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Fig. 1. Schematic of the basic structure of wrist wearable pulsimeter. Schematic of a cross-section of one form of the radial artery pulsimeter’s
pulse-sensing and skin-contacting parts by using multiple Hall devices and permanent magnets, respectively. The pressure chamber between the
skin-contacting and pulse-sensing parts is full of air.
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Fig. 2. Schematic for the signal process module of Hall device from multiple hall devices to PC through multi-channel differential filter,
multiplexer, micro-processor, communication driver, and serial port.

Vee
Saturation
S 7
o /
o
S
g Quiescent
- Output
8 mm Hall device size a / Voltage
< 3 X 4 mm? 5
5 /
I
Saturation
) ) 0
I -B 0 +B
25 mm Magnetic field (Oe)

Fig. 3. PCB pulse-sensing part mounted with a multiple 5 x 9 =45 array of Hall devices corresponding to the permanent magnets under it. Output
voltage versus magnetic field for the commercial, A3515- and A3516-type Hall device with a high sensitivity of 2.5-5 mV/Oe and a linearity in the
magnetic field and temperature range of from —10 Oe to +10 Oe and from —40 °C to +150 °C, respectively.
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Fig. 4. Schematic of acquisition process circuit system of pulse images for the “Chon”, “Gwan”, and “Chuck” regions using the product testing of
the radial pulsimeter system with multiple Hall devices.
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Fig. 5. Typical pulse waveform of one point obtained by the
compositional analysis of pulse signal of the clinical product testing
of the pulsimeter using Hall device. Example of measuring time
(seconds) versus temporally typical signal of one point pulse obtained
from the analysis for an arbitrary pulse signal of one position of small
permanent magnet.
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Fig. 6. (a) The typical real feature of pulse wave and the 1st pulse wave combined the main pulse and the reflective pulse. (b) The regression

analysis equation for the estimated algorithm of blood pressure needs to the following six major correlative factors; (D the period of pulse wave, 2
the time of systolic period, 3 the reflective time, @ the notch time, ® the ratio of area (systolic period area/diastolic period area), and ® the

increasing pressure index (reflective wave peak/systolic wave peak).
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Fig. 7. Photographs of the clinical product testing of the pulsimeter using Hall device. Here the weight and consuming power of the wrist wearable
pulsimeter are 80 g and 1.65 W, respectively. The product testing of the proposed radial pulsimeter and the measuring feature, which are a wrist
watch or bracelet, transfer the increased pressure to the skin-contacting part intact when the pressure of the constant pressure chamber is increased.
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Table L. Comparison of the measured value and estimated value of BP (blood pressure) applied to the clinical medical data.

BP Classification

Systolic blood pressure (SBP)

Diastolic blood pressure (DBP)

Clinical patient number Estimated value Measured value Error Estimated value Measured value Error
1 123.0 145 22.0 69.0 63 -6.0

2 121.6 140 18.4 70.0 63 -7.0

3 125.1 142 16.9 69.3 81 11.7

4 125.4 140 14.6 68.8 77 8.2

5 122.9 142 19.1 68.6 78 9.4

6 122.8 135 12.2 68.5 81 12.5

7 125.0 137 12.0 67.6 73 54

8 123.6 135 11.4 67.1 74 6.9

9 1233 136 12.7 67.1 74 6.9

10 122.9 133 10.1 65.5 58 =75

11 118.3 130 11.7 68.0 61 7.0

12 123.1 135 11.9 673 54 -123

13 119.6 105 -14.6 64.7 50 -14.7
Standard deviation 12.1 5.9
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Estimated Blood Pressure Algorithm of Wrist Wearable Pulsimeter
Using by Hall Device
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In order to get the precise blood pressure and pulse number in the cuffless status, the wrist wearable pulsimeter with a portable and
small size apparatus using by Hall device is developed. The regression analysis of the pulse wave measured by the testing product of
pulsimeter is conducted two equations of the blood pressure algorithm. The estimated values of blood pressure obtained by the cuffless
pulsimeter during 5's are compared with the practical values measured by electronic or mercury liquid blood pressure meters. The
standard deviation of the estimated value and the practical value for the high blood pressure and the low blood pressure were 12.1 and
5.9, respectively, which have the neighborhood values of BP International Standard. The detail analysis of a pulse wave measured by
cuffless wrist wearable detecting the changes of the magnetic field can be used to develop a new diagnostic algorithm of blood
pressure applying for oriental medical apparatus like as the wrist wearable pulsimeter.
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