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Fig.3 Position estimation results based on different approaches
of TR1. For reference, the Ground truth (GT) is also provided
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Fig.4 State estimation performance of different motion trajectories. The black curves represent the true trajectories, the green curves represent
the estimated trajectories based on the UIW-ESKF method, and the blue curves represent the estimated trajectories based on the UI-ESKF method
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Table 1 Position and orientation RMSE between estimated

states and true states based on the UIW-ESKF
method and the UI-ESKF method

Pos. RMSE/m Rot. RMSE/rad
Trajectories
UIW-ESKF UI-ESKF UIW-ESKF UI-ESKF
TR1 0.064 0.109 0.027 0.128
TR2 0.292 0.879 0.073 0.987
TR3 0.054 0.089 0.023 0.221
TR4 0. 130 1.144 0.093 0.427
TRS 0.054 0.102 0.026 0.423

B5 TEARRSIAMT WA EMITTER. () = DRAS, (b) HL8 A5 = AR sk,
(o) MG, (d) BT &0 . RERESHE, EEARAMTHE

Fig.5 Position estimation results under different experimental conditions. (a) The three anchors are collinear. (b) The robot is coplanar with

the three non-collinear anchors. (c¢) Two anchors are used. (d) All observability conditions are satisfied.

The black curves represent the true values and the blue curves represent the estimated values
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Table 2 Position and orientation RMSE between estimated
states and true states based on the UIW-ESKF

method under different experimental conditions

Cases Pos. RMSE/m Rot. RMSE/rad

Collinear 2.451 0.583
Coplanar 0. 149 0.028
Two anchors 0.1742 0.028
Underexcitation 0.068 0.207
None 0.064 0.027
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Fig.6 State estimation performance when

some accelerations are unexcited
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Abstract To solve the problems of low positioning accuracy and dependence on high-precision IMU of the exist-

ing UWB-IMU positioning system for wheeled mobile robots, a localization algorithm using error state Kalman fil-

ter to integrate UWB-IMU-Odometer is proposed to improve the position and attitude estimation accuracy of mobile

robots using linear velocity measurement of odometry and pseudo-measurement implied by the nonholonomic con-

straints. Meanwhile, for the nonlinear system composed of the multi-sensor measurement models, a detailed theo-

retical analysis and mathematical proof of the observability of the system is carried out by an observability rank

condition analysis method based on the Lie derivative, and the conditions under which the system is locally weak-

ly observable are concluded, which determines the required measurement outputs and control inputs for unbiased

estimation of the system states. The simulation results show that when the observability conditions are satisfied,

the state estimation approach proposed in this paper can effectively obtain the accurate 6-DOF poses of the mobile

robot and significantly improve the positioning accuracy compared with the conventional methods.
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