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Estimation of initial error and guidance instrumentation error

based on nonlinear model

LI Dong' , WEI Chao' , ZHOU Xuanying®
(1. The PLA Unit 91550, Dalian 116023, China;
2. College of Liberal Arts and Sciences, National University of Defense Technology, Changsha 410073, China)

Abstract: The accurate estimation of the initial error and the guidance instrumentation error plays a key role in the precision assessment of the

maneuvering launched vehicle, so a new estimation method based on nonlinear model was proposed. The platform initial angle error was transformed

into the orientation error. The true apparent acceleration was accurately calculated by using the fixed point iteration method. Then, the trajectory

parameters of the truth launch coordinate were represented by a nonlinear function with the initial error and the guidance instrumentation error. A

nonlinear model was constructed by using the exterior trajectory measurements. This model can simultaneously estimate the initial error, the

guidance instrumentation error, the measurement systematic error, and the time-zero deviation between telemetry data and exterior data, and it can

avoid the linear approximation of the initial error. The Bayes MAP ( maximum a posterior) estimation is given to obtain the optimal estimation of

these errors by using the nonlinear model and the prior information, and it is proved to be convergent. Experimental results show that the proposed

method improves the estimation accuracy of the initial error and the guidance instrumentation error when compared with the linear method and other

nonlinear method. Furthermore, the proposed method can also achieve the self-calibration between different measurements.
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Tab.1 Ratio of estimation error to truth value for

guidance instrumentation error

HlFREm Ik ik AR5k
1 0.073 08 0.168 43 0.074 32
2 0.003 17 0.071 01 0.003 85
3 0.017 60 0.007 63 0.002 78
4 3.014 81 6.078 54 0.379 33
5 0.383 71 0.261 97 0.028 07
6 0.172 93 0.725 46 0.045 99
7 0.073 81 0.241 79 0.075 37
8 0.031 42 1.176 00 0.030 98
9 0.018 10 0.025 67 0.015 61
10 0. 866 98 0.234 48 0.118 16
11 0.220 21 0.311 28 0.033 34
12 0.085 63 0.194 88 0.074 83
13 8.703 50 4.358 72 0.810 86
14 13.648 89 6.674 53 2.133 32
15 3.675 28 8.894 53 0.269 84
16 0.000 45 0.001 08 0.000 38
17 0.000 42 0.070 98 0.000 39
18 0.001 32 0.061 53 0.001 27
19 0.000 72 0.003 67 0.000 73
20 0.000 19 0.000 25 0.000 22
21 0.000 19 0.000 16 0.000 19

R2 MAREMITHHAIRIRE

Tab.2 Root mean square error of initial error estimate

PR ES Tk pigr LS
AB/(") 0.028 00 0.113 09 0.002 88
AL/ (") 0.003 96 0.093 15 0.001 08
AH/m 0.013 62 0.053 45 0.022 29
AB./(") 3.706 95 6.346 43 1.531 08
AL,/ (") 0. 840 40 9.534 80 0.635 04
AAL/ (") 7.580 26 5.772 23 4.186 08

Av,/(m/s) 0.009 94 0.005 95 0.001 72

Av,/(m/s) 0.092 14 0.003 75 0.001 36

Av./(n/s) 0.057 00 0.007 96 0.004 47
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Tab.3 Ratio of estimation error to truth value for

measurement systematic error

SN ARG TR 2E IR Ak
1 0.036 21 0.037 35
2 0.038 84 0.039 99
3 0.012 01 0.010 20
4 0.003 73 0.003 59
5 0.012 50 0.013 39
6 0.013 10 0.012 75
7 0.002 48 0.002 64
8 0.033 08 0.030 06
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Fig.1 Residual error of distance measurement
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Fig.2 Residual error of elevation measurement
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