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Estimation of human lateral roll state based on
pressure similarity model

Sun Chaoyue' Pan Guoxin® Liu Tian' Wang Shuhan' Su Peng'
(1. School of Electromechanical Engineering, Beijing Information Science and Technology University, Beijing 100192, Chinaj;
2. Beijing Key Laboratory of Rehabilitation Technical Aids for Old-Age Disability and Key Laboratory of Neuro-functional
Information and Rehabilitation Engineering of the Ministry of Civil Affairs, National Research Center

for Rehabilitation Technical Aids,Beijing 100176, China)

Abstract: Lateral turning is a critical aspect of nursing care for individuals with disabilities, and the autonomous
execution of the lateral turning process by devices has become one of the key tasks in the development of unmanned
nursing care. To enhance the safety and intelligence of lateral turning devices, pressure information, which is inevitably
generated during the human lateral turning process, is utilized as a core indicator to construct a model for estimating
the human lateral turning state and guiding the control system’s execution. Analytical mechanics is employed to
construct a matrix function from seven pressure points at the shoulders and hips during the lateral turning process.
Based on anatomical principles, height and weight are incorporated as variable parameters to achieve active adaptation
of the model. Cosine similarity and Pearson correlation coefficient are employed to jointly assess actual and theoretical
pressure, yielding a minimum similarity of 0. 826 9, thereby improving the model’s robustness and enabling human
rollover state estimation. The constructed human lateral turning state estimation model further analyzes the lateral
turning movements of individuals with disabilities, which holds significant implications for the intelligentization of
rehabilitation aids, health status assessment, and routine home care.

Keywords: analytical mechanics;pressure characteristics; cosine similarity; pressure ulcer prevention;behavioral analysis
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Fig. 1 Sequential rollover of the lateral chain
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Fig. 2 Impact forces on the human body caused

by the lateral rollover chain
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Fig. 3 Resultant force diagram during the second phase
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angles and pressure data
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Fig. 6 Correlation between the lateral rollover chain and the human body rollover angle
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Fig. 7 Pressure values recorded by eight thin-film sensors
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