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Abstract

With the intensification of population aging, accidental falls among the elderly
have become a serious public health issue, necessitating effective prediction ‘and
prevention methods. Existing fall prevention approaches primarily rely on inertial
sensor-based gait analysis and computer vision-based motion detection, which suffer
from delayed prediction, high false alarm rates, a lack of proactive intervention, and an
inability to reflect muscle control and physiological states-directly related to falls.
Therefore, this study focuses on the risk of falls caused by age-related muscle
degradation and integrates biomedical and engineering technologies to-propose and
implement a lightweight, low-cost Al-based fall risk-assessment model and an external
active assistance intervention system using lower-limb. surface electromyography
(sEMG) signals. The system collects SEMG signals from key lower-limb muscle
groups during walking through surface. EMG .sensors, employs a long short-term
memory (LSTM) network with high géneralization capability for temporal modeling,
incorporates an attention mechanism to focus'on critical muscle channels, and utilizes
Kalman filtering to optimize output stability, enabling proactive identification of fall
risk. Experimental results'show that-the model achieves over 90% accuracy in fall risk
recognition, effectively distinguishing normal gait from pre-fall patterns. The external
assistance device combines steering gears and servo reduction motors to quickly lock
or provide support upon risk detection, enabling active protection. Tests indicate an
average.system response delay of approximately 368ms, a 75% success rate in fall
scenario interventions, an average user satisfaction rating of 4.3/5, and an overall cost
controlled within 10,000 RMB, demonstrating its real-time performance, feasibility,
and‘application potential. Compared to mainstream high-cost exoskeleton solutions,
this system leverages lower-limb sEMG signals to achieve fall risk prediction and

active intervention at the physiological level of motor control while significantly
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reducing hardware costs. It offers strong applicability and economic efficiency,
providing an integrated solution for fall prevention in the elderly and a new technical

paradigm for the development of smart elderly care devices.

Keywords: Lower-limb surface electromyography (sSEMG); Deep learning; Kalman

filtering; Fall risk assessment and intervention; External assistance.system
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