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Abstract Most launch vehicles are launched from ground. Such vehicles have restrictions on

their trajectories, so their launch performance degrades. Instead, sea-launched or air-launched
vehicles, which have no restriction on their trajectories, is required. In these cases, navigation
system has to compensate inertial sensor errors and initial alignment error during flight to meet
the accuracy requirement of payload injection. This paper derives the six-degree-of-freedom motion
equations of a launch vehicle, and builts EKF (Extended Kalman Filter). Furthermore, we propose
a normalized EKF to improve estimation accuracy of the system that has greatly different state

variables.
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Table 1 Simulation Condition

Start time of simulation

Lift-off time +738 s

End time of simulation

2737 s

Process and observation noises

Gaussian white noise
Vi Mean 00Covariance 1.0 x 10~7 rad/s
Vipdd Mean 00Covariance 1.0 x 1073 m/s2
V,,.d Mean 00OCovariance 1.0 x 10~4 rad/s
Vil Mean 00Covariance 1.0 x 1072 m/s

Inclination angle of orbital injection 97 deg
Altitude of orbital injection 500 km
Sampling time 1s

Gravitational model

Using Legendre polynomial to fourth-order term

Initial condition of filter

530/—1 =z Py =F

Table 2 MSE of the estimation results

EKF Normalized EKF

7 [m] 32.6 1.47
9.74 x 1076 1.14 x 10~

v [m/s]
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Fig.3 Simulation Result of Position Error

(solid line: estimated error by Extended Kalman Filter using
normalization process] dashed line: estimated error by
Extended Kalman Filter)
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Fig.4 Simulation Result of Velocity Error

(solid line: estimated error by Extended Kalman Filter using
normalization process[] dashed line: estimated error by
Extended Kalman Filter)



