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Abstract: This article presents a tracker-referenced settled-position prediction pipeline for an SO-101-based
manipulator with a single TPU 95A flexible link. The hardware evaluation is limited to a single-flexible-link
configuration in which the shoulder-to-elbow link is replaced by a 300 mm TPU 95A link. and the settled
end-effector position is measured using an external Vive Tracker. The learning problem is formulated as
supervised prediction from commanded joint states, measured joint states, and target-position features to the
tracker-measured settled reference position. Using 584 valid hardware samples and 50 repeated random-split
evaluations, the density-aware local kernel ridge regression model achieved a mean 3D prediction error of 2.0135
mm, a median error of 1.5656 mm, a p95 error of 5.0003 mm, pass@2mm of 62.68%, and pass@2.5mm of
73.80%. These results show low-millimeter mean prediction accuracy within the collected single-link data
distribution, while also indicating that sub-2-mm accuracy is not guaranteed for all samples. In addition,
joint-space block holdout tests showed increased errors in unseen joint-space regions, suggesting that random-split
interpolation performance should not be interpreted as unrestricted joint-space generalization. A dual-flexible-link
configuration with L, = 300 mm and L, = 180 mm was further examined only as a synthetic-data-based
extension for checking preprocessing, coordinate alignment, feature construction, and model-selection procedures. In
this synthetic extension, the same pipeline achieved a mean 3D prediction error of 0.7101 mm and pass‘@2mm of
96.00%; however, these values should not be interpreted as hardware-validated dual-link performance. The
contribution of this work is a measurement-based single-link dataset, a tracker-referenced settled-position prediction
procedure, and an explicit distinction between random-split interpolation performance, joint-space applicability
limits, and synthetic extension analysis.

Keywords: Flexible-link manipulator, SO-101, Tracker-referenced position prediction, Kernel ridge regression,
Position residual, Out-of-distribution diagnosis
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