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Abstract

Ankle pump exercise is an important method for preventing thrombosis and promoting rehabilita-
tion in clinical patients. Guiding patients to perform proper ankle pump exercises can significantly
reduce the occurrence of lower limb venous thromboembolism and accelerate the recovery process.
However, in current rehabilitation treatments, due to the lack of effective monitoring of patients’
ankle pump exercise activities, it is often difficult to develop the optimal rehabilitation plan when
the training process and outcomes are not well understood. Therefore, this paper designs a real-
time monitoring system for ankle pump exercise based on force and angle, aiming to address the
above issues. The system utilizes an ESP32 microcontroller to collect real-time data from pressure
sensors and posture sensors. The collected data is wirelessly transmitted to an upper computer,
where it is processed to analyze changes in plantar force and ankle joint angles during ankle pump
exercises. Experimental results show that this monitoring system effectively monitors ankle pump
exercises by capturing the real-time changes in force and angle.
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Figure 1. Block diagram of ankle pump motion monitoring subsystem
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Figure 2. Lower computer program flowchart
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Figure 3. Upper computer program flowchart
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Figure 4. Performance analysis of pressure sensor
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Figure S. Analysis of force value error
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Figure 6. Zero return angle error diagram
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Figure 8. Waveform of ankle pump exercise data
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Figure 9. Analysis of ankle pump exercise data
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