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Abstract

In this research, for the purpose of social implementation, we conducted a near-miss
demonstration experiment using a car driving in the city and a drive-simulator. Next, we conducted a
demonstration experiment to evaluate the reliability of biometric information measured on patients
in a medical facility's recuperation ward and residents of a special nursing home. NBC-1100 emits
radar waves from a distance of up to 3 meters from an object and uses the reflected waves to measure
biological information such as pulse waves and breathing waves.

The multi-element pyroelectric effect was used to measure body temperature by detecting
infrared radiation emitted from distant objects. This device is unique in that it can measure biological
information without being restrained while wearing clothes.

In the demonstration test, simultaneous measurements were conducted on nine healthy men
aged 45 to 65 using a pharmaceutically approved product (LBP-mp) and a prototype non-contact
biological monitor (NBC-1100 manufactured by K&S Co., Ltd.).

The demonstration experiments at medical institutions and nursing care facilities were
conducted with the consent of residents and their families and were conducted on 30 men and
women between the ages of 70 and 94 who were undergoing treatment or in need of care.

The tests were conducted on residents with chronic diseases such as dilated gastrostomies,
symptomatic epilepsy, hypertension, Alzheimer's disease, and progressive supranuclear palsy. The
evaluation method was simultaneous measurement using a master meter (LBP-mp) and a test meter
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(NBC-1100).

Introduction

In Japan, the baby boomer generation is rapidly aging
with fewer children, and the number of elderly people is
expected to reach 22 million people in 2025, accounting for
more than 30% of the total population (Cabinet Office) White
Paper on Aging Society 2022.

Additionally, the number of designated intractable
disease patients nationwide is 1,021,606.

(Intractable Disease Medical Research Foundation/
Intractable Disease Information Center 2021).

On the other hand, the number of children with
specified chronic diseases is reported to be 123,693 (Japan
Management Association Research Institute 2022), which is
0.1% of the total population. 54.6% of the population prefers
their home as a place of treatment at the end of life (Cabinet
Office, 2015).

https://doi.org/10.29328/journal.cjncp.1001052

Given this current situation, home medical care is being
promoted.

If the patient is on a remote island or in a depopulated
area, it is estimated that medical staff will spend 3 to 4 hours
traveling, and doctors or nurses will spend about 15 minutes
examining and nursing the patient.

The number of cases that could be examined or cared for
in a day was about five.

A doctor or nurse at a collaborative medical care facility
in the city uses a non-contact biological monitoring system
equipped with a camera at the care patient's home or clinic
via wave communication. Visual examinations and non-
contact biometric data measurements will be performed
using face-to-face images via wave communication, just as in
the outpatient examination rooms of core hospitals or clinics.

By observing the patient's health condition from blood
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pressure, respiratory rate, pulse rate, SPO2, and body
temperature, and carefully explaining the symptoms of the
disease, we can expect peace of mind and psychological
healing from communicating with the patient [1,2].

In addition, the number of patients seen per day is
expected to be 40 to 50 or more, and medical fees can be
expected to increase.

In addition, the shortage of human resources can be
resolved by reducing travel time and transportation costs.

For the daily health management of elderly people living
in depopulated, remote areas, or alone, continuous non-
contact measurement of vital signs, visual inspection of
patient images, and diagnosis of health conditions enables
early detection of patient diseases and sudden changes in
condition. We developed a future-oriented telemedicine
matching system that can quickly provide medical care via
wave communication and conducted demonstration tests
with the aim of implementing it in society.

Measurement principle

The non-contact biological monitoring device has three
built-in sensors and is designed to accurately capture
biological information.

1. This device irradiates the subject with laser light
(940 nm Class 1) and the distance to the subject is measured
using the Doppler effect method of emitted light, and the
pulse wave and respiration are measured.

Wave distance correction was performed [3-7].

2. Biometric information from a distance of up to 3
meters is irradiated with radar waves in the 24 GHz band.
Deriving the weak pulse waves and respiratory waves
contained in the emitted waves [8-15]. 24 GHz radar waves
emit a wide variety of low-frequency to harmonic waves
during spatial propagation. It accurately derives biological
information such as pulse waves and respiratory waves even
under poor conditions, technology is required.

The maximum heart rate during exercise is approximately
200 bpm to 250 bpm [16,17]. The lowest heart rate risk area
is 25 bpm to 40 bpm [18-21], the frequency band is a low -
frequency region of 0.04 Hz to 0.45 Hz.

3. Thermopiles utilize thermoelectromotive force
generated by the Seebeck effect.

Figure 1 shows the basics of temperature measurement
using a thermocouple.

In the configuration, the output voltage of the
thermocouple is the difference between the hot junction
(measurement point) and the cold junction (reference point).

It is proportional to the temperature difference. The

https://doi.org/10.29328/journal.cjncp.1001052
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‘Basic configuration of temperature measurement using thermocouples '
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Figure 1: Basic configuration of thermopile.

thermopile (sensor element) absorbs this extremely small
amount of heat.

-Side metal ) '
conductor

It is made up of a large number of electrical pairs
connected in series (pile) [22].

The light-receiving part of the thermopile is generally
coated with gold black, which has no wavelength dependence
and responds to light (electromagnetic waves) of any
wavelength. However, in reality, depending on the purpose
of temperature measurement, a wavelength selection filter
is attached to the front of the sensor, and for temperature
measurement, a filter that passes through the infrared region
is attached to block visible light, thereby eliminating the
effects of sunlight and atmospheric moisture. It is decreasing.

The relationship between absolute temperature and
infrared wavelength is called Wien's displacement law,
and the maximum energy radiation wavelength at that
temperature can be easily calculated (1) If the wavelength is
A [um] and the absolute temperature is T [K], the relationship
is expressed by the following formula.

A =2897/T For example, if the body temperature is 37 °C,
T=273137=310K, so
A=2897/310 = 9.35 pm.

Optical filters commonly used have a bandpass
characteristic of approximately 6 to 14 um, so temperature
can be measured well [23].

4. We will describe the method of calculating blood
pressure in units of beats from pulse wave derivation.

The radar (pyroelectric sensor) 30 in Figure 2 detects a
weak cardiac tympanic artery wave emitted by the subject B
and generates an amplifier electromotive force Vp1.

The electromotive force Vp1 input to the control section
60 is converted into a plethysmography Pv1 by the calculation
section 62.

The actual electromotive force Vp1 when measuring the
plethysmography Pv1 changes in value alternately between
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Non-contact biological monitor block diagram
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Figure 2: Experimental Setup for the Valsalva Test: A detailed diagram showing the

setup of equipment and positioning of participants for conducting the Valsalva test.

the positive side and the negative side for each heartbeat in
accordance with the heartbeat of subject B in (Figure 1).

Subject B's heart rate is the reciprocal of the time t0
required for one heartbeat.

Curve B1 in Figure 3 is a plot of the plethysmography Pv1
determined from the potential difference between the peak
and valley of the heartbeat time t0.

Figure 3, a curve Bl is a curve in which the
plethysmography Pv1l measured by an experiment is plotted
with the horizontal axis as the distance L.

Asthe distance Lincreases, the detected plethysmography
Pv1 gradually attenuates.

Curve B2 is an approximate expression curve created
based on curve B1.

The approximation formula is as follows when excluding
the effect of attenuation due to distance L, that is, when
the distance is 0, the plethysmography Pv1 is the standard
volume pulse wave Pv0, and the attenuation rate is the
function g(L) of the distance L. It is expressed as (9).

Pv1=Pv0xg(L) (1)

Further, the attenuation rate g(L) is expressed as in
equation (2) using Kv as a constant.

g(L)=kv-L (2)

If the standard plethysmography when excluding the
influence of attenuation due to distance L is Pv0, then Tc<Tb.

The standard volume pulse wave PvO0 at that time can be
calculated using equation (3).

Pv0=Pv1xKvL (3)

However, when Tc>Tb, the standard plethysmography

https://doi.org/10.29328/journal.cjncp.1001052
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Figure 3: Response Curves to Valsalva maneuver: Depicts the response curves

obtained from participants during the Valsalva maneuver, highlighting the
physiological changes observed.

Pv0 is calculated using equation (4). The coefficient
(1.2), which is different from Equation (3), is a coefficient
determined from empirical values in order to improve the
accuracy of correction.

Pv0=Pv1xKvLx1.2 (4)

Here, the plethysmography Pv1l is a value calculated
from the electromotive force Vp1 of the radar sensor 30, and
the distance L is an output value of the distance measuring
sensor 40, so both are values calculated or detected by the
biological information measuring device 20.

Further, the constant Kv is a known value obtained
through experiments in advance.

Therefore, by executing the correction process of Equation
(3) or Equation (4) in the calculation unit 62, it is possible to
calculate the standard plethysmography Pv0 excluding the
influence of attenuation from the measured value Pv1.

On the other hand, the computation unit 62 performs a
correction process using the plethysmography Pv1 detected
by the radar sensor 30 at the same time as the measurement
timing of the pressure pulse wave Pw.

Assuming that the standard plethysmography PvO0 is the
reference pulse wave, as shown in Figure 4, the integral value
of the change in blood flow within the heartbeat time t0 is
determined as the reference pulse wave area Vo.

Then, the average blood pressure coefficient, the ratio
between the systolic blood pressure value and the average
blood pressure value, and the ratio between the diastolic
blood pressure value and the average blood pressure value
are calculated as calibration values according to the following
equations (5) to (6).

Here, the average blood pressure coefficient is M, the ratio
between the systolic blood pressure value and the average
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Blood pressure value calibration slope chart
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Figure 4: Changes Over Time in the Master Measuring Instrument Results during

the Valsalva Test: Illustrates the temporal variations in measurements obtained
from the master instrument during the execution of the Valsalva maneuver.

blood pressure value is N, and the ratio between the diastolic
blood pressure value and the average blood pressure value
is O.

Furthermore, Pm represents mean blood pressure, Ps
represents systolic blood pressure, Pd represents diastolic
blood pressure and Vo represents reference pulse wave area.

M=V0/Pm (5)
N=Ps/Pm (6)
0=Pd/Pm (7)

As described above, the systolic blood pressure and
diastolic blood pressure values measured by the cuff band
blood pressure measurement oscillometric method [1,24-
27] are based on the standard (M, N, O) from the calibration
in Figure 5. After the blood pressure value is determined, the
main measurement is performed.

Then, the value of the standard volume pulse wave Pv0
obtained through the correction process is input to the
calculationunit62 overtime. The calculation unit 62 calculates
the pulse wave area Von using the integral value of the input
standard volume pulse wave Pv0 over one heartbeat time
and calculates the pulse wave area Von from the following
equation (8) based on the pulse wave area of one heartbeat
and the average blood pressure coefficient M. Average blood
pressure per heartbeat Pmn (hereinafter referred to as “one-
beat average blood pressure”) is calculated.

Pmn=Von/M (8)

Further, once the 1-beat average blood pressure has been
calculated, the systolic blood pressure slope yS=aX+b and the
diastolic blood pressure slope yd=aX+b are calculated from
the input systolic blood pressure value and average blood
pressure value.

Next, the ratio of the pulse wave area VOn of the volume
ratio increase/decrease value of the captured volume pulse
wave input VO and the standard volume pulse wave Pv0

https://doi.org/10.29328/journal.cjncp.1001052
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Figure 5: Comparison of Pre and Post-Test Measurements: Shows the comparison
between pre-test and post-test measurements, demonstrating the effects of the

Valsalva maneuver.

to the 1-beat mean blood pressure Pm, and the ratio of the
systolic blood pressure value to the systolic blood pressure
value and 1 beat. Continuous blood pressure measurement
is performed by calculating the maximum blood pressure
value Psn and the minimum blood pressure value Pdn from
equations (9) and (10) based on the average blood pressure.
Shown in Figure 5 [28].

Psm=PmnxN (9)
Pdn=Pmnx0 (10)
Methodology

Evaluation/demonstration test/analysis

For the purpose of social implementation, we conducted
a blood pressure correlation experiment while driving in the
city using the infrared sensor (IR) and non-contact sensor
of the pharmaceutically approved master measuring device
(uBP-MP) and the test product (NBC-100).

In addition, nine students conducted a near-miss
reproduction experiment using a drive simulator [29-34].

Additionally, nine students conducted a near-miss
reproduction experiment using a drive simulator [29-34].

The demonstration experiment was commissioned by
the Nagoya Promotion Foundation as part of the Nagoya City
Medical and Nursing Care Equipment Advancement Support
Project, and was conducted at the “Special Nursing Home
Ainosato Nagoya Higashi”.

Target subjects were men and women aged 70 to 88 who
required nursing care level 3 or higher, residents with chronic
diseases such as dilated gastrostomy, symptomatic epilepsy,
hypertension, Alzheimer's dementia, and progressive
supranuclear palsy, or whose families had consented. We
simultaneously measured the master measuring device
(uBP-mp) and test measuring device (NBC1100) on 20
residents and verified the measurement accuracy of vital
signs (systolic blood pressure, diastolic blood pressure,
respiratory rate, heart rate).

The demonstration evaluation test was conducted in
December 2022.
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Results

Figure 6 shows a correlation test conducted during city
driving to determine whether biological data is affected by
vibrations during driving.

Table 1 shows the correlation table for 20 minutes of city
driving.

2. Near-miss reproduction experiment using a drive
simulator.

At the Arakawa Laboratory of Aichi University of
Technology, nine male students conducted a biological
reaction experiment using a driving simulator using a non-
contact (Laser) sensor to detect a near-miss caused by a car
running out of an intersection (Table 2, Figure 7).

Table 2 shows Hbt measurement data and brake response
measurement data at the time of vehicle appearance in a
near-miss biological reaction experiment due to running out
of an intersection using a drive- simulator.

Figure 7 shows the time course of Hbt response and brake
response when a vehicle appears.

3.Valsalvatest (autonomic nerve function testing method)

A mock test using the Valsalva test was conducted to
check whether the test measuring device (NBC- 1100) could
respond to sudden changes in physical condition.

Figure 8 shows the temporal changes in the Hbt response
and brake response when a vehicle appears.

Figure 8 shows the changes in blood pressure measured
simultaneously using the pharmaceutically approved
product uBp-mp and the non-contact biological monitor NBC-
1100 during the Valsalva test. The non-contact biological
monitoring device NBC-1100 undergoes 10-beat moving
average processing to capture the measurement data stably,
as slight body movements occur during breath holding.

Therefore, NBC-1100 systolic blood pressure (blue)
is delayed when breath holding decreases compared to
uBP-mp systolic blood pressure (red). Table 3 shows the
measurement data.

N on-contact biological monitor installation

NBC-1100

Figure 6: "Non-contact biological monitor in-vehicle setup status and driving status

https://doi.org/10.29328/journal.cjncp.1001052

Drive simulator near-miss reaction trends
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Figure 7: Inter-participant Variability in Test Results: Graphical representation of

the variability in test results across different participants, emphasizing individual
differences.
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Figure 8: Correlation Between Measurement Instruments: Illustrates the correlation

between data collected from the master measuring instrument and other assessment
tools used in the study.

4. Demonstration tests by medical facilities and nursing
care facilities

(1) Table 4 shows a demonstration test conducted in a
medical facility's recuperation ward with 10 people, 4 men,
and 6 women, ages 75 to 94, with the consent of the residents
themselves or their families.

(2) A demonstration experiment was conducted at
Ainosato Nagoya Higashi, a special nursing home for the
elderly.

Twenty men and women between the ages of 70 and 88
with level 3 or higher levels of nursing care participated.

This was done with the consent of the resident or his or
her family.

The tests were conducted on residents with chronic
diseases such as gastrostomy expansion, symptomatic
epilepsy, hypertension, Alzheimer's disease, and progressive
supranuclear palsy. Evaluation was performed by
simultaneous measurement using a master measuring device
(uBp- mp) and an inspection and measuring device (NBC-
1100).

The test method was performed using the following three
methods.

www.nursingpracticejournal.com 015



Social Implementation and Measurement Accuracy Verification of Non-contact Biological Monitors

Table 1: Correlation Between In-Vehicle Biological Parameter Measurements

Correlation table between master measuring device and test measuring device during in-vehicle operation

master me assuring inst rumen Test measuring instrument Difference between pBP-mp and Regression analysis
(tnBP-mp) (NBC1100) NBC-1100 correlation
Tester| Sensor | Systolic Diastolic Pulse Breathing | Systolic BP Diastolic Pulse Breathing Systolic | Diastolic Pulse Breathing Systolic = Diastolic = Pulse Breathing
NO Part BP BP rate rate(bpm) | (mmHg) BP rate rate(bpm) BP BP rate rate(bpm) BP BP rate rate(bpm)
(mHg) | (mmHg) (bpm) (mmHg) | (bpm) (mmHg) | (mmHg) (bpm) (mmHg) | (mmHg)  (bpm)
1 Ear 133.8 85.8 69.4 11.9 137.2 89.4 62 13.7 3.4 3.6 7.4 1.8 0.99 0.992 0.977 0.978
2 Ear 140.2 84.8 71.3 10.6 144.8 85.4 74.5 125 4.6 0.6 3.1 1.9 0.976 0.984 0.974 0.953
3 Ear 139.1 80.8 70.4 121 131.7 73.5 68.2 12.2 7.5 7.4 2.2 0.1 0.993 0.995 0.996 0.989
4 Ear 125.4 83.3 72.1 11 137.7 86.3 64.9 12.4 12.2 29 7.2 14 0.983 0.994 0.984 0.977
5 Fingertip | 132.5 84.1 70.5 13.5 131.6 89.1 74 135 0.84 5.1 3.6 25 0.992 0.997 0.987 0.999
6 Fingertip | 119.1 79.2 72.6 123 1249 78.2 64.5 14.5 5.8 0.9 8.1 2.2 0.989 0.992 0.983 0.978
7 Fingertip | 124.4 81.6 71.6 16 1235 69.2 67.1 12.7 0.9 12.4 4.6 32 0.993 0.989 0.982 0.8
8 Fingertip | 121.7 76.7 72 103 1335 87.2 67 14.1 11.8 10.5 4.2 3.8 0.985 0.989 0.985 0.958
9 Fingertip | 123.3 78.8 70.9 10.8 140 87.3 67 13.9 16.7 8.5 4 3.1 0.997 0.975 0.962 0.972
Average value 128.833 | 81.6778 | 71.1111 | 12.0556 133.878 | 82.84444 | 67.6889 | 13.2778 | 7.08222 5.76667 4.93333  2.22222 | 0.98867 0.989667 0.98111 0.956

Table 2: Biological Response in Near-Miss Simulation

Near miss reproduction experiment using a drive simulator

Subject AvHbLe/gdl AvHDbRi/gdl AvHble3cm/gdl AvHbRielcm/gdl Hbt response/sec Hrb::cl:lil;fln reBs:::)]ie
T 0.03 +0.14SD 0.21+0.1SD 0.6 £ 0.32SD 0.39 + 0.4SD 5 -3 none
A -0.18 + 0.2SD -0.9 +0.2SD 0.3 £0.14SD 0.2 +£0.26SD -2 -2 3.17
S 0.36 + 0.09SD 0.7 £0.16SD 0.3 £0.13SD -0.4+0.1SD 0 1 3.23
T1 -0.7 £ 0,26SD 0.1 +0.16SD -0.7 £ 0.14SD -0.9+0.21SD 5 0 3.45
M1 Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable
M2 Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable
(0] Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable
I -0.14 + 0.17SD 0.14+0.1SD -0.11 +0.1SD -0.2+0.2SD -12,00 -10 none
K Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable Not measurable
Average -0.+0.17SD 0.05+ 0.1SD 0.08 £ 0.17SD -0.18 £ 0.23SD -0.8 -2.8 3.3
Valsalva correlation test chart
Master measuring instrument (uBP-mp)  Test measuring instrument (NBC-1100) Measurement difference between pBP-mp or NBC-11Regression analysis correlation coefficient
Subject | systolic BP |Diastolic BApulse rate |Breath rate|systolic BP |Diastolic BR pulse rate |Breath ralel systolic BP | Diastolic BRipulse rate |Breath rate]systolic BP |Diastolic BRpulse rate |Breathrate|
number| (mmHg) |(mmHg | (bpm) (bpm) (mmHg) | (mmHg) | (bpm) (bpm)  |difference |difference |difference |difference (r {r (n (n
1] 1338 85.8 69.4 119 137.2 894 62 13.7 34 36 74 13 099 0992 0977 04978
2| 1402 84.8 7.3 106] 1448 854 745 125 4.6 0.6 31 19| 0976 0984 0974 0.953
3] 1391 80.8 70.4 121 1317 734 68.2 12.2 15 74 2.2 0.1] 0993 099 0996 0.989
4 1254 833 721 11| 1377 86.3 64.9 124 122 29 1.2 14] 0983 0994 0984 04977
5] 1325 84.1 70.5 135] 1316 89.1 74 135 0.84 51 36 25 0992 0997 0987 0.999
6] 1191 79.2 12.6 123] 1249 78.2 64.5 145 58 0.9 8.1 22| 0989 0992 0983 04978
T 1244 81.6 716 16| 1235 69.2 67.1 127 09 12.4 46 321 0993 0989 00982 0.8
8| 1217 76.7 7.2 103] 1335 87.2 67 141 118 105 42 33| 0985 0989 0985 0.958
9] 1233 78.8 709 108 140 813 67 139 16.7 8.5 4 31| 0997 04975 0962 0.972
128.833| 81.6778| 7T1.1111| 12.0556] 133.878| 82.8333| 67.6889 13.2778” 7.08222| 5.76667| 4.93333| 2.22222| 0.98867| 0.98967| 0.98111| 0.956

Table 3: Valsalva Maneuver Test Results.

A. Post-meal relaxation time (1 hour) 3 men, 2 women,

average age 73 years old

B. Sleep time (2 hours) 7 women, average age 80 years

old

C. Activity time (2 hours) 7 women, average age 78 years

old

https://doi.org/10.29328/journal.cjncp.1001052

A.

Relaxation time after meals

Table 5 shows that the subjects were in a non-REM

measurements were taken for 30 minutes.

www.nursingpracticejournal.com

sleep state for about 30 minutes, and then continuous

An evaluation test was conducted using simultaneous
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Table 4: Measurement Accuracy in Medical Facility Recuperation Ward.
Nursing ward patient correlation test table

Master measuring (uBP-mp) Test measuring (NBC-1100) Measurement di diffle:(e)l(;ce wBP-mp and NBC- regression analysis
Subject Systolic = Diastolic | Pulse @ Systolic Diastolic = Pulse Systolic BP DiastolicBP  Pulse rate Systolic = Diastolic = Pulse
BP BP rate BP BP rate . . . BP BP rate
number | gender @ age (nmHg) (mmHg) (bpm) (mmHg) (mmHg) (bpm) difference difference difference ® ® ®
1 male 86 98.1 51.4 72.8 94.2 51.8 69.8 3.9 0.4 3 0.993 0.996 0.983
2 woman = 90 139.1 74.8 72.1 137.2 71.9 75.5 1.9 2.9 3.4 0.991 0.957 0.985
3 woman = 91 124.1 71.9 96.1 128.3 70.3 86.9 4.2 1.6 9.2 0.995 0.999 0.996
4 woman = 92 103.2 58.7 76.7 105.2 58.2 78.7 2 0.5 2 0.998 0.999 0.996
5 woman | 93 115.7 67.7 61.3 116.8 68.1 66.5 1.1 0.4 5.2 0.999 0.999 0.994
6 woman = 94 137.3 67.5 74.6 137 66.1 77.8 0.3 1.4 3.2 0.998 0.998 0.991
7 woman = 95 122.4 57.5 71.3 119.6 57.2 75.9 2.8 0.5 4.6 0.997 0.999 0.99
8 woman = 96 178.1 92.1 61.5 177.3 90.7 71.9 0.8 1.4 10.4 0.999 0.999 0.999
9 woman = 97 79.3 47.2 67.9 79.5 44.2 77.4 0.2 3 9.5 0.999 0.999 0.992
10 male 94 119.2 68.3 96.4 123.1 69.7 92 3.9 1.4 4.4 0.995 0.998 0.996
average age 93 121.65 65.71 75.07 121.82 64.82 77.24 211 1.35 5.49 0.9964 0.9943 | 0.9922

Table 5: Post-Meal Relaxation Period Measurements in Nursing Care Facility.

Post-meal relaxation correlation test table

Master measurement device (uBP-mp) Test measuring device (NBC-1100) uBP-mp ad N(liii?f-:rle(;(l:leasurement Regression analysis
subject Sys;;llc Sys.;:;llc Sys;l(:llc Brel::tl;mg Sys';l(:llc Sys-;lc:llc Sys';l(:llc Briaalttlélng Sys;Pollc Sys;;llc Sys;;llc Brizttl;mg Corl:e!ation Significance
gender 38¢ (mmHg) (mmMHg) (mmHg) ~(bpm) (mmHg) (mmHg) (bpm) (bpm) (mmHg) (mmHg) (bpm) (bpm) OSMCIENt)  Level(0)

male 74 111.4 55.2 74.2 119.3 54.9 62.8 7.9 0.3 11.4 0.998 3
male 75 108.2 56.7 69.4 100.6 53.9 69 7.7 2.7 5.1 0.996 4
woman | 72 122.3 82.4 74 127.1 76.5 70.5 3.5 2.4 5.5 0.994 6
woman | 72 93 50.1 63.7 13.7 100.5 56.5 59.3 14 -7.4 -6.3 4.4 -0.3 0.996 8
male 74 112.1 53.7 56.5 13.4 110.6 50.7 58.7 12.4 1.5 3 -2.2 1 0.986 8
average 73.4  109.4 59.62 67.56 13.55 111.62 58.5 64.06 13.2 2.64 0.42 4.84 0.35 0.994 5.8

measurements using a master measuring device (uBP-mp)
and a test measuring device (NBC-1100).

B. Sleeping time

Table 6 shows continuous measurement for 2 hours
during REM sleep.

The evaluation test table is shown by simultaneous
measurements using the master measuring instrument (uBP-
mp) and the test measuring instrument (NBC-1100).

However, the time of temperature measurement or diaper
changing time was excluded.

C.  Activity hours

Table 7 shows continuous measurement for 2 hours
during active hours.

The evaluation test table is shown by simultaneous
measurements using the master measuring instrument (uBP-
mp) and the test measuring instrument (NBC-1100).

Analysis method

The master instrument (uUBP-mp) and test instrument
(NBC-1100) averaged the number of measurements per beat
of systolic blood pressure, diastolic blood pressure, pulse
rate, and respiratory rate. Further, the master measuring

https://doi.org/10.29328/journal.cjncp.1001052

device and the test measuring device were subjected to 10-
beat fluctuation averaging processing, and statistical analysis
was performed using a regression analysis method.

Measurement result

1. The evaluation results of simultaneous
measurements during city driving using the master
measuring device (uBP-mp) and test measuring device (NBC-

1100) are as follows.

The mean systolic blood pressure value on the master
meter was 128.8 mmHg, the mean diastolic blood pressure
value was 81.1 mmHg, the mean pulse rate was 71.1 bpm,
and the mean respiratory rate was 12.1 bpm.

The average correlation coefficient of statistical regression
analysis was r = 0.997, and the average significance level was
suggested to be within 5.0%.

2. The evaluation results of a near-miss reproduction
experiment using a drive simulator are as follows.

At the Arakawa Laboratory at Aichi University of
Technology, nine male students used a non-contact (laser)
sensor to evaluate biological reactions in a near miss
caused by running out of a car at an intersection in a driving
simulator.
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Table 6: Continuous Measurement During Sleep.
Activity time period correlation table

Master measuring (uBP-mp) Test measuring (NBC-1100) Measurement tii";igfle:gl(;ce uBP-mp and regression analysis
Systolic Diastolic Pulse breathing| Systolic Diastolic Pulse | breathing Systolic & Diastolic Pulse rate breathing ki G e
BP BP rate rate BP BP rate rate BP BP rate

gender | age (mmHg) (mmHg) (bpm) (bpm) (mmHg) (mmHg) (bpm) (bpm) | difference difference difference difference coefficient level (%)
woman 88 | 1159 49.9 56.3 13.7 113.7 50 64.3 13.6 2.2 -0.1 -0.6 0.1 0.99 2.5
woman 70 | 126.7 82.6 61.3 16.7 131.3 81.8 60 16.4 -3.6 5.1 -0.5 1 0.997 3
woman 79 | 125.1 78 67.8 13.8 125 82.3 68.7 14.5 0.1 -4.3 -0.9 -0.7 0.996 4
woman 81 | 122.1 67.4 69.2 17.1 122.4 76.7 66.7 15 -0.3 -0.2 2.5 2.1 0.996 2.8
woman 83 | 1121 53.7 56.5 13.4 110.6 50.7 58.6 12.4 1.5 3 -2.2 1 0.991 4.5
woman @ 81 & 124.1 56.3 86 16.4 122.7 55.8 85.7 14.9 1.4 0.5 0.3 1.4 0.996 35
woman = 79 | 108.2 56.7 69.4 100.1 56.7 59 7.7 2.7 0.4 0.996 4.3

aveg 1 80.1 119.171 63.5143 66.643 15.18333 117.971 64.8571 66.1429 14.46667 @ 1.28571 0.95714 -0.1429 | 0.816667 = 0.99457 3.51429

Table 7: Longitudinal Study Results: This table presents a longitudinal analysis of study data and shows trends and patterns over the study period.

Activity time period correlation table

Master measuring (uBP-mp) Test measuring (NBC-1100) Measurement diffirf:;e wBPmp and NBC- regression analysis
Systolic |Diastolic Pulse breathing Systolic Diastolic Pulse breathing Systolic = Diastolic Pulse rate breathing e e
BP BP rate rate BP BP rate rate BP BP rate

gender age (mmHg) (mmHg) (bpm) (bpm) (mmHg) (mmHg) (bpm) (bpm)  difference difference difference difference coefficient level (%)
woman | 79 110.9 48.8 63.5 12.6 110.8 553 60.3 13.3 0.04 -4.6 3.1 0.7 0.995 53
woman | 83 109.4 51.9 59 14.5 116.1 57.7 62.6 13.7 -6.7 -5.8 -3.6 0.7 0.974 7
woman | 88  141.8 80.9 55.3 13.7 138.1 84.7 47.2 14 3.6 -3.8 8.1 -0.3 0.991 6.5
woman | 81| 108.2 56.7 71.8 100.6 53.9 60.1 7.7 2.7 11.7 0.995 10.3
woman | 70 | 99.5 51.7 57.6 13.9 103.8 63.3 60 14.4 -4.3 11.6 34 -0.5 0.993 8.3
woman | 72| 99.5 51.7 57.6 13.9 114.5 68.6 59 125 -3.9 -8.5 6.2 0.08 0.968 6.8
woman | 70 166 55.6 61 135 138 62.3 59.8 13.8 -16.4 -6.7 1.1 -0.3 0.995 21
woman | 81| 1179 56.8 il 11.2 115.1 55.1 60.2 12.8 2.7 1.4 -9.2 -1.6 0.984 14.3

aveg |78 119.15 | 56.763 | 59.6 = 13.32857 | 117.41 | 62.6125 | 58.65 13.5 -2.1575 -1.713 2.6 -0.17429 0.98688 9.9375

The average value of HbLe/gdl is -0.1 + 0.17SD, the
average value of HbRi/gdl is 0.05 * 0.2SD, and the average
value of Hble3cm/gdl is 0.02 + 0.17SD, mean HbRilcm/
gdl value -0.18 * 0.2SD, mean Hbt response 0.8 seconds,
mean Hbt3cmSD response suggested -2.8 seconds, mean -K
response 3.3 seconds.

Additionally, four of the nine people encountered
oncoming vehicles at the intersection and passed through the
intersection without applying the brakes.

3. The Valsalva test will be tested on nine healthy
men with an average age of 50 to verify their adaptability to
sudden changes in condition and measurement accuracy.

Simultaneous measurements were performed using a
master measuring instrument (UBP-mp) and a test measuring
instrument (NBC-1100) [35-37].

The average systolic blood pressure value of the master
meter is 128.8 mmHg, the average diastolic blood pressure
value is 81.7 mmHg, the average pulse rate is 71.1 bpm, the
average respiratory rate is 12.1 bpm, and the average systolic
blood pressure value of the test meter is the mean diastolic
blood pressure was 133.9 mmHg, the mean diastolic blood
pressure was 82.3 mmHg, the mean pulse rate was 67.7 bpm,
and the mean respiratory rate was 13.3 bpm.

https://doi.org/10.29328/journal.cjncp.1001052

The average pressure difference between the master
device and the test device was 7.1 mmHg, the average diastolic
blood pressure difference was 5.8 mmHg, the average pulse
rate was 4.9 bpm, and the average respiratory rate difference
was 2.2 bpm.

Statistical regression analysis suggested mean systolic
blood pressure correlation number r = 0.986, mean diastolic
blood pressure correlation number r = 0.99, mean pulse rate
r = 0.981, and mean respiratory rate correlation number r =
0,957.

In addition, in a mock test, the test device (NBC-1100)
suggested that it was possible to track the sudden drop in
blood pressure and the transition to recovery.

4. Demonstration test by medical facilities and nursing
care facilities

(1) A demonstration test was conducted in a treatment
ward of a certain medical facility with 10 people, 4 men and
6 women, ages 75 to 94, with consent from the residents
themselves or their families.

Demonstration test was conducted with simultaneous
measurement using a master measuring instrument (uBP-
mp) and a test measuring instrument (NBC-1100).

www.nursingpracticejournal.com
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The master device's mean systolic blood pressure is
121.7 mmHg, mean diastolic blood pressure is 75.1 mmHg,
and mean pulse rate is 75.1 bpm and the test device's mean
systolic blood pressure is 121.8 mmHg, mean diastolic blood
pressure is 64.8 mmHg, and mean pulse rate is 77.2 bpm.

The average systolic blood pressure difference between
the master device and the test device was 2.1 mmHg, the
average diastolic blood pressure difference was 1.4 mmHg,
and the average pulse rate difference was 5.5 bpm.

Statistical regression analysis suggested a mean systolic
blood pressure correlation coefficient r = 0.996, a mean
diastolic blood pressure correlation coefficient r = 0.994, and
a mean pulse rate correlation coefficient r = 0,992 between
the master and test device.

(2) A demonstration test was conducted at Ainosato
Nagoya Higashi, a special nursing home for the elderly, with
20 male and female residents aged 70 to 88 with care level 3
or higher, who had the consent of the residents themselves
or their families.

The tests were conducted on residents with chronic
diseases such as gastrostomy expansion, symptomatic
epilepsy, hypertension, Alzheimer's disease, and progressive
supranuclear palsy.

Simultaneous measurements were performed using a
master measuring instrument (UBP-mp) and a test measuring
instrument (NBC-1100).

The test method was performed using the following three
methods.

A. Measurement during post-meal relaxation time
(continuous measurement for 1 hour) 3 men, 2
women, average age 73 years old

B. Sleep time measurement (2 hours continuous
measurement) 7 women, average age 80 years old

C. Activity time measurement (2 hours continuous
measurement) 7 women, average age 78 years old

A. During the postprandial relaxation period, the
average systolic blood pressure value on the master device
was 109.4 mmHg, the average diastolic blood pressure value
was 59.6 mmHg, the average pulse rate was 67.6 bpm, and
the average respiratory rate was 13.6 bpm. The test device
had an average systolic blood pressure value of 111.6 mmHg,
an average diastolic blood pressure value of 58.5 mmHg, an
average pulse rate of 64.1 bpm, and an average respiratory
rate of 13.2 bpm.

Furthermore, the average systolic blood pressure
difference was 2.6 mmHg, the average diastolic blood
pressure difference was 0.42 mmHg, the average pulse rate

https://doi.org/10.29328/journal.cjncp.1001052
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difference was 4.84 bpm, and the average respiratory rate
difference was 0.35 bpm.

Statistical regression analysis showed that the
correlation coefficient between mean systolic blood
pressure, mean diastolic blood pressure, mean pulse rate,
and mean respiration rate was r=0.99 or higher. The average
significance level was suggested to be 5.8%.

B. During the sleep period, the master device had a
mean systolicblood pressure of 119.2 mmHg, a mean diastolic
blood pressure of 63.5 mmHg, a mean pulse rate of 66.6 bpm,
and a mean respiratory rate of 15.2 bpm, while the master
device had a mean systolic blood pressure 118.0mmHg,
mean diastolic blood pressure value was 64.9 mmHg, mean
pulse rate was 66.1 bpm, and mean respiratory rate was 14.5
bpm.

Furthermore, the average systolic blood pressure
difference was 1.3 mmHg, the average diastolic blood
pressure difference was 1.0 mmHg, the average pulse rate
difference was -0.14 bpm, and the average respiratory rate
difference was 1.05 bpm.

The correlation between the average systolic blood
pressure, diastolic blood pressure correlation coefficient,
average pulse rate, and average respiratory rate in statistical
regression analysis is r=0.995. The average significance level
suggested 3.5%.

C. During the active period, the master device had a
mean systolic blood pressure value of 119.2 mmHg, a mean
diastolic blood pressure value of 56.8 mmHg, a mean pulse
rate of 59.6 bpm, and a mean respiratory rate of 13.1 bpm.
The average systolic blood pressure on the test device was
117.1 mmHg, the average diastolic blood pressure was 62.6
mmHg, the average pulse rate was 58.7 bpm, and the average
respiratory rate was 13.5 bpm.

Furthermore, the average systolic blood pressure
difference was -2.2 mmHg, the average diastolic blood
pressure difference was -1.7 mmHg, the average pulse rate
difference was 2.6 bpm, and the average respiratory rate
difference was -0.2 bpm.

The correlation between the average systolic blood
pressure, diastolic blood pressure correlation coefficient,
average pulse rate, and average respiratory rate in statistical
regression analysis is r=0.99 or higher. The average
significance level was suggested to be 9.9%.

Discussion

For the purpose of social implementation, we verified
whether in-vehicle vibration during city driving would cause
errors in biological parameter measurements.

The verification results suggested that the measurement
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difference between the master measuring device (UBP-mp)
and the test measuring device (NBC-1100) was within the
pharmaceutical certification standards.

In addition, in a near-miss biological reaction test using a
driving simulator, four subjects ignored oncoming vehicles
and did not avoid collisions.

The biological reactions of the other five people suggested
anaverage Hbtresponse of 0.8 seconds, an average Hbt3cmSD
response of 2.8 seconds, and an average brake response of
3.3 seconds. Next, we verified that the test measuring device
(NBC-1100) can track sudden changes in the condition of
patients in medical facilities, nursing care facilities, and home
care after a 10-beat delay with the master (UBP-mp).

The verification test results at medical facilities and
nursing care facilities are based on the comparison of
biological parameters measured simultaneously with the
master measuring device 1 BP-mp and the test measuring
device (NBC-1100).

As a result of conducting evaluation tests in 3 patterns: 1.
Relaxation time after meals, 2. Sleep time and 3. Activity time.

During the postprandial relaxation time and sleep time,
blood pressure, heart rate, and breathing rate all showed
a high correlation, confirming measurement accuracy
comparable to that of conventional medical equipment.

Next, the results during active hours suggested that
the reproducibility of the pulse wave decreased due to the
scattering of radar waves due to the caregiver leaving the bed
and the movement of surrounding people, and the average
significance level was low at 9.9%.

Suggested that the reproducibility of plethysmography
will improve in the future.

Conclusion

In conclusion, our study shows that in-vehicle vibration
during city driving does not affect biological parameter
monitoring. NBC-1100 outperformed BP-mp in detecting
sudden changes in patients' conditions with a 10-beat
delay. Assessment tests showed a high correlation between
biological markers during post-meal relaxation and sleep,
suggesting medical-grade accuracy. However, radar wave
scattering affected pulse wave repeatability during active
hours. Technology should increase repeatability in the
future. In-vehicle medical monitoring systems are better
understood and developed after these findings.
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