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Double-filters external damping strapdown inertial navigation algorithm

ZHAOQO Lin, LI Jiushun, CHENG Jianhua

(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: Aiming at the problem that the navigation accuracy of strapdown inertial navigation system ( SINS) is
severely affected by oscillation errors, an external damping strapdown inertial navigation algorithm based on double
filters is presented. Two serial filters are designed for the algorithm. First filter uses the external velocity as the
reference input to estimate errors of strapdown inertial navigation system and the external velocity is smoothed at the
same time. Employing the high-precision external velocity smoothed by first filter as the input, second filter
conducts error state estimation process and eliminates the influence of velocity constant error on the system. At last,
information fusion algorithm is designed to give consideration to advantages of both filters. Simulation results show
that, in the presence of external velocity constant error, this algorithm has higher steady-state precision and reduces
the convergence time of system errors, which effectively improves the navigation accuracy of strapdown inertial
navigation system. Compared with the second filter, the convergence speed of Earth oscillation error is obviously
faster after information fusion, and the short-term accuracy is significantly improved. Compared with the first filter,
the steady-state navigation accuracy is significantly improved after information fusion.
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Tab.1 Steady-state error values of information fusion algorithm under different external velocity constant errors

HMEIRZE/ (m - s7') e/ 1073(°)  @y/ 1073(°) ou/(°) 8L/ (°) SA/(°) Svg/(m = s71) Suy/(m-sh)
-0.1 1.140 -3.100 -0.035 -0.014 -0.020 -0.081 -0.090
-0.2 0.700 -4.500 -0.039 -0.016 -0.050 -0.142 -0.150
-0.3 0.470 -4.300 -0.046 -0.009 -0.079 -0.150 -0.181
-0.4 0.200 -4.250 -0.046 -0.006 -0.081 -0.131 -0.139
-0.5 0.440 -4.000 -0.049 -0.006 -0.080 -0.110 -0.132

K2 REF1IEARMEZEREFHTHERTREE

Tab.2  Steady-state error values of Filter 1 under different external velocity constant errors

SR/ (m - s™') @R/ 1073(°) @y / 1073(°) ou/(°) SL/(°) SA/(°) Svp/(m+s™) Suy/(m-s7h)
-0.1 0.810 -5.901 -0.053 -0.033 -0.066 -0.092 -0.098
-0.2 -2.001 -11.002 -0.077 -0.072 -0.150 -0.203 -0.198
-0.3 -4.004 -13.705 -0.105 -0.111 -0.234 -0.296 -0.294
-0.4 -6.301 -18.004 -0.126 -0.150 -0.318 -0.409 -0.391
-0.5 -8.410 -21.201 -0.150 -0.187 -0.401 -0.504 -0.498
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