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Abstract

This research aimed to 1) develop a smart heavy bag prototype capable of accurately
collecting Muay Thai training data, 2) develop an application for real-time data analytics and
visualization, and 3) evaluate the efficiency of the smart heavy bag in enhancing training
performance and safety. The research methodology was divided into three phases: hardware
development utilizing an ESP32 microcontroller integrated with FSR Matrix, Load Cell,
Accelerometer, and Gyroscope sensors; mobile application development for data processing;
and a performance evaluation involving 60 participants. The participants were divided into

experimental and control groups for an 8-week pre-test and post-test study.

The results revealed that: 1) the developed smart heavy bag could accurately detect
impact locations (X, Y coordinates), force, and strike velocity; 2) the application effectively
displayed real-time analytics, classified strike types (punch, kick, knee, elbow), and visualized
data using interactive heatmaps; 3) the evaluation showed that training with the smart heavy
bag significantly improved athletes' performance (p < 0.05). The experimental group
demonstrated an 87% increase in average impact force (610N), a 24% increase in velocity (18.5
m/s), and a 94% improvement in strike accuracy. Additionally, the reaction time was decreased
by 120 milliseconds, and the recovery time was reduced by 15%. In conclusion, the smart
heavy bag system effectively optimizes physical performance and significantly miticates the

risk of injury in Muay Thai training.
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