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Inertial navigation algorithm for quadruped robotassisted
by foot-end inertial information

Lu Yongle',Su Sheng',Luo Yi',Xu Xiaodong”, Che Yi’

(1. Chongqing Engineering Research Center of Intelligent Sensing Technology and Microsystems, Chongging University of
Posts and Telecommunications, Chongging 400065, China; 2. School of Advanced Manufacturing Engineering ,
Chonggqing University of Posts and Telecommunications, Chongqing 400065, China; 3. Southwest Technology and
Engineering Research Institute, China South Industries Group Corporation, Chongqing 401329, China)

Abstract: To address the problem of rapid decline in positioning accuracy for quadruped robots when satellite signals are unavailable and
environmental perception degrades, this paper proposes an inertial navigation algorithm for quadruped robots assisted by foot-end inertial
information. Firstly, a leg odometry observation model is constructed based on foot-end inertial data and joint encoder readings to
compensate for velocity loss caused by the stationary contact assumption. Subsequently, a temporal convolutional network (TCN) and
bidirectional gated recurrent unit (BiGRU) are employed to extract long-term and short-term features from the foot-end inertial and joint
data, enabling robust estimation of stationary contact intervals. The proposed odometry observation model is employed as measurement
input for an Invariant Extended Kalman Filter (InEKF) to correct inertial navigation errors during stationary intervals. Long-distance
outdoor localization experiments demonstrated the effectiveness of the algorithm, achieving over 96% accuracy in stationary interval
estimation. In open-loop tests, the endpoint error was only 0.93% of the total traveled distance. In mixed-terrain closed-loop
experiments, the average eastward and northward errors were 1.07 m and 0.74 m, respectively, highlighting the proposed method ‘s
ability to maintain high positioning accuracy over extended periods without relying on external data.
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Fig. 1  Algorithmic framework of this paper
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Fig.2 Schematic illustration of the coordinate system definition
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Fig.4  Foot angular velocity and pressure data
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Table 2 Comparison of errors in outdoor routes

without closed-loop

. AKinl demr &R fTiE T H

RMSE/m  RMSE/m H4rlb/% Hf/m  #i%/%

BWEA 1575 0. 66 11.04  210.79  0.9538
Bk B 1.61 4.36 3.90 236. 34

A3 0. 61 0.70 0.93 239.05  0.9538
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Table 3 Experimental results of TCN-BiGRU network

under mixed terrain route

RAHIE 3 T Ty Sy
jiti£24 FEAREL WER R biyiES FEA S
M 1 94 206 0.963 0 0.938 2 0.9219
ML 2 89 529 0.966 0 0.949 3 0.934 6
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Table 4 Comparison of closed-loop route error of

mixed terrains

o & ZRm Elq0] LR
- GRS RMSE/m  RMSE/m  H4/%
B A 4.08 5.84 0. 64
. kB 6.11 5.88 6.78
i 1
Bk C 1.11 1.37 0.78
ARSI 0.70 0. 64 0.20
kA 5.41 8. 11 1.12
=R7 ] 3.56 4.09 4.84
M 2
Bk C 4.48 2.46 2.14

ARSI 1.45 0. 84 0. 66
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