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Detect pulse and heartbeat of a to-be-tested TS 120
person to generate a pulse waveform and a
heartbeat waveform, and accordingly
calculate a pulse wave velocity

!

Generate at least one pulse characteristic  4~_S140
value corresponding to the to-be-tested
person according to the pulse waveform

!

Select a corresponding blood pressure model A~_S160
according to the above-mentioned at least
one pulse characteristic value

!

Calculate a blood pressure value by the  4~_S180
sclected blood pressure model

1
End

FIG. 2
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WEARABLE BLOOD PRESSURE
DETECTING DEVICE AND DETECTING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan Application Serial No. 107119001, filed on Jun. 1,
2018. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The disclosure relates to a blood pressure detecting
device and a detecting method thereof, and more particu-
larly, to a wearable blood pressure detecting device and a
detecting method thereof.

Description of the Related Art

[0003] A traditional wearable blood pressure detecting
device detects a pulse wave velocity (PWV), and then
acquires measured blood pressure values according to the
same group of blood pressure calculating models built based
on a relation between the pulse wave velocity and blood
pressure.

[0004] However, different subjects are usually found in
practice that, although the same pulse wave velocity is
detected, due to differences of blood flow characteristics
(such as, blood vessel size, elasticity and blood concentra-
tion), different blood pressure values exist. Under this cir-
cumstance, when a traditional wearable blood pressure
detecting device is used, differences between the subjects are
not effectively distinguished, and errors are generated easily,
which affects accuracy of blood pressure detecting.

BRIEF SUMMARY OF THE INVENTION

[0005] The disclosure provides a wearable blood pressure
detecting device. The wearable blood pressure detecting
device includes a pulse detecting module, a processing unit,
a memory unit, a model selecting unit, and a blood pressure
calculating unit. The pulse detecting module is configured to
generate a pulse waveform. The processing unit is config-
ured to capture the pulse waveform to generate at least one
pulse characteristic value. The memory unit is configured to
store at least two blood pressure models corresponding to
different pulse characteristic value ranges. The model select-
ing unit is configured to select the corresponding blood
pressure model according to the at least one pulse charac-
teristic value. The blood pressure calculating unit is config-
ured to calculate a blood pressure value by the selected
blood pressure model.

[0006] The disclosure provides a blood pressure detecting
method. The blood pressure detecting method includes the
following steps: providing a pulse waveform; generating at
least one pulse characteristic value based on the pulse
waveform; providing at least two blood pressure models
corresponding to different pulse characteristic value ranges;
selecting the corresponding blood pressure model based on
the at least one pulse characteristic value; and calculating a
blood pressure value by using the selected blood pressure
model.
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[0007] A traditional wearable blood pressure detecting
device estimates the blood pressure value just based on a
singular condition of a pulse wave velocity, blood flow
characteristics of various to-be-tested persons are not effec-
tively distinguished, and errors are easily generated, which
affects accuracy of blood pressure detecting. In comparison,
the wearable blood pressure detecting device and the detect-
ing method thereof provided by the disclosure distinguish
the blood flow characteristics of the different to-be-tested
persons based on the pulse characteristic value, a proper
blood pressure model is fast screened out, and the accuracy
of blood pressure detecting is improved easily.

[0008] Specific embodiments of the disclosure will be
further described by using the following examples and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 11is a block schematic view of an embodiment
of a wearable blood pressure detecting device according to
the disclosure;

[0010] FIG. 2 is a flow chart of an embodiment of a blood
pressure detecting method according to the disclosure;
[0011] FIG. 3 is a schematic view of a first embodiment of
a pulse waveform and a pulse characteristic value captured
based on the pulse waveform of the disclosure;

[0012] FIG. 4 is a schematic view of an embodiment
building a plurality of groups of blood pressure models
based on the pulse characteristic value of FIG. 3 according
to the disclosure;

[0013] FIG. 5A is a schematic view of a second embodi-
ment of the pulse characteristic value captured based on the
pulse waveform according to the disclosure;

[0014] FIG. 5B is a schematic view of a third embodiment
of the pulse characteristic value captured based on the pulse
waveform according to the disclosure;

[0015] FIG. 5C is a schematic view of a fourth embodi-
ment of the pulse characteristic value captured based on the
pulse waveform according to the disclosure;

[0016] FIG. 5D is a schematic view of a fifth embodiment
of the pulse characteristic value captured based on the pulse
waveform according to the disclosure; and

[0017] FIG. 6 is a block schematic view of another
embodiment of the wearable blood pressure detecting device
according to the disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0018] Specific embodiments of the disclosure will be
described in further detail below with reference to schematic
drawings. The advantages and features of the disclosure will
become more apparent from the following description and
claims. It should be noted that the drawings are all in a very
simplified form and are not drawn to accurate scale, but are
merely used for convenience and clarity of description of the
embodiments of the disclosure.

[0019] FIG. 1is a block schematic view of an embodiment
of a wearable blood pressure detecting device according to
the disclosure. The wearable blood pressure detecting device
100 is an electronic watch, an electronic bracelet, a skin
patch or other electronic devices being wearable or making
contact with a human body to detect a pulse.

[0020] As shown in the figure, the wearable blood pres-
sure detecting device 100 includes a heartbeat detecting



US 2019/0365254 A1

module 110, a pulse detecting module 120, a processing unit
140, a memory unit 150, a model selecting unit 160 and a
blood pressure calculating unit 180.

[0021] The heartbeat detecting module 110 is configured
to generate a heartbeat waveform, such as an electrocardi-
ography (ECG) waveform. The pulse detecting module 120
is configured to generate a pulse waveform, such as a
photoplethymography (PPG) waveform. A technology for
detecting heartbeat and pulse to generate a heartbeat wave-
form and a pulse waveform is commonly known in the
technical field, and is not repeated herein. By comparing the
heartbeat waveform and the pulse waveform, a pulse transit
time (PTT) of a to-be-tested person is estimated, and then a
pulse wave velocity (PWV) is calculated.

[0022] The processing unit 140 is configured to capture
the pulse waveform to generate at least one pulse charac-
teristic value corresponding to the captured pulse waveform.
More detailed illustration is provided for a relation between
the pulse waveform and the pulse characteristic value in a
subsequent section corresponding to FIG. 3.

[0023] The memory unit 150 stores at least two groups of
blood pressure models for selection. The blood pressure
model is used for displaying a corresponding relation of the
pulse wave velocity and a blood pressure value, and the
blood pressure models correspond to different pulse char-
acteristic value ranges. Due to assistance of the blood
pressure model, the wearable blood pressure detecting
device 100 calculates a corresponding blood pressure value
based on the detected pulse wave velocity immediately.
More detailed illustration is provided for building of the
blood pressure model in a subsequent section corresponding
to FIG. 4.

[0024] The model selecting unit 160 selects the corre-
sponding blood pressure model according to the at least one
pulse characteristic value estimated by the processing unit
140. Specifically speaking, the model selecting unit 160
compares the pulse characteristic value of the to-be-tested
person and the pulse characteristic value ranges correspond-
ing to the various blood pressure models, and the blood
pressure model corresponding to the range is selected and
used on calculation of the blood pressure value. Basically,
the blood pressure model selected by the model selecting
unit 160 is the blood pressure model built by a detecting
sample belonging to a same group with the pulse charac-
teristic value of the to-be-tested person.

[0025] The blood pressure calculating unit 180 calculates
a blood pressure value of the to-be-tested person based on
the pulse wave velocity of the to-be-tested person by using
the blood pressure model selected by the model selecting
unit 160.

[0026] FIG. 2 is a flow chart of an embodiment of a blood
pressure detecting method according to the disclosure. The
flow chart displays a procedure when the wearable blood
pressure detecting device 100 of FIG. 1 is utilized for
detecting a blood pressure. The blood pressure detecting
method includes the following steps.

[0027] Firstly, in step S120, the pulse detecting module
120 is configured to detect the pulse of the to-be-tested
person to generate a pulse waveform, and the heartbeat
detecting module 100 is configured to detect the heartbeat of
the to-be-tested person to generate a heartbeat waveform.
Meanwhile, by comparing the heartbeat waveform and the
pulse waveform, a pulse transit time (PTT) is estimated, and
then a pulse wave velocity (PWV) is calculated.

Dec. 5, 2019

[0028] Next, in step S140, the processing unit 140 is
configured to generate at least one corresponding pulse
characteristic value based on the pulse waveform of the
to-be-tested person. More detailed illustration is provided
for a relation of the pulse waveform and the pulse charac-
teristic value in a subsequent section corresponding to FIG.
3

[0029] Then, in step S160, the model selecting unit 160 is
configured to select a corresponding blood pressure model
from a plurality of groups of preset blood pressure models
according to the at least one obtained pulse characteristic
value. The blood pressure models are pre-stored in the
memory unit 150 of the wearable blood pressure detecting
device 100. In an embodiment, the blood pressure model is
configured to display a corresponding relation of the pulse
wave velocity and the blood pressure value, and the blood
pressure models correspond to a specific pulse characteristic
value range.

[0030] Finally, in step S180, the blood pressure calculating
unit 180 is configured to calculate a blood pressure value of
the to-be-tested person based on the calculated pulse wave
velocity by the blood pressure model selected in step S160.

[0031] The pulse wave velocity is first calculated in the
above-mentioned embodiment, and after the blood pressure
model is selected, the calculated pulse wave velocity is
utilized for calculating the blood pressure value. In another
embodiment, a corresponding pulse characteristic value is
generated based on the heartbeat waveform and the pulse
waveform, and then after the blood pressure model is
selected, the pulse characteristic value is directly utilized for
calculating the blood pressure value.

[0032] FIG. 3 is a schematic view of a pulse waveform and
a pulse characteristic value generated based on the pulse
waveform in a first embodiment of the disclosure.

[0033] As shown in FIG. 3, with a wave peak P of the
pulse waveform as a criterion, a wave peak P front width T1
and a wave peak rear width T2 are captured in the embodi-
ment, and a square of a ratio of the wave peak front width
T1 to the wave peak rear width T2 of the pulse waveform is
used as the pulse characteristic value. The wave peak front
width T1 of the embodiment is defined as a distance from the
wave peak P to the front adjacent wave trough V of the wave
peak P, and the wave peak rear width T2 is defined as a
distance from the wave peak P to the rear adjacent wave
trough V of the wave peak P. A calculating manner of
positions of the wave peak P and the wave trough V is
commonly known in the technical field, and is not repeated
herein.

[0034] Secondly, according to an actual data distribution
state (which is affected by factors such as the race and the
gender of the to-be-tested person), the disclosure also uti-
lizes the wave peak front width T1 of the pulse waveform,
the wave peak rear width T2 of the pulse waveform, or the
ratio of the wave peak front width T1 of the pulse waveform
to the wave peak rear width T2 of the pulse waveform as the
pulse characteristic value, and also uses a plurality of pulse
characteristic values simultaneously, and in an embodiment,
the wave peak front width T1 and the wave peak rear width
T2 of the pulse waveform are used at the same time to serve
as pulse characteristic values.

[0035] As shown in FIG. 1 and FIG. 2, the model selecting
unit 160 selects the corresponding blood pressure model in
aplurality of groups of preset blood pressure models accord-
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ing to the obtained at least one pulse characteristic value. A
method for generating the blood pressure model is illustrated
below.

[0036] FIG. 4 displays a plurality of groups of blood
pressure models built based on the pulse characteristic value
of FIG. 3. As shown in FIG. 4, generally speaking, due to an
individual difference, pulse characteristic values detected
according to the pulse waveform obvious differ from each
other. The square of the ratio of the wave peak front width
T1 to the wave peak rear width T2 of the pulse waveform is
used as the pulse characteristic value, a sample A and a
sample B shown in the figure are drawn, and it is seen that
a pulse characteristic value of the sample A is obviously
smaller than a pulse characteristic value of the sample B.
The embodiment is set to distinguish detecting samples into
four groups according to a value range of the pulse charac-
teristic value (namely, the square of the ratio of the wave
peak front width T1 to the wave peak rear width T2 of the
pulse waveform), so as to build four different blood pressure
models: a group A, a group B, a group C and a group D.
[0037] In an embodiment, when the blood pressure model
is built, it is needed to build a blood pressure model
corresponding to the group in manners of regression analy-
sis, or machine learning or the like for detecting sample data,
such as the pulse characteristic value, the pulse wave veloc-
ity and an actual detected blood pressure value, of the same
group. In an embodiment, the blood pressure model is an
equation including a pulse characteristic value variable.
When a blood pressure is calculated, by inputting the pulse
characteristic value of the to-be-tested person, a correspond-
ing blood pressure value is estimated. Besides the pulse
characteristic value provided by the first embodiment,
according to characteristics of the pulse waveform, in other
embodiments, other pulse characteristic values are also
selected to build the blood pressure model, so as to facilitate
detection of the blood pressure.

[0038] FIG. 5Ais a schematic view of a second embodi-
ment of the disclosure. As shown in the figure, different from
the first embodiment, a wavelength T3 of the pulse wave-
form and the wave peak front width T1 are captured in the
embodiment, and a ratio of the wave peak front width T1 to
the wavelength T3 is used as the pulse characteristic value.
[0039] FIG. 5B is a schematic view of a third embodiment
of the disclosure. Different from the first embodiment, a
wavelength T3 of the pulse waveform and the wave peak
rear width T2 are captured in the embodiment, and a ratio of
the wave peak rear width T2 to the wavelength T3 is used
as the pulse characteristic value.

[0040] FIG. 5C is a schematic view of a fourth embodi-
ment of the disclosure. Different from the first embodiment,
a wave trough front width T4 of the pulse waveform and a
wave trough rear width TS5 of the pulse waveform are
captured in the embodiment as the pulse characteristic
values. In addition, different from the first embodiment in
which a wave trough V is used as a dividing point of a
complete waveform, the embodiment uses a zero-crossing
point Z as a dividing point to define a wavelength T8.
Basically, a length of the wavelength T8 should be equal to
a length of the wavelength T3.

[0041] In the embodiment, the wave trough front width T4
is defined as a distance from the wave trough V to the front
zero-crossing point 7 of the wave trough V, and the wave
trough rear width T5 is defined as a distance from the wave
trough V to the rear zero-crossing point 7 of the wave trough
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V. In an embodiment, according to the actual data distribu-
tion state, the wave peak is also selected as the dividing point
of the complete waveform, the wave trough front width is
defined as a distance from the wave trough to the front
adjacent wave peak of the wave trough, and the wave trough
rear width is defined as a distance from the wave trough to
the rear adjacent wave peak of the wave trough. A calcu-
lating manner of a position of the zero-crossing point 7 is
commonly known in the technical field, and is not repeated
herein.

[0042] In addition, similar with the above-mentioned sec-
ond and third embodiments, in other embodiments of the
disclosure, a ratio of the wave trough front width T4 to the
wavelength T8 or a ratio of the wave trough rear width T5
to the wavelength T8 is also utilized as the pulse character-
istic value.

[0043] FIG. 5D is a schematic view of a fifth embodiment
of the disclosure. Different from the fourth embodiment in
which the wave trough front width T4 of the pulse waveform
and the wave trough rear width T5 of the pulse waveform are
captured to calculate the pulse characteristic value, a front
width T6 of a maximum slope point M of the pulse wave-
form and a rear width T7 of the maximum slope point M are
captured in the embodiment to serve as the pulse character-
istic values. The front width T6 of the maximum slope point
M of the embodiment is defined as a distance from the
maximum slope point M to the front zero-crossing point Z
of the maximum slope point M, and the rear width T7 of the
maximum slope point M is defined as a distance from the
maximum slope point M to the rear zero-crossing point Z of
the maximum slope point M. A calculating manner of the
maximum slope point M is commonly known in the tech-
nical field, and is not repeated herein.

[0044] Similar with the above-mentioned second and third
embodiments, in other embodiments of the disclosure, a
ratio of the front width T6 of the maximum slope point M
to the wavelength T8 or a ratio of the rear width T7 of the
maximum slope point M to the wavelength T8 is also
utilized as the pulse characteristic value.

[0045] FIG. 6 is a block schematic view of another
embodiment of the wearable blood pressure detecting device
of the disclosure. A main difference of the wearable blood
pressure detecting device 200 and the blood pressure detect-
ing device 100 of FIG. 1 lies in that the blood pressure
detecting device 200 of the embodiment omits a heartbeat
detecting module, and data detected by a pulse detecting
module 220 is directly used for estimating a pulse wave
velocity and a pulse characteristic value. Specifically speak-
ing, the pulse detecting module 220 of the embodiment
includes two detectors so as to estimate the pulse wave
velocity of the to-be-tested person. In the case of an embodi-
ment, the pulse waveform is a photoplethymography wave-
form. According to a spacing distance of the two pulse
waveforms and the two detectors, the pulse wave velocity of
the to-be-tested person is estimated.

[0046] A traditional wearable blood pressure detecting
device estimates the blood pressure value just based on the
pulse wave velocity, blood flow characteristics of various
to-be-tested persons are not effectively distinguished
according to values, and errors are easily generated, which
affects accuracy of blood pressure detecting. In comparison,
the wearable blood pressure detecting device and the detect-
ing method thereof provided by the disclosure distinguish
the blood flow characteristics of the different to-be-tested
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persons based on the pulse characteristic value, an accurate
blood pressure value is calculated fast according to the
corresponding blood pressure model, and the accuracy of
blood pressure detecting is improved easily.

[0047] The foregoing descriptions are merely preferred
embodiments of the disclosure and are not intended to limit
the disclosure in any way. Any person skilled in the art can
make any form of equivalent replacement or modification to
the technical means and technical contents disclosed by the
disclosure without departing from the scope of the technical
means of the disclosure, and such equivalent replacement or
modification does not depart from the contents of the
technical means of the present disclosure and still falls
within the protection scope of the disclosure.

What is claimed is:

1. A wearable blood pressure detecting device, compris-
ing:

a pulse detecting module, configured to generate a pulse

waveform;

a processing unit, capturing the pulse waveform to gen-
erate at least one pulse characteristic value;

a memory unit, configured to store at least two blood
pressure models, wherein the blood pressure models
correspond to different pulse characteristic value
ranges;

a model selecting unit, configured to select the corre-
sponding blood pressure model according to the at least
one pulse characteristic value; and

a blood pressure calculating unit, configured to calculate
a blood pressure value by the selected blood pressure
model.

2. The wearable blood pressure detecting device accord-
ing to claim 1, wherein the pulse characteristic value com-
prises a wave peak and a wave trough of the pulse wave-
form.

3. The wearable blood pressure detecting device accord-
ing to claim 1, wherein the pulse characteristic value com-
prises a wave peak front width of the pulse waveform or a
wave peak rear width of the pulse waveform.

4. The wearable blood pressure detecting device accord-
ing to claim 3, wherein the blood pressure models corre-
spond to different wave peak front widths or different wave
peak rear widths.

5. The wearable blood pressure detecting device accord-
ing to claim 1, wherein the pulse characteristic value com-
prises a ratio of a wave peak front width of the pulse
waveform to a wave peak rear width of the pulse waveform.

6. The wearable blood pressure detecting device accord-
ing to claim 1, wherein the pulse characteristic value com-
prises a square of a ratio of a wave peak front width of the
pulse waveform to a wave peak rear width of the pulse
waveform.
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7. The wearable blood pressure detecting device accord-
ing to claim 1, wherein the blood pressure models are built
through regression analysis or machine learning.

8. The wearable blood pressure detecting device accord-
ing to claim 1, further comprising a heartbeat detecting
module, configured to generate a heartbeat waveform,
wherein the processing unit generates the at least one pulse
characteristic value based on the pulse waveform and the
heartbeat waveform.

9. A blood pressure detecting method, comprising:

providing a pulse waveform;

generating at least one pulse characteristic value based on

the pulse waveform;

providing at least two blood pressure models, wherein the

blood pressure models correspond to different pulse
characteristic value ranges;

selecting the corresponding blood pressure model based

on the at least one pulse characteristic value; and
calculating a blood pressure value by using the selected
blood pressure model.

10. The blood pressure detecting method according to
claim 9, wherein the pulse characteristic value comprises a
wave peak and a wave trough of the pulse waveform.

11. The blood pressure detecting method according to
claim 9, wherein the pulse characteristic value comprises a
wave peak front width of the pulse waveform or a wave peak
rear width of the pulse waveform.

12. The blood pressure detecting method according to
claim 11, wherein the blood pressure models correspond to
different wave peak front widths or different wave peak rear
widths.

13. The blood pressure detecting method according to
claim 9, wherein the pulse characteristic value comprises a
ratio of a wave peak front width of the pulse waveform to a
wave peak rear width of the pulse waveform.

14. The blood pressure detecting method according to
claim 9, wherein the pulse characteristic value comprises a
square of a ratio of a wave peak front width of the pulse
waveform to a wave peak rear width of the pulse waveform.

15. The blood pressure detecting method according to
claim 9, wherein the blood pressure models are built through
regression analysis or machine learning.

16. The blood pressure detecting method according to
claim 9, further comprising:

providing a heartbeat waveforn;

wherein the step of generating the at least one pulse

characteristic value is that the at least one pulse char-
acteristic value is generated based on the pulse wave-
form and the heartbeat waveform.
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