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Introduction

Gait analysis in physiotherapy has required not only visual observation but also the introduction of technology to quantitatively and accurately assess
movement. Conventional accelerometers and camera-based measurements have limitations, such as difficulty in capturing subtle changes in motion and
constraints related to installation and environment. In this study, we focused on quaternion waveforms obtained from inertial measurement units (IMUs)
embedded in smartphones as a means to address these issues, and investigated the accuracy of identifying abnormal gait patterns.
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The PCA yielded a cumulative explained variance of K-means clustering on PCA-transformed data showed SVM classification achieved high accuracy for normal and Trendelenburg gaits,
41.7%, with the Z-axis (pelvic elevation and depression) that the Trendelenburg gait was most clearly separated but misclassification remained high for Duchenne gaits, indicating differences in
contributing the most. from other patterns, whereas Duchenne gaits discriminability among gait types.

overlapped with other classes.

Conclusions & Clinical Relevance

PCA and clustering revealed variability in waveform structures and classification challenges among abnormal gait patterns. Moreover, the SVM analysis
demonstrated that discrimination performance varied across gait types, suggesting that specific features in quaternion waveforms play a critical role in
classification accuracy.

Time-series analysis based on quaternion waveforms can support clinical assessment of gait and the development of assistive technologies by enabling
the visualization and classification of abnormal movements.



