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Characteristics of Systolic Blood Pressure and Systolic Time Depending on the Effect
of Thermal Stimulation Therapy Using Magnetic Hall Sensor Pulsimeter
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The systolic blood pressure and systolic time were measured and analyzed by using the oriental-western fusion patient monitor and
the clip-typr pulsimeter equipped with permanent magnet and Hall device. The systolic blood pressure and systolic time were
measured before and after the treatment of a personal combination stimulator capable of thermal therapy and massage. The average
and standard deviation of the difference between before and after treatment for the 20-year-old male and female subjects were
measured and analyzed. As a result, the systolic blood pressure decreased by 4.27 mmHg~5.36 mmHg with significance probability
p=0.01, and the systolic time increased by 1.27 ms~2.03 ms with significance probability p=0.05 after thermal and massage
treatment. On the other hand, the changes in body temperature and oxygen saturation were minimal, and diastolic blood pressure and
pulse rate were slightly lower. It is expected that the result of various biometric information obtained by using the personal
combination stimulator as therapy medical apparatus, the oriental-western fusion patient monitor and the clip-type pulsimeter as
diagnosis medical apparatus, will provide the important medical information in the age of aging.
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Fig. 1. (Color online) (a) A detailed schematic of pulsimeter sensor using a Hall device is characterized by comprising a skin-contacting part,
formed with a permanent magnet to be contacted to a skin to examine the pulse. (b) The real photo of the watch-type wearable wrist pulsimeter

apparatus for U-health-care system with a measuring pulse waveforms.
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(a) Clip-type pulsimeter
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Fig. 2. (Color online) (a) A top view and a side vew of wrist-worn clip-type pulsimeter, which was equipped with Hall sensor and permanent
magnet. (b) The oriental-western fusion patient monitor display with clip-type pulsimeter, PPG sensor, ECG electrodes, and NIBP cuff. (c) The
personal combination stimulator with three major components such as multifunction remote control, three internal heating elements, and

Tourmanium ceramic thermal part.
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Fig. 3. (Color online) (a) A measurement appearance of pulse rate,
SPO,, systolic/diastolic blood presure, heart rate, RESP, PWV and
SPWYV by using the oriental-western fusion patient monitor display
with clip-type pulsimeter, PPG sensor, ECG electrodes, and NIBP
cuff. (b) A measurement appearance of pulse rate, SpO,, systolic/
diastolic blood presure, heart rate, RESP, PWV and SPWYV by using
the oriental-western fusion patient monitor display with clip-type
pulsimeter, PPG sensor, ECG electrodes, and NIBP cuft. (c) A
therapy appearance of thermal and massage treatment during 0.5 h by
using the personal combination stimulator (Model N5).
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Fig. 5. (Color online) (a) The schematic of operating principle of two forms of radial artery pulsimeter’s pulse-sensing mechanism using Hall
device and permanent magnet. (b) Several output amplitudes (mV) and time (ms) depending on the subtle magnetic field versus time for
commercial A139x-series Hall device with high sensitivity and linearity in magnetic field. A starting point and a systolic peak point correspond to
a minimum amplitude and a maximum amplitude, respectively.
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Fig. 6. (Color online) (a) Analysis display of ECG, radial artery pulse wave, PPG RESP with pulse rate = 77, SpO,= 97, SBP/DBP = 119/58, heart
rate = 81, respiration rate = 58, PWV =2.50, and SPWV = 0.25 measured by using the oriental-western fusion patient monitor. (b) Analysis chart
of pulse wave data measured by using the clip-type pulsimeter. S.amp, R.amp, N.amp, S.time, S.amp/S.time, R.time, N.time, and P.time obtained
by the first, second, third differential methods for the average values of five continuous pusle waveforms.
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Table I. Average value, average of difference value, standard deviation, and p-value as results of all bio-signals (SBP, S.time, Body temp., SpO,,
and Heart/Pulse rate) between before and after of use of N5 (personal combination stimulator).

Results Ave® D(ave)b SD*
L p-value

Bio-signals Female Male Female Male Female Male

SBP! [mmHg] 121.3 123.3 +5.36 +4.27 2.59 1.73 0.01
S.time® [ms] 107.7 108.0 -2.03 -1.27 1.29 091 0.05
Body temp. [°C] 36.7 36.9 +0.15 -0.01 0.31 0.12 0.07
DBP' [mmHg] 60.9 68.2 +1.23 +0.62 8.34 6.29 0.10
SpO, 96.7 96.9 +0.23 +0.54 0.66 1.28 0.07
Heart/Pulse rate 83.5 89.2 +3.56 +1.02 747 6.03 0.10

a: average value, b: average of difference value between before and after of use of N5, c: standard deviation of all measuring values, d: systolic blood
pressure, e: systolic time, f: diastolic blood pressure.
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