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7) ABSTRACT

This patent provides a system for screening and manage-
ment of hypertension, which includes the following charac-
teristics: High precision fingertip photoplethysmography
(PPG) acquisition device and the application software of
hypertension screening and management in a smartphone.
The former includes 905 nm wavelength infrared light
emitting sensor, photoelectric receiving sensor, and Blu-
etooth transmission module. The latter includes PPG signal
configuration and acquisition module, automatic hyperten-
sion classification and screening module and hypertension
management module. The system can process the real-time
PPG signal and can classify and evaluate the blood pressure
level, and carry on the long-term management and the
hypertension health instruction.
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Table 1 Classification result of Normal group and Hypertension group

F1 score
Normal vs Prehypertension 0.72
Normal vs Stage 1 Hypertension 0.8421
Normal vs Stage 2 Hypertension 0.9286
Normal vs Hypertension 0.8955
Normal + Prehypertension vs Hypertension 0.6984
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METHOD AND APPARATUS FOR
HYPERTENSION CLASSIFICATION

BACKGROUND

Field of the Invention

[0001] The invention relates to a medical and health
equipment and method for screening and management of
hypertension, which can be used for the screening and
evaluation of hypertension for individuals or family and for
the management and guidance of different stage hyperten-
sion.

Description of the Related Art

[0002] As an important physiological index of the cardio-
vascular system, blood pressure (BP) plays an important role
in predicting the occurrence of acute and chronic CVDs.
Therefore, the early screening and evaluation of patients
with hypertension (HT) or prehypertension are of great
practical significance. At present, the blood pressure mea-
surement uses the cufl mercury or electronic sphygmoma-
nometer, this measurement method has been widely recog-
nized and popularized after hundred years of development,
and it has played a major role in the control of CVDs.
However, both the Korotkoff Sound method and the Oscil-
lometric method need to use cuff and pressure to the forearm
when the blood pressure is measured, and the measurement
is very easy to be affected by the operation and use condi-
tions, such as the operation of the cuff, sitting posture,
exercise and so on. In addition, it also has a certain white
coat phenomenon for some patients. Therefore, in current
severe CVDs prevention and control situation, its role has
been greatly limited, the cuff-less hypertension screening
technology and blood pressure detection technology in the
new situation of cardiovascular health management is form-
ing an urgent need. At present, with the increasing demand
for personal health equipment, more and more health infor-
mation measuring or evaluating equipment and systems are
being researched and developed.

[0003] Photoplethysmography (PPG) contains very abun-
dant physiological information about the operation of the
cardiovascular circulation system, and it has the character-
istics of low-cost and convenient signal acquisition, there-
fore, it is widely concerned by researchers, and a series of
investigations and research are carried out in-depth. PPG
signal is extracted by the use of an LED transmit section to
generate the red or infrared light to illuminate the skin of
fingertip or earlobe or forehead and a photosensitive diode
to measure the time-varying light absorption by the tissue
which can reflect the changes in the blood volume and the
common PPG acquisition methods are divided into trans-
mission and reflection. Therefore, it is the external mani-
festation and aggregated expression of many physiological
processes in the cardiovascular circulation system. The PPG
signal is a high fusion signal which covers the activity of
heart’s systolic and diastolic period, hemodynamic,
hemorheology and network information of human periph-
eral microcirculation system.

[0004] The invention is based on PPG morphological
theory, quantitatively analyses the characteristic of PPG,
establishes the intrinsic relation between PPG characteristic
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and cardiovascular cycle physiology process, and realizes
the accurate classification and early screening of hyperten-
sion.

SUMMARY

[0005] The technical problem to be solved by the inven-
tion is to provide a non-invasive convenient, accurate and
reliable evaluation and screening methods of hypertension
and its measuring instruments, the method requires less
input signal, the relationship between input signal and blood
pressure level is stable, the measuring instrument also has
the characteristics of small size, simple operation, inexpen-
sive price, suitable for personal and family use. In order to
solve the technical problem, the specific technical plan of the
invention is as follows.

[0006] A method for real-time evaluation and screening of
hypertension using fingertip photoplethysmograph (PPG)
signal, including the following steps:

[0007] a. Obtain the original infrared PPG signal of the
subject;
[0008] b. Obtain the high-quality PPG signal after the

signal conditioning and the signal quality evaluation;

[0009] c. Obtain velocity of plethysmograph (VPG),
acceleration of plethysmograph (APG), third derivative
waveform (3" Derivative) and fourth derivative wave-
form (4™ Derivative) through four times differential
process using the processed PPG signal,

[0010] d. Based on the PPG signal and its derivative
waves, the waveform characteristics are defined and
extracted, which can include time interval, amplitude,
area, ratio, slope, energy parameter and so on. The
physiological significance of PPG features is analyzed
and the top 3 optimal features are selected;

[0011] e. Based on the above selected feature, the
classification model of hypertension was established,
and the evaluation and screening of hypertension based
on the morphological characteristics of the PPG signal
were realized.

[0012] After signal processing and signal quality evalua-
tion, the raw PPG signal obtained by the acquisition probe
(1) will be transferred to the app application software in the
smartphone through the wireless transmission module,
wherein, the acquisition probe set up 3 pairs of infrared
transmission photoelectric module distributed in the front,
middle, root of the acquisition probe.

[0013] Firstly, the signal quality of PPG waveform
acquired from different photoelectric modules is compared
and the photoelectric module which produces the optimal
signal quality is selected as the working module of subse-
quent signal acquisition. The setting of three photoelectric
modules is mainly used to solve the poor PPG signal caused
by the different peripheral circulatory system condition
which is different because of gender, age, blood perfusion
and other factors.

[0014] The application software can display the received
PPG signal in real time. The PPG signal is processed as 0.5
hz-8 hz bandpass filtering and then its derivative waveforms
are acquired as the forward difference process. The PPG,
VPG, APG, 3? Derivative and 4” Derivative waves are used
to obtain the PPG features.

[0015] Based on these features, the cubic SVM blood
pressure classification model is established, and the evalu-
ation of blood pressure level and the screening of hyperten-
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sion are realized, and the results of blood pressure level can
be displayed in real-time in the application software.
[0016] PPG signal data, its features, and evaluation of
blood pressure level can be stored in the user-specific cloud
space, for long-term blood pressure level management and
health guidance.

[0017] An instrument to realize the real-time evaluation
and screening of hypertension, including PPG acquisition
probe (1), matching app application software in smartphone
(9), cloud storage space (11);

[0018] The PPG acquisition probe (1) includes a sequen-
tial connection 3 channel PPG photoelectric module (12), a
signal conditioning module (13), an operational processing
module (14), an external mass storage module (15), a voice
guide and broadcast module (16), a wireless communication
module (17).

[0019] The 3 channel PPG photoelectric module (12)
comprises an infrared photoelectric emitting and receiving
module located in the front (7), middle (6) and root (5)
section of the probe, wherein, 3 sections are spaced 10 mm
respectively.

[0020] The output of the operation module (14) is con-
nected to an external mass storage module (15), a voice
guide and broadcast module (16), a wireless communication
module (17) respectively.

[0021] The signal conditioning module (13) comprises a
two-stage amplifying circuit, a bandpass filter circuit and a
baseline drift suppression circuit, which is used to amplify,
filter and signal conditioning the faint PPG signal, and its
output connects the operation module (14).

[0022] The operation module (14) includes the functions
of PPG acquisition, 3 channel photoelectric module function
evaluation and selection, data compression and transmis-
sion, etc,

[0023] The external mass Storage module (15) includes
the data of the operation result, the photoelectric working
mode and other information storage.

[0024] The wireless communication module (17) includes
receiving commands and sending data to achieve informa-
tion interaction with the application software in the smart-
phone.

[0025] Compared with the existing technology, the instru-
ment is portable and convenient for the family and commu-
nity health care use and provides important reference physi-
ological information for the early prevention of
hypertension. At the same time, the instrument is easy to
operate and only needs to hold the fingertip to collect PPG
signal in order to realize the evaluation of blood pressure
level and classification of hypertension. In addition, it
reduces the pain and the psychological burden of diagnosis
and detection.

BRIEF DESCRIPTION OF THE DRAWING

[0026] The disclosure may be more completely under-
stood in consideration of the detailed description of various
embodiments of the disclosure that follows in connection
with the accompanying drawings, in which:

[0027] FIG. 1 depicts a diagram of hypertension evalua-
tion system that can capture photoplethysmograph (PPG)
signal and conducts the hypertension evaluation, consistent
with embodiments of the present disclosure;

[0028] FIG. 2 depicts a function module diagram of hard-
ware device that can capture PPG signal and transit the PPG
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data to the matching app in the mobile phone, consistent
with embodiments of the present disclosure;

[0029] FIG. 3 illustrates a flowchart of PPG signal pro-
cessing and hypertension evaluation that are conducted in
the hardware device and matching app.

[0030] FIG. 4 depicts the definition of the PPG waveform,
its derivatives and the PPG features.

[0031] FIG. 5 shows the different waveform and feature in
normal (FIG. 5.A), prehypertension (FIG. 5.B), stage 1
hypertension (FIG. 5.C) and stage 2 hypertension (FIG.
5.D).

[0032] FIG. 6 shows the scatter between systolic blood
pressure and PPG feature (6.A slope of b*c* vs SBP, 6.B Sc*
interval vs SBP, 6.C b*b2 interval vs SBP).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0033] The system and method of hypertension screening
and classification disclosed in the invention can be used to
evaluate blood pressure level and to screen for hypertension,
it can also be used to evaluate vascular health, such as
vascular aging, arteriosclerosis, and vascular compliance,
and the following illustration illustrates the specific realiza-
tion of the measurement method. FIG. 1 is the overall block
diagram of the instrument.

[0034] The apparatus of the invention comprises a PPG
photoelectric module (12), signal conditioning module (13),
operation module (14), external mass storage module (15),
wireless communication module (17), voice guidance and
broadcast module (18), the real-time waveform display
module in the matching app application software of smart-
phone (9), PPG acquisition probe function configuration
module, hypertension classification and screening module,
hypertension management and health guidance module and
cloud platform storage module (11).

[0035] Among them, PPG photoelectric module (12), sig-
nal conditioning module (13) and operation module (14) are
the sequential connection to complete the PPG signal acqui-
sition. Operation Module (14) includes sequential execution
of PPG signal acquisition, 3 channel photoelectric module
function evaluation and selection, data compression and
transmission. The output of the operation module (14)
respectively connects the external mass storage module (15),
the wireless communication module (17), the voice guid-
ance and broadcast module (16). which realizes the storage,
communication and voice guide function of PPG signal and
partial result respectively.

[0036] When the instrument is working, it follows these
steps:
[0037] 1. Because the human finger will have different

traits due to sex, age, blood overall volume, skin
roughness and other factors, the device is designed as
3 infrared photoelectric transmission and receiving
pathway in the front (7), middle (6) and root (5) of the
probe groove. When the infrared light emitted by the IR
tube (3) shines on the human finger, the blood of the
human finger blood can absorb part of infrared light,
and the effect of the heart periodic beat makes the light
absorption process periodic, this periodic change pro-
cess is converted by the photoelectric receiving tube
into the electrical signal to form the original faint PPG
signal. In addition, the instrument conducts the PPG
signal quality evaluation under the 3 different photo-
electric modules at first. And the photoelectric module
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that it acquires the best signal quality is selected as a
working photoelectric module, and then the other two
photoelectric modules are closed.

[0038] 2. The PPG signal obtained by the photoelectric
module is very weak and is accompanied with a lot of
interference signals, which must be amplified, filtered
and disturbed. The raw PPG signal is amplified by an
amplification circuit and then passed through 0.5 hz-12
hz bandpass filter to obtain a smooth and effective PPG
signal. For the processed PPG signal, the digital con-
version of the signal is carried out through the A/D
converter inside the operation module, and the data is
encoded and compressed through the Micropro-
grammed Control Unit (MCU). The compressed data
(8) is sent to the smartphone (9) through the wireless
transmission module (17). In the process, partial con-
figuration information and temporary calculation
results are stored in the external mass storage module
5).

[0039] 3. The real-time PPG signal data received by the
smartphone, after further denoising and optimized pro-
cessing, is carried on the multiple forward difference
operation to obtains VPG, APG, 3’ Derivative and 4%
Derivative wave. A lot PPG features are defined and
extracted based on the PPG and its derivative wave-
forms. And the top 3 optimal features which are slope
of b*c*, Sc* interval and b*b2 interval are selected.
The cubic SVM model is established and used to
classify and screen hypertension using these features.
The result is shown in the display window of the
application software (9) and uploaded to the user-
specific cloud storage space (11).

[0040] 4. The hypertension classification and screening
module is the core module of the whole system, respon-
sible for including data analysis and model establish-
ment, the results of storage and real-time display con-
trol, and more importantly, PPG characteristic waves
recognition and features extraction, data classification
model implementation, the operation process mainly
includes the following steps:

[0041] (a) After filtering and the differential process
of PPG signal, the smooth PPG and VPG, APG, 3rd
Derivative, 4th Derivative waveforms are obtained.

[0042] (b) The features defined based on the PPG and
its derivative waves include time span, amplitude,
area, ratio, slope and so on. These features show
different states according to different blood pressure
levels and have a good quantitative expression of
blood pressure, and they are related to the formation
process of systolic pressure in arterial blood pres-
sure.

[0043] (c) The systolic blood pressure (SBP) of the
human arterial pressure is the maximum value
formed the in the middle of the systolic period under
the action of the propulsion and reflection fusion of
the blood from the heart. Therefore, the propulsion
and reflection fusion process of the blood in the
arteries during the systolic period plays an important
role in the formation of SBP. PPG signal reflects the
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physical changes of blood volume in the blood vessel
during cardiac activity and blood transmission, and it
1s the direct show of blood volume state. The VPG
signal reflects the blood volume change extent in the
petipheral blood vessels, and it is the manifestation
of the blood change. The APG signal reflects the
ability of the speed change for the blood volume, and
this ability largely reflects the systolic and diastolic
ability of the heart. The features of strong correlation
with systolic pressure and greater contribution
weight are with BP label concentrated in the position
of systolic wave and reflection wave, specifically in
the interval between b wave and ¢ wave. We find that
some features reflect the details of the fusion process
of the main propulsion wave and the reflected wave
such as slope of b*c*, Sc* interval, and b*b2 inter-
val. FIG. § shows four subjects’ PPG and their
derivatives, and the four subjects have different
blood pressure levels and represent normal, prehy-
pertension, stage 1 hypertension and stage 2 hyper-
tension respectively. In these figures we find that
systolic peak and tidal wave have different fusion in
different blood pressure stage. This different fusion
has generality and some features in this period
(b*--c* period) have strong correlation with SBP.

[0044] (d) The features have a good expression for the
condition of main propulsion wave and reflected wave.
FIG. 6.A, FIG. 6.B and FIG. 6.0 show the scatter
figures between SBP and slope b_,c_,, Sc* interval and
b*b2 interval respectively and the spearman correlation
coeflicients are 0.73, 0.71, 0.66 respectively.

[0045] (e) The hypertension classification model is
established based on the Cubic SVM. The F1 score of
the model is shown in Table 1.

What is claimed is:

1. A method for real-time evaluation and screening of
hypertension of a subject using a fingertip photoplethysmo-
graph (PPG) signal, comprising the steps of:

a) obtaining an original infrared PPG signal of the subject;

b) obtaining a high-quality PPG signal after a signal
conditioning and a signal quality evaluation;

¢) obtaining a velocity of plethysmograph (VPG), accel-
eration of plethysmograph (APG), third derivative
waveform (3" Derivative) and fourth derivative wave-
form (4% Derivative) through a four times differential
process using the processed PPG signal;

d) based on the PPG signal and its derivative waveforms,
defining and extracting waveforms, comprising at least
a time interval, an amplitude, an area, a ratio, a slope,
and an energy parameter;

e) analyzing the physiological significance of PPG fea-
tures;

f) selecting the top three optimal features; and

g) based on the selected features, establishing a classifi-
cation model of hypertension,
whereby the evaluation and screening of hypertension

based on the morphological characteristics of the
PPG signal are realized.
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