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Abstract: The nonlinear error state-based extended Kalman filter method, known as Lie group extended Kalman filter
expressed in ¢-frame (LG-EKF-7), is employed in satellite-denial scenarios such as unmanned platform strapdown inertial
navigation system/odometer (SINS/ODO) integrated navigation. In this context, the position and velocity vectors relative
to geocentric are coupled with attitude errors, which may result in numerical inaccuracies and reduced precision when
neglecting higher-order terms. Therefore, in this paper, an improved LG-EKF is proposed. Replace the resolving frame and
reference frame with the world frame, which could effectively reduce the accumulation of numerical calculation error. The
algorithm was verified by using 21-states Kalman filter which considered the installation angles between the odometer and
the SINS, the lever-arm and the odometer scale factor error. Results of four long-time high-precision SINS/ODO integrated
navigation experiments with small initial alignment error angles show that the proposed improved LG-EKF-w has higher
numerical calculation accuracy than traditional extended Kalman filter (EKF), state transform extended Kalman filter (ST-
EKF) and original LG-EKF-:. The superiority of the proposed LG-EKF-w is further verified by open-loop trajectory
experiments with large initial alignment error angles.
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Fig. 1 The position diagram of SINS and odometer
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Fig. 3 Diagram of vehicle experiment trajectories
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Table 4 Position error results of long-time open-

ST-EKF
—LG-EKF-1

looped vehicle experiment (RMSE)

Hik 1,1,10°/m 1,1,20°m 1,1,30°/m
EKF 28.22 33.37 112.36
ST-EKF 26.62 23.70 25.41
LG-EKF-i 56.01 54.96 49.67
LG-EKF-w 23.32 19.09 22.79
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