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BLOOD PRESSURE MEASUREMENT DATA
PROCESSING METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a national stage of International
Application No. PCT/CN2015/086966, filed on Aug. 14,
2015, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a blood pressure
measurement data processing method and an apparatus.

BACKGROUND

[0003] In recent years, with development of mobile medi-
cal technologies, it is more convenient to monitor blood
pressure. A commonly used cuff-less blood pressure mea-
surement method is to determine blood pressure based on a
relationship between the blood pressure and a pulse wave
velocity. When the blood pressure increases, a blood vessel
dilates, and the pulse wave velocity accelerates. Otherwise,
the pulse wave velocity slows. Generally, the pulse wave
velocity is indirectly represented by using a pulse wave
transmission time (PTT). Existing research shows that blood
pressure and PTT have a quasi-linear relationship. However,
because physiological parameters of persons such as arterial
wall elasticity and blood density are different, a relationship
between the PTT and blood pressure of a measured object is
object dependent, and calibration needs to be performed for
each measured object before the blood pressure is calculated
by using the PTT.

[0004] In the prior art, diastolic blood pressure and sys-
tolic blood pressure are usually measured by using a con-
ventional sphygmomanometer, and a measurement result is
transmitted to a blood pressure measurement apparatus.
When a user wears a cuff-less blood pressure measurement
apparatus, a microprocessor module calculates a calibration
parameter according to the measurement result of the con-
ventional sphygmomanometer and a PTT value determined
by the cuff-less blood pressure measurement apparatus, so as
to determine a blood pressure calculation policy.

[0005] However, in such a manner, when the user per-
forms calibration again, original calibration data cannot be
used again. Consequently, data is wasted, and calibration is
not precise enough.

SUMMARY

[0006] A technical problem to be mainly resolved by this
application is how to make calibration more accurate when
a user wears a cuff-less blood pressure measurement appa-
ratus.

[0007] In view of this, this application provides a blood
pressure measurement data processing method and an appa-
ratus. When different users wear a cuff-less blood pressure
measurement apparatus, an optimal function between a
pulse wave transmission time and a blood pressure value of
a user can be determined by using pre-stored calibration data
and with reference to calibration data generated when the
user performs manual calibration before performing mea-
surement using the cuff-less blood pressure measurement
apparatus, so that the original calibration data can be fully
used, and calibration is more accurate.
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[0008] According to a first aspect, this application pro-
vides a blood pressure measurement data processing
method, and the method includes obtaining, by a cuff-less
blood pressure measurement apparatus, first calibration data
of a user, where the first calibration data is data generated
when the user performs a manual calibration process before
measuring blood pressure by using the cuff-less blood
pressure measurement apparatus; obtaining pre-stored sec-
ond calibration data of the user; determining, according to
the first calibration data and the second calibration data, an
optimal function used to represent a relationship between a
pulse wave transmission time and a blood pressure value of
the user; obtaining a current pulse wave transmission time of
the user; and calculating a current blood pressure value of
the user according to the current pulse wave transmission
time and the optimal function.

[0009] With reference to the first aspect, in a first possible
implementation of the first aspect, the determining, accord-
ing to the first calibration data and the second calibration
data, an optimal function used to represent a relationship
between a pulse wave transmission time and a blood pres-
sure value of the user includes determining a first function
according to the first calibration data, determining a second
function according to the second calibration data, determin-
ing a degree of difference between the first function and the
second function, and determining the optimal function
according to the degree of difference.

[0010] With reference to the first possible implementation
of the first aspect, in a second possible implementation of the
first aspect, the determining a first function according to the
first calibration data includes determining the first function
according to the first calibration data by using a least square
method, and the determining a second function according to
the second calibration data includes determining the second
function according to the second calibration data by using
the least square method.

[0011] With reference to the first possible implementation
of the first aspect, in a third possible implementation of the
first aspect, the determining the optimal function according
to the degree of difference includes, if the degree of differ-
ence is less than a first preset threshold, using a third
function as the optimal function, where the third function is
determined by using the first calibration data and the second
calibration data.

[0012] With reference to the third possible implementation
of the first aspect, in a fourth possible implementation of the
first aspect, the determining the optimal function according
to the degree of difference further includes using the second
function as the optimal function if the degree of difference
is greater than the first preset threshold and a quantity of
samples of the first calibration data is less than a second
preset threshold, or using the first function as the optimal
function if the degree of difference is greater than the first
preset threshold and a quantity of samples of the first
calibration data is greater than the second preset threshold.
[0013] With reference to the third possible implementation
of the first aspect, in a fifth possible implementation of the
first aspect, the determining the optimal function according
to the degree of difference further includes using the third
function as the optimal function if the degree of difference
is greater than the first preset threshold and a quantity of
samples of the first calibration data is less than a second
preset threshold, where the third function is determined by
using a combination of the first calibration data and the
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second calibration data; or removing an abnormal data point
from the first calibration data and using a fourth function as
the optimal function if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than the second preset
threshold, where the fourth function is calculated by using a
combination of the second calibration data and remaining
first calibration data.

[0014] With reference to the first aspect, in a sixth possible
implementation of the first aspect, the determining, accord-
ing to the first calibration data and the second calibration
data, an optimal function of a relationship between a pulse
wave transmission time and a blood pressure value of the
user includes determining a first function according to the
first calibration data, determining a third function according
to a combination of the first calibration data and the second
calibration data, determining a degree of difference between
the first function and the third function, and determining the
optimal function according to the degree of difference.
[0015] With reference to the sixth possible implementa-
tion of the first aspect, in a seventh possible implementation
of the first aspect, the determining a first function according
to the first calibration data includes determining the first
function according to the first calibration data by using a
least square method, and the determining a third function
according to a combination of the first calibration data and
the second calibration data includes determining the third
function according to the combination of the first calibration
data and the second calibration data by using the least square
method.

[0016] With reference to the sixth possible implementa-
tion of the first aspect, in an eighth possible implementation
of the first aspect, the determining the optimal function
according to the degree of difference includes using the third
function as the optimal function if the degree of difference
is less than a first preset threshold.

[0017] With reference to the eighth possible implementa-
tion of the first aspect, in a ninth possible implementation of
the first aspect, the determining the optimal function accord-
ing to the degree of difference further includes using a
second function as the optimal function if the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is less than
a second preset threshold, where the second function is
determined by using the second calibration data; or using the
first function as the optimal function if the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is greater
than the second preset threshold.

[0018] With reference to the eighth possible implementa-
tion of the first aspect, in a tenth possible implementation of
the first aspect, the determining the optimal function accord-
ing to the degree of difference further includes using the
third function as the optimal function if the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is less than
a second preset threshold; or removing an abnormal data
point from the first calibration data and using a fourth
function as the optimal function if the degree of difference
is greater than the first preset threshold and a quantity of
samples of the first calibration data is greater than the second
preset threshold, where the fourth function is calculated by
using a combination of the second calibration data and
remaining first calibration data.
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[0019] With reference to the first aspect, in an eleventh
possible implementation of the first aspect, the first calibra-
tion data and the second calibration data separately include
at least one group of a blood pressure value and a corre-
sponding pulse wave transmission time, and the determin-
ing, according to the first calibration data and the second
calibration data, an optimal function used to represent a
relationship between a pulse wave transmission time and a
blood pressure value of the user includes obtaining a current
pulse wave transmission time of the user; selecting, from the
first calibration data and the second calibration data, a pulse
wave transmission time closest to the current pulse wave
transmission time; using calibration data in which the pulse
wave transmission time closest to the current pulse wave
transmission time exists as optimal calibration data; and
using a function as the optimal function, where the function
is determined according to the optimal calibration data.

[0020] With reference to the first aspect, in a twelfth
possible implementation of the first aspect, the obtaining
pre-stored second calibration data of the user includes
obtaining, by the cuff-less blood pressure measurement
apparatus, an identity of the user; and obtaining the second
calibration data from multiple pieces of pre-stored calibra-
tion data according to the identity of the user.

[0021] With reference to the twelfth possible implemen-
tation of the first aspect, in a thirteenth possible implemen-
tation of the first aspect, the obtaining an identity of the user
includes determining the identity of the user according to at
least one of a first electrocardiosignal or a first pulse wave
signal in the first calibration data of the user, or determining
the identity of the user according to at least one of a current
electrocardiosignal or a current pulse wave signal generated
when the user currently performs measurement by using the
cuff-less blood pressure measurement apparatus.

[0022] With reference to the first aspect, in a fourteenth
possible implementation of the first aspect, the obtaining a
current pulse wave transmission time of the user and cal-
culating a current blood pressure value of the user according
to the current pulse wave transmission time and the optimal
function includes obtaining a current electrocardiosignal and
a current pulse wave signal generated when the user cur-
rently performs measurement by using the cuff-less blood
pressure measurement apparatus, calculating the current
pulse wave transmission time, and calculating the current
blood pressure value of the user according to the optimal
fanction and the current pulse wave transmission time.

[0023] According to a second aspect, a cuff-less blood
pressure measurement apparatus is provided, and the cuff-
less blood pressure measurement apparatus includes a first
obtaining module, a second obtaining module, a determining
module, and a calculation module, where the first obtaining
module is configured to obtain first calibration data, where
the first calibration data is data generated when a user
performs a manual calibration process before measuring
blood pressure by using the cuff-less blood pressure mea-
surement apparatus; the second obtaining module is config-
ured to obtain pre-stored second calibration data of the user;
the determining module is configured to determine, accord-
ing to the first calibration data and the second calibration
data, an optimal function used to represent a relationship
between a pulse wave transmission time and a blood pres-
sure value of the user; and the calculation module is con-
figured to obtain a current pulse wave transmission time of
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the user and calculate a current blood pressure value of the
user according to the current pulse wave transmission time
and the optimal function.

[0024] With reference to the second aspect, in a first
possible implementation of the second aspect, the determin-
ing module includes a first determining unit, a second
determining unit, a third determining unit, and a fourth
determining unit, where the first determining unit is config-
ured to determine a first function according to the first
calibration data, the second determining unit is configured to
determine a second function according to the second cali-
bration data, the third determining unit is configured to
determine a degree of difference between the first function
and the second function, and the fourth determining unit is
configured to determine the optimal function according to
the degree of difference.

[0025] With reference to the first possible implementation
of the second aspect, in a second possible implementation of
the second aspect, the first determining unit is configured to
determine the first function according to the first calibration
data by using a least square method, and the second deter-
mining unit is configured to determine the second function
according to the second calibration data by using the least
square method.

[0026] With reference to the second possible implemen-
tation of the second aspect, in a third possible implementa-
tion of the second aspect, the fourth determining unit is
configured to use a third function as the optimal function
when the degree of difference is less than a first preset
threshold, where the third function is determined by using
the first calibration data and the second calibration data.
[0027] With reference to the third possible implementation
of the second aspect, in a fourth possible implementation of
the second aspect, the fourth determining unit is configured
to use the second function as the optimal function when the
degree of difference is greater than the first preset threshold
and a quantity of samples of the first calibration data is less
than a second preset threshold, or the fourth determining unit
is configured to use the first function as the optimal function
when the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibration
data is greater than the second preset threshold.

[0028] With reference to the third possible implementation
of the second aspect, in a fifth possible implementation of
the second aspect, the fourth determining unit is configured
to use the third function as the optimal function when the
degree of difference is greater than the first preset threshold
and a quantity of samples of the first calibration data is less
than a second preset threshold, where the third function is
determined by using the first calibration data and the second
calibration data; or the fourth determining unit is configured
to remove an abnormal data point from the first calibration
data and use a fourth function as the optimal function when
the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibration
data is greater than the second preset threshold, where the
fourth function is calculated by using a combination of the
second calibration data and remaining first calibration data.
[0029] With reference to the second aspect, in a sixth
possible implementation of the second aspect, the determin-
ing module includes a first determining unit, a second
determining unit, a third determining unit, and a fourth
determining unit, where the first determining unit is config-
ured to determine a first function according to the first
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calibration data, the second determining unit is configured to
determine a third function according to a combination of the
first calibration data and the second calibration data, the
third determining unit is configured to determine a degree of
difference between the first function and the third function,
and the fourth determining unit is configured to determine
the optimal function according to the degree of difference.
[0030] With reference to the sixth possible implementa-
tion of the second aspect, in a seventh possible implemen-
tation of the second aspect, the first determining unit is
configured to determine the first function according to the
first calibration data by using a least square method, and the
second determining unit is configured to determine a second
function according to the second calibration data by using
the least square method.

[0031] With reference to the sixth possible implementa-
tion of the second aspect, in an eighth possible implemen-
tation of the second aspect, the fourth determining unit is
configured to use the third function as the optimal function
when the degree of difference is less than a first preset
threshold.

[0032] With reference to the eighth possible implementa-
tion of the second aspect, in a ninth possible implementation
of the second aspect, the fourth determining unit is config-
ured to use a second function as the optimal function when
the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibration
data is less than a second preset threshold, where the second
function is determined by using the second calibration data;
or the fourth determining unit is configured to use the first
function as the optimal function when the degree of differ-
ence is greater than the first preset threshold and a quantity
of samples of the first calibration data is greater than the
second preset threshold.

[0033] With reference to the eighth possible implementa-
tion of the second aspect, in a tenth possible implementation
of the second aspect, the fourth determining unit is config-
ured to use the third function as the optimal function when
the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibration
data is less than a second preset threshold; or the fourth
determining unit is configured to remove an abnormal data
point from the first calibration data and use a fourth function
as the optimal function when the degree of difference is
greater than the first preset threshold and a quantity of
samples of the first calibration data is greater than the second
preset threshold, where the fourth function 1s calculated by
using a combination of the second calibration data and
remaining first calibration data.

[0034] With reference to the second aspect, in an eleventh
possible implementation of the second aspect, the first
calibration data and the second calibration data separately
include at least one group of a blood pressure value and a
corresponding pulse wave transmission time, and the deter-
mining module includes an obtaining unit, a selection unit,
and a determining unit, where the obtaining unit is config-
ured to obtain a current pulse wave transmission time of the
user; the selection unit is configured to select, from the first
calibration data and the second calibration data, a pulse
wave transmission time closest to the current pulse wave
transmission time, and use calibration data in which the
pulse wave transmission time closest to the current pulse
wave transmission time exists as optimal calibration data;
and the determining unit is configured to use a function as
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the optimal function, where the function is determined
according to the optimal calibration data.

[0035] With reference to the second aspect, in a twelfth
possible implementation of the second aspect, the second
obtaining module includes a first obtaining unit and a second
obtaining unit, where the first obtaining unit is configured to
obtain an identity of the user, and the second obtaining unit
is configured to obtain the second calibration data from
multiple pieces of pre-stored calibration data according to
the identity of the user that is obtained by the first obtaining
unit.

[0036] With reference to the twelfth possible implemen-
tation of the second aspect, in a thirteenth possible imple-
mentation of the second aspect, the first obtaining unit is
configured to determine the identity of the user according to
at least one of a first electrocardiosignal or a first pulse wave
signal in the first calibration data of the user, or the first
obtaining unit is configured to determine the identity of the
user according to at least one of a current electrocardiosignal
or a current pulse wave signal generated when the user
currently uses the cuff-less blood pressure measurement
apparatus.

[0037] With reference to the second aspect, in a fourteenth
possible implementation of the second aspect, the calcula-
tion module includes a first calculation unit and a second
calculation unit, where the first calculation unit is configured
to obtain a current electrocardiosignal and a current pulse
wave signal generated when the user currently performs
measurement by using the cuff-less blood pressure measure-
ment apparatus, and calculate the current pulse wave trans-
mission time; and the second calculation unit is configured
to calculate the current blood pressure value of the user
according to the optimal function and the current pulse wave
transmission time.

[0038] According to a third aspect, a cuff-less blood
pressure measurement apparatus is provided, and the cuff-
less blood pressure measurement apparatus includes a pro-
cessor, a memory, and a receiver, and the processor is
coupled to both the memory and the receiver, where the
processor is configured to control the receiver to receive first
calibration data of a user, where the first calibration data is
data generated when the user performs a manual calibration
process before measuring blood pressure by using the cuff-
less blood pressure measurement apparatus; the processor is
configured to obtain pre-stored second calibration data of the
user; determine, according to the first calibration data and
the second calibration data, an optimal function used to
represent a relationship between a pulse wave transmission
time and a blood pressure value of the user; obtain a current
pulse wave transmission time of the user; and calculate a
current blood pressure value of the user according to the
current pulse wave transmission time and the optimal func-
tion; and the memory is configured to store the first cali-
bration data and the second calibration data.

[0039] With reference to the third aspect, in a first possible
implementation of the third aspect, the processor is config-
ured to determine a first function according to the first
calibration data, determine a second function according to
the second calibration data, determine a degree of difference
between the first function and the second function, and
determine the optimal function according to the degree of
difference.

[0040] With reference to the first possible implementation
of the third aspect, in a second possible implementation of
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the third aspect, the processor is configured to determine the
first function according to the first calibration data by using
a least square method, and determine the second function
according to the second calibration data by using the least
square method.

[0041] With reference to the first possible implementation
of the third aspect, in a third possible implementation of the
third aspect, the processor is configured to use a third
function as the optimal function when the degree of differ-
ence 1s less than a first preset threshold, where the third
function is determined by using the first calibration data and
the second calibration data.

[0042] With reference to the third possible implementation
of the third aspect, in a fourth possible implementation of the
third aspect, the processor is configured to use the second
function as the optimal function when the degree of differ-
ence is greater than the first preset threshold and a quantity
of samples of the first calibration data is less than a second
preset threshold, or the processor is configured to use the
first function as the optimal function when the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is greater
than the second preset threshold.

[0043] With reference to the third possible implementation
of the third aspect, in a fifth possible implementation of the
third aspect, the processor is configured to use the third
function as the optimal function when the degree of differ-
ence is greater than the first preset threshold and a quantity
of samples of the first calibration data is less than a second
preset threshold, where the third function is determined by
using the first calibration data and the second calibration
data; or the processor is configured to remove an abnormal
data point from the first calibration data, and use a fourth
function as the optimal function when the degree of differ-
ence is greater than the first preset threshold and a quantity
of samples of the first calibration data is greater than the
second preset threshold, where the fourth function is calcu-
lated by using a combination of the second calibration data
and remaining first calibration data.

[0044] With reference to the third aspect, in a sixth pos-
sible implementation of the third aspect, the processor is
configured to determine a first function according to the first
calibration data, determine a third function according to a
combination of the first calibration data and the second
calibration data, determine a degree of difference between
the first function and the third function, and determine the
optimal function according to the degree of difference.
[0045] With reference to the sixth possible implementa-
tion of the third aspect, in a seventh possible implementation
of the third aspect, the processor is configured to determine
the first function according to the first calibration data by
using a least square method, and determine a second func-
tion according to the second calibration data by using the
least square method.

[0046] With reference to the sixth possible implementa-
tion of the third aspect, in an eighth possible implementation
of the third aspect, the processor is configured to use the
third function as the optimal function when the degree of
difference is less than a first preset threshold.

[0047] With reference to the eighth possible implementa-
tion of the third aspect, in a ninth possible implementation
of the third aspect, the processor is configured to use a
second function as the optimal function when the degree of
difference is greater than the first preset threshold and a
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quantity of samples of the first calibration data is less than
a second preset threshold, where the second function is
determined by using the second calibration data; or the
processor is configured to use the first function as the
optimal function when the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than the second preset
threshold.

[0048] With reference to the eighth possible implementa-
tion of the third aspect, in a tenth possible implementation
of the third aspect, the processor is configured to use the
third function as the optimal function when the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is less than
a second preset threshold; or the processor is configured to
remove an abnormal data point from the first calibration data
and use a fourth function as the optimal function when the
degree of difference is greater than the first preset threshold
and a quantity of samples of the first calibration data is
greater than the second preset threshold, where the fourth
function is calculated by using a combination of the second
calibration data and remaining first calibration data.

[0049] With reference to the third aspect, in an eleventh
possible implementation of the third aspect, the first cali-
bration data and the second calibration data separately
include at least one group of a blood pressure value and a
corresponding pulse wave transmission time; and the pro-
cessor is configured to obtain a current pulse wave trans-
mission time of the user; select, from the first calibration
data and the second calibration data, a pulse wave transmis-
sion time closest to the current pulse wave transmission
time, and use calibration data in which the pulse wave
transmission time closest to the current pulse wave trans-
mission time exists as optimal calibration data; and use a
function as the optimal function, where the function is
determined according to the optimal calibration data.
[0050] With reference to the third aspect, in a twelfth
possible implementation of the third aspect, the processor is
configured to obtain an identity of the user, and obtain the
second calibration data from multiple pieces of pre-stored
calibration data according to the identity of the user.
[0051] With reference to the twelfth possible implemen-
tation of the third aspect, in a thirteenth possible implemen-
tation of the third aspect, the processor is configured to
determine the identity of the user according to at least one
of a first electrocardiosignal or a first pulse wave signal in
the first calibration data of the user, or the processor is
configured to determine the identity of the user according to
at least one of a current electrocardiosignal or a current pulse
wave signal generated when the user currently uses the
cuff-less blood pressure measurement apparatus.

[0052] With reference to the third aspect, in a fourteenth
possible implementation of the third aspect, the processor is
configured to obtain a current electrocardiosignal and a
current pulse wave signal generated when the user currently
performs measurement by using the cuff-less blood pressure
measurement apparatus; calculate the current pulse wave
transmission time; and calculate the current blood pressure
value of the user according to the optimal function and the
current pulse wave transmission time.

[0053] According to the technical solutions, first calibra-
tion data generated when a user performs manual calibration
and pre-stored second calibration data are combined, and an
optimal function used to represent a function relationship
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between a pulse wave transmission time and a blood pres-
sure value of the user is determined according to the first
calibration data and the second calibration data. In such a
manner, when different users wear a cuff-less blood pressure
measurement apparatus for measurement, automatic calibra-
tion can be performed with reference to pre-stored calibra-
tion data to determine an optimal function, so that the
pre-stored calibration data can be fully used, and calibration
is more accurate. Therefore, a measurement result of a blood
pressure value is more accurate.

BRIEF DESCRIPTION OF DRAWINGS

[0054] FIG. 1 is a flowchart of a blood pressure measure-
ment data processing method according to an embodiment
of the present disclosure;

[0055] FIG. 2 is a schematic diagram of an electrocardi-
osignal and a pulse wave signal according to an embodiment
of the present disclosure;

[0056] FIG. 3 is a flowchart of an implementation of
determining an optimal function used to represent a rela-
tionship between a pulse wave transmission time and a
blood pressure value of a user according to an embodiment
of the present disclosure;

[0057] FIG. 4 is a flowchart of another implementation of
determining an optimal function used to represent a rela-
tionship between a pulse wave transmission time and a
blood pressure value of a user according to an embodiment
of the present disclosure;

[0058] FIG. 5 is a flowchart of still another implementa-
tion of determining an optimal function used to represent a
relationship between a pulse wave transmission time and a
blood pressure value of a user according to an embodiment
of the present disclosure;

[0059] FIG. 6 is a flowchart of a manner in which a
cuff-less blood pressure measurement apparatus obtains
second calibration data pre-stored by a user according to an
embodiment of the present disclosure;

[0060] FIG. 7 is a flowchart of a manner of determining an
identity of a user by using at least one of a first electrocar-
diosignal or a first pulse wave signal according to an
embodiment of the present disclosure;

[0061] FIG. 8 is a schematic diagram of a first type of
calibration data fitting result according to an embodiment of
the present disclosure;

[0062] FIG. 9 is a schematic diagram of a second type of
calibration data fitting result according to an embodiment of
the present disclosure;

[0063] FIG. 10 is a schematic diagram of a third type of
calibration data fitting result according to an embodiment of
the present disclosure;

[0064] FIG. 11 is a schematic diagram of a fourth type of
calibration data fitting result according to an embodiment of
the present disclosure;

[0065] FIG. 12 is a schematic structural diagram of a
cuff-less blood pressure measurement apparatus according
to an embodiment of the present disclosure;

[0066] FIG. 13 is a schematic structural diagram of a
second obtaining module of a cufl-less blood pressure
measurement apparatus according to an embodiment of the
present disclosure;

[0067] FIG. 14 is a schematic structural diagram of a
determining module of a cuff-less blood pressure measure-
ment apparatus according to an embodiment of the present
disclosure;
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[0068] FIG. 15 is another schematic structural diagram of
a determining module of a cuff-less blood pressure mea-
surement apparatus according to an embodiment of the
present disclosure;

[0069] FIG. 16 is still another schematic structural dia-
gram of a determining module of a cuff-less blood pressure
measurement apparatus according to an embodiment of the
present disclosure;

[0070] FIG. 17 is a schematic structural diagram of a
calculation module of a cuff-less blood pressure measure-
ment apparatus according to an embodiment of the present
disclosure; and

[0071] FIG. 18 is a schematic structural diagram of
another cuff-less blood pressure measurement apparatus
according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0072] Referring to FIG. 1, FIG. 1 is a flowchart of a blood
pressure measurement data processing method according to
an embodiment of the present disclosure. As shown in the
figure, the blood pressure measurement data processing
method in this embodiment includes the following steps.
[0073] S10: A cuff-less blood pressure measurement appa-
ratus obtains first calibration data of a user.

[0074] The first calibration data is data generated when the
user performs a manual calibration process before measur-
ing blood pressure by using the cuff-less blood pressure
measurement apparatus. The first calibration data includes at
least a first blood pressure value and a first pulse wave
transmission time.

[0075] The manual calibration process is as follows. The
user obtains the first blood pressure value by performing
measurement by using a cuff’ sphygmomanometer. A first
electrocardiosignal of the user is collected by using an
electrocardiography sensor of the cuff-less blood pressure
measurement apparatus, and a first pulse wave signal of the
user is collected by using at least one of a light sensor, a
pressure sensor, a sound sensor, a photoelectric sensor, an
acceleration sensor, or a displacement sensor of the cuff-less
blood pressure measurement apparatus. The first pulse wave
transmission time is calculated according to the first elec-
trocardiosignal and the first pulse wave signal of the user.
Fach time the user performs manual calibration, a group of
a first blood pressure value and a first pulse wave transmis-
sion time is generated. The cuff-less blood pressure mea-
surement apparatus receives the first blood pressure value
and the first pulse wave transmission time that are manually
input by the user or obtains the first blood pressure value and
the first pulse wave transmission time from a cuff blood
pressure measurement apparatus by using a specific inter-
face such as Bluetooth or an infrared interface, so as to form
the first calibration data.

[0076] In a possible implementation in which the first
pulse wave transmission time is calculated according to the
first electrocardiosignal and the first pulse wave signal, the
first pulse wave transmission time is calculated according to
a time difference between a reference point on the first
electrocardiosignal and a reference point on the first pulse
wave signal in a same period as the reference point on the
first electrocardiosignal.

[0077] In a specific example in which a pulse wave
transmission time is calculated according to an electrocar-
diosignal and a pulse wave signal, referring to FIG. 2, FIG.
2 is a schematic diagram of an electrocardiosignal and a
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pulse wave signal according to this embodiment of the
present disclosure. As shown in the figure, the pulse wave
signal in this embodiment is a photoplethysmogram 2 col-
lected by using the photoelectric sensor. A reference point is
a vertex, a bottom point, or an intermediate point. A vertex
of the electrocardiosignal is 301, and a bottom point and a
vertex of the photoplethysmogram are 302 and 303. A pulse
wave transmission time (PTT) 304 is calculated according to
a time difference between the reference 301 on the electro-
cardiosignal 1 and the reference point 302 on the pulse wave
signal in a same period as the reference point 301.

[0078] S11: Obtain pre-stored second calibration data of
the user.
[0079] The second calibration data includes at least a

second blood pressure value and a second pulse wave
transmission time. The second calibration data may be
historical manual calibration data generated before the first
calibration data is obtained and when the user performs a
manual calibration process by using the cuff-less blood
pressure measurement apparatus. The historical manual cali-
bration data is stored in the cuff-less blood pressure mea-
surement apparatus. Alternatively, the second calibration
data may be calibration data pre-stored by the user on a
cloud side. The calibration data stored on the cloud side may
be calibration data exported from an intelligent wearable
device such as a wristwatch. The cuff-less blood pressure
measurement apparatus obtains, from the cloud side by
using an internal interface, the calibration data stored on the
cloud side, and uses the calibration data as the second
calibration data.

[0080] S12: Determine, according to the first calibration
data and the second calibration data, an optimal function
used to represent a function relationship between a pulse
wave transmission time and a blood pressure value of the
user.

[0081] Inthis embodiment of the present disclosure, deter-
mining an optimal function used to represent a function
relationship between a pulse wave transmission time and a
blood pressure value of the user means determining a
calibration parameter (or a calibration coefficient) for cal-
culating the blood pressure value according to the pulse
wave transmission time. For example, systolic blood pres-
sure (SBP) is calculated by using a formula SBP=alxPTT+
b1, and diastolic blood pressure (DBP) is calculated accord-
ing to a formula DBP=a2xPTT+b2. The determining the
optimal function in this embodiment of the present disclo-
sure is determining values of al, bl, a2, and b2 in the
formulas, and the blood pressure value of the user is
accordingly calculated according to current measurement
data and the determined calibration parameter.

[0082] S13: Obtain a current pulse wave transmission time
of the user, and calculate a current blood pressure value of
the user according to the current pulse wave transmission
time of the user and the optimal function.

[0083] The determined optimal function is used to repre-
sent the function relationship between the pulse wave trans-
mission time and the blood pressure value of the user.
Therefore, when the user currently performs measurement
by using the cuff-less blood pressure measurement appara-
tus, a current electrocardiosignal of the user is collected by
using the electrocardiography sensor of the cuff-less blood
pressure measurement apparatus, and a current pulse wave
signal of the user is collected by using at least one of the
light sensor, the pressure sensor, the sound sensor, the
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photoelectric sensor, the acceleration sensor, or the displace-
ment sensor of the cuff-less blood pressure measurement
apparatus. The current pulse wave transmission time is
calculated according to the current electrocardiosignal and
the current pulse wave signal of the user. The current blood
pressure value of the user can be calculated with reference
to the determined optimal function according to the calcu-
lated current pulse wave transmission time of the user.

[0084] In the foregoing embodiment of the present disclo-
sure, calculating systolic blood pressure according to a
formula SBP=alxPTT+bl, and calculating diastolic blood
pressure according to a formula DBP=a2xPTT+b2 is merely
an implementation example of the present disclosure. Blood
pressure may be calculated by using other formulas. For
example, the formulas include but are not limited to the
following formulas:

BP=A|In(PTTy) + B, (0

G
BP=An| — + 1|+ B,
PTT?

A3 ©)]
BP= PTTR +B;
BP = A,PTTy + By 4
)
BP=As PTTx + Bs
( RT ] (6
BP = Ag| — | + Bs.
PIT}
[0085] In the foregoing formulas, A2=uxIn(PTT, )

[0086] B2=-(SBP,-DBP,)xPTT, /3

[0087] C2=SBP,/3+2DBP,/3

[0088] D2=(SBP,-DBP,)xPTT,,>
[0089] In the formulas, SBP is systolic blood pressure,
DBP is diastolic blood pressure, 1 is a vascular characteristic

parameter and usually taken as a constant, and a subscript o
indicates a calibration value.

[0090] According to the blood pressure measurement data
processing method provided in the foregoing embodiment of
the present disclosure, first calibration data generated when
a user performs manual calibration and pre-stored second
calibration data are combined, and an optimal function used
to represent a relationship between a pulse wave transmis-
sion time and a blood pressure value of the user is deter-
mined according to the first calibration data and the second
calibration data. In such a manner, when a user wears a
cuff-less blood pressure measurement apparatus for mea-
surement, automatic calibration can be performed with ref-
erence to pre-stored calibration data to determine an optimal
function, so that the pre-stored calibration data can be fully
used, and calibration is more accurate. Therefore, a mea-
surement result of a blood pressure value of the user is more
accurate.

[0091] In the foregoing embodiment of the present disclo-
sure, there are three possible implementations of determin-
ing the optimal function used to represent the relationship
between the pulse wave transmission time and the blood
pressure value of the user according to the first calibration
data and the second calibration data. The following further
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describes the three possible implementations with reference
to FIG. 3, FIG. 4, and FIG. 5.

[0092] For a first possible implementation, refer to FIG. 3.
FIG. 3 is a flowchart of an implementation of determining
the optimal function used to represent the relationship
between the pulse wave transmission time and the blood
pressure value of the user according to this embodiment of
the present disclosure. As shown in the figure, the following
substeps are included.

[0093] S110: Determine a first function according to the
first calibration data.

[0094] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data.

[0095] S112: Determine a second function according to
the second calibration data.

[0096] The second function herein is a function used to
represent a relationship between a second blood pressure
value and a second pulse wave transmission time in the
second calibration data.

[0097] In a possible implementation solution, the first
function is determined according to the first calibration data
by using a least square method. The second function is
determined according to the second calibration data by using
the least square method.

[0098] S113: Determine a degree of difference between
the first function and the second function.

[0099] The degree of difference between the first function
and the second function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. After the first function and the second
function are determined by using the least square method, a
slope change rate and/or a fitting coeflicient change rate of
the first function relative to the second function are/is
determined to determine the degree of difference.

[0100] S114: Determine the optimal function according to
the degree of difference.

[0101] After the degree of difference between the two
functions is determined, the optimal function used to rep-
resent the relationship between the pulse wave transmission
time and the blood pressure value of the user is determined
according to the degree of difference.

[0102] In an implementation, if the degree of difference is
less than a first preset threshold, a third function determined
by using the first calibration data and the second calibration
data is used as the optimal function. The second function is
used as the optimal function if the degree of difference is
greater than the first preset threshold and a quantity of
samples of the first calibration data is less than a second
preset threshold. Alternatively, the first function is used as
the optimal function if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold. The first preset threshold and the second preset
threshold herein may be thresholds that are preset and stored
by the user in the cuff-less blood pressure measurement
apparatus. The user may adjust the first preset threshold and
the second preset threshold according to a requirement.
When the degree of difference is indicated by using the slope
change rate and the fitting coefficient change rate of the first
function relative to the second function, the first preset
threshold correspondingly includes two thresholds (which
are respectively a slope change rate threshold and a fitting
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coefficient change rate threshold). For example, the slope
change rate threshold is 30%, and the fitting system change
rate threshold is 10%. In addition, the second preset thresh-
old is for the quantity of samples that may be set to, for
example, 4 or 6.

[0103] That is, when the degree of difference is less than
the first preset threshold, it may be determined that a
deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using a combination of the two pieces of
calibration data may be used as the optimal function. If the
degree of difference is greater than the first preset threshold,
it is determined that a deviation between the first calibration
data and the pre-stored second calibration data is relatively
large. In this case, determining needs to be further performed
with reference to the quantity of samples of the first cali-
bration data. If the quantity of samples of the first calibration
data is large enough (exceeds the second preset threshold),
the first function determined by using the first calibration
data may be independently used as the optimal function. If
the quantity of samples of the first calibration data is
relatively small (does not exceed the second preset thresh-
old), the second function determined by using the pre-stored
second calibration data is directly used as the optimal
function.

[0104] In addition, other implementations may be as fol-
lows. If the degree of difference is less than a first preset
threshold, a third function determined by using the first
calibration data and the second calibration data is used as the
optimal function. If the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
third function determined by using the first calibration data
and the second calibration data is used as the optimal
function. Alternatively, if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold, an abnormal data point is removed from the first
calibration data, and a fourth function calculated by using a
combination of the second calibration data and remaining
first calibration data is used as the optimal function.

[0105] In an implementation, when the degree of differ-
ence is less than the first preset threshold, it may be
determined that a deviation between the first calibration data
and the pre-stored second calibration data is not large, and
the function determined by using a combination of the two
pieces of calibration data may be used as the optimal
function. When the degree of difference is greater than the
first preset threshold and the quantity of samples of the first
calibration data is less than the second preset threshold,
because a quantity of samples of the second calibration data
is small, a difference brought by the second calibration data
may be ignored, and the third function determined by using
the combination of the first calibration data and the second
calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
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abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0106] Referring to FIG. 4, FIG. 4 is a flowchart of another
implementation of determining the optimal function used to
represent the relationship between the pulse wave transmis-
sion time and the blood pressure value of the user according
to this embodiment of the present disclosure. A main dif-
ference between this implementation solution and the
embodiment shown in FIG. 3 lies in that when a degree of
difference is determined, the degree of difference is a degree
of difference of a third function relative to a first function,
where the third function is determined by using a combina-
tion of the first calibration data and the second calibration
data and the first function is determined by using the first
calibration data. As shown in the figure, the following
substeps are included.

[0107] S120: Determine the first function according to the
first calibration data.

[0108] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data.

[0109] S121: Determine the third function according to the
combination of the first calibration data and the second
calibration data.

[0110] The third function herein is a function used to
represent a relationship between a blood pressure value and
a pulse wave transmission time in the combination of the
first calibration data and the second calibration data.
[0111] In a possible implementation solution, the first
function is determined according to the first calibration data
by using a least square method. The third function is
determined according to the first calibration data and the
second calibration data by using the least square method.
[0112] S122: Determine the degree of difference between
the first function and the third function.

[0113] The degree of difference between the first function
and the third function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. Specifically, after the first function and
the third function are determined by using the least square
method, a slope change rate and/or a fitting coefficient
change rate of the third function relative to a second function
are/is determined to determine the degree of difference.
[0114] S123: Determine the optimal function according to
the degree of difference.

[0115] After the degree of difference between the two
functions is determined, the optimal function used to rep-
resent the relationship between the pulse wave transmission
time and the blood pressure value of the user is determined
according to the degree of difference.

[0116] In an implementation, if the degree of difference is
less than a first preset threshold, the third function deter-
mined by using the first calibration data and the second
calibration data is used as the optimal function. A second
function is used as the optimal function if the degree of
difference is greater than the first preset threshold and a
quantity of samples of the first calibration data is less than
a second preset threshold. Alternatively, the first function is
used as the optimal function if the degree of difference is
greater than the first preset threshold and a quantity of
samples of the first calibration data is greater than a second
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preset threshold. The first preset threshold and the second
preset threshold herein may be thresholds that are preset and
stored by the user in the cuff-less blood pressure measure-
ment apparatus. The user may adjust the first preset thresh-
old and the second preset threshold according to a require-
ment. When the degree of difference is indicated by using
the slope change rate and the fitting coeflicient change rate
of the first function relative to the second function, the first
preset threshold correspondingly includes two thresholds
(which are respectively a slope change rate threshold and a
fitting coeflicient change rate threshold). For example, the
slope change rate threshold is 30%, and the fitting system
change rate threshold is 10%. In addition, the second preset
threshold is for the quantity of samples that may be set to,
for example, 4 or 6.

[0117] That is, when the degree of difference is less than
the first preset threshold, it may be determined that a
deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using the combination of the two pieces of
calibration data may be used as the optimal function. If the
degree of difference is greater than the first preset threshold,
it is determined that a deviation between the first calibration
data and the pre-stored second calibration data is relatively
large. In this case, determining needs to be further performed
with reference to the quantity of samples of the first cali-
bration data. If the quantity of samples of the first calibration
data is large enough (exceeds the second preset threshold),
the first function determined by using the first calibration
data may be independently used as the optimal function. If
the quantity of samples of the first calibration data is
relatively small (does not exceed the second preset thresh-
old), the second function determined by using the pre-stored
second calibration data is directly used as the optimal
function.

[0118] In addition, other implementations may be as fol-
lows. If the degree of difference is less than a first preset
threshold, the third function determined by using the first
calibration data and the second calibration data is used as the
optimal function. If the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
third function determined by using the first calibration data
and the second calibration data is used as the optimal
function. Alternatively, if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold, an abnormal data point is removed from the first
calibration data, and a fourth function calculated by using a
combination of the second calibration data and remaining
first calibration data is used as the optimal function.

[0119] In an implementation, when the degree of differ-
ence is less than the first preset threshold, it may be
determined that a deviation between the first calibration data
and the pre-stored second calibration data is not large, and
the function determined by using the combination of the two
pieces of calibration data may be used as the optimal
function. When the degree of difference is greater than the
first preset threshold and the quantity of samples of the first
calibration data is less than the second preset threshold,
because a quantity of samples of the second calibration data
is small, a difference brought by the second calibration data
may be ignored, and the third function determined by using
the combination of the first calibration data and the second
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calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0120] Referring to FIG. 5, FIG. 5 is a flowchart of still
another implementation of determining the optimal function
used to represent the relationship between the pulse wave
transmission time and the blood pressure value of the user
according to this embodiment of the present disclosure. As
shown in the figure, the following substeps are included.

[0121] S130: Obtain a current pulse wave transmission
time of the user.

[0122] The current pulse wave transmission time of the
user may be obtained in the following manner. A corre-
sponding electrocardiosignal and a corresponding pulse
wave signal generated when the user currently uses the
cuff-less blood pressure measurement apparatus are
obtained, and the current pulse wave transmission time of
the user is calculated. A current electrocardiosignal of the
user is collected by using the electrocardiography sensor of
the cuff-less blood pressure measurement apparatus, and a
current pulse wave signal of the user is collected by using at
least one of the light sensor, the pressure sensor, the sound
sensor, the photoelectric sensor, the acceleration sensor, or
the displacement sensor of the cuff-less blood pressure
measurement apparatus. The current pulse wave transmis-
sion time of the user is calculated according to the current
electrocardiosignal and the current pulse wave signal of the
user.

[0123] S131: Select, from the first calibration data and the
second calibration data, a pulse wave transmission time
closest to the current pulse wave transmission time, and use
calibration data in which the pulse wave transmission time
closest to the current pulse wave transmission time exists as
optimal calibration data.

[0124] The obtained current pulse wave transmission time
of the user is referred to as a third pulse wave transmission
time (PTT3). The current pulse wave transmission time
PTT3 is separately compared with a first pulse wave trans-
mission time (PTT1) in the first calibration data and a second
pulse wave transmission time (PTT2) in the second calibra-
tion data, to determine whether a difference value between
the PTT1 and the PTT3 or a difference value between the
PTT2 and the PTT3 is smaller. If the difference value
between the PTTI and the PTT3 is smaller, the optimal
fanction is determined by using the first calibration data. If
the difference value between the PTT2 and the PTT3 is
smaller, the optimal function is determined by using the
second calibration data. That is, in this implementation, with
reference to the PPT1 in the first calibration data, the PTT2
in the second calibration data, and the PTT3 calculated by
using data obtained by means of current measurement,
calibration data corresponding to a PTT closest to the PTT3
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is used as the optimal calibration data, and a function
determined by using the optimal calibration data is used as
the optimal function.

[0125] Herein, when comparison is performed, an average
value of pulse wave transmission times calculated by using
multiple pairs of data in the first calibration data may be
calculated and used as the first pulse wave transmission time
PTT1. an average value of pulse wave transmission times
calculated by using multiple pairs of data in the second
calibration data may be calculated and used as the second
pulse wave transmission time PTT2, and the PTT1 and the
PTT2 are separately compared with the PTT3 to determine
the optimal calibration data.

[0126] Alternatively, a PTT closest to the PTT3 may be
found in multiple first pulse wave transmission times PTT1
in the first calibration data and multiple second pulse wave
transmission times PTT?2 in the second calibration data, and
calibration data in which the PTT closest to the PTT3 exists
is used as the optimal calibration data. For example, there
are multiple first pulse wave transmission times A, B, C, and
D in the first calibration data, and there are multiple second
pulse wave transmission times Al, B1, C1, and D1 in the
second calibration data. If one of A, B, C, or D is closest to
the PTT3, the first calibration data is used as the optimal
calibration data. If one of A1, B1, C1, or D1 is closest to the
PTT3. the second calibration data is used as the optimal
calibration data.

[0127] S132: Use a function as the optimal function used
to represent the relationship between the pulse wave trans-
mission time and the blood pressure value of the user, where
the function is determined according to the optimal calibra-
tion data.

[0128] After the optimal calibration data is determined,
the function determined according to the optimal calibration
data by using a least square method is used as the optimal
function used to represent the relationship between the pulse
wave transmission time and the blood pressure value of the
user.

[0129] In the foregoing implementation solutions, in the
implementation solutions shown in FIG. 3 and FIG. 4, when
calibration is performed, only the first calibration data
generated when the user performs manual calibration and
the pre-stored second calibration data are considered. After
the functions are determined by using the first calibration
data and the second calibration data, the optimal function is
determined according to the degree of difference.

[0130] In the implementation solution shown in FIG. §,
when calibration is performed, in addition to considering the
first calibration data generated when manual calibration is
performed and the pre-stored second calibration data, com-
prehensive consideration is further performed with reference
to current measurement data to determine the optimal func-
tion. That is, when a pulse wave transmission time in the first
calibration data is a PTT1, a pulse wave transmission time
in the second calibration data is a PTT2, and a pulse wave
transmission time calculated by using an electrocardiosignal
and a pulse wave signal correspondingly obtained when the
user currently measures blood pressure by using the cuff-less
blood pressure measurement apparatus is a PTT3, if the
PTT3 is close to the PTT1, calibration is performed by using
the first calibration data to obtain the optimal function and
calculate the blood pressure value; or if the PTT is close to
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the PTT2, calibration is performed by using the second
calibration data to obtain the optimal function and calculate
the blood pressure value.

[0131] In the foregoing technical solutions of the present
disclosure, the first calibration data or the second calibration
data may not exist, or neither the first calibration data nor the
second calibration data exists. When the first calibration data
does not exist, calibration is performed by using the second
calibration data to determine the optimal function. When the
second calibration data does not exist, calibration is per-
formed by using the first calibration data to determine the
optimal function. If neither the first calibration data nor the
second calibration data exists, in this case, the user is
prompted to perform manual calibration.

[0132] Further referring to FIG. 6, in the foregoing
embodiment, a manner in which the cuff-less blood pressure
measurement apparatus obtains the second calibration data
pre-stored by the user in the cuff-less blood pressure mea-
surement apparatus may include the following substeps.
[0133] S140: The cuff-less blood pressure measurement
apparatus obtains an identity of the user.

[0134] The cuff-less blood pressure measurement appara-
tus may determine the identity of the user according to one
or two of a first electrocardiosignal or a first pulse wave
signal in the first calibration data of the user, or determine
the identity of the user according to one or two of a current
electrocardiosignal or a current pulse wave signal generated
when the user currently performs measurement by using the
cuff-less blood pressure measurement apparatus.

[0135] Although both a feature of an electrocardiosignal
and a feature of a pulse wave signal of each individual
become different as a detected part and a detection moment
change, an electrocardiosignal and a pulse wave signal of a
same person basically remain stable. Different individuals
have significantly different electrocardiosignals and pulse
wave signals. Therefore, the identity of the user may be
determined by using the electrocardiosignal or the pulse
wave signal.

[0136] S141: Obtain the second calibration data from
multiple pieces of pre-stored calibration data according to
the identity of the user.

[0137] After the identity of the user is determined, the
second calibration data is obtained from the multiple pieces
of pre-stored calibration data according to the identity of the
user. The second calibration data may be obtained according
to the identity of the user by using a technical solution in the
prior art. This is not limited in the present disclosure.
[0138] FIG. 7 is a flowchart of a manner of determining
the identity of the user by using at least one of a first
electrocardiosignal or a first pulse wave signal according to
this embodiment of the present disclosure. As shown in the
figure, the determining the identity of the user according to
at least one of a first electrocardiosignal or a first pulse wave
signal includes the following steps.

[0139] S150: Preprocess at least one of the first electro-
cardiosignal or the first pulse wave signal, and extract a
feature parameter of the signal to generate a physiological
signal feature vector template.

[0140] A manner of preprocessing at least one of the first
electrocardiosignal or the first pulse wave signal may be but
not limited to digital signal conversion, noise reduction, or
the like. The extracted feature parameter of the signal may
be a vertex, a valley point, or the like of a signal waveform.
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The physiological signal feature vector template is generated
according to the extracted feature parameter.

[0141] S151: Determine whether there is a pre-stored
physiological signal feature vector template, where a degree
of matching between the pre-stored physiological signal
feature vector template and the physiological signal feature
vector template reaches a preset matching threshold.
[0142] The generated physiological signal feature vector
template is matched with a pre-stored physiological signal
feature vector template, and it is determined whether there
is a pre-stored physiological signal feature vector template,
where matching between the pre-stored physiological signal
feature vector template and the generated physiological
signal feature vector template reaches the preset matching
threshold. If there is such a pre-stored physiological signal
feature vector template, S152 is performed; or if there is no
such a pre-stored physiological signal feature vector tem-
plate, S153 is performed.

[0143] The matching threshold herein is a threshold that is
used to measure a degree of matching and that is preset and
stored by the user in the measurement apparatus, and may be
adjusted according to a requirement.

[0144] S152: Determine an identity corresponding to the
pre-stored physiological signal feature vector template as the
identity of the user.

[0145] When there is a pre-stored physiological signal
feature vector template that matches the generated physi-
ological signal feature vector template, and a degree of
matching reaches the preset matching threshold, an identity
corresponding to the pre-stored physiological signal feature
vector template is determined as the identity of the user.
[0146] S153: Create an identity of the user, and bind the
identity to the generated physiological signal feature vector
template.

[0147] When there is no pre-stored physiological signal
feature vector template, where a degree of matching between
the pre-stored physiological signal feature vector template
and the generated physiological signal feature vector module
reaches the preset matching threshold, an identity of the user
is created, and is bound to the generated physiological signal
feature vector template.

[0148] In an implementation process, the first calibration
data may not exist. For example, the user does not perform
a manual calibration process before performing measure-
ment by using the cuff-less blood pressure measurement
apparatus. In this case, in a possible implementation, at least
one of a corresponding electrocardiosignal or a correspond-
ing pulse wave signal generated when the user currently
performs measurement by using the cuff-less blood pressure
measurement apparatus may be obtained to determine the
identity of the user. An implementation process of deter-
mining the identity of the user according to at least one of
the electrocardiosignal or the pulse wave signal is similar to
a process shown in FIG. 7. Details are not described herein
again in the present disclosure.

[0149] To further describe the method in the present
disclosure, the following provides description by using an
example in which a degree of difference between the first
calibration data and the second calibration data is deter-
mined by using the least square method. In this embodiment
of the present disclosure, the systolic blood pressure is
calculated according to the formula SBP=alxPTT+bl, and
the diastolic blood pressure is calculated according to the
formula DBP=a2xPTT+b2. In the following, a process of
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determining calibration data a2 and b2 of the diastolic blood
pressure is used as an example.

[0150] Calibration policy 1: Calibration parameters are
estimated with reference to the first calibration data and the
second calibration data by using the least square method,
and the optimal function is determined according to a result
obtained by performing fitting according to the least square
method.

[0151] When a comparison result obtained by comparing
a fitting result of the first calibration data with that of the
second calibration data meets the following conditions, it is
determined that the calibration data has no significant
change, and a first policy is used as a blood pressure
calculation policy:

[0152] (1) a slope change rate of a trend line is less than
a specified threshold v1=30%; and

[0153] (2) a change rate of R2 is less than a specified
threshold v2=10%, and an updated R2 is greater than a
specified threshold v3=0.9.

[0154] The first policy is as follows. With reference to the
first calibration data and the second calibration data, a result,
that is, the third function, obtained by performing linear
fitting according to the combination of the first calibration
data and the second calibration data by using the least square
method is used as representation parameters of the optimal
function, the representation parameters are updated, and the
blood pressure value of the user is calculated according to
the updated representation parameters.

[0155] After the representation parameters are updated,
the original second calibration data is replaced with updated
calibration data (that is, the original stored second calibra-
tion data is replaced with the combination of the first
calibration data and the second calibration data), and rep-
resentation parameters, that is, the second function, obtained
by using the original second calibration data are replaced
with the updated representation parameters.

[0156] Forexample, as shownin FIG. 8, in FIG. 8, a graph
on the left is original calibration data, that is, the second
calibration data (a horizontal axis is diastolic blood pressure
measured by the cuff sphygmomanometer, and a unit is
mmHg; a vertical axis is a PTT value measured by the
cuff-less blood pressure measurement apparatus, and a unit
is s). A linear fitting result is y=-0.0098x+1.0499, and
R?=0.9308. A circle point in a graph on the right is updated
calibration data, that is, the first calibration data. (In this
embodiment, the user performs recalibration four times by
using the cuff sphygmomanometer. The graph on the left is
the original calibration data. Each circle point in the graph
on the right represents one calibration. Each calibration
process is as follows. The user measures the diastolic blood
pressure and the systolic blood pressure by using the cuff
sphygmomanometer, and after resting 30 s, wears the cuff-
less blood pressure measurement apparatus to measure a
PTT). With reference to the existing calibration data and the
updated calibration data, a result obtained by performing
re-fitting is y=-0.0076x+0.891, and R*=0.9753. Recalcu-
lated representation parameters have no significant change:
[0157] a slope change rate is [-0.0098-(-0.0076)I/1-0.
00981=23.45% and is less than v1=30%; and

[0158] a change rate of R* is0.9308-0.9753)I/0.9308=4.
78% and is less than v2=10%, and an updated R*>=0.9753
and is greater than v3=0.9.

[0159] The representation parameters are updated to a2=-
0.0076 and b2=0.8910 (that is, the third function). The blood
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pressure value of the user is calculated according to the
updated representation parameters, the updated calibration
data is stored, and the original calibration data is replaced
with the updated calibration data.

[0160] When a comparison result obtained by comparing
a fitting result of the first calibration data with that of the
second calibration data meets one of the following condi-
tions, it is determined that the calibration data significantly
changes:

[0161] (1) aslope change rate of a trend line is greater than
v1=30%; and
[0162] (2) a change rate of R? is greater than a specified

threshold v2=10%, or R*<0.9.

[0163] In this case, a quantity of samples of updated
calibration data needs to be further determined. If the
quantity of samples of the updated calibration data is less
than a specified threshold, a second policy is used as a blood
pressure calculation policy.

[0164] The second policy is as follows. The representation
parameters are not updated, the second function determined
by using the original stored calibration data, that is, the
second calibration data, is used as the optimal function to
calculate blood pressure, and calibration data updated this
time, that is, the first calibration data, is not stored. In this
case, a prompt that abnormal calibration data may exist may
be sent to the user.

[0165] As shown in FIG. 9, in FIG. 9, the quantity of
samples of the updated calibration data is less than a
specified threshold 6 (in this embodiment, the user performs
recalibration four times by using the cuff sphygmomanom-
eter). A linear fitting result is y=-0.0098x+1.0499, and
R>=0.9308. Fach circle point in a graph on the right repre-
sents one calibration. (Each calibration process is as follows.
The user measures the diastolic blood pressure and the
systolic blood pressure by using the cuff sphygmomanom-
eter, and after resting 30 s, wears the cuff-less blood pressure
measurement apparatus to measure a PTT). A fitting result
obtained by performing fitting with reference to the two
groups of calibration data is y=—0.0063x+0.8, and R*=0.
8817. The fitting results are compared, and it is determined
that the calibration data significantly changes and that the
quantity of samples of the updated calibration data is less
than the specified threshold. In this case, a corresponding
calibration policy is as follows. The calibration data is not
updated, the blood pressure value of the user is calculated
according to an original stored function (that is, the second
function determined by using the second calibration data)
a2=-0.0098 and b2=1.0499, and the calibration data updated
this time, that is, the first calibration data, is not stored.
[0166] Ifthe quantity of samples of the updated calibration
data is greater than the specified threshold, a third policy is
used as a blood pressure calculation policy.

[0167] The third policy is as follows. Calibration param-
eters (that is, the first function) determined by using the
updated calibration data are used as the optimal function,
and the original stored calibration data and the representa-
tion parameters are replaced with the updated calibration
data and the optimal function.

[0168] As shown in FIG. 10, in FIG. 10, the quantity of
samples of the updated calibration data is greater than a
specified threshold 6. (In this embodiment, the user performs
recalibration seven times by using the cuff sphygmomanom-
eter. Each circle point in a graph on the right represents one
calibration. Each calibration process is as follows. The user
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measures the diastolic blood pressure and the systolic blood
pressure by using the cuff sphygmomanometer, and after
resting 30 s, wears the cuff-less blood pressure measurement
apparatus to measure a PTT). A fitting result of the updated
calibration data is y=—0.0081x+0.9809, and R*=0.9741. A
fitting result of the original calibration data is y=-0.0098x+
1.0499, and R*=0.9308. The fitting results are compared,
and it is determined that the calibration data significantly
changes and that the quantity of samples of the updated
calibration data is greater than the specified threshold. In this
case, a corresponding calibration policy is as follows. Rep-
resentation parameters are recalculated according to the
updated calibration data: a2=—0.0081 and b2=0.9809 (that
is, first representation parameters), the blood pressure value
of the user is calculated according to the recalculated rep-
resentation parameters a2=-0.0081 and b2=0.9809, the
original calibration data is deleted, the updated calibration
data, that is, the first calibration data, is stored, and the
original representation parameters are replaced with the
updated calibration parameters, that is, the first function.

[0169] When the quantity of samples of the updated
calibration data is greater than the specified threshold, in a
preferred implementation solution, residual analysis may be
performed with reference to the existing calibration data (the
second calibration data) and the updated calibration data (the
first calibration data) to determine whether there is an
abnormal point in the second calibration data. If there is an
abnormal point, after the abnormal point is removed, the
fourth function calculated by using the combination of the
first calibration data and the second calibration data from
which the abnormal point is removed is used as the optimal
function.

[0170] In FIG. 11, a square point in a graph on the left is
existing calibration data (a horizontal axis is diastolic blood
pressure measured by the cuff sphygmomanometer, and a
unit is mmHg; a vertical axis is a PTT value measured by the
cuff-less blood pressure measurement apparatus, and a umt
is s). A linear fitting result is y=-0.0098x+1.0499, and
R?=0.9308. A circle point is updated calibration data (In this
embodiment, the cuff-less blood pressure measurement
apparatus communicates with a cloud side, and downloads
calibration data of the user from the cloud side. The quantity
of samples is 8. A linear fitting result of the updated
calibration data is y=—0.0083x+1.0008, and R>=0.7762.
Residual analysis is performed on the eight groups of
calibration data, and one abnormal point—a triangle in the
graph is found. The point is deleted, and with reference to
the seven remaining groups of calibration data and the six
groups of original calibration data, a linear fitting result is
y=-0.0061x+0.7893, and R>-=0.8597. Representation
parameters a2=-0.0061 and b2=0.7893 (the fourth function)
are recalculated. The blood pressure value is calculated
according to the fourth function.).

[0171] The foregoing is detailed description of the blood
pressure measurement data processing method provided in
this embodiment of the present disclosure. It can be under-
stood that in the present disclosure, an optimal function used
to represent a function relationship between a preset bio-
logical feature and a blood pressure value of a user is
determined according to first calibration data and second
calibration data, where the first calibration data is obtained
when the user performs a manual calibration process before
measuring blood pressure by using a cuff-less blood pressure
measurement apparatus, and the second calibration data is
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pre-stored in the cuff-less blood pressure measurement appa-
ratus. In such a manner, calibration precision can be
improved, thereby improving accuracy of a blood pressure
measurement result.

[0172] In addition, in this embodiment of the present
disclosure, an identity of the user may be determined accord-
ing to a physiological signal (at least one of an electrocar-
diosignal or a pulse wave signal) of the user, and original
stored calibration data of the user may be obtained according
to the determined identity of the user. Therefore, a problem
in the prior art that calibration data and a calibration param-
eter can be obtained only with manual selection is resolved,
the calibration data and the calibration parameter that are
corresponding to the user can be automatically obtained
without manual selection, and user experience is improved.
In addition, when calibration is performed, the first calibra-
tion data generated when the user performs manual calibra-
tion and the pre-stored second calibration data are combined,
and an optimal function used to represent a function rela-
tionship between a pulse wave transmission time and a
blood pressure value of the user is determined according to
the first calibration data and the second calibration data, so
that the pre-stored calibration data can be fully used, and
calibration is more accurate. Therefore, a measurement
result of the blood pressure value is more accurate.

[0173] Further referring to FIG. 12, FIG. 12 is a schematic
structural diagram of a cuff-less blood pressure measure-
ment apparatus according to an embodiment of the present
disclosure. The cuff-less blood pressure measurement appa-
ratus provided in this embodiment is configured to perform
the method described in the foregoing embodiment. As
shown in the figure, a cuff-less blood pressure measurement
apparatus 100 in this embodiment includes a first obtaining
module 11, a second obtaining module 12, a determining
module 13, and a calculation module 14,

[0174] The first obtaining module 11 is configured to
obtain first calibration data, where the first calibration data
is data generated when a user performs a manual calibration
process before measuring blood pressure by using the cuff-
less blood pressure measurement apparatus.

[0175] The first calibration data includes at least a first
blood pressure value and a first pulse wave transmission
time.

[0176] The manual calibration process is as follows. The
user obtains the first blood pressure value by performing
measurement by using a cuff’ sphygmomanometer. A first
electrocardiosignal of the user is collected by using an
electrocardiography sensor of the cuff-less blood pressure
measurement apparatus, and a first pulse wave signal of the
user is collected by using at least one of a light sensor, a
pressure sensor, a sound sensor, a photoelectric sensor, an
acceleration sensor, or a displacement sensor of the cuff-less
blood pressure measurement apparatus. The first pulse wave
transmission time is calculated according to the first elec-
trocardiosignal and the first pulse wave signal of the user.
Each time the user performs manual calibration, a group of
a first blood pressure value and a first pulse wave transmis-
sion time is generated. The first obtaining module 11
receives the first blood pressure value and the first pulse
wave transmission time that are manually input by the user
or obtains the first blood pressure value and the first pulse
wave transmission time from a cuff blood pressure measure-
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ment apparatus by using a specific interface such as Blu-
etooth or an infrared interface, so as to form the first
calibration data.

[0177] In a possible implementation, the first pulse wave
transmission time is calculated according to a time differ-
ence between a reference point on the first electrocardiosig-
nal and a reference point on the first pulse wave signal in a
same period as the reference point on the first electrocardi-
osignal.

[0178] The second obtaining module 12 is configured to
obtain pre-stored second calibration data of the user.
[0179] The second calibration data includes at least a
second blood pressure value and a second pulse wave
transmission time. The second calibration data may be
historical manual calibration data generated before the first
calibration data is obtained and when the user performs a
manual calibration process by using the cuff-less blood
pressure measurement apparatus. The historical manual cali-
bration data is stored in the cuff-less blood pressure mea-
surement apparatus. Alternatively, the second calibration
data may be calibration data pre-stored by the user on a
cloud side. The calibration data stored on the cloud side may
be calibration data exported from an intelligent wearable
device such as a wristwatch. The second obtaining module
12 obtains, from the cloud side by using an internal inter-
face, the calibration data stored on the cloud side, and uses
the calibration data as the second calibration data.

[0180] Further referring to FIG. 13, FIG. 13 is a schematic
structural diagram of the second obtaining module in the
cuff-less blood pressure measurement apparatus in this
embodiment of the present disclosure. In a possible imple-
mentation solution, the second obtaining module includes a
first obtaining unit 111 and a second obtaining unit 112.
[0181] The first obtaining unit 111 is configured to obtain
an identity of the user.

[0182] The first obtaining unit 111 may determine the
identity of the user according to at least one of a first
electrocardiosignal or a first pulse wave signal in the first
calibration data, or determine the identity of the user accord-
ing to at least one of a current electrocardiosignal or a
current pulse wave signal generated when the user currently
uses the cuff-less blood pressure measurement apparatus.
[0183] Although a feature of an electrocardiosignal and a
feature of a pulse wave signal of each individual become
different as a detected part and a detection moment change,
an electrocardiosignal and a pulse wave signal of a same
person basically remain stable. Different individuals have
significantly different electrocardiosignals and pulse wave
signals. Therefore, the identity of the user may be deter-
mined by using the electrocardiosignal or the pulse wave
signal.

[0184] The second obtaining unit 112 is configured to
obtain the second calibration data from multiple pieces of
pre-stored calibration data according to the identity of the
user that is obtained by the first obtaining unit 111.

[0185] After the first obtaining unit 111 determines the
identity of the user, the second obtaining unit 162 obtains the
second calibration data from the multiple pieces of pre-
stored calibration data according to the identity of the user.
[0186] The determining module 13 is configured to deter-
mine, according to the first calibration data and the second
calibration data, an optimal function used to represent a
relationship between a pulse wave transmission time and a
blood pressure value of the user.
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[0187] In this embodiment of the present disclosure, the
determining module 13 determines an optimal function used
to represent a function relationship between a pulse wave
transmission time and a blood pressure value of the user by
determining a calibration parameter (or a calibration coef-
ficient) for calculating the blood pressure value according to
the pulse wave transmission time. For example, systolic
blood pressure is calculated by using a formula SBP=alx
PTT+b1, and diastolic blood pressure is calculated accord-
ing to a formula DBP=a2x PTT+b2. Determining the opti-
mal function in this embodiment of the present disclosure
corresponds to determining values of al, bl, a2, and b2 in
the formulas, and the blood pressure value of the user is
accordingly calculated according to current measurement
data and the determined calibration parameter.

[0188] Further referring to FIG. 14, in an embodiment, the
determining module in the cuff-less blood pressure measure-
ment apparatus in the foregoing embodiment includes a first
determining unit 121, a second determining unit 122, a third
determining unit 123, and a fourth determining unit 124.
[0189] The first determining unit 121 is configured to
determine a first function according to the first calibration
data.

[0190] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data.

[0191] The second determining unit 122 is configured to
determine a second function according to the second cali-
bration data.

[0192] The second function herein is a function used to
represent a relationship between a second blood pressure
value and a second pulse wave transmission time in the
second calibration data.

[0193] In a possible implementation solution, the first
determining unit 121 determines the first function according
to the first calibration data by using a least square method.
The second determining unit 122 determines the second
function according to the second calibration data by using
the least square method.

[0194] The third determining unit 123 is configured to
determine a degree of difference between the first function
and the second function.

[0195] The degree of difference between the first function
and the second function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. Specifically, after the first function and
the second function are determined by using the least square
method, a slope change rate and/or a fitting coeflicient
change rate of the first function relative to the second
function are/is determined to determine the degree of dif-
ference.

[0196] The fourth determining unit 124 is configured to
determine the optimal function according to the degree of
difference.

[0197] After the degree of difference between the two
functions is determined, the fourth determining unit 124
determines, according to the degree of difference, the opti-
mal function used to represent the relationship between the
pulse wave transmission time and the blood pressure value
of the user.

[0198] In an implementation, if the degree of difference is
less than a first preset threshold, the fourth determining unit
124 uses a third function as the optimal function, where the
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third function is determined by using the first calibration
data and the second calibration data. The fourth determining
unit 124 uses the second function as the optimal function if
the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibration
data is less than a second preset threshold. Alternatively, the
fourth determining unit 124 uses the first function as the
optimal function if the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is greater than a second preset threshold.
The first preset threshold and the second preset threshold
herein may be thresholds that are preset and stored by the
user in the cuff-less blood pressure measurement apparatus.
The user may adjust the first preset threshold and the second
preset threshold according to a requirement. When the
degree of difference is indicated by using the slope change
rate and the fitting coefficient change rate of the first function
relative to the second function, the first preset threshold
correspondingly includes two thresholds (which are respec-
tively a slope change rate threshold and a fitting coeflicient
change rate threshold). For example, the slope change rate
threshold is 30%, and the fitting system change rate thresh-
old is 10%. In addition, the second preset threshold is for the
quantity of samples that may be set to, for example, 4 or 6.

[0199] That is, when the degree of difference is less than
the first preset threshold, it may be determined that a
deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using a combination of the two pieces of
calibration data may be used as the optimal function. If the
degree of difference is greater than the first preset threshold,
it is determined that a deviation between the first calibration
data and the pre-stored second calibration data is relatively
large. In this case, determining needs to be further performed
with reference to the quantity of samples of the first cali-
bration data. If the quantity of samples of the first calibration
data is large enough (exceeds the second preset threshold),
the first function determined by using the first calibration
data may be independently used as the optimal function. If
the quantity of samples of the first calibration data is
relatively small (does not exceed the second preset thresh-
old), the second function determined by using the pre-stored
second calibration data is directly used as the optimal
function.

[0200] In addition, other implementations may be as fol-
lows. If the degree of difference is less than a first preset
threshold, the fourth determining unit 124 uses a third
function as the optimal function, where the third function is
determined by using the first calibration data and the second
calibration data. If the degree of difference is greater than the
first preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
fourth determining unit 124 uses the third function as the
optimal function, where the third function is determined by
using the first calibration data and the second calibration
data. Alternatively, if the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is greater than a second preset threshold, the
fourth determining unit 124 removes an abnormal data point
from the first calibration data, and uses a fourth function as
the optimal function, where the fourth function is calculated
by using a combination of the second calibration data and
remaining first calibration data.



US 2018/0078156 A1l

[0201] In an implementation, when the degree of differ-
ence is less than the first preset threshold, it may be
determined that a deviation between the first calibration data
and the pre-stored second calibration data is not large, and
the function determined by using a combination of the two
pieces of calibration data may be used as the optimal
function. When the degree of difference is greater than the
first preset threshold and the quantity of samples of the first
calibration data is less than the second preset threshold,
because a quantity of samples of the second calibration data
is small, a difference brought by the second calibration data
may be ignored, and the third function determined by using
the combination of the first calibration data and the second
calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0202] Further referring to FIG. 15, in another embodi-
ment, the determining module in the cuff-less blood pressure
measurement apparatus in the foregoing embodiment
includes a first determining unit 131, a second determining
unit 132, a third determining unit 133, and a fourth deter-
mining unit 134.

[0203] The first determining unit 131 is configured to
determine a first function according to the first calibration
data.

[0204] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data.

[0205] The second determining unit 132 is configured to
determine a third function according to a combination of the
first calibration data and the second calibration data.
[0206] The third function herein is a function used to
represent a relationship between a blood pressure value and
a pulse wave transmission time in the combination of the
first calibration data and the second calibration data.
[0207] In a possible implementation solution, the first
determining unit 131 determines the first function according
to the first calibration data by using a least square method.
The second determining unit 132 determines the third func-
tion according to the first calibration data and the second
calibration data by using the least square method.

[0208] The third determining unit 133 is configured to
determine a degree of difference between the first function
and the third function.

[0209] The degree of difference between the first function
and the third function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. Specifically, after the first function and
the third function are determined by using the least square
method, a slope change rate and/or a fitting coefficient
change rate of the third function relative to a second function
are/is determined to determine the degree of difference.
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[0210] The fourth determining unit 134 is configured to
determine the optimal function according to the degree of
difference.

[0211] After the degree of difference between the two
functions is determined, the fourth determining unit 134
determines, according to the degree of difference, the opti-
mal function used to represent the relationship between the
pulse wave transmission time and the blood pressure value
of the user.

[0212] In an implementation, if the degree of difference is
less than a first preset threshold, the fourth determining umt
134 uses the third function as the optimal function, where
the third function is determined by using the first calibration
data and the second calibration data. The fourth determining
unit 134 uses a second function as the optimal function if the
degree of difference is greater than the first preset threshold
and a quantity of samples of the first calibration data is less
than a second preset threshold. Alternatively, the fourth
determining unit 134 uses the first function as the optimal
function if the degree of difference is greater than the first
preset threshold and a quantity of samples of the first
calibration data is greater than a second preset threshold.
The first preset threshold and the second preset threshold
herein may be thresholds that are preset and stored by the
user in the cuff-less blood pressure measurement apparatus.
The user may adjust the first preset threshold and the second
preset threshold according to a requirement. When the
degree of difference is indicated by using the slope change
rate and the fitting coefficient change rate of the first function
relative to the second function, the first preset threshold
correspondingly includes two thresholds (which are respec-
tively a slope change rate threshold and a fitting coefficient
change rate threshold). For example, the slope change rate
threshold is 30%, and the fitting system change rate thresh-
old is 10%. In addition, the second preset threshold is for the
quantity of samples that may be set to, for example, 4 or 6.
[0213] That is, when the degree of difference is less than
the first preset threshold, it may be determined that a
deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using the combination of the two pieces of
calibration data may be used as the optimal function. If the
degree of difference is greater than the first preset threshold,
it is determined that a deviation between the first calibration
data and the pre-stored second calibration data is relatively
large. In this case, determining needs to be further performed
with reference to the quantity of samples of the first cali-
bration data. If the quantity of samples of the first calibration
data is large enough (exceeds the second preset threshold),
the first function determined by using the first calibration
data may be independently used as the optimal function. If
the quantity of samples of the first calibration data is
relatively small (does not exceed the second preset thresh-
old), the second function determined by using the pre-stored
second calibration data is directly used as the optimal
fanction.

[0214] In addition, other implementations may be as fol-
lows If the degree of difference is less than a first preset
threshold, the fourth determining unit 134 uses the third
function as the optimal function, where the third function is
determined by using the first calibration data and the second
calibration data. If the degree of difference is greater than the
first preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
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fourth determining unit 134 uses the third function as the
optimal function, where the third function is determined by
using the first calibration data and the second calibration
data. Alternatively, if the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is greater than a second preset threshold, the
fourth determining unit 134 removes an abnormal data point
from the first calibration data, and uses a fourth function as
the optimal function, where the fourth function is calculated
by using a combination of the second calibration data and
remaining first calibration data.

[0215] In an implementation, when the degree of differ-
ence is less than the first preset threshold, it may be
determined that a deviation between the first calibration data
and the pre-stored second calibration data is not large, and
the function determined by using the combination of the two
pieces of calibration data may be used as the optimal
function. When the degree of difference is greater than the
first preset threshold and the quantity of samples of the first
calibration data is less than the second preset threshold,
because a quantity of samples of the second calibration data
is small, a difference brought by the second calibration data
may be ignored, and the third function determined by using
the combination of the first calibration data and the second
calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0216] Further referring to FIG. 16, in still another
embodiment, the determining module in the cuff-less blood
pressure measurement apparatus in the foregoing embodi-
ment includes an obtaining unit 141, a selection unit 142,
and a determining unit 143.

[0217] The obtaining unit 141 is configured to obtain a
current pulse wave transmission time of the user.

[0218] The current pulse wave transmission time of the
user may be obtained in the following manner. A corre-
sponding electrocardiosignal and a corresponding pulse
wave signal generated when the user currently uses the
cuff-less blood pressure measurement apparatus are
obtained, and the current pulse wave transmission time of
the user is calculated. A current electrocardiosignal of the
user is collected by using the electrocardiography sensor of
the cuff-less blood pressure measurement apparatus, and a
current pulse wave signal of the user is collected by using at
least one of the light sensor, the pressure sensor, the sound
sensor, the photoelectric sensor, the acceleration sensor, or
the displacement sensor of the cuff-less blood pressure
measurement apparatus. The current pulse wave transmis-
sion time of the user is calculated according to the current
electrocardiosignal and the current pulse wave signal of the
user.

[0219] The selection unit 142 is configured to select, from
the first calibration data and the second calibration data, a
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pulse wave transmission time closest to the current pulse
wave transmission time, and use calibration data in which
the pulse wave transmission time closest to the current pulse
wave transmission time exists as optimal calibration data.
[0220] The obtained current pulse wave transmission time
of the user is referred to as PTT3. The current pulse wave
transmission time PTT3 is separately compared with a first
pulse wave transmission time PTT1 in the first calibration
data and a second pulse wave transmission time PTT2 in the
second calibration data, to determine whether a difference
value between the PTT1 and the PTT3 or a difference value
between the PTT2 and the PTT3 is smaller. If the difference
value between the PTT1 and the PTT3 is smaller, the
optimal function is determined by using the first calibration
data. If the difference value between the PTT2 and the PTT3
is smaller, the optimal function is determined by using the
second calibration data. That is, in this implementation, with
reference to the PPT1 in the first calibration data, the PTT2
in the second calibration data, and the PTT3 calculated by
using data obtained by means of current measurement,
calibration data corresponding to a PTT closest to the PTT3
is used as the optimal calibration data, and a function
determined by using the optimal calibration data is used as
the optimal function.

[0221] Herein, when a comparison is performed, an aver-
age value of pulse wave transmission times calculated by
using multiple pairs of data in the first calibration data may
be calculated and used as the first pulse wave transmission
time PTT1, an average value of pulse wave transmission
times calculated by using multiple pairs of data in the second
calibration data may be calculated and used as the second
pulse wave transmission time PTT2, and the PTT1 and the
PTT2 are separately compared with the PTT3 to determine
the optimal calibration data.

[0222] Alternatively, a PTT closest to the PTT3 may be
found in multiple first pulse wave transmission times PTT1
in the first calibration data and multiple second pulse wave
transmission times PTT2 in the second calibration data, and
calibration data in which the PTT closest to the PTT3 exists
is used as the optimal calibration data. For example, there
are multiple first pulse wave transmission times A, B, C, and
D in the first calibration data, and there are multiple second
pulse wave transmission times Al, B1, C1, and D1 in the
second calibration data. If one of A, B, C, or D is closest to
the PTT3, the first calibration data is used as the optimal
calibration data. If one of A1, B1, C1, or D1 is closest to the
PTT3, the second calibration data is used as the optimal
calibration data.

[0223] The determining unit 143 is configured to use a
function as the optimal function, where the function is
determined according to the optimal calibration data.
[0224] After the optimal calibration data is determined,
the function determined according to the optimal calibration
data by using a least square method is used as the optimal
function used to represent the relationship between the pulse
wave transmission time and the blood pressure value of the
user.

[0225] In the foregoing technical solutions of the present
disclosure, the first calibration data or the second calibration
data may not exist, or neither the first calibration data nor the
second calibration data exists. When the first calibration data
does not exist, the determining module performs calibration
by using the second calibration data to determine the optimal
function. When the second calibration data does not exist,
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the determining module performs calibration by using the
first calibration data to determine the optimal function. If
neither the first calibration data nor the second calibration
data exists, in this case, the user is prompted to perform
manual calibration.

[0226] The calculation module 14 is configured to obtain
a current pulse wave transmission time of the user, and
calculate a current blood pressure value of the user accord-
ing to the current pulse wave transmission time and the
optimal function.

[0227] Further referring to FIG. 17, in an embodiment, the
calculation module in the cuff-less blood pressure measure-
ment apparatus in the foregoing embodiment includes a first
calculation unit 151 and a second calculation unit 152.

[0228] The first calculation unit 151 is configured to
obtain a current electrocardiosignal and a current pulse wave
signal generated when the user currently performs measure-
ment by using the cuff-less blood pressure measurement
apparatus, and calculate the current pulse wave transmission
time.

[0229] The second calculation unit 152 is configured to
calculate the current blood pressure value of the user accord-
ing to the optimal function and the current pulse wave
transmission time.

[0230] The determined optimal function is used to repre-
sent the function relationship between the pulse wave trans-
mission time and the blood pressure value of the user.
Therefore, when the user currently performs measurement
by using the cuff-less blood pressure measurement appara-
tus, the current electrocardiosignal of the user is collected by
using the electrocardiography sensor of the cuff-less blood
pressure measurement apparatus, and the current pulse wave
signal of the user is collected by using at least one of the
light sensor, the pressure sensor, the sound sensor, the
photoelectric sensor, the acceleration sensor, or the displace-
ment sensor of the cuff-less blood pressure measurement
apparatus. The calculation module 14 calculates the current
pulse wave transmission time according to the current
electrocardiosignal and the current pulse wave signal of the
user. Further, the current blood pressure value of the user can
be calculated with reference to the determined optimal
function according to the calculated current pulse wave
transmission time of the user.

[0231] In the foregoing embodiment of the present disclo-
sure, calculating systolic blood pressure according to a
formula SBP=alxPTT+b1, and calculating diastolic blood
pressure according to a formula DBP=a2xPTT+b2 is merely
an implementation example of the present disclosure. Blood
pressure may be calculated by using other formulas, for
example, the formulas include but are not limited to the
following formulas:

BP = A|In(PTT}) + B, (1

G
BP = Al 5+ 11+ B,
PTT}

3

BP=— 1B, ©
PTT}

BP = A,PTT; + B, 4
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[0232] In the foregoing formulas, A2=uxIn(PTT,,)
[0233] B2=—(SBP,-DBP,)xPTT, /3
[0234] C2=SBP,/3+2DBP,/3
[0235] D2=(SBP,-DBP,)xPTT,,,>
[0236] In the formulas, SBP is systolic blood pressure,

DBP is diastolic blood pressure, |1 is a vascular characteristic
parameter and usually taken as a constant, and a subscript o
indicates a calibration value.

[0237] Further referring to FIG. 18, FIG. 18 is a schematic
structural diagram of another cuff-less blood pressure mea-
surement apparatus according to an embodiment of the
present disclosure. A base station provided in this embodi-
ment is configured to perform a paging method in the
embodiment shown in FIG. 1. A cuff-less blood pressure
measurement apparatus 200 in this embodiment includes a
processor 21, a memory 22, a receiver 23, and a bus system
24.

[0238] The processor 21 controls operations of the cuff-
less blood pressure measurement apparatus 200, and the
processor 21 may also be referred to as a central processing
unit (CPU). The processor 21 may be an integrated circuit
chip and has a signal processing capability. The processor 21
may be a general purpose processor, a digital signal proces-
sor (DSP), an application-specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or another pro-
grammable logic component, a discrete gate or a transistor
logic component, or a discrete hardware component. The
general purpose processor may be a microprocessor, or the
processor may be any conventional processor or the like.
[0239] The memory 22 may include a read-only memory
and a random access memory and provide instructions and
data for the processor 21. A part of the memory 22 may
further include a nonvolatile random access memory
(NVRAM).

[0240] All components of the cuff-less blood pressure
measurement apparatus 200 are coupled together by using
the bus system 24. In addition to a data bus, the bus system
24 may include a power supply bus, a control bus, a status
signal bus, and the like. The bus system may be an Industry
Standard Architecture (ISA) bus, a Peripheral Component
Interconnect (PCI) bus, an Extended Industry Standard
Architecture (EISA) bus, or the like. The bus may be one or
more physical lines. When the bus is multiple physical lines,
the bus may be classified into an address bus, a data bus, a
control bus, and the like. In some other embodiments of the
present disclosure, the processor 21, the memory 22, and the
receiver 23 may be directly connected by using a commu-
nications line. However, for clear description, various types
of buses in the figure are marked as the bus system 24.
[0241] The memory 22 stores the following elements in an
executable module or data structure, a subset thereof, or an
extended set thereof operation instructions, including vari-
ous operation instructions, and used to implement various
operations, and an operating system, including various sys-
tem programs, and configured to implement various basic
services and process hardware-based tasks.
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[0242] 1In this embodiment of the present disclosure, the
processor 21 executes the following operations by invoking
the operation instructions stored in the memory 22 (the
operation instructions may be stored in the operating sys-
tem).

[0243] The processor 21 is configured to control the
receiver 23 to receive first calibration data of a user, where
the first calibration data is data generated when the user
performs a manual calibration process before measuring
blood pressure by using the cuff-less blood pressure mea-
surement apparatus.

[0244] The processor 21 is configured to obtain pre-stored
second calibration data of the user; determine, according to
the first calibration data and the second calibration data, an
optimal function used to represent a relationship between a
pulse wave transmission time and a blood pressure value of
the user; and further obtain a current pulse wave transmis-
sion time of the user, and calculate a current blood pressure
value of the user according to the current pulse wave
transmission time and the optimal function.

[0245] The memory 22 is configured to store the first
calibration data and the second calibration data.

[0246] The first calibration data includes at least a first
blood pressure value and a first pulse wave transmission
time.

[0247] The manual calibration process described above is
as follows. The user obtains the first blood pressure value by
performing measurement by using a cuff sphygmomanom-
eter. A first electrocardiosignal of the user is collected by
using an electrocardiography sensor of the cuff-less blood
pressure measurement apparatus, and a first pulse wave
signal of the user is collected by using at least one of a light
sensor, a pressure sensor, a sound sensor, a photoelectric
sensor, an acceleration sensor, or a displacement sensor of
the cuff-less blood pressure measurement apparatus. The
first pulse wave transmission time is calculated according to
the first electrocardiosignal and the first pulse wave signal of
the user. Each time the user performs manual calibration, a
group of a first blood pressure value and a first pulse wave
transmission time is generated. The processor 21 controls
the receiver 23 to receive the first blood pressure value and
the first pulse wave transmission time that are manually
input by the user or obtain the first blood pressure value and
the first pulse wave transmission time from a cuff blood
pressure measurement apparatus by using a specific inter-
face such as Bluetooth or an infrared interface, so as to form
the first calibration data.

[0248] In a possible implementation, calculating the first
pulse wave transmission time according to the first electro-
cardiosignal and the first pulse wave signal may correspond
to calculating the first pulse wave transmission time accord-
ing to a time difference between a reference point on the first
electrocardiosignal and a reference point on the first pulse
wave signal in a same period as the reference point on the
first electrocardiosignal.

[0249] The second calibration data includes at least a
second blood pressure value and a second pulse wave
transmission time. The second calibration data may be
historical manual calibration data generated before the first
calibration data is obtained and when the user performs a
manual calibration process by using the cuff-less blood
pressure measurement apparatus. The historical manual cali-
bration data is stored in the cuff-less blood pressure mea-
surement apparatus. Alternatively, the second calibration
data may be calibration data pre-stored by the user on a
cloud side. The calibration data stored on the cloud side may
be calibration data exported from an intelligent wearable
device such as a wristwatch. The processor 21 obtains, from
the cloud side by using an internal interface, the calibration

Mar. 22,2018

data stored on the cloud side, and uses the calibration data
as the second calibration data.

[0250] The processor 21 may obtain an identity of the user,
and obtain the second calibration data from multiple pieces
of pre-stored calibration data according to the identity of the
user. The processor 21 may determine the identity of the user
according to one or two of a first electrocardiosignal or a first
pulse wave signal in the first calibration data of the user, or
determine the identity of the user according to one or two of
a current electrocardiosignal or a current pulse wave signal
generated when the user currently performs measurement by
using the cuff-less blood pressure measurement apparatus.

[0251] In this embodiment of the present disclosure, the
processor 21 determines an optimal function used to repre-
sent a function relationship between a pulse wave transmis-
sion time and a blood pressure value of the user by deter-
mining a calibration parameter (or a calibration coefficient)
for calculating the blood pressure value according to the
pulse wave transmission time. Specifically, for example,
systolic blood pressure is calculated by using a formula
SBP=alxPTT+bl, and diastolic blood pressure is calculated
according to a formula DBP=a2xPTT+b2. Determining the
optimal function in this embodiment of the present disclo-
sure cotresponds to determining values ofal, b1, a2, and b2
in the formulas, and the blood pressure value of the user is
accordingly calculated according to current measurement
data and the determined calibration parameter.

[0252] The determined optimal function is used to repre-
sent the function relationship between the pulse wave trans-
mission time and the blood pressure value of the user.
Therefore, when the user currently performs measurement
by using the cuff-less blood pressure measurement appara-
tus, the current electrocardiosignal of the user is collected by
using the electrocardiography sensor of the cuff-less blood
pressure measurement apparatus, and the current pulse wave
signal of the user is collected by using at least one of the
light sensor, the pressure sensor, the sound sensor, the
photoelectric sensor, the acceleration sensor, or the displace-
ment sensor of the cuff-less blood pressure measurement
apparatus. The current pulse wave transmission time is
calculated according to the current electrocardiosignal and
the current pulse wave signal of the user. The current blood
pressure value of the user can be calculated with reference
to the determined optimal function according to the calcu-
lated current pulse wave transmission time of the user.

[0253] In the foregoing embodiment of the present disclo-
sure, calculating systolic blood pressure according to a
formula SBP=alxPTT+b1, and calculating diastolic blood
pressure according to a formula DBP=a2xPTT+b2 is merely
an implementation example of the present disclosure. Blood
pressure may be calculated by using other formulas, for
example, the formulas include but are not limited to the
following formulas:

BP = A(In(PTTg) + B, M

Cy
BP=Aslnl —= +1|+ B,
PTT}

A 3
BP=— 1B, ©
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BP = A4PTTq + B, @
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[0254] In the foregoing formulas, A2=uxIn(PTT )
[0255] B2=-(SBP,-DBP,)xPTT,,./3
[0256] C2=SBP,/3+2DBP,/3
[0257] D2=(SBP,-DBP,)xPTT,,>
[0258] In the formulas, SBP is systolic blood pressure,

DBP is diastolic blood pressure, |1 is a vascular characteristic
parameter and usually taken as a constant, and a subscript o
indicates a calibration value.

[0259] The processor 21 may determine the optimal func-
tion by determining a first function according to the first
calibration data, determining a second function according to
the second calibration data, determining a degree of differ-
ence between the first function and the second function, and
determining the optimal function according to the degree of
difference.

[0260] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data. The second function herein is a function used to
represent a relationship between a second blood pressure
value and a second pulse wave transmission time in the
second calibration data.

[0261] In a possible implementation solution, the proces-
sor 21 determines the first function according to the first
calibration data by using a least square method. The pro-
cessor 21 determines the second function according to the
second calibration data by using the least square method.
[0262] The degree of difference between the first function
and the second function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. Specifically, after the first function and
the second function are determined by using the least square
method, a slope change rate and/or a fitting coeflicient
change rate of the first function relative to the second
function are/is determined to determine the degree of dif-
ference.

[0263] After the degree of difference between the two
functions is determined, the optimal function used to rep-
resent the relationship between the pulse wave transmission
time and the blood pressure value of the user is determined
according to the degree of difference.

[0264] In an implementation, if the degree of difference is
less than a first preset threshold, a third function determined
by using the first calibration data and the second calibration
data is used as the optimal function. The second function is
used as the optimal function if the degree of difference is
greater than the first preset threshold and a quantity of
samples of the first calibration data is less than a second
preset threshold. Alternatively, the first function is used as
the optimal function if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold. The first preset threshold and the second preset
threshold herein may be thresholds that are preset and stored
by the user in the cuff-less blood pressure measurement
apparatus. The user may adjust the first preset threshold and
the second preset threshold according to a requirement.
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When the degree of difference is indicated by using the slope
change rate and the fitting coefficient change rate of the first
function relative to the second function, the first preset
threshold correspondingly includes two thresholds (which
are respectively a slope change rate threshold and a fitting
coeflicient change rate threshold). For example, the slope
change rate threshold is 30%, and the fitting system change
rate threshold is 10%. In addition, the second preset thresh-
old is for the quantity of samples that may be set to, for
example, 4 or 6.

[0265] That is, when the degree of difference between the
first function and the second function is less than the first
preset threshold, it may be determined that a deviation
between the first calibration data and the pre-stored second
calibration data is not large, and the function determined by
using a combination of the two pieces of calibration data
may be used as the optimal function. If the degree of
difference is greater than the first preset threshold, it is
determined that a deviation between the first calibration data
and the pre-stored second calibration data is relatively large.
In this case, determining needs to be further performed with
reference to the quantity of samples of the first calibration
data. If the quantity of samples of the first calibration data
is large enough (exceeds the second preset threshold), the
first function determined by using the first calibration data
may be independently used as the optimal function. If the
quantity of samples of the first calibration data is relatively
small (does not exceed the second preset threshold), the
second function determined by using the pre-stored second
calibration data is directly used as the optimal function.

[0266] In addition, other implementations may be as fol-
lows. If the degree of difference is less than a first preset
threshold, a third function determined by using the first
calibration data and the second calibration data is used as the
optimal function. If the degree of difference is greater than
the first preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
third function determined by using the first calibration data
and the second calibration data is used as the optimal
function. Alternatively, if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold, an abnormal data point is removed from the first
calibration data, and a fourth function calculated by using a
combination of the second calibration data and remaining
first calibration data is used as the optimal function.

[0267] In an implementation, when the degree of differ-
ence between the first function and the second function is
less than the first preset threshold, it may be determined that
a deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using a combination of the two pieces of
calibration data may be used as the optimal function. When
the degree of difference is greater than the first preset
threshold and the quantity of samples of the first calibration
data is less than the second preset threshold, because a
quantity of samples of the second calibration data is small,
a difference brought by the second calibration data may be
ignored, and the third function determined by using the
combination of the first calibration data and the second
calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
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calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0268] Alternatively, the processor 21 may determine the
optimal function by determining a first function according to
the first calibration data, determining a third function
according to a combination of the first calibration data and
the second calibration data, determining a degree of differ-
ence between the first function and the third function, and
determining the optimal function according to the degree of
difference.

[0269] The first function herein is a function used to
represent a relationship between a first blood pressure value
and a first pulse wave transmission time in the first calibra-
tion data. The third function herein is a function used to
represent a relationship between a blood pressure value and
a pulse wave transmission time in the combination of the
first calibration data and the second calibration data.
[0270] In a possible implementation solution, the proces-
sor 21 determines the first function according to the first
calibration data by using a least square method. The pro-
cessor 21 determines the third function according to the first
calibration data and the second calibration data by using the
least square method.

[0271] The degree of difference between the first function
and the third function may be measured by using a linear
relationship for associating the two functions in a same
coordinate system. Specifically, after the first function and
the third function are determined by using the least square
method, a slope change rate and/or a fitting coeflicient
change rate of the third function relative to a second function
are/is determined to determine the degree of difference.
[0272] After the degree of difference between the two
functions is determined, the optimal function used to rep-
resent the relationship between the pulse wave transmission
time and the blood pressure value of the user is determined
according to the degree of difference.

[0273] In an implementation, if the degree of difference
between the first function and the third function is less than
a first preset threshold, the third function determined by
using the first calibration data and the second calibration
data is used as the optimal function. A second function is
used as the optimal function if the degree of difference is
greater than the first preset threshold and a quantity of
samples of the first calibration data is less than a second
preset threshold. Alternatively, the first function is used as
the optimal function if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold. The first preset threshold and the second preset
threshold herein may be thresholds that are preset and stored
by the user in the cuff-less blood pressure measurement
apparatus. The user may adjust the first preset threshold and
the second preset threshold according to a requirement.
When the degree of difference is indicated by using the slope
change rate and the fitting coeflicient change rate of the first
function relative to the second function, the first preset
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threshold correspondingly includes two thresholds (which
are respectively a slope change rate threshold and a fitting
coeflicient change rate threshold). For example, the slope
change rate threshold is 30%, and the fitting system change
rate threshold is 10%. In addition, the second preset thresh-
old is for the quantity of samples that may be set to, for
example, 4 or 6.

[0274] That is, when the degree of difference between the
first function and the third function is less than the first
preset threshold, it may be determined that a deviation
between the first calibration data and the pre-stored second
calibration data is not large, and the function determined by
using the combination of the two pieces of calibration data
may be used as the optimal function. If the degree of
difference is greater than the first preset threshold, it is
determined that a deviation between the first calibration data
and the pre-stored second calibration data is relatively large.
In this case, determining needs to be further performed with
reference to the quantity of samples of the first calibration
data. If the quantity of samples of the first calibration data
is large enough (exceeds the second preset threshold), the
first function determined by using the first calibration data
may be independently used as the optimal function. If the
quantity of samples of the first calibration data is relatively
small (does not exceed the second preset threshold), the
second function determined by using the pre-stored second
calibration data is directly used as the optimal function.

[0275] In addition, other implementations may be as fol-
lows. If the degree of difference between the first function
and the third function is less than a first preset threshold, the
third function determined by using the first calibration data
and the second calibration data is used as the optimal
function. If the degree of difference is greater than the first
preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold, the
third function determined by using the first calibration data
and the second calibration data is used as the optimal
fanction. Alternatively, if the degree of difference is greater
than the first preset threshold and a quantity of samples of
the first calibration data is greater than a second preset
threshold, an abnormal data point is removed from the first
calibration data, and a fourth function calculated by using a
combination of the second calibration data and remaining
first calibration data is used as the optimal function.

[0276] In an implementation, when the degree of differ-
ence between the first function and the third function is less
than the first preset threshold, it may be determined that a
deviation between the first calibration data and the pre-
stored second calibration data is not large, and the function
determined by using the combination of the two pieces of
calibration data may be used as the optimal function. When
the degree of difference is greater than the first preset
threshold and the quantity of samples of the first calibration
data is less than the second preset threshold, because a
quantity of samples of the second calibration data is small,
a difference brought by the second calibration data may be
ignored, and the third function determined by using the
combination of the first calibration data and the second
calibration data is used as the optimal function. If the degree
of difference is greater than the first preset threshold and the
quantity of samples of the first calibration data is greater
than the second preset threshold, a deviation of the first
calibration data relative to the pre-stored second calibration
data is relatively large, and the quantity of samples of the
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first calibration data is relatively large. In this case, residual
analysis may be further performed on the first calibration
data to determine whether there is an abnormal point in the
first calibration data. If there is an abnormal point, after the
abnormal point is removed, the fourth function calculated by
using the combination of the second calibration data and the
remaining first calibration data is used as the optimal func-
tion.

[0277] Alternatively, the processor 21 may determine the
optimal function by obtaining a current pulse wave trans-
mission time of the user; selecting, from the first calibration
data and the second calibration data, a pulse wave transmis-
sion time closest to the current pulse wave transmission
time; using calibration data in which the pulse wave trans-
mission time closest to the current pulse wave transmission
time exists as optimal calibration data; and using a function
as the optimal function, where the function is determined
according to the optimal calibration data.

[0278] The current pulse wave transmission time of the
user may be obtained in the following manner. A corre-
sponding electrocardiosignal and a corresponding pulse
wave signal generated when the user currently uses the
cuff-less blood pressure measurement apparatus are
obtained, and the current pulse wave transmission time of
the user is calculated. A current electrocardiosignal of the
user is collected by using the electrocardiography sensor of
the cuff-less blood pressure measurement apparatus, and a
current pulse wave signal of the user is collected by using at
least one of the light sensor, the pressure sensor, the sound
sensor, the photoelectric sensor, the acceleration sensor, or
the displacement sensor of the cuff-less blood pressure
measurement apparatus. The current pulse wave transmis-
sion time of the user is calculated according to the current
electrocardiosignal and the current pulse wave signal of the
user.

[0279] The obtained current pulse wave transmission time
of the user is referred to as PTT3. The current pulse wave
transmission time PTT3 is separately compared with a first
pulse wave transmission time PTT1 in the first calibration
data and a second pulse wave transmission time PTT2 in the
second calibration data, to determine whether a difference
value between the PTT1 and the PTT3 or a difference value
between the PTT2 and the PTT3 is smaller. If the difference
value between the PTT1 and the PTT3 is smaller, the
optimal function is determined by using the first calibration
data. If the difference value between the PTT2 and the PTT3
is smaller, the optimal function is determined by using the
second calibration data. That is, in this implementation, with
reference to the PPT1 in the first calibration data, the PTT2
in the second calibration data, and the PTT3 calculated by
using data obtained by means of current measurement,
calibration data corresponding to a PTT closest to the PTT3
is used as the optimal calibration data, and a function
determined by using the optimal calibration data is used as
the optimal function.

[0280] Herein, when specific comparison is performed, an
average value of pulse wave transmission times calculated
by using multiple pairs of data in the first calibration data
may be calculated and used as the first pulse wave trans-
mission time PTT1, an average value of pulse wave trans-
mission times calculated by using multiple pairs of data in
the second calibration data may be calculated and used as the
second pulse wave transmission time PTT2, and the PTT1
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and the PTT2 are separately compared with the PTT3 to
determine the optimal calibration data.

[0281] Alternatively, a PTT closest to the PTT3 may be
found in multiple first pulse wave transmission times PTT1
in the first calibration data and multiple second pulse wave
transmission times PTT?2 in the second calibration data, and
calibration data in which the PTT closest to the PTT3 exists
is used as the optimal calibration data. For example, there
are multiple first pulse wave transmission times A, B, C, and
D in the first calibration data, and there are multiple second
pulse wave transmission times Al, B1, C1, and D1 in the
second calibration data. If one of A, B, C, or D is closest to
the PTT3, the first calibration data is used as the optimal
calibration data. If one of A1, B1, C1, or D1 is closest to the
PTT3, the second calibration data is used as the optimal
calibration data.

[0282] After the optimal calibration data is determined,
the function determined according to the optimal calibration
data by using a least square method is used as the optimal
function used to represent the relationship between the pulse
wave transmission time and the blood pressure value of the
user.

[0283] The method disclosed in the foregoing embodi-
ment of the present disclosure may be applied to the pro-
cessor 21, or implemented by the processor 21. In an
implementation process, the steps in the foregoing method
may be completed by using an integrated logic circuit of
hardware in the processor 21 or an instruction in a form of
software. The methods, steps, and logical block diagrams
disclosed in the embodiments of the present disclosure may
be implemented or executed. The steps of the methods
disclosed with reference to the embodiments of the present
disclosure may be directly executed and completed by
means of a hardware decoding processor, or may be
executed and completed by using a combination of hardware
and software modules in the decoding processor. The soft-
ware module may be located in a mature storage medium in
the art, such as a random access memory, a flash memory, a
read-only memory, a programmable read-only memory, an
electrically-erasable programmable memory, or a register.
The storage medium is located in the memory 22. The
processor 21 reads information in the memory 22, and
completes the steps of the foregoing methods in combination
with the hardware of the processor 21.

[0284] According to detailed description of the blood
pressure measurement data processing method and the cuff-
less blood pressure measurement apparatus provided in the
embodiments of the present disclosure, it can be understood
that in the present disclosure, first calibration data generated
when a user performs manual calibration and pre-stored
second calibration data are combined, and an optimal func-
tion used to represent a function relationship between a
pulse wave transmission time and a blood pressure value of
the user is determined according to the first calibration data
and the second calibration data. In such a manner, when a
user wears a cuff-less blood pressure measurement apparatus
for measurement, automatic calibration can be performed
with reference to pre-stored calibration data to determine an
optimal function, so that the pre-stored calibration data can
be fully used, and calibration is more accurate. Therefore, a
measurement result of a blood pressure value is more
accurate.

[0285] In the several embodiments provided in this appli-
cation, it should be understood that the disclosed systems,
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apparatuses, and methods may be implemented in other
manners. For example, the described apparatus embodi-
ments are merely examples. For example, the module or unit
division is merely logical function division and may be other
division in actual implementation. For example, multiple
units or components may be combined or integrated into
another system, or some features may be ignored or not
performed. In addition, the displayed or discussed mutual
couplings or direct couplings or communication connections
may be implemented by using some interfaces. The indirect
couplings or communication connections between the appa-
ratuses or units may be implemented in electronic, mechani-
cal, or other forms.

[0286] The units described as separate parts may or may
not be physically separate, and parts displayed as units may
or may not be physical units, may be located in one position,
or may be distributed on multiple network units. Some or all
of the units may be selected according to actual needs to
achieve the objectives of the solutions of the embodiments.

[0287] In addition, functional units in the embodiments of
this application may be integrated into one processing unit,
or each of the units may exist alone physically, or two or
more units are integrated into one unit. The integrated unit
may be implemented in a form of hardware, or may be
implemented in a form of a sofiware functional unit.

[0288] When the integrated unit is implemented in the
form of a software functional unit and sold or used as an
independent product, the integrated unit may be stored in a
computer-readable storage medium. Based on such an
understanding, the technical solutions of this application
essentially, or the part contributing to the prior art, or all or
some of the technical solutions may be implemented in the
form of a software product. The computer software product
is stored in a storage medium and includes several instruc-
tions for instructing a computer device (which may be a
personal computer, a server, a network device, or the like) or
a processor to perform all or some of the steps of the
methods described in the embodiments of this application.
The foregoing storage medium includes any medium that
can store program code, such as a USB flash drive, a
removable hard disk, a read-only memory (ROM), a random
access memory (RAM), a magnetic disk, or an optical disc.

[0289] The foregoing descriptions are merely embodi-
ments of this application, and are not intended to limit the
scope of this application. All equivalent structural or equiva-
lent process changes made by using the content of the
specification and accompanying drawings of this application
or by directly or indirectly applying this application to other
related technical fields shall fall within the protection scope
of this application.
1. A blood pressure measurement data processing method,
comprising:
obtaining, by a cuff-less blood pressure measurement
apparatus, first calibration data of a user, wherein the
first calibration data is data generated when the user
performs a manual calibration process before measur-
ing blood pressure using the cuff-less blood pressure
measurement apparatus;
obtaining pre-stored second calibration data of the user;

determining, according to the first calibration data and the
second calibration data, an optimal function used to
represent a relationship between a pulse wave trans-
mission time and a blood pressure value of the user;

Mar. 22,2018

obtaining a current pulse wave transmission time of the

user; and

calculating a current blood pressure value of the user

according to the current pulse wave transmission time
and the optimal function.

2. The method according to claim 1, wherein the deter-
mining, according to the first calibration data and the second
calibration data, an optimal function used to represent a
relationship between a pulse wave transmission time and a
blood pressure value of the user comprises:

determining a first function according to the first calibra-

tion data;

determining a second function according to the second

calibration data;

determining a degree of difference between the first

function and the second function; and

determining the optimal function according to the degree

of difference.

3. The method according to claim 2, wherein the deter-
mining a first function according to the first calibration data
comprises determining the first function according to the
first calibration data by using a least square method, and
wherein the determining a second function according to the
second calibration data comprises determining the second
function according to the second calibration data by using
the least square method.

4. The method according to claim 2, wherein the deter-
mining the optimal function according to the degree of
difference comprises using a third function as the optimal
function when the degree of difference is less than a first
preset threshold, and wherein the third function is deter-
mined by using the first calibration data and the second
calibration data.

5. The method according to claim 4, wherein the deter-
mining the optimal function according to the degree of
difference further comprises:

using the second function as the optimal function when

the degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is less than a second preset threshold; or
using the first function as the optimal function when the
degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is greater than the second preset threshold.

6. The method according to claim 4, wherein the deter-
mining the optimal function according to the degree of
difference further comprises:

when the degree of difference is greater than the first

preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold,
using the third function as the optimal function,
wherein the third function is determined by using a
combination of the first calibration data and the second
calibration data; or

when the degree of difference is greater than the first

preset threshold and a quantity of samples of the first
calibration data is greater than the second preset thresh-
old, removing an abnormal data point from the first
calibration data, and using a fourth function as the
optimal function, wherein the fourth function is calcu-
lated by using a combination of the second calibration
data and remaining first calibration data.

7. The method according to claim 1, wherein the deter-
mining, according to the first calibration data and the second
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calibration data, an optimal function of a relationship
between a pulse wave transmission time and a blood pres-
sure value of the user comprises:

determining a first function according to the first calibra-

tion data;

determining a third function according to a combination

of the first calibration data and the second calibration
data;

determining a degree of difference between the first

function and the third function; and

determining the optimal function according to the degree

of difference.

8. The method according to claim 7, wherein the deter-
mining a first function according to the first calibration data
comprises determining the first function according to the
first calibration data by using a least square method, and
wherein the determining a third function according to a
combination of the first calibration data and the second
calibration data comprises determining the third function
according to the combination of the first calibration data and
the second calibration data by using the least square method.

9. The method according to claim 7, wherein the deter-
mining the optimal function according to the degree of
difference comprises using the third function as the optimal
function when the degree of difference is less than a first
preset threshold.

10. The method according to claim 9, wherein the deter-
mining the optimal function according to the degree of
difference further comprises:

when the degree of difference is greater than the first

preset threshold and a quantity of samples of the first
calibration data is less than a second preset threshold,
using a second function as the optimal function,
wherein the second function is determined by using the
second calibration data; or

using the first function as the optimal function when the

degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is greater than the second preset threshold.
11. The method according to claim 9, wherein the deter-
mining the optimal function according to the degree of
difference further comprises:
using the third function as the optimal function when the
degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is less than a second preset threshold; or

when the degree of difference is greater than the first
preset threshold and a quantity of samples of the first
calibration data is greater than the second preset thresh-
old, removing an abnormal data point from the first
calibration data, and using a fourth function as the
optimal function, wherein the fourth function is calcu-
lated by using a combination of the second calibration
data and remaining first calibration data.

12. The method according to claim 1, wherein the first
calibration data and the second calibration data separately
comprise at least one group of a blood pressure value and a
corresponding pulse wave transmission time, and wherein
the determining, according to the first calibration data and
the second calibration data, an optimal function used to
represent a relationship between a pulse wave transmission
time and a blood pressure value of the user comprises:

obtaining a current pulse wave transmission time of the

user;
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selecting, from the first calibration data and the second
calibration data, a pulse wave transmission time closest
to the current pulse wave transmission time;

using calibration data in which the pulse wave transmis-

sion time closest to the current pulse wave transmission
time exists as optimal calibration data; and

using a function as the optimal function, wherein the

function is determined according to the optimal cali-
bration data.

13. The method according to claim 1, wherein the obtain-
ing pre-stored second calibration data of the user comprises:

obtaining, by the cuff-less blood pressure measurement

apparatus, an identity of the user; and

obtaining the second calibration data from multiple pieces

of pre-stored calibration data according to the identity
of the user.
14. The method according to claim 13, wherein the
obtaining an identity of the user comprises:
determining the identity of the user according to at least
one of a first electrocardiosignal or a first pulse wave
signal in the first calibration data of the user; or

determining the identity of the user according to at least
one of a current electrocardiosignal or a current pulse
wave signal generated when the user currently per-
forms measurement by using the cuff-less blood pres-
sure measurement apparatus.

15. The method according to claim 1, wherein the obtain-
ing a current pulse wave transmission time of the user, and
calculating a current blood pressure value of the user accord-
ing to the current pulse wave transmission time and the
optimal function comprises:

obtaining a current electrocardiosignal and a current pulse

wave signal generated when the user currently per-
forms measurement by using the cuff-less blood pres-
sure measurement apparatus, and calculating the cur-
rent pulse wave transmission time; and

calculating the current blood pressure value of the user

according to the optimal function and the current pulse
wave transmission time.

16.-45. (canceled)

46. A cuff-less blood pressure measurement apparatus
comprising:

at least one processor; and

at least one memory comprising instructions that, when

executed by the at least one processor, cause the

cuff-less blood pressure measurement apparatus to:

obtain first calibration data of a user, wherein the first
calibration data is data generated when the user
performs a manual calibration process before mea-
suring blood pressure using the cuff-less blood pres-
sure measurement apparatus;

obtain pre-stored second calibration data of the user;

determine, according to the first calibration data and the
second calibration data, an optimal function used to
represent a relationship between a pulse wave trans-
mission time and a blood pressure value of the user;

obtain a current pulse wave transmission time of the
user; and

calculate a current blood pressure value of the user
according to the current pulse wave transmission
time and the optimal function.

47. The cuff-less blood pressure measurement apparatus
according to claim 46, wherein the instructions, when
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executed by the at least one processor, cause the cuff-less
blood pressure measurement apparatus to:

determine a first function according to the first calibration

data;

determine a second function according to the second

calibration data;

determine a degree of difference between the first function

and the second function; and

determine the optimal function according to the degree of

difference.

48. The cuff-less blood pressure measurement apparatus
according to claim 47, wherein the instructions, when
executed by the at least one processor, cause the cuff-less
blood pressure measurement apparatus to:

determine the first function according to the first calibra-

tion data by using a least square method; and
determine the second function according to the second
calibration data by using the least square method.

49. The cuff-less blood pressure measurement apparatus
according to claim 47, wherein the instructions, when
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executed by the at least one processor, cause the cuff-less
blood pressure measurement apparatus to use a third func-
tion as the optimal function when the degree of difference is
less than a first preset threshold, wherein the third function
is determined by using the first calibration data and the
second calibration data.

50. The cuff-less blood pressure measurement apparatus
according to claim 49, wherein the instructions, when
executed by the at least one processor, cause the cuff-less
blood pressure measurement apparatus to:

use the second function as the optimal function when the
degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is less than a second preset threshold; or

use the first function as the optimal function when the
degree of difference is greater than the first preset
threshold and a quantity of samples of the first calibra-
tion data is greater than the second preset threshold.
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