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Abstract: Pose estimation of a Stewart platform is critical for achieving high-precision motion control, yet
its forward kinematics problem remains challenging due to the strong coupling between pose variables and
actuator lengths, the pronounced nonlinearity of the governing equations, and the presence of singular con-
figurations. Conventional numerical algorithms often exhibit poor convergence and unstable estimation ac-
curacy, particularly in proximity to singular regions. To enhance the stability and accuracy of forward kine-
matics computation, a novel solution based on a particle filter (PF) is proposed. A state-space model that
incorporates both pose variables and actuator lengths is formulated, and probabilistic state inference is per-
formed within the PF framework, thereby mitigating estimation difficulties associated with singular config-

urations. MATLAB simulations demonstrate that, relative to traditional methods, the proposed algorithm
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reduces mean absolute error (MAE) by 85.35%-99.43% and root mean square error (RMSE) by

86.98%-99.79%. These results confirm that the proposed approach achieves accurate forward kinematics

estimation under complex operating conditions, offering strong adaptability, high robustness, and superior

convergence behavior, and indicating substantial potential for practical engineering applications.

Key words: parellel mechanism; Stewart platform; forward kinematics; particle filter; strongly coupled

system; nonlinear system
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