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(57) ABSTRACT

The embodiments of the present disclosure disclose a
method and apparatus for establishing a blood pressure
model. The method comprises: acquiring pulse wave data,
electrocardiographic data, blood pressure data and body
mass indexes of a plurality of subjects to be examined;
determining pulse wave transit time and pulse wave inten-
sity ratios based on the pulse wave data and the electrocar-
diographic data; establishing a blood pressure model based
on the blood pressure data, the pulse wave transit time, the
pulse wave intensity ratios, and/or the body mass index.
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METHOD AND APPARATUS FOR
ESTABLISHING A BLOOD PRESSURE
MODEL AND METHOD AND APPARATUS
FOR DETERMINING A BLOOD PRESSURE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to the Chinese
Patent Application No. 2016108245754, filed on Sep. 14,
2016, entitled “METHOD AND APPARATUS FOR
ESTABLISHING A BLOOD PRESSURE MODEL AND
METHOD AND APPARATUS FOR DETERMINING A
BLOOD PRESSURE,” which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to blood pressure
modeling, and more particularly, to a method and apparatus
for establishing a blood pressure model and a method and
apparatus for determining a blood pressure of a subject to be
examined by using the established blood pressure model.

BACKGROUND

[0003] With the richness of material life and the resulting
increase in average life span, the number of hypertensive
patients also increases in modern society. Obviously, it is
very important to comprehend historic blood pressure values
and blood pressure trends for daily prevention and treatment
of hypertension. Therefore, a blood pressure value needs to
be frequently measured.

[0004] However, the existing methods for measuring a
blood pressure are mainly auscultation-based and oscillom-
etry-based methods, both of which require one to wear an
inflatable cuff and apply pressures on artery blood vessels to
obtain blood pressure values, which cannot avoid discomfort
caused by an increased pressure due to air inflation.
[0005] Currently, it has been put forward that there is a
correlation between pulse wave transit time and a blood
pressure during a period of time for a certain individual.
Therefore, a corresponding blood pressure model may be
established. However, this correlation varies with individu-
als. Thus, such a blood pressure model is only applicable to
a particular individual but is not applicable to a group which
comprises a large number of individuals.

SUMMARY

[0006] In order to at least partially solve or alleviate the
above problems, the embodiments of the present disclosure
provide a method and apparatus for establishing a blood
pressure model and a method and apparatus for determining
a blood pressure of a subject to be examined by using a
blood pressure model.

[0007] According to an aspect of the present disclosure,
there is provided a method for establishing a blood pressure
model. The method comprises: acquiring pulse wave data,
electrocardiographic data, blood pressure data and body
mass indexes of a plurality of subjects to be examined,
wherein the blood pressure data comprises systolic blood
pressure data and diastolic blood pressure data. Further, the
method comprises: determining pulse wave transit time and
pulse wave intensity ratios based on the pulse wave data and
the electrocardiographic data; establishing a systolic blood
pressure model indicative of a relationship between systolic
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blood pressures and the pulse wave transit time and the body
mass indexes based on the systolic blood pressure data, the
pulse wave transit time and the body mass index; and
establishing a diastolic blood pressure model indicative of a
relationship between diastolic blood pressures and the pulse
wave intensity ratios and the body mass indexes based on the
diastolic blood pressure data, the pulse wave intensity ratios,
and the body mass indexes. Here, the blood pressure model
comprises (but is not limited to) the systolic blood pressure
model and the diastolic blood pressure model.

[0008] In the embodiments of the present disclosure, the
method further comprises: acquiring ages and/or genders of
the plurality of subjects to be examined. Further, the method
comprises: establishing a systolic blood pressure model
indicative of a relationship between the systolic blood
pressures and the pulse wave transit time, the body mass
indexes and the ages and/or genders based on the systolic
blood pressure data, the pulse wave transit time, the body
mass indexes and the ages and/or genders of the plurality of
subjects to be examined; and establishing a diastolic blood
pressure model indicative of a relationship between the
diastolic blood pressures and the pulse wave intensity ratios,
the body mass indexes and the ages and/or genders based on
the diastolic blood pressure data, the pulse wave intensity
ratios, the body mass indexes and the ages and/or genders of
the plurality of subjects to be examined.

[0009] In the embodiments of the present disclosure, the
method further comprises: acquiring ages and/or genders of
the plurality of subjects to be examined. Further, the method
comprises: dividing the plurality of subjects to be examined
into a plurality of groups based on the ages and/or genders;
for each of the plurality of groups, establishing a systolic
blood pressure model for the group indicative of a relation-
ship between systolic blood pressures and pulse wave transit
time and body mass indexes of subjects to be examined
included in the group based on systolic blood pressure data,
the pulse wave transit time and the body mass indexes; and
for each of the plurality of groups, establishing a diastolic
blood pressure model for the group indicative of a relation-
ship between diastolic blood pressures and pulse wave
intensity ratios, and body mass indexes of subjects to be
examined included in the group based on diastolic blood
pressure data, the pulse wave intensity ratios and the body
mass indexes.

[0010] In the embodiments of the present disclosure,
establishing a systolic blood pressure model comprises:
constructing a first training set comprising the systolic blood
pressure data, the pulse wave transit time and the body mass
indexes of the plurality of subjects to be examined; and
determining parameters in the systolic blood pressure model
by using the first training set with the pulse wave transit time
and the body mass indexes being inputs of the systolic blood
pressure model and the systolic blood pressure data being an
output of the systolic blood pressure model.

[0011] In the embodiments of the present disclosure,
establishing a diastolic blood pressure model comprises:
constructing a second training set comprising the diastolic
blood pressure data, the pulse wave intensity ratios and the
body mass indexes of the plurality of subjects to be exam-
ined; and determining parameters in the diastolic blood
pressure model by using the second training set with the
pulse wave intensity ratios and the body mass indexes being
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inputs of the diastolic blood pressure model and the diastolic
blood pressure data being an output of the diastolic blood
pressure model.

[0012] In the embodiments of the present disclosure, the
parameters are determined by using a least square regression
method.

[0013] In the embodiments of the present disclosure, the
method further comprises: constructing a first test set com-
prising systolic blood pressure data, pulse wave transit time
and body mass indexes of other subjects to be examined,
calculating systolic blood pressure data by using the systolic
blood pressure model with the pulse wave transit time and
the body mass indexes in the first test set; and evaluating the
systolic blood pressure model based on the calculated sys-
tolic blood pressure data and the systolic blood pressure data
in the first test set.

[0014] In the embodiments of the present disclosure, the
method further comprises: constructing a second test set
comprising diastolic blood pressure data, pulse wave inten-
sity ratios and body mass indexes of other subjects to be
examined; calculating diastolic blood pressure data by using
the diastolic blood pressure model with the pulse wave
intensity ratios and the body mass indexes in the second test
set; and evaluating the diastolic blood pressure model based
on the calculated diastolic blood pressure data and the
diastolic blood pressure data in the second test set.

[0015] According to another aspect of the present disclo-
sure, there is provided a method for determining a blood
pressure of a subject to be examined. The method comprises:
acquiring pulse wave data, electrocardiographic data and a
body mass index of the subject to be examined. Further, the
method comprises: determining pulse wave transit time and
a pulse wave intensity ratio based on the pulse wave data and
the electrocardiographic data; and determining the blood
pressure of the subject to be examined according to a
pre-established blood pressure model based on the pulse
wave transit time, the pulse wave intensity ratio and the
body mass index. In the embodiments of the present disclo-
sure, the method further comprises: acquiring an age and/or
gender of the subject to be examined; and determining the
blood pressure of the subject to be examined according to a
pre-established blood pressure model based on the pulse
wave transit time, the pulse wave intensity ratio, the body
mass index and the age and/or gender.

[0016] In the embodiments of the present disclosure, the
method further comprises: acquiring an age and/or gender of
the subject to be examined; selecting a blood pressure model
suitable for the subject to be examined from a plurality of
pre-established blood pressure models according to the age
and/or gender; and determining the blood pressure of the
subject to be examined according to the selected blood
pressure model based on the pulse wave transit time, the
pulse wave intensity ratio and the body mass index.
[0017] In the embodiments of the present disclosure, the
blood pressure model is established in accordance with the
method for establishing a blood pressure model described
above.

[0018] According to another aspect of the present disclo-
sure, there is provided an apparatus for establishing a blood
pressure model. The apparatus comprises a data acquisition
module, a data processing module and a model establish-
ment module. The data acquisition module 1s configured to
acquire pulse wave data, electrocardiographic data, body
mass indexes and blood pressure data of a plurality of
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subjects to be examined, wherein the blood pressure data
comprises systolic blood pressure data and diastolic blood
pressure data. The data processing module is configured to
determine pulse wave transit time and pulse wave intensity
ratios based on the pulse wave data and the electrocardio-
graphic data; and the model establishment module com-
prises a systolic blood pressure model establishment module
and a diastolic blood pressure model establishment module,
wherein the systolic blood pressure model establishment
module is configured to establish a systolic blood pressure
model indicative of a relationship between systolic blood
pressures and the pulse wave transit time and the body mass
indexes based on the systolic blood pressure data, the pulse
wave transit time and the body mass index; and the diastolic
blood pressure model establishment module is configured to
establish a diastolic blood pressure model indicative of a
relationship between diastolic blood pressures and the pulse
wave intensity ratios and the body mass indexes based on the
diastolic blood pressure data, the pulse wave intensity ratios,
and the body mass indexes. Here, the systolic blood pressure
model and the diastolic blood pressure model constitute the
blood pressure model.

[0019] In the embodiments of the present disclosure, the
data acquisition module is further configured to acquire ages
and/or genders of the plurality of subjects to be examined,
the systolic blood pressure model establishment module is
further configured to establish a systolic blood pressure
model indicative of a relationship between the systolic blood
pressures and the pulse wave transit time, the body mass
indexes and the ages and/or genders based on the systolic
blood pressure data, the pulse wave transit time, the body
mass indexes and the ages and/or genders; and the diastolic
blood pressure model establishment module is further con-
figured to establish a diastolic blood pressure model indica-
tive of a relationship between the diastolic blood pressures
and the pulse wave intensity ratios, the body mass indexes
and the ages and/or genders based on the diastolic blood
pressure data, the pulse wave intensity ratios, the body mass
indexes and the ages and/or genders.

[0020] In the embodiments of the present disclosure, the
data acquisition module is further configured to acquire ages
and/or genders of the plurality of subjects to be examined.
The apparatus further comprises a grouping module config-
ured to divide the plurality of subjects to be examined into
a plurality of groups based on the ages and/or genders; the
systolic blood pressure model establishment module is fur-
ther configured to: for each of the plurality of groups,
establish a systolic blood pressure model for the group
indicative of a relationship between systolic blood pressures
and pulse wave transit time and body mass indexes of
subjects to be examined included in the group based on
systolic blood pressure data, the pulse wave transit time and
the body mass indexes; and the diastolic blood pressure
mode] establishment module is further configured to: for
each of the plurality of groups, establish a diastolic blood
pressure model for the group indicative of a relationship
between diastolic blood pressures and pulse wave intensity
ratios, and body mass indexes of subjects to be examined
included in the group based on diastolic blood pressure data,
the pulse wave intensity ratios and the body mass indexes.
[0021] Inthe embodiments of the present disclosure, when
a systolic blood pressure model is established, the systolic
blood pressure model establishment module comprises a
first training set unit configured to construct a first training
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set comprising the systolic blood pressure data, the pulse
wave transit time and the body mass indexes of the plurality
of subjects to be examined; and a parameter determination
unit configured to determine parameters in the systolic blood
pressure model by using the first training set with the pulse
wave transit time and the body mass indexes being inputs of
the systolic blood pressure model and the systolic blood
pressures being an output of the systolic blood pressure
model.

[0022] In the embodiments of the present disclosure, the
diastolic blood pressure model establishment module com-
prises a second training set unit configured to construct a
second training set comprising the diastolic blood pressure
data, the pulse wave intensity ratios and the body mass
indexes of the plurality of subjects to be examined; and a
parameter determination unit configured to determine
parameters in the diastolic blood pressure model by using
the second training set with the pulse wave intensity ratios
and the body mass indexes being inputs of the diastolic
blood pressure model and the diastolic blood pressures being
an output of the diastolic blood pressure model.

[0023] In the embodiments of the present disclosure, the
systolic blood pressure model establishment module or the
diastolic blood pressure model establishment module is
configured to determine the parameters by using a least
square regression method.

[0024] In the embodiments of the present disclosure, the
apparatus further comprises a systolic blood pressure model
evaluation module, which comprises a first test set unit
configured to construct a first test set comprising other
systolic blood pressure data, other pulse wave transit time
and other body mass indexes; a first test calculation unit
configured to calculate systolic blood pressure data by using
the systolic blood pressure model with the pulse wave transit
time and the body mass indexes in the first test set; and a first
test evaluation unit configured to evaluate the systolic blood
pressure model based on the calculated systolic blood pres-
sure data and the systolic blood pressure data in the first test
set.

[0025] In the embodiments of the present disclosure, the
apparatus further comprises a diastolic blood pressure model
evaluation module, which comprises a second test set unit
configured to construct a second test set comprising diastolic
blood pressure data, pulse wave intensity ratios and body
mass indexes of other subjects to be examined; a second test
calculation unit configured to calculate diastolic blood pres-
sure data by using the diastolic blood pressure model with
the pulse wave intensity ratios and the body mass indexes in
the second test set; and a second test evaluation unit con-
figured to evaluate the diastolic blood pressure model based
on the calculated diastolic blood pressure data and the
diastolic blood pressure data in the second test set.

[0026] According to another aspect of the present disclo-
sure, there is provided an apparatus for determining a blood
pressure of a subject to be examined. The apparatus com-
prises a pulse wave acquisition module, an electrocardio-
graphic data acquisition module, a body mass index acqui-
sition module, a data processing module and a blood
pressure determination module. The pulse wave acquisition
module is configured to acquire pulse wave data of the
subject to be examined, the electrocardiographic data acqui-
sition module is configured to acquire electrocardiographic
data of the subject to be examined; the body mass index
acquisition module is configured to acquire a body mass
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index of the subject to be examined; the data processing
module is configured to determine pulse wave transit time
and a pulse wave intensity ratio based on the pulse wave data
and the electrocardiographic data; and the blood pressure
determination module is configured to determine the blood
pressure of the subject to be examined according to a
pre-established blood pressure model based on the pulse
wave transit time, the pulse wave intensity ratio and the
body mass index.

[0027] In the embodiments of the present disclosure, the
apparatus further comprises: an age and gender acquisition
module, configured to acquire an age and/or gender of the
subject to be examined; wherein the blood pressure deter-
mination module is further configured to determine the
blood pressure of the subject to be examined according to a
pre-established blood pressure model based on the pulse
wave transit time, the pulse wave intensity ratio, the body
mass index and the age and/or gender.

[0028] In the embodiments of the present disclosure, the
apparatus further comprises an age and gender acquisition
module configured to acquire an age and/or gender of the
subject to be examined; and a model selection module
configured to select a blood pressure model suitable for the
subject to be examined from a plurality of pre-established
blood pressure models according to the age and/or gender;
wherein the blood pressure determination module is further
configured to determine the blood pressure of the subject to
be examined according to the selected blood pressure model
based on the pulse wave transit time, the pulse wave
intensity ratio and the body mass index.

[0029] In the embodiments of the present disclosure, the
apparatus further comprises an update module configured to
acquire a new blood pressure model from a remote server
and replace a current blood pressure model with the new
blood pressure model.

[0030] In the embodiments of the present disclosure, the
apparatus further comprises a pulse wave sensor coupled to
the pulse wave acquisition module and configured to mea-
sure a pulse wave of the subject to be examined; and an
electrocardiogram sensor coupled to the electrocardio-
graphic data acquisition module and configured to measure
an electrocardiogram of the subject 1o be examined.
[0031] In the embodiments of the present disclosure, the
blood pressure model is established by the apparatus for
establishing a blood pressure model described above.
[0032] According to another aspect of the present disclo-
sure, there is provided an apparatus for establishing a blood
pressure model, comprising: a processor; a memory config-
ured to store instructions that, when executed by the pro-
cessor, cause the processor to: acquite pulse wave data,
electrocardiographic data, body mass indexes and blood
pressure data of a plurality of subjects to be examined;
determine pulse wave transit time and pulse wave intensity
ratios based on the pulse wave data and the electrocardio-
graphic data; and establishing the blood pressure model
based on one or more of the blood pressure data, the pulse
wave transit time, the pulse wave intensity ratios, and the
body mass indexes of the plurality of subjects to be exam-
ined.

[0033] In the embodiments of the present disclosure, the
blood pressure data comprises systolic blood pressure data
and diastolic blood pressure data, and the instructions, when
executed by the processor, further cause the processor to:
establish a systolic blood pressure model indicative of a
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relationship between systolic blood pressures and the pulse
wave transit time and the body mass indexes based on the
systolic blood pressure data, the pulse wave transit time and
the body mass index of the plurality of subjects to be
examined, and establish a diastolic blood pressure model
indicative of a relationship between diastolic blood pres-
sures and the pulse wave intensity ratios and the body mass
indexes based on the diastolic blood pressure data, the pulse
wave intensity ratios and the body mass indexes of the
plurality of subjects to be examined, wherein the blood
pressure model comprises the systolic blood pressure model
and the diastolic blood pressure model.

[0034] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: acquire ages and/or genders of the plurality
of subjects to be examined; establish a systolic blood
pressure model indicative of a relationship between the
systolic blood pressures and the pulse wave transit time, the
body mass indexes and the ages and/or genders based on the
systolic blood pressure data, the pulse wave transit time, the
body mass indexes and the ages and/or genders of the
plurality of subjects to be examined; and establish a diastolic
blood pressure model indicative of a relationship between
the diastolic blood pressures and the pulse wave intensity
ratios, the body mass indexes and the ages and/or genders
based on the diastolic blood pressure data, the pulse wave
intensity ratios, the body mass indexes and the ages and/or
genders of the plurality of subjects to be examined.

[0035] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: acquire ages and/or genders of the plurality
of subjects to be examined; divide the plurality of subjects
to be examined into a plurality of groups based on the ages
and/or genders; for each of the plurality of groups, establish
a systolic blood pressure model for the group indicative of
a relationship between systolic blood pressures and pulse
wave transit time and body mass indexes of subjects to be
examined included in the group based on systolic blood
pressure data, the pulse wave transit time and the body mass
indexes; and for each of the plurality of groups, establish a
diastolic blood pressure model for the group indicative of a
relationship between diastolic blood pressures and pulse
wave intensity ratios, and body mass indexes of subjects to
be examined included in the group based on diastolic blood
pressure data, the pulse wave intensity ratios and the body
mass indexes.

[0036] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: construct a first training set comprising the
systolic blood pressure data, the pulse wave transit time and
the body mass indexes of the plurality of subjects to be
examined; and determine parameters in the systolic blood
pressure model by using the first training set with the pulse
wave transit time and the body mass indexes being inputs of
the systolic blood pressure model and the systolic blood
pressure data being an output of the systolic blood pressure
model; and/or, the instructions, when executed by the pro-
cessor, further cause the processor to: construct a second
training set comprising the diastolic blood pressure data, the
pulse wave intensity ratios and the body mass indexes of the
plurality of subjects to be examined; and determine param-
eters in the diastolic blood pressure model by using the
second training set with the pulse wave intensity ratios and
the body mass indexes being inputs of the diastolic blood
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pressure model and the diastolic blood pressure data being
an output of the diastolic blood pressure model.

[0037] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: construct a first test set comprising systolic
blood pressure data, pulse wave transit time and body mass
indexes of other subjects to be examined; calculate systolic
blood pressure data by using the systolic blood pressure
model with the pulse wave transit time and the body mass
indexes in the first test set; and evaluate the systolic blood
pressure model based on the calculated systolic blood pres-
sure data and the systolic blood pressure data in the first test
set; and/or, the instructions, when executed by the processor,
further cause the processor to: construct a second test set
comprising diastolic blood pressure data, pulse wave inten-
sity ratios and body mass indexes of other subjects to be
examined; calculate diastolic blood pressure data by using
the diastolic blood pressure model with the pulse wave
intensity ratios and the body mass indexes in the second test
set; and evaluate the diastolic blood pressure model based on
the calculated diastolic blood pressure data and the diastolic
blood pressure data in the second test set.

[0038] According to another aspect of the present disclo-
sure, there is provided an apparatus for determining a blood
pressure of a subject to be examined, comprising: a proces-
sor; a memory configured to store instructions that, when
executed by the processor, cause the processor to acquire
pulse wave data, electrocardiographic data and a body mass
index of the subject to be examined; determine pulse wave
transit time and a pulse wave intensity ratio based on the
pulse wave data and the electrocardiographic data; and
determine the blood pressure of the subject to be examined
according to a pre-established blood pressure model based
on the pulse wave transit time, the pulse wave intensity ratio
and the body mass index.

[0039] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: acquire an age and/or gender of the subject
to be examined; and determine the blood pressure of the
subject to be examined according to a pre-established blood
pressure model based on the pulse wave transit time, the
pulse wave intensity ratio, the body mass index and the age
and/or gender.

[0040] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: acquire an age and/or gender of the subject
to be examined; select a blood pressure model suitable for
the subject to be examined from a plurality of pre-estab-
lished blood pressure models according to the age and/or
gender; and determine the blood pressure of the subject to be
examined according to the selected blood pressure model
based on the pulse wave transit time, the pulse wave
intensity ratio and the body mass index.

[0041] In the embodiments of the present disclosure, the
instructions, when executed by the processor, further cause
the processor to: acquire a new blood pressure model from
a remote server and replace a current blood pressure model
with the new blood pressure model.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The above and other features and advantages of the
exemplary embodiments will become more apparent from
the following detailed description of the exemplary embodi-
ments with reference to the accompanying drawings. The
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accompanying drawings are intended to illustrate exemplary
embodiments and should not be construed as limiting the
expected scope of the claims. Unless expressly stated oth-
erwise, the accompanying drawings are not considered to be
drawn to scale.

[0043] FIG. 1 illustrates a flowchart of a method for
establishing a blood pressure model according to an exem-
plary embodiment of the present disclosure;

[0044] FIG. 2 illustrates a flowchart of a method for
establishing a blood pressure model according to another
exemplary embodiment of the present disclosure;

[0045] FIG. 3 illustrates a flowchart of a method for
establishing a blood pressure model according to yet another
exemplary embodiment of the present disclosure;

[0046] FIG. 4 illustrates a flowchart of a method for
establishing a systolic blood pressure model or a diastolic
blood pressure model according to an exemplary embodi-
ment of the present disclosure;

[0047] FIG. 5 illustrates a flowchart of a method for
determining a blood pressure of a subject to be examined
according to an exemplary embodiment of the present
disclosure;

[0048] FIG. 6 illustrates a flowchart of a method for
determining a blood pressure of a subject to be examined
according to another example embodiment of the present
disclosure;

[0049] FIG. 7 illustrates a flowchart of a method for
determining a blood pressure of a subject to be examined
according to yet another exemplary embodiment of the
present disclosure;

[0050] FIG. 8 illustrates a diagram of an apparatus for
establishing a blood pressure model according to an exem-
plary embodiment of the present disclosure;

[0051] FIG. 9 illustrates a diagram of an apparatus for
determining a blood pressure of a subject to be examined
according to an exemplary embodiment of the present
disclosure; and

[0052] FIG. 10 illustrates a hardware arrangement of an
apparatus according to an exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0053] Although the exemplary embodiments support
various modifications and alternatives, embodiments thereof
are shown by way of example in the accompanying draw-
ings and will be described in detail here. It is to be under-
stood, however, that the present disclosure is not intended to
be limited to the particular forms disclosed, but rather, the
present disclosure encompasses all modifications, equiva-
lents, and alternatives falling within the scope of the claims.
The same numerals always refer to the same elements
throughout the description of the accompanying drawings.
[0054] Before the exemplary embodiments are discussed
in more detail, it is noted that some exemplary embodiments
are described as processors or methods are depicted as
flowcharts. Although operations are described as being
processed sequentially in the flowcharts, many operations
may be performed concurrently, simultaneously or synchro-
nously. In addition, the order of the operations can be
rearranged. The processes may be terminated when the
operations thereof are completed, but may also have addi-
tional steps which are not included in the figures. The
processes may correspond to methods, functions, proce-
dures, subroutines, subprograms etc.
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[0055] The methods discussed below (some of which are
illustrated by the flowcharts) may be implemented by hard-
ware, software, firmware, middleware, pseudo-codes, hard-
ware description language, or any combination thereof.
When implemented in software, firmware, middleware, or
pseudo-codes, program codes or code segments used to
perform the necessary tasks may be stored in a machine or
computer readable medium, for example a storage medium,
such as a non-transient storage medium. (Multiple) proces-
sors may perform the necessary tasks.

[0056] The specific structural and functional details dis-
closed here are merely representative for the purpose of
describing exemplary embodiments. The present disclosure,
however, may be embodied in many alternatives and should
not be construed as only being limited to the embodiments
set forth here.

[0057] It will be understood that although the terms “first”
and “second” are used here to describe various elements,
these elements should not be limited by these terms. These
terms are used only to distinguish one element from another.
For example, a first element may be referred to as a second
element, and similarly, the second element may be referred
to as the first element without departing from the scope of
the present disclosure. As used herein, the term “and/or”
comprises any and all combinations of one or more of the
listed associated items.

[0058] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element, or there may be an intermediate element therebe-
tween. As a comparison, when an element is referred to as
being “directly connected” or “directly coupled” to another
element, there is no intermediate element therebetween.
Other words used to describe a relationship between ele-
ments should be interpreted in the same way (for example,
“between” relative to “directly between”, “adjacent” relative
to “directly adjacent”, etc.).

[0059] The terms are used here for the purpose of describ-
ing specific embodiments only and are not intended to be
limiting of exemplary embodiments. As used herein, the
singular forms “a”, “an” and “the” are intended to include a
plural form, unless the context clearly dictates otherwise. It
is to be understood that, when used herein, the terms
“comprising” “comprise”, “including” and/or “include”
refer to the presence of the mentioned features, integers,
steps, operations, elements and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0060] It should also be noted that, in some alternative
embodiments, the mentioned functions/actions may occur in
an order other than that mentioned in the figures. For
example, depending on the functions/actions involved, two
figures shown in succession may actually be executed at the
same time or may sometimes be executed in a reverse order.

[0061] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the exemplary embodiments belong. It will be
further understood that the terms defined in, for example, the
commonly used dictionaries should be interpreted as having
the meanings consistent with those in an environment in the
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related art and should not be interpreted in an idealized or
excessive formal meaning, unless it is explicitly defined
here.

[0062] A plurality of portions of the exemplary embodi-
ments and corresponding detailed description are given in a
form of software or arithmetic and symbolic representations
of operations performed on data bits in a computer memory.
These descriptions and representations are those by which
those skilled in the art have effectively conveyed the essence
of their works to other skilled in the art. As the terms used
herein, and as commonly used, algorithms are considered to
be self-consistent sequences that lead to desired results.
Steps are those that require physical manipulation of physi-
cal quantities. In general, although this is not necessarily the
case, these quantities are in a form of optical, electrical or
magnetic signals that can be stored, transmitted, combined,
compared, and otherwise manipulated. It has been proved
many times that it is convenient to refer to these signals as
bits, values, elements, symbols, characters, terms, numbers,
etc., in principle for general use.

[0063] In the following description, illustrative embodi-
ments will be described with reference to (for example, in a
form of flowchart) symbolic representations of actions and
operations. The above operations may be implemented as
program modules or functional processes, including pet-
forming specific tasks or implementing routines, programs,
objects, components, data structures, etc. in a specific
abstraction data type, and may be implemented by using
existing hardware at existing network components. Such
existing hardware may comprise one or more Central Pro-
cessing Units (CPUs), Digital Signal Processors (DSPs),
application specific integrated circuits, Field Programmable
Gate Array (FPGA) computers, etc.

[0064] It should be borne in mind, however, that all such
and similar terms are associated with appropriate physical
quantities and are merely convenient signs applied to these
quantities. Unless otherwise particularly indicated in other
ways, or as apparent from the present disclosure, the terms,
such as “processing”, “calculating”, “computing”, “deter-
mining” or “displaying” etc., refer to actions and processes
for manipulating data which is expressed as physical and
electronic quantities in a register and a memory in a com-
puter system and converting the data into other data by the
computer system or a similar electronic computing device.
The other data is similarly expressed as physical quantities
in the memory or the register of the computer system or
other such information storage, transmission or display
device.

[0065] It is also noted that aspects of exemplary embodi-
ments of software implementations are typically encoded on
some forms of program storage media or implemented on
some types of transmission media. The program storage
medium may be any non-transient storage medium, for
example magnetic (such as floppy or hard disk) or optical
(such as compact disk read only memory or “CD ROM”),
and may be read-only or randomly accessed. Similarly, the
transmission medium may be a twisted pair, a coaxial cable,
an optical fiber, or some other suitable transmission medium
known in the art. The exemplary embodiments are not
limited by these aspects of any given embodiment.

[0066] Before the embodiments of the present disclosure
are described in detail, the regression analysis and the Pulse
Wave-Blood Pressure (PTT-BP) group model are described
first.
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[0067] The regression analysis is the core of statistics, and
as a generalized concept, it generally refers to methods
which use one or more predictive variables (also known as
independent variables or explanatory variables) to predict
response variables (also known as dependent variables,
criterion variables or outcome variables). In general, the
regression analysis may be used to select explanatory vari-
ables related to the response variables to describe a rela-
tionship therebetween, or to generate an equation to predict
response variables through the explanatory variables.
[0068] The Ordinary Least Square (OLS for short) regres-
sion method comprises simple linear regression, polynomial
regression and multi-linear regression. OLS regression is to
predict quantized dependent variables by predicting a
weighted sum of variables, where weights are parameters
obtained through data estimation. An OLS regression fitting
model is in a form of:

Y=BotP Xt - - - Plli=1 ... 1)

where n is a number of observations and k is a number of
predictive variables. Y, is a predicted value of a dependent
variable corresponding to an i observation, X, is a value of
a i predictive variable corresponding to an i”* observation,
P, 1s an intercept term, and B, is a regression coeflicient of
the i predictive variable.
[0069] In order to be able to properly interpret the coef-
ficients of the OLS model, the data must meet the following
statistical assumptions:
[0070] normality: for fixed values of the predictive
variables, the dependent variables are in a normal
distribution;

[0071] independence: Y, values are independent of each
other;
[0072] linearity: the dependent variables and the pre-

dictive variables are linearly correlated; and
[0073] homogeneity of variances: the variances of the

dependent variables do not vary with the levels of the

predictive variables.
[0074] Changes in blood pressure may be divided into
high-frequency (0.2-0.35 Hz) changes and low-frequency
(0.1-0.15 Hz) changes. A pulse wave is formed by broad-
casting a pulse (vibration) of a heart to an outer circumfer-
ence along arteries and blood flows. Pulse Transit Time
(PTT for short) may reflect the influences of respiration on
changes in blood pressure, which correspond to changes in
blood pressure in a high frequency range, and Photoplethys-
mogram (PPG for short) Intensity Ratio (PIR for short) may
reflect changes in diameter of blood vessels and movements
of the blood vessels, which correspond to changes in blood
pressure in a low frequency range. Therefore, theoretically
the PTT and the PIR are important characteristic values
which reflect a Blood Pressure (BP). It was found through
experiments that a correlation between a Systolic blood
pressure (SBP for short) and the PTT is high, and a corre-
lation between a diastolic blood pressure (DBP for short)
and the PIR is high. Therefore, when a model is established,
the PTT is mainly considered for the SBP, and the PIR is
mainly considered for the DBP. When a model is established
for a group, corresponding models are established for dif-
ferent groups, and ages, genders, heights, weights, etc. may
be impact factors.
[0075] The exemplary embodiments will be described in
detail below with reference to the accompanying drawings.
FIG. 1 illustrates a flowchart of a method for establishing a
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blood pressure model according to an exemplary embodi-
ment. As shown in FIG. 1, according to an embodiment of
the present disclosure, in step S110, pulse wave data, elec-
trocardiographic data, blood pressure data and body mass
indexes of a plurality of subjects to be examined are
acquired, wherein the blood pressure data comprises systolic
blood pressure data and diastolic blood pressure data. In the
embodiment of the present disclosure, the subject to be
examined is a person. It will be appreciated by those skilled
in the art that the subject to be examined may also be an
animal. In an embodiment, the pulse wave data may be
acquired, for example, by a pulse wave sensor, such as a
photoelectric sensor. In another embodiment, the pulse wave
data may be acquired through direct input. In an embodi-
ment, the electrocardiographic data may be acquired, for
example, via an electrocardiogram sensor, such as a dry
electrode. In another embodiment, the electrocardiographic
data may also be acquired through direct input. In an
embodiment, the blood pressure data may be acquired
through direct input. In an embodiment, the blood pressure
data may be measured by a blood pressure measurement
device. In an embodiment, the body mass indexes may be
acquired through direct input. In an embodiment, the body
mass indexes may also be calculated by acquiring a height
and a weight of the subjects to be examined. A Body Mass
Index (BMI) is a square of a weight (W) of a subject to be
examined divided by a height (L) of the subject to be
examined, wherein the weight is in kilograms and the height
is in meters.

[0076] In step S120, the pulse wave transit time and the
pulse wave intensity ratios are determined based on the
acquired pulse wave data and electrocardiographic data. In
an embodiment, the pulse wave data comprises time of a
maximum slope point of a pulse wave, a peak value of the
pulse wave, and a trough value of the pulse wave, and the
electrocardiographic data comprises time of a peak of an
electrocardiogram. In this embodiment, the pulse wave
transit time is calculated according to the time of the
maximum slope point of the pulse wave and the time of the
peak of the electrocardiogram. Specifically, the pulse wave
transit time is a difference between the time of the maximum
slope point of the pulse wave and the time of the peak of the
electrocardiogram. In an embodiment, the pulse wave data
comprises time of a maximum slope point of a pulse wave,
a peak value of the pulse wave, and a trough value of the
pulse wave, and the electrocardiographic data comprises
time of a peak of an electrocardiogram. In this embodiment,
the pulse wave intensity ratio is calculated according to the
peak value and the valley value of the pulse wave, and
specifically the pulse wave intensity ratio is a ratio of the
peak value of the pulse wave to the valley value of the pulse
wave.

[0077] In step S130, a systolic blood pressure model
indicative of a relationship between systolic blood pressures
and the pulse wave transit time and the body mass indexes
is established based on the systolic blood pressure data, the
pulse wave transit time and the body mass indexes.

[0078] In an embodiment of the present disclosure, as
shown in FIG. 4, establishing a systolic blood pressure
model comprises the following steps. In step 410, a training
set is constructed, wherein the training set comprises the
systolic blood pressure data, the pulse wave transit time and
the body mass indexes of the plurality of subjects to be
examined. Then, in step 420, parameters in the systolic
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blood pressure model are determined by using the training
set with the pulse wave transit time and the body mass
indexes being inputs of the systolic blood pressure model
and the systolic blood pressures being an output of the
systolic blood pressure model. In an embodiment, systolic
blood pressure regression parameters are determined
through regression analysis by combining the pulse wave
transit time and the body mass indexes of the plurality of
subjects to be examined with the systolic blood pressure data
of the plurality of subjects to be examined. In an embodi-
ment, the systolic blood pressure regression parameters may
be determined by using a least square regression method.
[0079] In an embodiment, the systolic blood pressure
mode] may be expressed as:

SBP=¢1xPTT+a2xPTT?+a3xBMI+a4xBMI+a5 (equation 1)

wherein SBP is a systolic blood pressure, PTT is pulse wave
transit time, BMI is a body mass index, and al, a2, a3, a4
and a$ are systolic blood pressure regression parameters.
[0080] In step S140, a diastolic blood pressure model
indicative of a relationship between diastolic blood pres-
sures and the pulse wave intensity ratios and the body mass
indexes is established based on the diastolic blood pressure
data, the pulse wave intensity ratios and the body mass
indexes.

[0081] In an embodiment of the present disclosure, as
shown in FIG. 4, establishing a diastolic blood pressure
model comprises the following steps. In step S410, a train-
ing set is constructed, wherein the training set comprises the
diastolic blood pressure data, the pulse wave intensity ratios
and the body mass indexes of the plurality of subjects to be
examined. Further, in step S420, parameters in the diastolic
blood pressure model are determined by using the training
set with the pulse wave intensity ratios and the body mass
indexes being inputs of the diastolic blood pressure model
and the diastolic blood pressures being an output of the
diastolic blood pressure model. In an embodiment, diastolic
blood pressure regression parameters are determined
through regression analysis by combining the pulse wave
intensity ratios and the body mass indexes of the plurality of
subjects to be examined with the diastolic blood pressure
data of the plurality of subjects to be examined. In an
embodiment, the diastolic blood pressure regression param-
eters may be determined by using a least square regression
method.

[0082] In an embodiment, the diastolic blood pressure
model may be expressed as:

DBP=b1xPIR+52xPIR?+53x BMI+b4xBMP+55 (equaticn 2)

wherein DBP is a diastolic blood pressure, PIR is a pulse
wave intensity ratio, BMI is a body mass index, and b1, b2,
b3, b4 and bS5 are diastolic blood pressure regression param-
eters.

[0083] FIG. 2 illustrates another exemplary embodiment
of the present disclosure, wherein steps S210-S220 are the
same as steps S110-120 shown in FIG. 1. Further, the
method disclosed in this embodiment further comprises, in
step S320, acquiring ages and/or genders of the plurality of
subjects to be examined.

[0084] Further, in step S240, the plurality of subjects to be
examined are divided into a plurality of groups based on the
ages and/or genders of the plurality of subjects to be
examined. For example, the plurality of subjects to be
examined may be divided into two groups based on genders.
For example, it is also possible to divide the plurality of
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subjects to be examined based on ages, for example, the
plurality of subjects to be examined are grouped every 10
years 0ld, i.e., objects from 0 to 10 years old are divided into
a group, objects from 11 to 20 years old are divided into a
group, and so on. Similarly, the plurality of subjects to be
examined may also be grouped every 5 years old. In an
embodiment, the plurality of subjects to be examined may be
divided by combining ages and genders, for example, the
plurality of subjects to be examined are classified based on
genders and then are grouped every 5 years old.

[0085] Further, for each divided group, steps S250 and
S260 are performed to generate a systolic blood pressure
model and a diastolic blood pressure model for each group,
where steps S250 and S260 are the same as steps S130 and
S140 shown in FIG. 1, and will not be repeated here.
[0086] It should be noted that although steps S210-S260
are described here in a sequential manner, it is not intended
to limit the execution order. In fact, at least a part of the steps
described may be performed in a different order, or in
parallel with other steps, for example. step S230 may be
performed before step S210 or S220 or in parallel with step
S210 or S220.

[0087] FIG. 3 illustrates yet another exemplary embodi-
ment of the present disclosure, wherein steps S310-S320 are
the same as steps S110-120 shown in FIG. 1. In addition, the
method further comprises, in step S330, acquiring ages
and/or genders of the plurality of subjects to be examined.
[0088] Further, in step S340, a systolic blood pressure
model indicative of a relationship between systolic blood
pressures and pulse wave transit time, body mass indexes
and ages and/or genders is established based on the systolic
blood pressure data, the pulse wave transit time, the body
mass indexes and the ages and/or genders.

[0089] In an embodiment of the present disclosure, as
shown in FIG. 4, establishing a systolic blood pressure
model comprises the following steps. In step 410, a training
set is constructed, wherein the training set comprises the
systolic blood pressure data, the pulse wave transit time, the
body mass indexes and the ages and/or genders of the
plurality of subjects to be examined. Then, in step 420,
parameters in the systolic blood pressure model are deter-
mined by using the training set with the pulse wave transit
time, the body mass indexes and the ages and/or genders
being inputs of the systolic blood pressure model and the
systolic blood pressures being an output of the systolic blood
pressure model. In an embodiment, systolic blood pressure
regression parameters are determined through regression
analysis by combining the pulse wave transit time, the body
mass indexes and the ages and/or genders of the plurality of
subjects to be examined with the systolic blood pressure data
of the plurality of subjects to be examined. In an embodi-
ment, the systolic blood pressure regression parameters may
be determined by using a least square regression method.
[0090] In an embodiment, the systolic blood pressure
model may be expressed as:

SBP=41xPTT+22xPTT?+a3xBMI+a4xBMI>+a5x

AGE+a6xAGE?+47 (equation 3)

wherein SBP is a systolic blood pressure, PTT is pulse wave
transit time, BMI is a body mass index, AGE is an age, and
al, a2, a3, a4, a5, a6 and a7 are systolic blood pressure
regression parameters.

[0091] Further, in step S340, a diastolic blood pressure
model indicative of a relationship between diastolic blood
pressures and pulse wave intensity ratios, body mass indexes
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and ages and/or genders is established based on the diastolic
blood pressure data, the pulse wave intensity ratios, the body
mass indexes and the ages and/or genders.

[0092] In an embodiment of the present disclosure, as
shown in FIG. 4, establishing a diastolic blood pressure
comprises the following steps. In step S410, a training set is
constructed, wherein the training set comprises the diastolic
blood pressure data, the pulse wave intensity ratios, the body
mass indexes and the ages and/or genders of the plurality of
subjects to be examined. Further, in step S420, parameters in
the diastolic blood pressure model are determined by using
the training set with the pulse wave intensity ratios, the body
mass indexes and the ages and/or genders being inputs of the
diastolic blood pressure model and the diastolic blood
pressures being an output of the diastolic blood pressure
model. In an embodiment, diastolic blood pressure regres-
sion parameters are determined through regression analysis
by combining the pulse wave intensity ratios, the body mass
indexes and the ages and/or genders of the plurality of
subjects to be examined with the diastolic blood pressure
data of the plurality of subjects to be examined. In an
embodiment, the diastolic blood pressure regression param-
eters may be determined by using a least square regression
method.

[0093] In an embodiment, the diastolic blood pressure
mode] may be expressed as:

DBP=h1xPIR +52xPIR?+53xBMI+b4xBME+55x

AGE+b6xAGE?+b7 (equation 4)

wherein DBP is a diastolic blood pressure, PIR is a pulse
wave intensity ratio, BMI is a body mass index, AGE is an
age, and bl, b2, b3, b4, b5, b6 and b7 are diastolic blood
pressure regression parameters.

[0094] In an embodiment of the present disclosure, the
method further comprises constructing a test set comprising
systolic blood pressure data, pulse wave transit time and
body mass indexes of other subjects to be examined. Then,
systolic blood pressure data is calculated by using the
systolic blood pressure model with the pulse wave transit
time and the body mass indexes in the test set. Next, the
systolic blood pressure model is evaluated based on the
calculated systolic blood pressure data and the systolic blood
pressure data in the test set.

[0095] It should be noted that although steps S310-S350
are described here in a sequential manner, it is not intended
to limit the execution order. In fact, at least a part of the steps
described may be performed in a different order, or in
parallel with other steps, for example, step S330 may be
performed before step S310 or S320 or in parallel with step
S310 or S320.

[0096] In an embodiment of the present disclosure, the
method further comprises constructing a test set comprising
diastolic blood pressure data, pulse wave intensity ratios and
body mass indexes of other subjects to be examined. Then,
diastolic blood pressure data is calculated by using the
diastolic blood pressure model with the pulse wave intensity
ratios and the body mass indexes in the test set. Next, the
diastolic blood pressure model is evaluated based on the
calculated diastolic blood pressure data and the diastolic
blood pressure data in the test set.

[0097] Itis possible to check whether a difference between
the calculated blood pressure data of the subject to be
examined by using a model and actual blood pressure data
of the subject to be examined is within an allowable error
range by evaluating the model by using a test set.
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[0098] With the embodiments disclosed in the present
disclosure, the systolic blood pressure model and the dia-
stolic blood pressure model can be established with higher
accuracy. Obviously, according to the embodiments dis-
closed in the present disclosure, independent variables used
to establish the systolic blood pressure model or the diastolic
blood pressure model are not limited to the pulse wave data,
the electrocardiographic data or the body mass indexes, and
any index which may distinguish between different catego-
ries of people may be applied to the methods disclosed in the
present disclosure.

[0099] FIG. 5 illustrates a flowchart of a method for
determining a blood pressure of a subject to be examined
according to an exemplary embodiment. As shown in FIG.
5, according to an embodiment of the present disclosure,
pulse wave data, electrocardiographic data, and a body mass
index of the subject to be examined are acquired in step
S510. The pulse wave data, the electrocardiographic data
and the body mass index may be manually input by the
subject to be examined or an operator, or may also be
measured by a measurement device.

[0100] In step S520, pulse wave transit time and a pulse
wave intensity ratio are determined based on the pulse wave
data and the electrocardiographic data. In an embodiment,
the pulse wave data comprises time of a maximum slope
point of a pulse wave, a peak value of the pulse wave and
a trough value of the pulse wave, and the electrocardio-
graphic data comprises time of a peak of an electrocardio-
gram. In this embodiment, the pulse wave transit time is
calculated according to the time of the maximum slope point
of the pulse wave and the time of the peak of the electro-
cardiogram. Specifically, the pulse wave transit time is a
difference between the time of the maximum slope point of
the pulse wave and the time of the peak of the electrocar-
diogram. In an embodiment, the pulse wave data comprises
time of a maximum slope point of a pulse wave, a peak value
of the pulse wave and a trough value of the pulse wave, and
the electrocardiographic data comprises time of a peak of an
electrocardiogram. In this embodiment, the pulse wave
intensity ratio is calculated according to the peak value and
the valley value of the pulse wave, and specifically the pulse
wave intensity ratio is a ratio of the peak value of the pulse
wave to the valley value of the pulse wave.

[0101] In step S530, a systolic blood pressure and a
diastolic blood pressure of the subject to be examined are
calculated respectively according to a pre-established blood
pressure model based on the pulse wave transit time, the
pulse wave intensity ratio and the body mass index. The
pre-established blood pressure model is, for example, the
systolic blood pressure model and/or diastolic blood pres-
sure model established in steps S130 and S140 disclosed
above, such as equations 1 and 2 shown above. Obviously,
the systolic blood pressure and the diastolic blood pressure
of the subject to be examined can be easily calculated by
using equations 1 and 2 based on the pulse wave transit time,
the pulse wave intensity ratio and the body mass index.

[0102] It should be noted that although the calculation of
the systolic blood pressure and the diastolic blood pressure
of the subject to be examined is described by using the
equation associated with the least square regression method
here, it is to be understood that the embodiments of the
present disclosure are not limited to the use of the param-
eters obtained by the least square regression method for
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calculation. Any suitable regression algorithm or other sta-
tistical method may be applied to the embodiments of the
present disclosure.

[0103] FIG. 6 illustrates a method for determining a blood
pressure of a subject to be examined according to another
embodiment of the present disclosure, wherein steps S610
and S620 are the same as steps S510 and S520 shown in
FIG. 5, respectively. Further, the method comprises, in step
630, acquiring ages and/or genders of a plurality of subjects
to be examined. In an embodiment, an age and/or gender
may, for example, be manually input by the subject to be
examined or an operator.

[0104] Further, in step S640, a systolic blood pressure and
a diastolic blood pressure of the subjects to be examined are
calculated according to a pre-established blood pressure
model based on the pulse wave transit time, the pulse wave
intensity ratio, the body mass index and the age and/or
gender. Similarly to step S530, the pre-established blood
pressure model is, for example, the systolic blood pressure
model and/or diastolic blood pressure model established in
steps S340 and S350 disclosed above, such as equations 3
and 4 shown above. Obviously, the systolic blood pressure
and the diastolic blood pressure of the subject to be exam-
ined can be easily calculated by using equations 3 and 4
based on the pulse wave transit time, the pulse wave
intensity ratio, the body mass index and the age.

[0105] It should be noted that although steps S610-S640
are described here in a sequential manner, it is not intended
to limit the execution order. In fact, at least a part of the steps
described may be performed in a different order, or in
parallel with other steps, for example, step S630 may be
performed before step S610 or S620 or in parallel with step
S610 or S620.

[0106] FIG. 7 illustrates a method for determining a blood
pressure of a subject to be examined according to another
embodiment of the present disclosure, wherein steps S710,
S720 and S730 are the same as steps 5610, S620 and S630
shown in FIG. 6, respectively. Further, the method further
comprises, in step 740, selecting a blood pressure model
from a plurality of pre-established blood pressure models
according to on an age and/or gender, wherein the plurality
of pre-established blood pressure models are used for a
certain age range and/or gender respectively. In the present
embodiment, the blood pressure model may be a systolic
blood pressure model and/or a diastolic blood pressure
model as shown in equation 1 and 2.

[0107] In step 750, a systolic blood pressure and a dia-
stolic blood pressure of the subject to be examined are
calculated respectively according to the selected blood pres-
sure model based on the pulse wave transit time, the pulse
wave intensity ratio and the body mass index. This calcu-
lation is similar to the calculation performed in step 530, and
will not be described again for the sake of brevity.

[0108] FIG. 8 illustrates a diagram of an apparatus 800 for
establishing a blood pressure model according to an embodi-
ment of the present disclosure. As shown in FIG. 8, accord-
ing to an embodiment of the present disclosure, the appa-
ratus 800 comprises a data acquisition module 810, a data
processing module 820 and a model establishment module
830.

[0109] The data acquisition module 810 is configured to
acquire pulse wave data, electrocardiographic data, body
mass indexes and blood pressure data of a plurality of
subjects to be examined, wherein the blood pressure data
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comprises systolic blood pressure data and diastolic blood
pressure data. In an embodiment, the data may be acquired
through direct input. In an embodiment, the pulse wave data
may be acquired, for example, through a pulse wave sensor
coupled to the data acquisition module 810, wherein the
pulse wave sensor may be, for example, a photoelectric
sensor. In an embodiment, the electrocardiographic data may
be acquired, for example, through an electrocardiograph
sensor coupled to the data acquisition module 810, wherein
the electrocardiograph sensor may, for example, be a dry
electrode. In an embodiment, the blood pressure data may be
acquired through direct input. In an embodiment, the blood
pressure data may be measured by using a blood pressure
measurement device coupled to the data acquisition module
510. In an embodiment, the body mass indexes may be input
by using an input device coupled to the data acquisition
module 810.

[0110] The data processing module 820 is configured to
determine pulse wave transit time and pulse wave intensity
ratios based on the pulse wave data and the electrocardio-
graphic data. In an embodiment, the data processing module
820 is configured to calculate the pulse wave transit time
according to time of a maximum slope point of a pulse wave
included in the pulse wave data and time of a peak of an
electrocardiogram included in the electrocardiographic data.
Specifically, the pulse wave transit time is a difference
between the time of the maximum slope point of the pulse
wave and the time of the peak of the electrocardiogram. In
an embodiment, the data processing module 820 is config-
ured to calculate a pulse wave intensity ratio according to a
peak value and a valley value of the pulse wave included in
the pulse wave data, and specifically the pulse wave inten-
sity ratio is a ratio of the peak value of the pulse wave to the
valley value of the pulse wave.

[0111] The model establishment module 830 may com-
prise a systolic blood pressure model establishment module
and a diastolic blood pressure model establishment module.
The systolic blood pressure model establishment module is
configured to establish a systolic blood pressure model
indicative of a relationship between systolic blood pressures
and the pulse wave transit time and the body mass indexes
based on the systolic blood pressure data, the pulse wave
transit time and the body mass index. The diastolic blood
pressure model establishment module is configured to estab-
lish a diastolic blood pressure model indicative of a rela-
tionship between diastolic blood pressures and the pulse
wave intensity ratios and the body mass indexes based on the
diastolic blood pressure data, the pulse wave intensity ratios,
and the body mass indexes. Here, the systolic blood pressure
model and the diastolic blood pressure model constitute the
blood pressure model.

[0112] In an embodiment, the systolic blood pressure
model establishment module is configured to establish the
systolic blood pressure model through regression analysis by
combining the pulse wave transit time and the body mass
indexes of the plurality of subjects to be examined with the
systolic blood pressure data of the plurality of subjects to be
examined. In an embodiment, the systolic blood pressure
model establishment module is configured to establish the
systolic blood pressure model by using a least squares
regression method.

[0113] In an embodiment, the diastolic blood pressure
model establishment module is configured to establish the
diastolic blood pressure model through regression analysis
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by combining the pulse wave intensity ratios and the body
mass indexes of the plurality of subjects to be examined with
the diastolic blood pressure data of the plurality of subjects
to be examined. In an embodiment, the diastolic blood
pressure model establishment module is configured to estab-
lish the diastolic blood pressure model by using a least
squares regression method.

[0114] In an embodiment of the present disclosure, the
data acquisition module 810 is further configured to acquire
ages and/or genders of the plurality of subjects to be
examined. In an embodiment, the ages and/or genders of the
subjects to be examined are acquired through direct input. In
an embodiment, the ages and/or genders of the subjects to be
examined are manually input by the subjects to be examined
or an operator of the apparatus via an input device coupled
to the data acquisition module 810.

[0115] The systolic blood pressure model establishment
module is further configured to establish a systolic blood
pressure model indicative of a relationship between the
systolic blood pressures and the pulse wave transit time, the
body mass indexes and the ages and/or genders based on the
systolic blood pressure data, the pulse wave transit time, the
body mass indexes and the ages and/or genders. The dia-
stolic blood pressure model establishment module is further
configured to establish a diastolic blood pressure model
indicative of a relationship between the diastolic blood
pressures and the pulse wave intensity ratios, the body mass
indexes and the ages and/or genders based on the diastolic
blood pressure data, the pulse wave intensity ratios, the body
mass indexes and the ages and/or genders.

[0116] In an embodiment, the systolic blood pressure
model establishment module is configured to establish the
systolic blood pressure model through regression analysis by
combining the pulse wave transit time, the body mass
indexes and the ages and/or genders of the plurality of
subjects to be examined with the systolic blood pressure data
of the plurality of subjects to be examined. In an embodi-
ment, the systolic blood pressure model establishment mod-
ule is configured to establish the systolic blood pressure
model by using a least squares regression method.

[0117] In an embodiment, the diastolic blood pressure
mode] establishment module is configured to establish the
diastolic blood pressure model through regression analysis
by combining the pulse wave intensity ratios, the body mass
indexes and the ages and/or genders of the plurality of
subjects to be examined with the diastolic blood pressure
data of the plurality of subjects to be examined. In an
embodiment, the diastolic blood pressure model establish-
ment module is configured to establish the diastolic blood
pressure model by using a least squares regression method.
[0118] In an embodiment of the present disclosure, the
apparatus 800 further comprises a grouping module config-
ured to divide the plurality of subjects to be examined into
a plurality of groups based on the ages and/or genders.
Further, the systolic blood pressure model establishment
module is further configured to: for each of the plurality of
groups, establish a systolic blood pressure model for the
group indicative of a relationship between systolic blood
pressures and pulse wave transit time and body mass indexes
of subjects to be examined included in the group based on
systolic blood pressure data, the pulse wave transit time and
the body mass indexes; and the diastolic blood pressure
mode] establishment module is further configured to: for
each of the plurality of groups, establish a diastolic blood



US 2018/0075209 A1

pressure model for the group indicative of a relationship
between diastolic blood pressures and pulse wave intensity
ratios, and body mass indexes of subjects to be examined
included in the group based on diastolic blood pressure data,
the pulse wave intensity ratios and the body mass indexes.
[0119] In an embodiment of the present disclosure, when
a systolic blood pressure model is established, the systolic
blood pressure model establishment module comprises a
first training set unit configured to construct a first training
set comprising the systolic blood pressure data, the pulse
wave transit time and the body mass indexes of the plurality
of subjects to be examined; and a parameter determination
unit configured to determine parameters in the systolic blood
pressure model by using the first training set with the pulse
wave transit time and the body mass indexes being inputs of
the systolic blood pressure model and the systolic blood
pressures being an output of the systolic blood pressure
model. In an embodiment, the parameter determination unit
is configured to determine the parameters through regression
analysis by combining the pulse wave transit time and the
body mass indexes of the plurality of subjects to be exam-
ined with the systolic blood pressure data of the plurality of
subjects to be examined. In an embodiment, the parameter
determination unit is configured to determine the parameters
by using a least squares regression method.

[0120] In an embodiment of the present disclosure, the
diastolic blood pressure model establishment module com-
prises a second training set unit configured to construct a
second training set comprising the diastolic blood pressure
data, the pulse wave intensity ratios and the body mass
indexes of the plurality of subjects to be examined; and a
parameter determination unit configured to determine
parameters in the diastolic blood pressure model by using
the second training set with the pulse wave intensity ratios
and the body mass indexes being inputs of the diastolic
blood pressure model and the diastolic blood pressures being
an output of the diastolic blood pressure model. In an
embodiment, the parameter determination unit is configured
to determine the parameters through regression analysis by
combining the pulse wave intensity ratios and the body mass
indexes of the plurality of subjects to be examined with the
diastolic blood pressure data of the plurality of subjects to be
examined. In an embodiment, the parameter determination
unit is configured to determine the parameters by using a
least squares regression method.

[0121] FIG. 9illustrates a diagram of an apparatus 900 for
determining a blood pressure of a subject to be examined
according to an embodiment of the present disclosure. As
shown in FIG. 9, the apparatus 900 comprises a pulse wave
acquisition module 910, an electrocardiographic data acqui-
sition module 920, a body mass index acquisition module
930, a data processing module 940 and a blood pressure
determination module 950.

[0122] The pulse wave acquisition module 910 is config-
ured to acquire pulse wave data of the subject to be exam-
ined. In an embodiment, the pulse wave data is manually
input by the subject to be examined or an operator. In
another embodiment, the pulse wave data is measured by a
measurement device, wherein measurement device is for
example a pulse wave sensor, such as, a photoelectric sensor.
[0123] The electrocardiographic data acquisition module
920 is configured to acquire electrocardiographic data of the
subject to be examined. In an embodiment, the electrocar-
diographic data is manually input by the subject to be
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examined or an operator. In another embodiment, the elec-
trocardiographic data is measured by a measurement device,
wherein measurement device is for example an electrocar-
diogram sensor, such as, a dry electrode.

[0124] The body mass index acquisition module 930 is
configured to acquire a body mass index of the subject to be
examined. In an embodiment, the body mass index is
manually input by the subject to be examined or an operator.
In another embodiment, the body mass index is calculated
according to a height and a weight of the subject to be
examined which are measured by a measurement device.
The body Mass Index (BMI) is a square of the weight (W)
of the subject to be examined divided by the height (L) of the
subject to be examined, wherein the weight is in kilograms
and the height is in meters.

[0125] The data processing module 940 is configured to
determine pulse wave transit time and a pulse wave intensity
ratio based on the pulse wave data and the electrocardio-
graphic data. In an embodiment, the pulse wave data com-
prises time of a maximum slope point of a pulse wave, a
peak value of the pulse wave, and a trough value of the pulse
wave, and the electrocardiographic data comprises time of a
peak of an electrocardiogram. In this embodiment, the data
processing module 940 is configured to calculate the pulse
wave transit time according to the time of the maximum
slope point of the pulse wave and the time of the peak of the
electrocardiogram. Specifically, the pulse wave transit time
is a difference between the time of the maximum slope point
of the pulse wave and the time of the peak of the electro-
cardiogram. In an embodiment, the pulse wave data com-
prises time of a maximum slope point of a pulse wave, a
peak value of the pulse wave, and a trough value of the pulse
wave, and the electrocardiographic data comprises time of a
peak of an electrocardiogram. In this embodiment, the data
processing module 940 is configured to calculate the pulse
wave intensity ratio according to the peak value and the
valley value of the pulse wave, and specifically the pulse
wave intensity ratio is a ratio of the peak value of the pulse
wave to the valley value of the pulse wave.

[0126] The blood pressure determination module 950 is
configured to determine the blood pressure including a
systolic blood pressure and a diastolic blood pressure of the
subject to be examined according to a pre-established blood
pressure model based on the pulse wave transit time, the
pulse wave intensity ratio and the body mass index. Spe-
cifically, the pre-established blood pressure model is, for
example, the systolic blood pressure model and the diastolic
blood pressure model established in steps S130 and S140
disclosed above, such as equations 1 and 2 shown above.
Obviously, the blood pressure determination module 940
can easily use the equations 1 and 2 to calculate the systolic
blood pressure and the diastolic blood pressure of the subject
to be examined based on the pulse wave transit time, the
pulse wave intensity ratio and the body mass index.
[0127] In an embodiment of the present disclosure, the
apparatus 900 for determining a blood pressure of a subject
to be examined further comprises: an age and gender acqui-
sition module, configured to acquire an age and/or gender of
the subject to be examined. In an embodiment, the age
and/or gender is input manually by the subject to be exam-
ined or an operator.

[0128] In an embodiment, the blood pressure determina-
tion module 940 is further configured to determine the
systolic blood pressure and the diastolic blood pressure of
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the subject to be examined according to a pre-established
blood pressure model based on the pulse wave transit time,
the pulse wave intensity ratio, the body mass index and the
age and/or gender. Specifically. the pre-established blood
pressure model is, for example, the systolic blood pressure
model and the diastolic blood pressure model established in
steps 8340 and S350 disclosed above, such as equations 3
and 4 shown above. Obviously, the blood pressure determi-
nation module 940 can easily use the equations 3 and 4 to
calculate the systolic blood pressure and the diastolic blood
pressure of the subject to be examined based on the pulse
wave transit time, the pulse wave intensity ratio, the body
mass index, and the age.

[0129] In an embodiment of the present disclosure, the
apparatus 900 for determining a blood pressure of a subject
to be examined further comprises: a model selection module
configured to select a blood pressure model suitable for the
age and/or gender of the subject to be examined from a
plurality of pre-established blood pressure models according
to the age and/or gender. Here, the plurality of pre-estab-
lished blood pressure models are applicable to certain age
ranges and/or genders, respectively.

[0130] In an embodiment, the blood pressure determina-
tion module 940 is further configured to determine the
systolic blood pressure and the diastolic blood pressure of
the subject to be examined according to the selected blood
pressure model based on the pulse wave transit time, the
pulse wave intensity ratio and the body mass index.
[0131] In an embodiment of the present disclosure, the
apparatus 900 for determining a blood pressure of a subject
to be examined further comprises an update module config-
ured to acquire a new blood pressure model from a remote
server and replace a current blood pressure model with the
new blood pressure model. The remote server may comprise
or be coupled to the apparatus 800 for establishing a blood
pressure model as shown in FIG. 8.

[0132] FIG. 10 is a block diagram illustrating an exem-
plary hardware arrangement 1000 of the apparatus 800
shown in FIG. 8 or the apparatus 900 shown in FIG. 9
according to an embodiment of the present disclosure. The
hardware arrangement 1000 comprises a processor 1006 (for
example, a Digital Signal Processor (DSP) or a Central
Processing Unit (CPU)). The processor 1006 may be a single
processing unit or a plurality of processing units for per-
forming different actions of the flows described herein. The
arrangement 1000 may further comprise an input unit 1002
for receiving signals from other entities, and an output unit
1004 for providing signals to other entities. The input unit
1002 and the output unit 1004 may be arranged as a single
entity or separate entities. In some embodiments, the input
unit 1002 may be, for example, a keyboard, a mouse, a
trackball, a touch screen etc. of the apparatus 800 or 900, or
in other embodiments, the input unit 1002 may be, for
example, the electrocardiogram sensor, the pulse wave sen-
sor etc., or in still other embodiments, the input unit 1002
may be, for example, an interface for interacting with the
input device etc. (in other words, the input unit 1002 may be
an optional part of the hardware arrangement 1000). In some
embodiments, the output unit 1004 may be, for example, a
display, a printer, a speaker, etc. of the apparatus 800 or 900,
or, in other embodiments, the output unit 1004 may be, for
example, an interface for interacting with the output device
etc. (in other words, the output unit 1004 may also be an
optional part of the hardware arrangement 1000).
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[0133] 1In addition, the arrangement 1000 may comprise at
least one readable storage medium 1008 in a form of
nonvolatile or volatile memory, such as an Electrically
Erasable Programmable Read Only Memory (EEPROM), a
flash memory, and/or a hard disk drive. The readable storage
medium 1008 comprises a computer program 1010 which
includes codes/computer readable instructions that, when
executed by the processor 1006 in the arrangement 1000,
cause the hardware arrangement 1000 and/or the apparatus
800 or the apparatus 900 including the hardware arrange-
ment 1000 to perform, for example, the flows described
above in connection with FIGS. 1 to 7 and any variations
thereof.

[0134] The computer program 1010 may be configured
with computer program codes having, architecture of for
example, computer program modules 1010A-1010C. Thus,
in an exemplary embodiment when using the hardware
arrangement 1000 in, for example, the apparatus 800, the
codes in the computer program of the arrangement 1000
comprise a module 1010A configured to acquire pulse wave
data, electrocardiographic data, blood pressure data and
body mass indexes of a plurality of subjects to be examined.
The codes in the computer program further comprise a
module 1010B configured to determine pulse wave transit
time and pulse wave intensity ratios based on the pulse wave
data and the electrocardiographic data. The codes in the
computer program further comprise a module 1010C con-
figured to establish the blood pressure model based on one
or more of the blood pressure data, the pulse wave transit
time, the pulse wave intensity ratios, and the body mass
indexes of the plurality of subjects to be examined.

[0135] In addition, in the exemplary embodiment when
using the hardware arrangement 1000 in, for example, the
apparatus 900, the codes in the computer program of the
arrangement 1000 comprise a module 1010A configured to
acquire pulse wave data, electrocardiographic data and a
body mass index of a subject to be examined. The codes in
the computer program further comprise a module 1010B
configured to determine pulse wave transit time and a pulse
wave intensity ratio based on the pulse wave data and the
electrocardiographic data. The codes in the computer pro-
gram further comprise a module 1010C configured to deter-
mine a blood pressure of the subject to be examined based
on a pre-established blood pressure model based on the
pulse wave transit time, the pulse wave intensity ratio and
the body mass index.

[0136] The computer program module may substantially
perform various actions in the flows shown in FIGS. 1 to 7
to simulate the apparatus 800 or the apparatus 900. In other
words, when different computer program modules are
executed in the processor 1006, they may correspond to the
different modules or units described above in the apparatus
800 or 900.

[0137] Although the code means in the embodiments
disclosed above in connection with FIG. 10 is implemented
as a computer program module, which when executed in the
processor 1006, causes the hardware arrangement 1000 to
perform the actions described above in connection with
FIGS. 1 to 7, in alternative embodiments, at least one of the
code means may be at least partially implemented as a
hardware circuit.

[0138] The processor may be a single Central Processing
Unit (CPU), or may also comprise two or more processing
units. For example, the processor may comprise a general
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purpose microprocessor, an instruction set processor, and/or
a related chipset and/or a dedicated microprocessor (for
example, an Application Specific Integrated Circuit
(ASIC)). The processor may also comprise an onboard
memory for buffering purposes. The computer program may
be carried by a computer program product connected to the
processor. The computer program product may comprise a
computer-readable medium having a computer program
stored thereon. For example, the computer program product
may be a flash memory, a Random Access Memory (RAM),
a Read Only Memory (ROM), or an EEPROM, and in
alternative embodiments, the computer program module
described above may be distributed into different computer
program products in a form of memory within the UE.
[0139] By using the method and apparatus for establishing
a blood pressure model according to some embodiments of
the present disclosure, it is possible to more effectively
establish a blood pressure model for a group including a
large number of individuals. In addition, when the blood
pressure model is established, not only the pulse wave data
and the electrocardiographic data are considered, but also
data such as the body mass indexes and the ages and/or
genders is considered, which can establish a blood pressure
model suitable for a group, thereby improving the accuracy
of the blood pressure model. Further, based on the estab-
lished blood pressure model, it is possible to more simply
detect the blood pressure of the subject to be examined in
real time.
[0140] While various embodiments of the present disclo-
sure have been illustrated in the accompanying drawings and
have been set forth in the foregoing detailed description, it
is to be understood that the present disclosure is not limited
to the disclosed embodiments, and many re-deployments,
modifications and alternatives can be made without depart-
ing from the disclosure as defined in the following claims.
I/'We claim:
1. A method for establishing a blood pressure model,
comprising:
acquiring pulse wave data, electrocardiographic data,
blood pressure data, and body mass indexes of a
plurality of subjects to be examined, wherein the blood
pressure data comprises systolic blood pressure data
and diastolic blood pressure data;
determining pulse wave transit time and pulse wave
intensity ratios based on the pulse wave data and the
electrocardiographic data;
establishing a systolic blood pressure model indicative of
a relationship between systolic blood pressures and the
pulse wave transit time and the body mass indexes
based on the systolic blood pressure data, the pulse
wave transit time, and the body mass indexes; and
establishing a diastolic blood pressure model indicative of
arelationship between diastolic blood pressures and the
pulse wave intensity ratios and the body mass indexes
based on the diastolic blood pressure data, the pulse
wave intensity ratios, and the body mass indexes;
wherein the systolic blood pressure model and the dia-
stolic blood pressure model constitute the blood pres-
sure model.
2. The method according to claim 1, further comprising:
acquiring ages and/or genders of the plurality of subjects
to be examined;
establishing a systolic blood pressure model indicative of
a relationship between the systolic blood pressures and
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the pulse wave transit time, the body mass indexes, and
the ages and/or genders based on the systolic blood
pressure data, the pulse wave transit time, the body
mass indexes, and the ages and/or genders of the
plurality of subjects to be examined; and

establishing a diastolic blood pressure model indicative of
arelationship between the diastolic blood pressures and
the pulse wave intensity ratios, the body mass indexes,
and the ages and/or genders based on the diastolic
blood pressure data, the pulse wave intensity ratios, the
body mass indexes, and the ages and/or genders of the
plurality of subjects to be examined.

3. The method according to claim 1, further comprising:

acquiring ages and/or genders of the plurality of subjects
to be examined;
dividing the plurality of subjects to be examined into a
plurality of groups based on the ages and/or genders;
for each of the plurality of groups, establishing a systolic
blood pressure model for the group indicative of a
relationship between systolic blood pressures and pulse
wave transit time and body mass indexes of subjects to
be examined included in the group based on the systolic
blood pressure data, the pulse wave transit time, and the
body mass indexes; and
for each of the plurality of groups, establishing a diastolic
blood pressure model for the group indicative of a
relationship between diastolic blood pressures and
pulse wave intensity ratios. and body mass indexes of
subjects to be examined included in the group based on
the diastolic blood pressure data, the pulse wave inten-
sity ratios and the body mass indexes.
4. The method according to claim 1, wherein
establishing a systolic blood pressure model comprises:
constructing a first training set comprising the systolic
blood pressure data, the pulse wave transit time, and
the body mass indexes of the plurality of subjects to
be examined; and
determining parameters in the systolic blood pressure
model by using the first training set with the pulse
wave transit time and the body mass indexes being
inputs of the systolic blood pressure model and the
systolic blood pressure data being an output of the
systolic blood pressure model;
and/or
establishing a diastolic blood pressure model comprises:
constructing a second training set comprising the dia-
stolic blood pressure data, the pulse wave intensity
ratios, and the body mass indexes of the plurality of
subjects to be examined; and
determining parameters in the diastolic blood pressure
model by using the second training set with the pulse
wave intensity ratios and the body mass indexes
being inputs of the diastolic blood pressure model
and the diastolic blood pressure data being an output
of the diastolic blood pressure model.
5. The method according to claim 4, wherein the param-
eters are determined by using a least square regression
method.

6. The method according to claim 1, further comprising:

constructing a first test set comprising systolic blood
pressure data, pulse wave transit time, and body mass
indexes of other subjects to be examined,
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calculating systolic blood pressure data by using the
systolic blood pressure model with the pulse wave
transit time and the body mass indexes in the first test
set; and

evaluating the systolic blood pressure model based on the
calculated systolic blood pressure data and the systolic
blood pressure data in the first test set;

and/or the method further comprises:

constructing a second test set comprising diastolic blood
pressure data, pulse wave intensity ratios and body
mass indexes of other subjects to be examined;

calculating diastolic blood pressure data by using the
diastolic blood pressure model with the pulse wave
intensity ratios and the body mass indexes in the second
test set; and

evaluating the diastolic blood pressure model based on the
calculated diastolic blood pressure data and the dia-
stolic blood pressure data in the second test set.

7. A method for determining a blood pressure of a subject

to be examined, comprising:

acquiring pulse wave data, electrocardiographic data, and
a body mass index of the subject to be examined;

determining pulse wave transit time and a pulse wave
intensity ratio based on the pulse wave data and the
electrocardiographic data; and

determining the blood pressure of the subject to be
examined according to a pre-established blood pressure
model based on the pulse wave transit time, the pulse
wave intensity ratio, and the body mass index.

8. The method according to claim 7, further comprising:

acquiring an age and/or gender of the subject to be
examined; and

determining the blood pressure of the subject to be
examined according to a pre-established blood pressure
model based on the pulse wave transit time, the pulse
wave intensity ratio, the body mass index, and the age
and/or gender.

9. The method according to claim 7, further comprising:

acquiring an age and/or gender of the subject to be
examined;

selecting a blood pressure model suitable for the subject
to be examined from a plurality of pre-established
blood pressure models according to the age and/or
gender; and

determining the blood pressure of the subject to be
examined according to the selected blood pressure
model based on the pulse wave transit time, the pulse
wave intensity ratio, and the body mass index.

10. The method according to claim 7, wherein the blood

pressure model is established by:

acquiring pulse wave data, electrocardiographic data,
body mass indexes and blood pressure data of a plu-
rality of subjects to be examined, wherein the blood
pressure data comprises systolic blood pressure data
and diastolic blood pressure data;

determining pulse wave transit time and pulse wave
intensity ratios based on the pulse wave data and the
electrocardiographic data;

establishing a systolic blood pressure model indicative of
a relationship between systolic blood pressures and the
pulse wave transit time and the body mass indexes
based on the systolic blood pressure data, the pulse
wave transit time, and the body mass index, and
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establishing a diastolic blood pressure model indicative of
arelationship between diastolic blood pressures and the
pulse wave intensity ratios and the body mass indexes
based on the diastolic blood pressure data, the pulse
wave intensity ratios, and the body mass indexes,

wherein the systolic blood pressure model and the dia-
stolic blood pressure model constitute the blood pres-
sure model.

11. An apparatus for establishing a blood pressure model,

comprising:
a processor;
a memory configured to store instructions that, when
executed by the processor, cause the processor to:
acquire pulse wave data, electrocardiographic data,
body mass indexes and blood pressure data of a
plurality of subjects to be examined, wherein the
blood pressure data comprises systolic blood pres-
sure data and diastolic blood pressure data;

determine pulse wave transit time and pulse wave
intensity ratios based on the pulse wave data and the
electrocardiographic data; and

establish a systolic blood pressure model indicative of
a relationship between systolic blood pressures and
the pulse wave transit time and the body mass
indexes based on the systolic blood pressure data, the
pulse wave transit time, and the body mass index,
and establish a diastolic blood pressure model
indicative of a relationship between diastolic blood
pressures and the pulse wave intensity ratios and the
body mass indexes based on the diastolic blood
pressure data, the pulse wave intensity ratios, and the
body mass indexes, wherein the systolic blood pres-
sure model and the diastolic blood pressure model
constitute the blood pressure model.

12. The apparatus according to claim 11, wherein the
instructions, when executed by the processor, further cause
the processor to:

acquire ages and/or genders of the plurality of subjects to
be examined;

establish a systolic blood pressure model indicative of a
relationship between the systolic blood pressures and
the pulse wave transit time, the body mass indexes, and
the ages and/or genders based on the systolic blood
pressure data, the pulse wave transit time, the body
mass indexes, and the ages and/or genders of the
plurality of subjects to be examined; and

establish a diastolic blood pressure model indicative of a
relationship between the diastolic blood pressures and
the pulse wave intensity ratios, the body mass indexes,
and the ages and/or genders based on the diastolic
blood pressure data, the pulse wave intensity ratios, the
body mass indexes, and the ages and/or genders of the
plurality of subjects to be examined.

13. The apparatus according to claim 11, wherein the
instructions, when executed by the processor, further cause
the processor to:

acquire ages and/or genders of the plurality of subjects to
be examined;

divide the plurality of subjects to be examined into a
plurality of groups based on the ages and/or genders;

for each of the plurality of groups, establish a systolic
blood pressure model for the group indicative of a
relationship between systolic blood pressures and pulse
wave transit time and body mass indexes of subjects to
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be examined included in the group based on the systolic
blood pressure data, the pulse wave transit time and the
body mass indexes; and

for each of the plurality of groups, establish a diastolic

blood pressure model for the group indicative of a
relationship between diastolic blood pressures and
pulse wave intensity ratios, and body mass indexes of
subjects to be examined included in the group based on
the diastolic blood pressure data, the pulse wave inten-
sity ratios and the body mass indexes.

14. The apparatus according to claim 11, wherein the
instructions, when executed by the processor, further cause
the processor to:

construct a first training set comprising the systolic blood

pressure data, the pulse wave transit time and the body
mass indexes of the plurality of subjects to be exam-
ined; and

determine parameters in the systolic blood pressure model

by using the first training set with the pulse wave transit
time and the body mass indexes being inputs of the
systolic blood pressure model and the systolic blood
pressure data being an output of the systolic blood
pressure model,

and/or,

the instructions, when executed by the processor, further

cause the processor to:

construct a second training set comprising the diastolic

blood pressure data, the pulse wave intensity ratios and
the body mass indexes of the plurality of subjects to be
examined; and

determine parameters in the diastolic blood pressure

model by using the second training set with the pulse
wave intensity ratios and the body mass indexes being
inputs of the diastolic blood pressure model and the
diastolic blood pressure data being an output of the
diastolic blood pressure model.

15. The apparatus according to claim 14, wherein the
instructions, when executed by the processor, further cause
the processor to:

determine the parameters using a least square regression

method.

16. The apparatus according to claim 11, wherein the
instructions, when executed by the processor, further cause
the processor to:

construct a first test set comprising systolic blood pressure

data, pulse wave transit time and body mass indexes of
other subjects to be examined,
calculate systolic blood pressure data by using the systolic
blood pressure model with the pulse wave transit time
and the body mass indexes in the first test set; and

evaluate the systolic blood pressure model based on the
calculated systolic blood pressure data and the systolic
blood pressure data in the first test set;

and/or,

the instructions, when executed by the processor, further

cause the processor to:
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construct a second test set comprising diastolic blood
pressure data, pulse wave intensity ratios and body
mass indexes of other subjects to be examined;

calculate diastolic blood pressure data by using the dia-
stolic blood pressure model with the pulse wave inten-
sity ratios and the body mass indexes in the second test
set; and

evaluate the diastolic blood pressure model based on the
calculated diastolic blood pressure data and the dia-
stolic blood pressure data in the second test set.

17. An apparatus for determining a blood pressure of a

subject to be examined, comprising:

a processor;

a memory configured to store instructions that, when
executed by the processor, cause the processor to
perform the method according to claim 7.

18. The apparatus according to claim 17, wherein the
instructions, when executed by the processor, further cause
the processor to:

acquire a new blood pressure model from a remote server
and replace the current blood pressure model with the
new blood pressure model.

19. The apparatus according to claim 17, further com-

prising:

a pulse wave sensor coupled to the processor and config-
ured to measure a pulse wave of the subject to be
examined; and

an electrocardiogram sensor coupled to the processor and
configured to measure an electrocardiogram of the
subject to be examined.

20. The apparatus according to claim 17, wherein the

blood pressure model is established by:

acquiring pulse wave data, electrocardiographic data,
body mass indexes and blood pressure data of a plu-
rality of subjects to be examined, wherein the blood
pressure data comprises systolic blood pressure data
and diastolic blood pressure data;

determining pulse wave transit time and pulse wave
intensity ratios based on the pulse wave data and the
electrocardiographic data;

establishing a systolic blood pressure model indicative of
a relationship between systolic blood pressures and the
pulse wave transit time and the body mass indexes
based on the systolic blood pressure data, the pulse
wave transit time, and the body mass index, and

establishing a diastolic blood pressure model indicative of
arelationship between diastolic blood pressures and the
pulse wave intensity ratios and the body mass indexes
based on the diastolic blood pressure data, the pulse
wave intensity ratios, and the body mass indexes,

wherein the systolic blood pressure model and the dia-
stolic blood pressure model constitute the blood pres-
sure model.
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