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System with Multi-source Information Fusion
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Abstract: The integrated navigation system is analyzed by using system observability analysis
method and state observability analysis method respectively for the multi-source information fusion
of high orbit satellite integrated navigation system based on GNSS satellite, landmarks vectors and
star-lights vectors. The simulation results show that landmarks vectors and star-lights vectors can
effectively provide measurement information and ensure the stability of the filter when GNSS navi-
gation satellites are not visible. The observability analysis results show that system observability
is mainly affected by the visibility of GNSS navigation star, and the introduction of landmark vec-
tors and starlight vectors is helpful to improve the observability. The state-based observability can
roughly reflect the filtering precision.
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Fig. 2 The number of visible stars in GNSS over time

— 3 o
i 7 T O PO — A

EAIOM
RGN =S ]
SE ol TN
Y o 1 2 3 4 5 6 7 8 9
tls x 10*
~ 20 Vi B YR 2 AR 2R
=T — ]
X701 2 3 4 5 6 7 8 9
tls x 10*
S o METE G
£ [ A A N A A AN
T E OWW\/\/W'
a'  -10

3 MERKIRE

Fig. 3 Position errors

S i S A5 9 £ g — 30
X S R S A2 SRS

x_ 00
EZ 0

SE gl ——— |

o 1 2 3 4 5 6 7 8 9

tls x 10*

Vi BEP A s i E 2k

1 2 3 4 5 6 7 8 9
tls x 10*

U T B2 D FL 2R

£T {
£ E f‘“““*

w=0.02

. 0 1 2

3 4 5 6 7 8 9
tls x 10*

4 EFERRRZE
Fig. 4 Velocity errors

ALk, B 5 R 6 LA AT, 3 a0 R
YA AT . DAL, P A e SR 1 4 AT LA B &
SGemy el EE . 5B 2 #E AT AR R, FE U7 H A ]
30000s 1 67000s 2247 ik, GNSS 0] W2 5 H 2>
F G000 R RE L 2% 7R EL B[R] 74000s /2 A5 B
GNSS ] W 2% H 3 2, it 1y 5 48 a] W 5 4f
H AT, ZR G AT B A7 B GNSS T 1) U L 4k i
A TR N



A R LR T LB 43 B

87

51 ZFEEEmE T
0.03
0.025F
f‘n
Mom% “ ‘
20.015F, | \ . M
= \
mpu /‘ m wulr
0.005F|" % | \ “ “ {

% 1 2 3 4 5 6 7 8 9

x 10*
BEs REAMERMETAEEZGFRE

Fig. 5 System observability curve over time(singular value)
1.4
1.2F
1 -
0.8
=
= 0.6
0.4
0.2F
0 L L
o 1 2 3 4 5 6 7 8 9
tls x 10*
Blo RETMERREEZWNHLZEGEFED

Fig. 6 System observability curve over time(spectral radius)

WAL F 1 AT AT, R AR W] BT R e K
J& GNSS, M 1 O J< di = 35 % R A8 AT UL BE 1) 5%
MR /N, 3t 5 b T A b 45 SR AF. 7E R A
GNSS . b F1 £ 6 5 5 A b e i E 17 4 A S0
b, B2 oK GNSS AR EZ M M F B, 54k 2 A
1 AR Rl B F B

H1 & 2 FEE 3 Mt b Al 0, e 38 GNSS 19 41
H B DR AR B AT 00 B AR 1 B R R L A TR
ZEBE GNSS A5 H 0 1 n w6 B — 4 47 B
M5 A B IR 22 AE o Bl b2 B B
R MPARZS B AT WL EE R BCR o« il By ol WL B K, =
T L SR /N . T OB oy BT 5 R S 0 Dk 4 R
W) G . X T HUbR 5 76 3 0 bR 09 % B B AR
250 AT RE A S A A Al T iR 25 B b AR
SUBCH BTN . X — AL BN R A B R
JE IR ZEALE o K = Bl AR/ 5 TR 2 Y AT
JERECR o b b AT UL R /0 o = Bl b 0 AT U S
K. BXF SVD J5 i A] LUK B b 5 AE R 25 7] UL B2 Fn
UEP IR ZEZ KR,

X1 EMERREXMSATWEK/N
Tab. 1 Errors and observability of the navigation system
o [VAs HEE
X Y Z Hh X il Y il Z Hh
52 KN 0.191m 0.113m 0.472m 0.00033m/s 0.00012m/s 0.00035m/s
AL RE RN 11. 292 15. 549 0. 653 48616. 434 68332. 218 3104. 840
2 ARNEEMBORERTNE
Tab. 2 State observability at different measurement values
AT WL EE
2 137 /m M/ (m/s)
X #h Y i A X Y Z
1GNSS 4. 403 0. 925 0. 043 1592. 409 341. 753 15,177
2GNSS 6.135 2.138 0.763 2110. 763 743. 459 255. 862
3GNSS 7.366 3. 896 1.012 2460. 550 1305. 906 338. 377
4GNSS 8. 788 4. 147 1. 386 2935. 371 1390. 259 463. 810
1 HubR (& A 3.947X10°8 1. 141X10°7 2.095X10°7 1.432X107° 4.078X10°° 7.023X107°
2 HibR (% B 6.424X10 8 1.710X 107 2.635X10 7 2.161X10 ° 5.721X10 8.828X10 °
3 LR (5 26 8.552X107°8 2.032X1077 3.062X10°7 2.874X107° 6.799X107° 1.257x10*
4 Hibr (% 26 1.009X 1077 2.293X10°7 3.411X10°7 3.393X10°° 7.672X107° 1.428x107*
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Tab. 3 Filtering accuracy at different observation values
B3] fiE /m B/ (m/s)
X b Y il Z Hh X Hh Y i Z fih
1GNSS 48. 086 50. 154 196. 894 0.0828 0.1234 0.3208
2GNSS 3. 398 6.462 6.563 0.013 0. 024 0.023
3GNSS 0. 330 0. 409 1. 346 0.0013 0.0020 0.0032
4GNSS 0.101 0.138 0. 546 0.0011 0.0024 0.0024
1 Hibs (& AL 274.497 160. 6328 38. 9781 0.519 0.308 0. 069
2 HubR (55 2O 135.199 83.009 14. 242 0. 242 0.161 0. 025
3 bR G 2O 70. 661 44. 414 5.838 0.122 0.074 0.012
4 bR G A 47.103 27.727 3.813 0. 096 0. 058 0. 007
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