Km Check for updates

Journal of Korea Robotics Society (2026) 21(2):224-231

224 https://doi.org/10.7746/jkros.2026.21.2.224 ISSN: 1975-6291 / eISSN: 2287-3961

XZgolel i 93 A 1l o) B JeE nd
TRE A2 AN SR A 54 71

Proprioception-Based Estimation of User-Applied External Forces
for a Quadruped Guide Robot Assisting Visually Impaired Users
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Abstract: For quadruped guide robots assisting visually impaired users, accurate estimation of the
user’s applied force is essential for safe navigation. However, precise force estimation is hindered by
periodic noise induced by robot locomotion. Conventional filtering methods, such as Low-Pass Filters
(LPF), often fail to separate these signals effectively. These methods tend to over-smooth the signal,
resulting in significant distortion or attenuation of interaction forces. To address this problem, this
paper proposes a proprioception-based external force estimation method that utilizes gait phase and
contact information. By synchronizing the estimation with the robot’s stepping cycle, the proposed
approach selectively mitigates locomotion-induced disturbances without compromising signal fidelity.
Experimental results demonstrate that the proposed method effectively removes gait-induced noise
while preserving the magnitude of user interactions. Consequently, the proposed approach exhibits
superior estimation accuracy compared to conventional baselines.
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User Intent
(Force)

[Fig. 1] Conceptual diagram of bidirectional physical
interaction between the user and the quadruped guide robot via a
harness. The harness serves as a communication channel
through which the user’s navigational intent (purple arrow) is
conveyed as applied forces, while the robot provides
environmental feedback (blue arrow) through reaction forces
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[Fig. 2] Free Body Diagram for external force estimation. the
robot’s base is accelerated by the sum of ground reaction forces
(F¢rp) and the user applied external force (#)},). the proposed
method estimates 7, by utilizing the equilibrium of these forces
without additional force sensors
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Trot Gait Transition and Gaussian-shaped R
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[Fig. 3] Profile of adaptive measurement noise covariance (%2,

relative to gait phase transitions. the orange line represents the
gait phase, and the blue line shows the variable R value
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[Table 1] Comparison of force estimation performance

Method RMSE PCC(r)

Raw 22.24N 0.895

LPF + MAF 13.78N 0.969

AKF + MAF(Proposed) 8.86N 0.990
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line) and the estimated forces from each algorithm. (bottom) time-series estimation error relative to the ground truth
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