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SINS/Time-Segmented Doppler Velocity System Integrated

Navigation Based on Sensor Maneuvering

YANG Yuging"®, OU Xinya', HUANG Yueqing', YANG Haonan', NING Xiaolin'

(1. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China;

2. College of Computer Science, Inner Mongolia University, Hohhot 010021, China)

Abstract: To address the issue in traditional SINS/DVS integrated navigation methods that is required a spacecraft to
simultaneously carry three sensors to observe three navigation stars for comprehensive velocity error correction, an inertial/time-
segmented astronomical Doppler velocity integrated navigation method based on sensor maneuvering (SINS/TS-DVS) was proposed.
By periodically changing the optical axis pointing through sensor maneuvering, DVS measurements in different directions were
acquired. This method ensured navigation accuracy while reducing the burden on the spacecraft. Simulation results demonstrate that
the position errors of the SINS/TS-DVS integrated navigation in longitude, latitude, and altitude directions were significantly
improved compared to the traditional Strapdown Inertial Navigation System (SINS) and the SINS/DVS method observing only one

star. It can effectively enhance spacecraft positioning accuracy.
Keywords: astronomical navigation; autonomous navigation; sensor maneuvering; Doppler velocity
Highlights:

e A strapdown inertial/time-segmented Doppler velocity integrated navigation method based on sensor maneuvering is proposed.

e The paper systematically analyzes the impact of measurement errors, star radial velocity errors, sensor pointing errors, and

maneuvering sequences on navigation performance, and provides a direction for subsequent error suppression and maneuvering

strategy optimization.
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