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An Improved Motion Intent Recognition Method for Intelligent Lower Limb
Prosthesis Driven by Inertial Motion Capture Data

SU Ben-Yue'? WANG Jie!? LIU Shuang-Qing?® SHENG Min?*3 XIANG Kui*

Abstract In order to overcome the drawbacks of conventional intention recognition methods, including complexities
associated with multi-modal sensor signals and lags of transitional state recognition, this paper proposes a real-time
motion intent recognition method for intelligent lower limb prosthesis base on inertial sensors. From the perspective of
pattern recognition, the motion patterns, especially the motion transformation patterns, are redefined in the transformation
from object space to pattern space. In pattern acquisition, our strategy is that, prior to the movement mode conversion
of lower limb prosthesis, motion time-series data generated by the sensors bound to the contralateral side during the early
swing phase are collected, and the corresponding statistical features such as mean and variance are extracted. Feature
classification is performed by using a support vector machine classifier to achieve the accurate, real-time identification
for motion intent of the disabled movement with intelligent lower limb prosthesis. Our proposal is able to recognize
various motion intents containing 5 steady states as well as 8 transitional states among the steady states on different
terrains including level ground, stair ascent, stair descent, ramp ascent and ramp descent. Experimental results show
the recognition accuracy can reach at 97.52 % and 95.12% on those patterns from steady states and transitional states,
respectively. The proposed method can greatly improve the control performance of intelligent lower limb prostheses, and
can achieve the natural and seamless state switch of the intelligent prosthesis movement according to the intention of the

human movement.
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Fig.11 Acceleration signals of transitional state (data of sensor placed on thigh)
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Fig. 13 Position of inertial sensors
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Table 3  Motions and step sequence
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Fig.15 Confusion matrix of 13 motion states classes
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Fig.16 Confusion matrix of steady states when

sensors placed at affected side
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Table 4  Step sequence of the situation where sensors placed at affected side
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Fig. 17 Confusion matrix of 13 motion states classes when sensors placed at affected side
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Fig.18 Confusion matrix of 13 motion states classes with simulation of normal subjects
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Table 5  Step sequence of the situation with simulation of normal subjects
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