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Abstract

Cardiovascular disease is the cause of the largest number of deaths worldwide each year. The fin-
ger-end arterial pressure pulse wave can provide information about the function of the cardiovas-
cular system, which is physiologically and clinically important for the study of cardiovascular dis-
eases. In order to accurately measure the fingertip arterial pressure pulse wave signal, this paper
designs an optimal detection method of the fingertip arterial pulse wave based on the piezoelectric
effect and the fingertip arterial pressure model and at the same time, in order to ensure that the
measurement results have good accuracy, stability, and consistency, a piezoelectric sensing finger
cuff dedicated to this method is designed. Firstly, through the piezoelectric effect and the principle
of pulse wave formation at the fingertip, the charge source equivalent model and the double elastic
cavity equivalent circuit model of the pulse wave at the fingertip were established, and the signal
characteristic points of the pulse wave at the fingertip were obtained by analyzing the double elastic
cavity equivalent circuit model; then, the optimal values of the pulse-taking pressures of different
subjects were obtained by using the flat tension method in order to improve the sensitivity of the
subsequent measurements; then, through the analysis of the charge source model and the pulse
wave’s Then, the signal conditioning and acquisition circuits were designed through the charge
source model analysis and the pulse wave signal characteristic points; finally, after the experi-
mental simulation and analysis, the locations of the waveform characteristic points were compared,
and the simulation results were in line with the theoretical derivation; the pulse wave signals of the
finger-end arteries were compared and analyzed with those displayed by the oscilloscope, and the
pulse wave characteristic points were consistent, so as to realize the accurate measurement of the
pulse wave signals.
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Figure 1. Piezoelectric crystal three-dimensional coordinate system establishment
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Figure 2. Charge source equivalent circuit model
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Figure 3. Charge amplifier circuit model
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Figure 4. Equivalent circuit model of double elastic cavity
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Figure 5. Arterial pressure pulse waveform
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Figure 7. Vascular state under different external pressure conditions: () too little external force applied; (b)
appropriate external force applied; (c) too much external force applied
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Figure 9. Pulse wave envelope of arterial pressure with increased external force
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Figure 19. Pulse wave signal map
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