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Markerless Capture Error Propagation Model and Joint Trajectory Correction Algorithm for
Basketball Shooting Motions

Lin Luxiang
Guangxi Normal University, China Guangxi Guilin 541000

Abstract: Markerless motion capture technology has shown great potential in analyzing basketball shooting motions.
However, joint trajectories output by deep learning-based methods often suffer from non-physical random jitter and
systematic bias, with errors significantly amplified at the distal endpoints of the upper limbs (wrist and fingers). Existing
filtering methods mostly ignore the geometric constraints of the upper-limb kinematic chain and struggle to suppress noise
while preserving the instantaneous features of the shooting release phase. To address this issue, this paper first analyzes the
statistical error characteristics of four key joint points—shoulder, elbow, wrist, and fingertip—in markerless pose estimation.
Second, an error propagation model is established based on the serial kinematic chain, and the analytical relationship between
joint angle errors and joint position errors is derived using the Jacobian matrix, revealing the mechanical mechanism of
error amplification during shooting. Furthermore, a joint trajectory correction algorithm that integrates extended Kalman
filtering with kinematic constraints is proposed. By enforcing constant link length, joint range of motion, and release-phase
feature preservation, the algorithm effectively suppresses noise while retaining motion features. Simulation and real-world
experimental results demonstrate that the proposed algorithm reduces the root mean square error of joint angles by more
than 30%, limits the peak wrist angular velocity attenuation to within 5%, and achieves a release angle error of less than 2°,
significantly outperforming low-pass filtering and standard Kalman filtering. This method provides a reliable theoretical and
algorithmic foundation for high-fidelity shooting motion analysis under markerless systems.

Keywords: Markerless motion capture; Error propagation model; Joint trajectory correction; Extended Kalman filter;
Basketball shooting
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