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Fig. 5 Measurement results using the proposed sensor and a commercial pulse
wave transducer: (a) comparison of output voltages for the proposed sensor
and the pulse wave transducer; (b) coefficient of correlation between waves
measured using the proposed sensor and those measured using the pulse wave
transducer

amplitude V, in Fig. 4 (b). This tendency was confirmed for all
subjects. Note that the measurer was able to palpate the sub-
jects’ carotid arteries while measuring waves using the pro-
posed sensor. For this, optimal force F; was decided as the
point at which maximum amplitude of output voltage |V;| for
the proposed sensor was obtained during wave measurement
using the sensor.

Figure 5 (a) shows examples of the measured waves for

one beat using the proposed sensor with the optimal force F

and using the commercial transducer, both of which were ex-
tracted from Subject B. From the figure, it can be seen that a
significant similarity between the two was observed, and the
determination coefficient R* was 0.94 (» <0.01). Figure 5 (b)
shows the coefficients of correlation between waves measured
using the proposed sensor and those measured using the com-
mercial transducer for all subjects. The average correlation
coefficient was 0.920 = 0.024, and all values were 0.9 or
more. The signal-to-noise ratio of the waves measured using
the proposed sensor was 12.71 + 1.14 dB.

V. DISCUSSION

Figures 3 and 4 show that the maximum coefficient of
correlation between the left carotid artery pressure waves
measured using the proposed sensor and the pulse pressure
waves of the radial artery was obtained when the output vol-
tage corresponding to diastolic pressure V,; of output voltage
V> was 1.2 V. The coefficient of correlation between the two

444

waves and the amplitude of output voltage |V;| decreased in
the range of V; > 1.2 V because F; applied to the proposed
sensor may flatten the vascular wall of the carotid artery ex-
cessively, causing disorder in the waves measured. Converse-
ly, the coefficient of correlation between the two sets of waves
and the amplitude of output voltage |V;| decreased in the range
of V; < 1.2 V because the surface of the vascular vessel may
not be flattened by the force F acting on the proposed sensor
which was too small. It was therefore concluded that the op-
timal force F, was obtained when the maximum amplitude of
output voltage |V;| for the proposed sensor appeared during
measurement.

The proposed sensor achieved a suitable signal-to-noise
ratio to allow measurement of pulse pressure waves from the
carotid artery because its high-friction rubber pieces prevented
sliding on the skin. It can therefore be concluded that the
waves measured using the sensor were free of the effects of
body motion. Figure 5 shows a high coefficient of correlation
between waves measured using the proposed sensor and those
measured using the commercial transducer for all subjects. It
was therefore confirmed that the sensor enabled accurate non-
invasive measurement of carotid pulse waves regardless of the
subject.

VI. CONCLUSIONS

This paper outlines the development of a sensor for non-
invasive measurement of carotid pulse pressure based on the
following requirements: (I) the measurer must be able to pa-
late the carotid pulse pressure using the sensor; (II) the sensor
must be small and easy to attach/detach; (III) the position of
the sensor during pulse pressure measurement must be stable;
and (IV) the sensor must be able to measure continuous pulse
pressure and have a high signal-to-noise ratio. It was found
that the sensor can be used to measure pulse waves from the
carotid artery. In future work, a method of sensor calibration
for blood pressure measurement will be considered, and a
first-aid measurement system using the proposed sensor will
be explored.
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