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Abstract: In response to the urgent need for real-time and visual monitoring of muscle force state in fields such as sports training and
rehabilitation evaluation, this study designed and developed a wearable flexible muscle stress monitoring system for sports science
applications. The research core includes the development of a flexible strain sensor based on Ecoflex and using carbon black/graphene
as conductive materials. It has been tested to have good linearity, a fast response of about 60ms, and reliable cyclic stability, which can
meet the monitoring requirements of dynamic sports movements; Based on the principles of sports anatomy, a 4 % 3 sensing array
layout and a strap structure that conforms to human body shape were designed; We have completed the hardware system integration
from multi-channel signal conditioning, embedded processing to wireless transmission, and implemented a visualization method for
real-time conversion of sensor data into muscle stress heat maps. This study has completed the preparation and verification of the core
sensing unit, and has also constructed a complete system solution, providing an intuitive and quantifiable new tool for strength training
monitoring, technical action analysis, and sports rehabilitation evaluation, with clear prospects for sports applications.

Keywords: wearable devices; flexible strain sensor; muscle stress monitoring; sports biomechanics; training monitoring; sports rehabilitation
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