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Abstract

To measure human pulse waves precisely, a technical solution based on graphene-based flexible
strain sensors is proposed, and a digital filtering algorithm is investigated. A Wheatstone bridge is
used as the sensor’s basic measurement circuit, and the pulse wave is measured by an adjustable
amplifier circuit, a bandpass filter circuit, a DC bias circuit, and an analog-to-digital converter cir-
cuit. To further extract useful information, a digital filtering algorithm combining variational mode
decomposition and smoothing filter was designed. The actual human pulse wave measurement ex-
periments using the described scheme were carried out. The maximum deviation between the re-
sult and the standard value is 1.63%, and the results show that the proposed scheme can accurately
realize the measurement of the human pulse wave, and the features of pulsation, tidal wave, and
repetition beat wave can be clearly observed in the conditioned pulse wave signal, which proves the
feasibility of the proposed method. Extracting the features of the conditioned pulse wave signals
and using a BP neural network based on an improved particle swarm algorithm to realize the blood
pressure signals, and then obtaining the systolic and diastolic blood pressure of the human blood
pressure, the result has a maximum error of 4.09% from the measured value, which shows that the
proposed scheme can accurately measure the blood pressure of the human body.
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Figure 1. Waveform diagram of pulse wave
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Figure 2. Graphene-based flexible strain sensor
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Table 1. Sensor initial resistance value
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Figure 3. Sensor force load-resistance characteristic curve
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Figure 4. Signal conditioning circuit structure
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Figure 5. Differential input resistor bridge circuit
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Figure 6. Instrumentation amplifier circuit based on AD623
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Figure 7. Equivalent circuit of second-order Butterworth filter
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Figure 8. DC bias circuit and output buffer circuit
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Figure 9. VMD algorithm flow chart
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Figure 10. Neural network diagram
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Figure 14. Spectrogram of the original pulse wave signal
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Figure 15. IMF component 1 signal diagram
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Figure 16. Pulse wave signal after sliding filter processing
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Figure 17. Neural network test results
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B 5 Fim.

Table 5. Selected blood pressure measurements
5 WoMEMNELER

RN T AE AR SEIAE M7 2 (%)
W4 111.3 108 3.06
. FTIKE 65.2 63 3.49
e i 118.4 114 3.86
’ #FkE 68.7 66 4.09
Wi 112.7 110 2.45
’ Tk 65.8 64 2.81
A7 mmHg.
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FUMISEIG X B g B L AT 7O, 45 RER MBI e SRR 06 it — DI THE S HUEMRLE, X8 T
T AU (1 R A 5 AT DAARS 2 R A OB BOR B8 1 Kb A0 AR SRR A

PR T IR T A SR B A AR I N BRI D B AR 4, X SEBR AR IR EEAT 1 S SEe
R, AT HOARTT RAENE A R, AER SIS B I, RS BRI I AE S BRI b L
FUBKB PN E R AERAE, AR 1 PR A T A SR S N AR A SR ) KB S VA R AT AT
.

P T BT SO RL T VAR AL BP RN L%, X AR ST . SES6 B, AR SCRTAL g i)
20 [P0 2% B 1HEAff S pht ok R 280 i s g TN, 3 7 T DA SR B WL AR R A AR 0 A BRARRALE

E&WE
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Zi+%1) i H (2024R406A033) .
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