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Algorithm for estimating the pose of USV based on smooth iterative ESKF

Liu Chao Li Shuqing Shen Yue Liu Hui

(School of Electrical and Information Engineering, Jiangsu University,Zhenjiang 212013, China)

Abstract: To address the low pose estimation accuracy and unreliable information output in small unmanned surface
vessels caused by complex water surface environments and low-frequency vibration interference, this paper proposes a
pose estimation algorithm based on smoothed iterated error-state Kalman filtering. Under low-speed operating
conditions. the algorithm employs an accelerometer to compensate and correct pitch and roll angles. In the data fusion
process of micro-electro-mechanical system (MEMS) sensors, an improved fixed-interval smoothing algorithm is
adopted, which utilizes the innovation from the next time step to perform backward smoothing corrections on the error
state variables while conducting time-reversed inverse corrections, thereby reducing the interference of low-frequency
linear vibrations on effective signals. The smoothed estimates are used to predict and correct the measurement values.
with each time step’s innovation iteratively refining both the estimated and measured values to enhance overall pose
estimation accuracy. Experimental results demonstrate that compared to the standard error-state Kalman filter, the
proposed SIESKF algorithm reduces the root mean square errors (RMSEs) of roll, pitch. and yaw angles by 0. 762 1°,
1. 818 8° and 0. 340 5°, respectively. Under normal water surface navigation conditions, the RMSEs of eastward,
northward, and upward velocities decrease by 0. 402 3, 0.239 4 and 0. 116 5 m/s, respectively. Similarly, the RMSEs
of eastward. northward, and upward positions are reduced by 0. 148 4, 0.258 9 and 0.083 2 m. This algorithm can
provide more precise pose information for USVs,

Keywords: USVjerror state Kalman filter;iterated smoothing;information fusion;integrated navigation
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Table 1 Comparison of errors for different numbers of

iterations m
WHL MAE RMSE
0 1.208 3 1.543 0
1 0.704 3 0.855 7
2 0.249 4 0.254 2
3 0.249 4 0.254 2
4 0.249 4 0.254 2
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Table 2 Error analysis of attitude simulation (°)

WH RET YHE S B A i 32 71
RMSE  3.093 3 1.8911 3.924 6
MAE 2.5790  1.5721 2.700 4
RMSE  1.9825 1.1892  2.7193
MAE 1.7342  0.9720 1.521 9
RMSE ~ 0.9650  0.7925 1.844 2
MAE 0.8954  0.6376  0.9070
RMSE ~ 0.9650  0.7925 1.844 2
MAE 0.8954  0.6376  0.907 0
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Table 3 Ablation experiment performance comparison
. . g/ YIEM/ MM/ EA/
Bk 1% 2 . . o
m ) ) )
RMSE 1.5430 3.0933 1.8911 3.924 6
ESKF
MSE 1.2083 2.5790 1.5721 2.700 4
ESKF+ RMSE 1.3600 1.4656 1.1324 2.154 38
R #ME  MSE  1.0412 1.1892 0.8967 1.3762
ESKF+ RMSE 1.1953 2.2906 1.4979 3.261 3
IECE# MSE  1.0251 1.9813 1.2362 2.4411
ESKF+ RMSE 0.7434 1.7945 1.3011 2.989 7
2WER MSE  0.5829 1.6217 1.0370 2.1389
RMSE 0.2542 0.9650 0.7925 1.844 2
AR
MSE 0.2494 0.8954 0.6376 0.9070
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Table 4 Analysis of low-speed navigation postures

()
Bk REI YEM BRE A il 42 A4
RMSE ~ 3.0754  0.7825  1.1637

UKF
MSE  2.7401  0.6297  0.901 3
RMSE  1.5148  0.9164  0.9987

ESKF
MSE  1.1153  0.7675  0.8625
RMSE  0.4696  0.1543  0.658 2

AR SO

MSE ~ 0.4113  0.1691  0.498 4

5 ARAR 2545 FIW A 0. 613 4°,2. 605 8°,0. 505 5°, 3 )5 Ji
0. 460 6°.2. 328 8°,0. 402 9°,
3.4 MXIMITER
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Comparison of yaw of pose
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Table 5 Estimated error of navigation position m
Bk PRI AR 1) e K 1]
RMSE 0.457 1 1.277 0 0.142 9
UKF
MSE 0.402 8 0.811 3 0.120 7
RMSE 0.3618 0.701 5 0.134 5
ESKF
MSE 0.326 9 0.573 2 0.085 2
RMSE 0.213 4 0.396 7 0.051 3
AICH
MSE 0.154 3 0.350 1 0.038 5
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