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Abstract Aiming at the observability of the fixed position alignment of a strapdown inertial navigation system
(SINS), the observability of each state variable of the system is analyzed by the method of singular value
decomposition (SVD), in which the ten-state error equation of SINS is taken as the object of study. The results
show that the state variables of the system are not completely observable and the azimuth misalignment angle has a
low observability. In order to improve the observability of the alignment system, the state vector is reduced
according to the results of observability analysis and the application characteristics of SINS, and the seven-order

Kalman filtering model is obtained. Experimental results indicate that the seven-order model is more tolerant to the

filter parameter and the navigation accuracy is higher than the original model.
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Table 1 Observability degree of each state in fixed position alignment
State variable e 3N $u OvE Ovn €, €, €. v, v,
Observability 9.6793 X 5.7287X 2.7266X 1.5591X
0.81357  0.81357 3.479 3.479 0.01124 0.01124
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Table 2 Observable states dimension of seven-order model
State removed e V.V, e, V.V, ce. V, ce. V, e V.V,
Dimension of observable states 6 6 5 6 7
State removed e.e. V, eV, e.e, V, e.e, V., €,€,€.
Dimension of observable states 6 6 6 7 6
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Table 3 Observability degree of each state of the two combinations
State variable b N du ovg vy e, €.
Observability degree 0.49648 0.49669  2.8354 X107 2.7616 2.7616 0.0044858 1.5142X10°
State variable e 3N du Ovg Oun €. v,
Observability degree 0.49884 0.49648  2.8354 X107 2.7616 2.7628 1.5142X10° 1.6622X 10 ®
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Fig. 1 Trajectory of SINS A
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Table 4 Position errors of two models of SINS A with P

P, 0.1p; 0.2p; 0.5p; bs 10p5
Maximum position error of ten-order model /m 1291 770 491 417 468
Maximum position error of seven-order model /m 413 410 408 407 407
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Fig. 2 Position error of ten-order model of SINS A as Fig. 3 Position error of seven-order model of SINS A as
a function of P a function of P
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Fig. 4 Position error of ten-order model of SINS A as Fig. 5 Position error of seven-order model of SINS A as
a function of Q a function of Q
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Fig. 6 Position error of ten-order model of SINS A as Fig. 7 Position error of seven-order model of SINS A as

a function of R a function of R
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Table 5 Position errors of two models of SINS A with Q and R

o 0.1q 1.0q 10.0q
Maximum position error of ten-order model /m 417 417 417
Maximum position error of seven-order model /m 407 407 407
R 1.0r 10.0r 100.0r
Maximum position error of ten-order model /m 417 420 451
Maximum position error of seven-order model /m 407 407 427
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Table 6 Position errors of two models of SINS B with P;

P, 0.1p; 0.2p5 0.5p3 1.0p; 10.0p;
Maximum position error of ten-order model /m 795 740 715 709 705
Maximum position error of seven-order model /m 704 704 704 704 704
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Fig. 8 Position error of ten-order model of SINS B

as a function of P
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