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(57) ABSTRACT

Methods and devices for blood pressure monitoring may
include receiving one or more sensor measurements from
the at least one sensor. The methods and devices may further
include determining at least one of a first blood pressure
indication using a first regression representation based on
the one or more sensor measurements, a second blood
pressure indication using a second regression representation
based on the one or more sensor measurements, or a third
blood pressure indication using a third regression represen-
tation based on the one or more sensor measurements. The
methods and devices may include performing a blood pres-
sure selection procedure using the first blood pressure indi-
cation, the second blood pressure indication, and the third
blood pressure indication to determine an estimated blood
pressure indication based on one or more classification
characteristics. The methods and devices may further
include transmitting the estimated blood pressure indication
to the output device.
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BLOOD PRESSURE DETERMINATIONS

BACKGROUND

[0001] The present disclosure relate to electronic devices,
and more particularly, to blood pressure determinations
using a wearable electronic device.

[0002] Use of computing devices is becoming more ubig-
uvitous by the day. Computing devices range from standard
desktop computers to wearable computing technology and
beyond. The field of wearable devices has grown in recent
years with the introduction of fitness bands and smart
watches, some of which can interface with a nearby mobile
device via short range communication technology (e.g.,
Bluetooth) to provide information thereto and/or to obtain
and display information therefrom for consumption by a
user wearing the fitness band or smart watch. These devices
may include GPS systems, altimeters, and stopwatches, for
example, and may track a user’s speed, position and time
while running, bicycling, skiing, etc. One problem with such
devices is that they typically do not present the user with
accurate information other than time and position informa-
tion. As such, users may connect conventional external
sensors, such as non-invasive blood pressure devices to
obtain biometric feedback. However, the use of multiple
components in this manner may be bulky and make perfor-
mance of various activities such as exercise awkward.
[0003] Thus, there is a need in the art for improvements in
blood pressure monitoring using a wearable electronic
device.

SUMMARY

[0004] The following presents a simplified summary of
one or more implementations in order to provide a basic
understanding of such implementations. This summary is
not an extensive overview of all contemplated implementa-
tions, and is intended to neither identify key or critical
elements of all implementations nor delineate the scope of
any or all implementations. Its purpose is to present some
concepts of one or more implementations in a simplified
form as a prelude to the more detailed description that is
presented later.

[0005] In one example, a method of blood pressure moni-
toring is provided. In particular, the method may include
receiving one or more sensor measurements from at least
one sensor. The method may further include determining at
least one of a first blood pressure indication using a first
regression representation based on the one or more sensor
measurements, a second blood pressure indication using a
second regression representation based on the one or more
sensor measurements, or a third blood pressure indication
using a third regression representation based on the one or
more sensor measurements. Additionally, the method may
include performing a blood pressure selection procedure
using at least one of the first blood pressure indication, the
second blood pressure indication, or the third blood pressure
indication to determine an estimated blood pressure indica-
tion based on one or more classification characteristics.
Moreover, the method includes transmitting the estimated
blood pressure indication to an output device.

[0006] In another exaniple, an electronic device compris-
ing a memory to store data and instructions, at least one
sensor to obtain one or more sensor measurements, and a
processor in communication with the memory and the at
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least one sensor may monitor blood pressure. The processor
may be configured to receive one or more sensor measure-
ments from the at least one sensor. The processor may
further be configured to determine at least one of a first
blood pressure indication using a first regression represen-
tation based on the one or more sensor measurements, a
second blood pressure indication using a second regression
representation based on the one or more sensor measure-
ments, or a third blood pressure indication using a third
regression representation based on the one or more sensor
measurements. Additionally, the processor may be config-
ured to perform a blood pressure selection procedure using
at least one of the first blood pressure indication, the second
blood pressure indication, or the third blood pressure indi-
cation to determine an estimated blood pressure indication
based on one or more classification characteristics. More-
over, the processor may be configured to transmit the
estimated blood pressure indication to an output device.
[0007] In a further example, a computer-readable medium
storing instructions executable by an electronic device may
monitor blood pressure. The computer-readable medium
may include at least one instruction for causing the computer
device to receive one or more sensor measurements from at
least one sensor. The computer-readable medium may fur-
ther include at least one instruction for determine at least one
of a first blood pressure indication using a first regression
representation based on the one or more sensor measure-
ments, a second blood pressure indication using a second
regression representation based on the one or more sensor
measurements, or a third blood pressure indication using a
third regression representation based on the one or more
sensor measurements. Additionally, the computer-readable
medium may include at least one instruction for perform a
blood pressure selection procedure using at least one of the
first blood pressure indication, the second blood pressure
indication, or the third blood pressure indication to deter-
mine an estimated blood pressure indication based on one or
more classification characteristics. Moreover, the computer-
readable medium may include at least one instruction for
transmit the estimated blood pressure indication to an output
device.

[0008] Additional advantages and novel features relating
to implementations of the present disclosure will be set forth
in part in the description that follows, and in part will
become more apparent to those skilled in the art upon
examination of the following or upon learning by practice
thereof.

DESCRIPTION OF THE FIGURES

[0009] The specific features, implementations, and advan-
tages of the disclosure will become better understood with
regard to the following description, appended claims, and
accompanying drawings where:

[0010] FIG. 1A is a schematic block diagram of an
example electronic device including a blood pressure deter-
mination component that may be in communication with a
computing device in accordance with some implementa-
tions;

[0011] FIG. 1B is a schematic block diagram of the blood
pressure determination component and various subcompo-
nents in accordance with some implementations;

[0012] FIG. 2 is a conceptual diagram of blood pressure
determinations at an example wearable electronic device in
accordance with some implementations;



US 2018/0132731 Al

[0013] FIG. 3 is a graphical representation of an example
electrocardiogram (EKG) measurement in accordance with
some implementations;

[0014] FIG. 4 is a graphical representation of an example
photoplethysmography (PPG) measurement in accordance
with some implementations;

[0015] FIG. 5 is another graphical representation of an
example PPG measurement in accordance with some imple-
mentations;

[0016] FIG. 6A is a flow chart of an example of a method
of blood pressure regression determination in accordance
with some implementations;

[0017] FIG. 6B is a flow chart of an example of a method
of blood pressure determination in accordance with some
implementations; and

[0018] FIG. 7 is a schematic block diagram of an example
electronic device in accordance with some implementations.

DETAILED DESCRIPTION

[0019] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of various configurations and is not intended to represent the
only configurations in which the concepts described herein
may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understand-
ing of various concepts. However, it will be apparent to
those skilled in the art that these concepts may be practiced
without these specific details. In some instances, well known
components are shown in block diagram form in order to
avoid obscuring such concepts. In some implementations,
examples may be depicted with reference to one or more
components and one or more methods that may perform the
actions or operations described herein, where components
and/or actions/operations in dashed line may be optional.
[0020] The present disclosure relates to systolic blood
pressure estimation using multiple regression models at a
wearable electronic device. Detecting systolic blood pres-
sure using a wearable electronic device may be challenging
using conventional blood pressure machines employing a
cuff and pressure sensors. Indeed, the cumbersome approach
to determining blood pressure using such bulky equipment
defeats the purpose of a small and integrated wearable
electronic device. As such, in some implementations, blood
pressure may be estimated based on one or more biometric
measurements utilizing one or more sensors in the wearable
electronic device. Such biometric measurements may
include an electrocardiogram (EKG) measurement and/or a
photoplethysmography (PPG) measurement. In some imple-
mentations, an EKG measurement or signal may provide a
recording or indication of the electrical activity of a heart
over a period of time. Further, in some implementations, a
PPG measurement or signal may provide an indication of a
heart rate based on a reflection of light through a user’s
capillaries.

[0021] Additionally, in some implementations, pulse tran-
sit time (PTT), which is the time it takes a pulse wave to
travel between two arterial sites, may be used in conjunction
with EKG and PPG measurements to correlate blood pres-
sure using a single blood pressure regression model (e.g.,
statistical process for estimating the relationships among
variables). Although PTT may provide a useful representa-
tion of blood pressure for a portion of the general population
(e.g., a portion of users using a wearable electronic device),
the use of PTT (e.g., in conjunction with EKG and PPG) in
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formulating an estimated blood pressure based on a single
regression model for the general population may not provide
an accurate representation of blood pressure for each indi-
vidual.

[0022] That is, metrics such as PTT may not correlate with
blood pressure over time, thus rendering a single regression
model based on PTT inaccurate. For example, the PTT time
may not only be affected by the blood pressure, but also by
many other variables, such as body composition, stress
level, strength of the heartbeat, weight, etc. Further, the
correlation between PTT and the systolic blood pressure
may be low (e.g., ~0.15) when the population size or sample
grows large (e.g., >100 subjects). Additionally, even for the
same person, the PTT and the systolic blood pressure may
not correlate accurately if they are sampled at large intervals
(e.g., sampled days apart). Accordingly, a single blood
pressure regression model utilizing, among other metrics,
PTT, may not provide an accurate representation of blood
pressure.

[0023] As such, the present implementations provide a
multi-faceted approach for blood pressure determinations
that utilize at least three regression models. Specifically, one
or more measurements including an EKG measurement and
a PPG measurement may be acquired by the electronic
device. Subsequently, one or more blood pressure features or
characteristics may be extracted or determined based on the
EKG measurement and the PPG measurement. The blood
pressure features or characteristics may be unique for the
point in time corresponding to when the measurement took
place. That is, such features or characteristics may change or
otherwise be dynamic based on a user’s activity level.
Moreover, each of the at least three regression models may
utilize the blood pressure features or characteristics to
provide a corresponding blood pressure value indicating a
particular blood pressure class in which the user belongs and
a likelihood or probability associated with each blood pres-
sure value. The wearable electronic device may then deter-
mine an estimated blood pressure based on the blood pres-
sure values and corresponding likelihood or probability
associated with each blood pressure value.

[0024] Referring now to FIGS. 1A and 1B, an example
electronic device 100 may include one or more components
and/or subcomponents such as a blood pressure determina-
tion component 110 for determining a blood pressure of a
user of the electronic device 100. In some implementations,
electronic device 100 may be or otherwise take the form of
a smart watch, fitness band, and/or other wearable device. In
some implementations, electronic device 100 may include or
may otherwise be coupled with a processor 104 and/or
memory 106, where the processor 104 and/or memory 106
may be configured to execute or store instructions or other
parameters, such as blood pressure parameters 108, related
to executing a blood pressure determination component 110
for determining a blood pressure of a user of the electronic
device 100. For example, blood pressure determination
component 110 can correspond to one or more of an oper-
ating system of the electronic device 100 (e.g., a mobile
operating system), or an application executing on the opet-
ating system of the electronic device 100.

[0025] In some implementations, electronic device 100
may also include a display 112 having a presentation area,
such as a screen, for presenting one or more graphical
interfaces (e.g., graphical user interfaces (GUI)), such as to
provide information for consumption by a user wearing the
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electronic device 100. For example, the display 112 may be
or may include a liquid crystal display (LCD), light emitting
diode (LED), organic LED (OLED), high-contrast electronic
ink (E-Ink), a fabric including light pipes, or micro-LED
array, and may display graphical interfaces as instructed by
processor 104 (e.g., based on execution of the blood pressure
determination component 110). Electronic device 100 may
also include a display interface 124 that couples to display
112 to provide instructions, parameters, etc. for displaying
the graphical interfaces. In some implementations, the dis-
play 112 and/or the display interface 124 may form a
touch-sensitive display that may detect touch inputs on the
display 112 (e.g., for interacting with a user interface) and
also output data in the form of graphical representations
(e.g., on user interface).

[0026] Further, in some implementations, electronic
device 100 may also include one or more communication
component(s) 114 for communicating with a computing
device 140 via a wired or wireless interface (Bluetooth,
radio frequency identification (RFID), near field communi-
cation (NFC), etc.). Electronic device 100 may also include
a battery 122 for providing power to various components
and/or subcomponents of the electronic device 100.

[0027] In some implementations, electronic device 100
may also include one or more sensors 130, which may
include an optical emitter and sensor 134 for transmitting
and detecting light to and from a capillary of a user of the
electronic device. The light signals/indications may be used
to determine a PPG signal/indication corresponding to a
heart rate of the user. Further, the one or more sensors 130
may also include an EKG sensor 136 in the form of an
electrical pulse/signal sensor. For example, the EKG sensor
136 may detect an electrical signal/indication corresponding
to an EKG signal based on detecting contact of at least a
finger of each hand of a user with the electronic device 100.
[0028] In some implementations, the one or more sensors
130 may also include an accelerometer for detecting at least
acceleration of the electronic device 100, a gyro sensor for
detecting angular velocity of the electronic device 100, an
angle or orientation sensor for detecting a position of
electronic device 100 relative to a reference plan, a compass
for determining a direction of magnetic north and bearing
from it, an ultraviolet (UV) sensor for detecting light in the
ultraviolet spectrum, and/or a barometer for measuring
atmospheric pressure.

[0029] In addition, electronic device 100 may include one
or more additional function devices 120 for providing addi-
tional functionality to the modular device core 100, such as
a global positioning system (GPS) radio, a fitness tracking
device (step tracking device, pulse monitor or tracking
device, power meter, etc.), a battery, a microphone, a gal-
vanic skin sensor, a memory, a processor, communication
interface, such as a RFID radio, Bluetooth radio, Wi-Fi
radio, etc.

[0030] In some implementations, electronic device 100
(and/or computer device 140) may include an operating
system executed by processor 104 and/or memory 106 of
electronic device 100. Memory 106 may be configured for
storing data and/or computer-executable instructions defin-
ing and/or associated with operating system (and/or firm-
ware), and processor 104 may execute operating system
and/or one or more associated components such as blood
pressure determination component 110. An example of
memory 106 can include, but is not limited to, a type of
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memory usable by a computer, such as random access
memory (RAM), read only memory (ROM), tapes, magnetic
discs, optical discs, volatile memory, non-volatile memory,
and any combination thereof. An example of processor 104
may include, but is not limited to, any processor specially
programmed as described herein, including a controller,
microcontroller, application specific integrated circuit
(ASIC), field programmable gate array (FPGA), system on
chip (SoC), or other programmable logic or state machine.
[0031] Specifically, in some implementations, computing
device 140, which may be remote from the electronic device
100, may be configured to receive a training dataset 132
including one or both of PPG and EKG data. The computing
device 140 may be configured to determine, using regression
determination component 174, the one or more regression
representations 138 (e.g., first regression representation 152,
second regression representation 158, and/or third regres-
sion representation 162) based at least on, for example, the
training dataset 132.

[0032] For example, the computing device 140 may
sample at least a subset of the training dataset 132 to
determine or otherwise construct a single regression repre-
sentation (or model). In some implementations, the comput-
ing device 140 may sample the entire training dataset 132.
The computing device 140 may then be configured to divide
or split the subset of the training dataset into three subsets,
each of which may be of equal or unequal size. Using the
three subsets of the training dataset 132, the computing
device 140, via regression determination component 174,
may determine a regression representation (or model) for
each of the three subsets (e.g., to obtain first regression
representation 152, second regression representation 158,
and/or third regression representation 162). Further, com-
puting device 140 may adjust, via regression determination
component 174, each of the regression representations 138
based on moving the subsets of the training dataset 132
across the regression representations 138 in order to improve
the correlation coefficients.

[0033] Additionally, the computing device 140 may be
configured to train, via training component 172, at least two
systolic blood pressure range classifiers 170, which may
include a first blood pressure classifier that indicates a high
systolic blood pressure (e.g., >=135 millimeter of mercury
(mmHg)), and a second blood pressure classifier that indi-
cates a low systolic blood pressure (e.g., <105 mmHg). For
the first blood pressure classifier, the computing device 140
may sample a first subset of measurements from the training
dataset 132, a portion of which may each have a blood
pressure value greater than or equal to a first threshold value
(e.g., >=135 mmHg) and a second portion of which may
each have a blood pressure value less than a second thresh-
old value (e.g., <130 mmHg).

[0034] The computing device 140 may be configured to
determine the first blood pressure classifier based on per-
forming a support vector machine (SVM) (e.g., with each
individual SVM being a linear SVM that builds a model for
assigning users to a blood pressure category) and a bag tree
(e.g., decision tree ensemble trained using aggregation) on
the sampled subsets using the one or more blood pressure
parameters 108, which may include body mass index (BMI),
gender, PPG based area ratio and normalized maximum
gradient value, and EKG based average HR, QR and/or RS
pulse segment lengths. The computing device 140 may also
use the first blood pressure classifier to predict other mea-
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surements in the training dataset 132, and for those misclas-
sified, the training component 172 may use the measure-
ments in further tuning the first blood pressure classifier
until the data and the first blood pressure classifier converge.
[0035] Further, in determining the second blood pressure
classifier, the computing device 140 may perform a similar
procedure as described above with respect to determining
the first blood pressure classifier yet using a second subset
of measurements from the training dataset 132 differing
from the first subset used in determining the first blood
pressure classifier. For example, the second subset may
include a first portion each having a blood pressure value
greater than or equal to a first threshold value (e.g., >=110
mmHg) and a second portion of which each may have a
blood pressure value less than a second threshold value (e.g.,
<=105 mmHg). The portions may be of the same or different
sizes. Additionally, the threshold values used in determining
the first and second blood pressure classifiers may each be
distinct.

[0036] In some implementations, the computing device
140 may include or otherwise correspond to any mobile or
fixed computer device, which may be connectable to a
network. The computing device 140 may be, for example, a
desktop or laptop or tablet computer, a cellular telephone, a
personal digital assistant (PDA), or a handheld device, or
any other computer device having wired and/or wireless
connection capability with one or more other devices. The
computing device 140 may also include one or more com-
ponents similar to the electronic device 100 such as, but not
limited to, at least one processor and a memory. The
computing device 140 may be configured to transmit at least
the regression representations 138 (e.g., first regression
representation 152, second regression representation 158,
and/or third regression representation 162) to the electronic
device 100 via a wired or wireless connection.

[0037] Using the regression representations 138 provided
by the computing device 140, the electronic device 100 may
be configured to determine an estimated (systolic) blood
pressure indication 169 of a user of the electronic device 100
via the blood pressure determination component 110. Spe-
cifically, the blood pressure determination component 110
may be configured to determine at least three blood pressure
indications, and intelligently combine them into one value
using the prediction results of the blood pressure classifiers
170.

[0038] For example, the blood pressure determination
component 110 may be configured to receive one or more
sensor measurements 150, which may include an EKG
measurement from the EKG sensor 136 and/or a PPG
measurement from the optical emitter and sensor 134. The
blood pressure determination component 110 may be con-
figured to determine one or more blood pressure character-
istics 108 for determining the blood pressure indications, as
well as for performing the blood pressure selection proce-
dure 166. The blood pressure characteristics 108 may
include, but are not limited to an EKG RS wave segment
characteristic that is based on the EKG measurement, and/or
a PPG area ratio value that is based on the PPG measure-
ment. In some implementations, an RS wave segment
includes the electrical characteristics between the R wave
(e.g., first upward wave deflection after the P wave) and the
S wave (e.g., first downward deflection occurring after the R
wave). The blood pressure characteristics 108 may further
include, but are not limited to an average heartrate for a

May 17, 2018

defined time duration that is based on one or both of the PPG
measurement or the EKG measurement, an EKG QR width
characteristic and an EKG RS width characteristic that are
based on the EKG measurement, a normalized maximum
gradient value of the PPG measurement, and/or a PPG area
ratio value that is based on the PPG measurement. In some
implementations, a QR width may be a time value/duration
between a Q wave (e.g., first downward deflection after the
P wave) and the R wave.

[0039] The blood pressure determination component 110
may be configured to determine at least one of a first blood
pressure indication 154 using a first regression representa-
tion 152 based on at least one of the EKG RS wave segment
characteristic or the PPG area ratio value, a second blood
pressure indication 160 using a second regression represen-
tation 158 based on at least one of the EKG RS wave
segment characteristic or the PPG area ratio value, and/or a
third blood pressure indication 162 using a third regression
representation 164 based on at least one of the EKG RS
wave segment characteristic or the PPG area ratio value. In
some implementations, the first blood pressure indication
154, the second blood pressure indication 164, the third
blood pressure indication 164, and/or the estimated blood
pressure indication 168 may be or otherwise correspond to
a systolic blood pressure value in millimeters of mercury
(mmHg).

[0040] As part of determining each of the blood pressure
indications, blood pressure determination component 110
may also determine a probability value associated with each
blood pressure indication that indicates a likelihood that the
user belongs to or is associated with a distinct blood pressure
class associated with a range of blood pressure values. The
blood pressure determination component 110 may then be
configured to perform a blood pressure selection procedure
166 using at least one of the first blood pressure indication
154, the second blood pressure indication 160, or the third
blood pressure indication 164 to determine an estimated
blood pressure indication 168 based on one or both of the
classifiers 170 and/or at least one of the average heartrate for
the defined time duration, the EKG QR width characteristic
and the EKG RS width characteristic, the normalized maxi-
mum gradient value, or the PPG area ratio value.

[0041] In some implementations, in performing the blood
pressure selection procedure, the blood pressure determina-
tion component 110 may be configured to average the first
blood pressure indication 154, the second blood pressure
indication 160, and the third blood pressure indication 164
to form the estimated blood pressure indication 168. That is,
each regression model or representation may be assigned a
weight that may be dependent on or correlated with the
probability value of each blood pressure indication. Accord-
ingly, the blood pressure determination component 110 may
be configured to determine a weighted average of the first
blood pressure indication 154, the second blood pressure
indication 160, and the third blood pressure indication 164.
[0042] In some implementations, in performing the blood
pressure selection procedure 166, the blood pressure deter-
mination component 110 may be configured to select one of
the first blood pressure indication 154, the second blood
pressure indication 160, or the third blood pressure indica-
tion 164 having a highest probability value. Further, blood
pressure determination component 110 may be configured to
provide the estimated (systolic) blood pressure indication
168 to the display 112 for presentation to the user.
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[0043] Referring now to FIG. 2, a conceptual diagram 200
of an example wearable electronic device 220 displaying
blood pressure values in accordance with some implemen-
tations is shown. The conceptual diagram 200 illustrates the
capability of the electronic device 220 to determine and
display two distinct blood pressure values based on a change
in an activity state of the user as detected by the wearable
electronic device 220 within, for example, a short period of
time. That is, the class structure associated with the regres-
sion models/representations permits a dynamic approach to
blood pressure determinations. In some implementations,
the wearable electronic device 220 may be the same as or
similar to electronic device 100 (FIG. 1A). For example,
during a blood pressure determination procedure, the weat-
able electronic device 220 may be in or otherwise detect a
first activity state 202. The first activity state 202 may
correspond to or otherwise include sitting, walking, running,
etc.

[0044] The blood pressure determination component 110
may determine a first blood pressure value 206 during the
first activity state 202 based on, for instance, at least the
implementations described herein with respect to FIGS. 1A
and 1B. Specifically, the blood pressure determination com-
ponent 110 may determine, based on the one or more sensor
measurements 150 (FI1G. 1B) taken during the first activity
state 202, that the user is associated with a first blood
pressure class 208 having the first blood pressure value 206.
The wearable electronic device 220 may display the first
blood pressure value 206 (e.g., which may be a systolic
value) on the display 112. A change in activity state may
subsequently occur within a period of time. In particular, a
user of the wearable electronic device 220 may enter into a
second activity state, which may correspond to or otherwise
include an activity that is distinct from the first activity state
202 (e.g., sitting, walking, running). The blood pressure
determination component 110 may determine, based on the
one or more sensor measurements 150 taken during the
second activity state 204, that the user of the wearable
electronic device 220 is now associated with or belongs to
a second blood pressure class having a second blood pres-
sure value. The wearable electronic device 220 may then
display the second blood pressure value 212 (e.g., which
may be a systolic value) on the display 112.

[0045] FIG. 3 is a graphical representation 300 of an
example EKG measurement 306 in an amplitude of the EKG
measurement over time (in milliseconds) in accordance with
some implementations. In some implementations, various
features and/or characteristics of the EKG measurement 300
may be extracted and used as part of detecting blood
pressure by the blood pressure determination component 110
(FIGS. 1A and 1B). For example, the EKG measurement
300 may be taken during an activity state of a user of the
electronic device 100 (FIG. 1A). The EKG measurement
300 may include a number of waves and segments, such as,
but not limited to, an ‘RS’ segment 302 and a ‘QR’ segment
304. In some implementations, as part of determining the
blood pressure indications using the corresponding blood
pressure regression representations, the blood pressure
determination component 110 may utilize the ‘RS’ 302
segment indicating a width (e.g., in time) between the peak
‘R” wave and the valley ‘S’ wave. Further, in some imple-
mentations, as part of performing the blood pressure selec-
tion procedure 166 (FIG. 1B), the blood pressure determi-
nation component 110 may base a group classification of a

May 17, 2018

user on at least the ‘QR” 304 width, which may be indicative
of a width of the ‘Q’ wave and the peak ‘R’ wave, as well
as the ‘RS’ 302 width.

[0046] FIG. 4 is a graphical representation 400 of an
example PPG measurement 402 and an EKG measurement
404 in an amplitude of the EKG and PPG measurements
over time (in milliseconds) in accordance with some imple-
mentations. In some implementations, various features and/
or characteristics of the PPG measurement 402 may be
extracted and used as part of detecting blood pressure by the
blood pressure determination component 110 (FIGS. 1A and
1B). For example, the PPG measurement 402 may be taken
during an activity state of a user of the electronic device 100
(FIG. 1A). Specifically, as part of determining the blood
pressure indications using the corresponding blood pressure
regression representations, and/or performing the blood
pressure selection procedure 166 (FIG. 1B), the blood
pressure determination component 110 may utilize a PPG
area ratio 406 of a PPG segment 408, where an Areal. may
be an area under curve from a previous minimum to a peak
and an AreaR may be an area under curve from the peak to
a next minimum. In some implementations, the PPG seg-
ment 408 may be indicative of a time between a first and
second EKG ‘R’ wave.

[0047] FIG. 5 is another graphical representation 500 of
example PPG measurements including an original PPG
measurement 502 and a filtered PPG measurement 504 in
amplitude of PPG measurement over time (in milliseconds)
in accordance with some implementations. Various features
and/or characteristics of the PPG measurements may be
extracted and used as part of detecting blood pressure by the
blood pressure determination component 110 (FIGS. 1A and
1B). For example, the PPG measurements may be taken
during an activity state of a user of the electronic device 100
(FIG. 1A). Specifically, as part of determining the blood
pressure indications using the corresponding blood pressure
regression representations, and/or performing the blood
pressure selection procedure 166 (FIG. 1B), the blood
pressure determination component 110 may utilize a nor-
malized maximum gradient in filtered PPG measurement
504. In particular, the blood pressure determination compo-
nent 110 may be configured to determine: Y, ,, =Mean
(Yorginal X1, X2]), where the normalized original PPG
measurement 502)(norm represents the average of the origi-
nal PPG measurement 502 between a first time X1 and a
second time X2.

[0048] The blood pressure determination component 110
may also be configured to determine: Grad,, =Delta,,
(Y tsereq))s Where the maximum gradient Grad,,,,, represents
a maximum difference of a function of the filtered PPG
measurement 504.

[0049] The blood pressure determination component 110
may be further configured to determine: Grad, ,, =Grad,, /
Yo Where the normalized maximum gradient Grad, ., is
equivalent to the maximum gradient divided by the normal-
ized original PPG measurement 502Y,,, ..
[0050] FIG. 6A is a flow diagram of an example of a
method 600 related to regression representation determina-
tions in accordance with various implementations of the
present disclosure. Although the operations described below
are presented in a particular order and/or as being performed
by an example component, it should be understood that the
ordering of the actions and the components performing the

actions may be varied, depending on the implementation.
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[0051] At block 602, method 600 may receive a set of
measurements from a training dataset. In some implemen-
tations, computing device 140 (FIGS. 1A and 1B) may
include a communications component to receive a set of
measurements from a training dataset 132 (FIG. 1B).
[0052] Further, at block 604, method 600 may determine
a first regression representation using a first subset from the
set of measurements, a second regression representation
using a second subset from the set of measurements, and a
third regression representation using a third subset from the
set of measurements. In some implementations, computing
device 140 (FIGS. 1A and 1B) may execute regression
determination component 174 (FIG. 1B) to determine a first
regression representation 152 (FIG. 1B) using a first subset
from the set of measurements, a second regression repre-
sentation 160 (FIG. 1B) using a second subset from the set
of measurements, and a third regression representation 162
(FIG. 1B) using a third subset from the set of measurements.
In some implementations, the first, second, and third subsets
may be of the same or distinct sizes. Further, in some
implementations, each regression representation may deter-
mine a corresponding blood pressure indication associated
with a particular blood pressure class and a probability value
indicative of a likelihood that the user belongs to the
particular blood pressure class.

[0053] At block 606, method 600 may determine a first
blood pressure classifier based on a first subset from the
training dataset that satisfies a first blood pressure threshold
and a second subset from the training dataset that satisfies a
second blood pressure threshold.

[0054] In some implementations, computing device 140
(FIGS. 1A and 1B) may execute training component 172
(FIG. 1B) to determine a first blood pressure classifier (e.g.,
as part of the classifiers 170, FIG. 1B) based on a first subset
from the training dataset 132 (FIG. 1B) that satisfies a first
blood pressure threshold and a second subset from the
training dataset 132 that satisfies a second blood pressure
threshold. In some implementations, the first blood pressure
threshold and the second blood pressure threshold may be
distinct blood pressure values.

[0055] At block 608, method 600 may determine a second
blood pressure classifier based on a third subset from the
training dataset that satisfies a third blood pressure threshold
and a fourth subset from the training dataset that satisfies a
fourth blood pressure threshold. In some implementations,
computing device 140 (FIGS. 1A and 1B) may execute
training component 172 (FIG. 1B) to determine a second
blood pressure classifier (e.g., as part of the classifiers 170,
FIG. 1B) based on a third subset from the training dataset
132 (FIG. 1B) that satisfies a third blood pressure threshold
and a second subset from the training dataset 132 that
satisfies a fourth blood pressure threshold. In some imple-
mentations, the third blood pressure threshold and the fourth
blood pressure threshold may be distinct blood pressure
values.

[0056] At block 610, method 600 may transmit the regres-
sion representations and the blood pressure classifiers to the
electronic device. In some implementations, computing
device 140 (FIGS. 1A and 1B) may use the communications
component to transmit the regression representations 138
(FIG. 1B) and the blood pressure classifiers 170 (FIG. 1B)
to the electronic device 100 (FIG. 1A).

[0057] FIG. 6B is a flow diagram of an example of a
method 620 related to blood pressure determinations in

May 17, 2018

accordance with various implementations of the present
disclosure. Although the operations described below are
presented in a particular order and/or as being performed by
an example component, it should be understood that the
ordering of the actions and the components performing the
actions may be varied, depending on the implementation. In
some implementations, method 620 may continue from
block 610 (FIG. 6A).

[0058] At block 622, method 620 may receive one or more
sensor measurements. In some implementations, electronic
device 100 (FIG. 1A) may execute one or more sensors 130
(FIG.1A) including the optical emitter and sensor 134 (FIG.
1A) and/or the EKG sensor 136 (FIG. 1A) to receive one or
more sensor measurements 150 (FIG. 1B). In some imple-
mentations, the one or more sensor measurements include at
least one of a PPG measurement or an EKG measurement.

[0059] At block 624, method 620 may determine at least
one of a first blood pressure indication using a first regres-
sion representation based on the one or more sensor mea-
surements, a second blood pressure indication using a sec-
ond regression representation based on the one or more
sensor measurements, or a third blood pressure indication
using a third regression representation based on the one or
more sensor measurements. In some implementations, elec-
tronic device 100 (FIG. 1A) may execute blood pressure
determination component 110 (FIG. 1B) to determine one or
more of a first blood pressure indication 154 (FIG. 1B) using
a first regression representation 152 (FIG. 1B) based on the
one or more sensor measurements 150, a second blood
pressure indication 160 (FIG. 1B) using a second regression
representation 158 (FIG. 1B) based on the one or more
sensor measurements 150, or a third blood pressure indica-
tion 164 (FIG. 1B) using a third regression representation
162 (FIG. 1B) based on the one or more sensor measure-
ments 150.

[0060] In some implementations, although not shown,
method 620 may determine at least one of an EKG RS wave
segment characteristic based on the EKG measurement or a
PPG area ratio value based on the PPG measurement. As
such, the first blood pressure indication 154, the second
blood pressure indication 160, and the third blood pressure
indication 164 are determined based on at least one of the
EKG RS wave segment characteristic or the PPG area ratio
value.

[0061] At block 626, method 620 may perform a blood
pressure selection procedure using at least one of the first
blood pressure indication, the second blood pressure indi-
cation, or the third blood pressure indication to determine an
estimated blood pressure indication based on one or more
classification characteristics. In some implementations, elec-
tronic device 100 (FIG. 1A) may execute blood pressure
determination component 110 (FIG. 1B) to perform a blood
pressure selection procedure 166 (FIG. 1B) using at least
one of the first blood pressure indication 154, the second
blood pressure indication 160, or the third blood pressure
indication 164 to determine an estimated blood pressure
indication 168 (FIG. 1B) based on one or more classification
characteristics (e.g., blood pressure characteristics 108, FIG.
1B).

[0062] In some implementations, the first blood pressure
indication 154, the second blood pressure indication 160,
and the third blood pressure indication 164 are each asso-
ciated with a respective probability value.
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[0063] Additionally, in some implementations, perform-
ing the blood pressure selection procedure 166 may include
averaging the first blood pressure indication 154, the second
blood pressure indication 160, and the third blood pressure
indication 164 to form an average blood pressure indication
(e.g., corresponding to the estimated blood pressure indica-
tion 168). For example, the average may be a weighted
average based on a probability value of each blood pressure
indication (e.g., the higher the probability value, the higher
the weight value).

[0064] In some implementations, performing the blood
pressure selection procedure 166 may include selecting one
of the first blood pressure indication 154, the second blood
pressure indication 160, or the third blood pressure indica-
tion 164 having a highest probability value. Moreover, for
example, the first blood pressure indication 154, the second
blood pressure indication 160, and the third blood pressure
indication 164 each may be associated with a respective
blood pressure class indicating a range of distinct blood
pressure values.

[0065] Further, in some implementations, although not
shown, method 620 may determine at least one of an average
heartrate for a defined time duration based on one or both of
the PPG measurement or the EKG measurement, an EKG
QR width characteristic and an EKG RS width characteristic
based on the EKG measurement, a normalized maximum
gradient value of the PPG measurement, or a PPG area ratio
value based on the PPG measurement. As such, the one or
more classification characteristics (e.g., blood pressure char-
acteristics 108) may correspond to at least one of the average
heartrate for the defined time duration, the EKG QR width
characteristic and the EKG RS width characteristic, the
normalized maximum gradient value, or the PPG area ratio
value.

[0066] At block 628, method 620 may transmit the esti-
mated blood pressure indication to an output device. In some
implementations, electronic device 100 (FIG. 1A) may
execute display 112 (FIG. 1A) to output the estimated blood
pressure indication 168 (FIG. 1B).

[0067] Referring now to FIG. 7, an example computer
device 700 includes additional component details as com-
pared to FIGS. 1A and 1B. Computer device 700 may be the
same as or similar to or another version of electronic device
100 (FIG. 1A). In one implementation, computer device 700
may include processor 704 for carrying out processing
functions associated with one or more of components and
functions described herein. Processor 704 can include a
single or multiple set of processors or multi-core processors.
Moreover, processor 704 can be implemented as an inte-
grated processing system and/or a distributed processing
system.

[0068] Computer device 700 may further include memory
706, such as for storing local versions of applications being
executed by processor 704. Memory 706 can include a type
of memory usable by a computer, such as random access
memory (RAM), read only memory (ROM), tapes, magnetic
discs, optical discs, volatile memory. non-volatile memory,
and any combination thereof. Additionally, processor 704
and memory 706 may include and execute blood pressure
determination component (FIGS. 1A and 1B).

[0069] Further, computer device 102 may include a com-
munications component 114 that provides for establishing
and maintaining communications with one or more parties
utilizing hardware, software, and services as described
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herein. Communications component 114 may carry commu-
nications between components on computer device 700, as
well as between computer device 700 and external devices,
such as devices located across a communications network
and/or devices serially or locally connected to computer
device 700. For example, communications component 114
may include one or more buses, and may further include
transmit chain components and receive chain components
associated with a transmitter and receiver, respectively,
operable for interfacing with external devices.

[0070] Additionally, computer device 700 may include a
data store 708, which can be any suitable combination of
hardware and/or software, that provides for mass storage of
information, databases, and programs employed in connec-
tion with implementations described herein. For example,
data store 708 may be a data repository for blood pressure
characteristics 108 (F1G. 1A) and regression representations
138 (FIG. 1A). In some implementations, computer device
700 may also include display 712 for displaying content.
[0071] Computer device 700 may also include a user
interface component 710 operable to receive inputs from a
user of computer device 700 and further operable to generate
outputs for presentation to the user. User interface compo-
nent 710 may include one or more input devices, including
but not limited to a keyboard, a number pad, a mouse, a
touch-sensitive display, a navigation key, a function key, a
microphone, a voice recognition component, any other
mechanism capable of receiving an input from a user, or any
combination thereof. Further, user interface component 710
may include one or more output devices, including but not
limited to a display, a speaker, a haptic feedback mechanism,
a priater, any other mechanism capable of presenting an
output to a user, or any combination thereof.

[0072] As used in this application, the terms “component,”
“system” and the like are intended to include a computer-
related entity, such as but not limited to hardware, firmware,
a combination of hardware and software, software, or soft-
ware in execution. For example, a component may be, but is
not limited to being, a process running on a processor, a
processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an
application running on a computer device and the computer
device can be a component. One or more components can
reside within a process and/or thread of execution and a
component may be localized on one computer and/or dis-
tributed between two or more computers. In addition, these
components can execute from various computer readable
media having various data structures stored thereon. The
components may communicate by way of local and/or
remote processes such as in accordance with a signal having
one or more data packets, such as data from one component
interacting with another component in a local system, dis-
tributed system, and/or across a network such as the Internet
with other systems by way of the signal.

[0073] Furthermore, various implementations are
described herein in connection with a device (e.g., computer
device 102 and/or trusted computer device 106), which can
be a wired device or a wireless device. A wireless device
may be a wearable electronic device, a cellular telephone, a
satellite phone, a cordless telephone, a Session Initiation
Protocol (SIP) phone, a wireless local loop (WLL) station,
a personal digital assistant (PDA), a handheld device having
wireless connection capability, a computer device, or other
processing devices connected to a wireless modem.
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[0074] Moreover, the term “or” is intended to mean an
inclusive “or” rather than an exclusive “or.” That is, unless
specified otherwise, or clear from the context, the phrase “X
employs A or B” is intended to mean any of the natural
inclusive permutations. That is, the phrase “X employs A or
B” is satisfied by any of the following instances: X employs
A; X employs B; or X employs both A and B. In addition,
the articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean
“one or more” unless specified otherwise or clear from the
context to be directed to a singular form.

[0075] Various implementations or features will be pre-
sented in terms of systems that may include a number of
devices, components, modules, and the like. It is to be
understood and appreciated that the various systems may
include additional devices, components, modules, etc. and/
or may not include all of the devices, components, modules
etc. discussed in connection with the figures. A combination
of these approaches may also be used.

[0076] The various illustrative logics, logical blocks, and
actions of methods described in connection with the embodi-
ments disclosed herein may be implemented or performed
with a specially-programmed one of a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or
any combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor may be
any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a
combination of computer devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration. Additionally, at least
One processor may comprise one or more components
operable to perform one or more of the steps and/or actions
described above.

[0077] Further, the steps and/or actions of a method or
algorithm described in connection with the implementations
disclosed herein may be embodied directly in hardware, in
a software module executed by a processor, or in a combi-
nation of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk,
a CD-ROM, or any other form of storage medium known in
the art. An exemplary storage medium may be coupled to the
processor, such that the processor can read information
from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the
processor. Further, in some implementations, the processor
and the storage medium may reside in an ASIC. Addition-
ally, the ASIC may reside in a user terminal. In the alterna-
tive, the processor and the storage medium may reside as
discrete components in a user terminal. Additionally, in
some implementations, the steps and/or actions of a method
or algorithm may reside as one or any combination or set of
codes and/or instructions on a machine readable medium
and/or computer readable medium, which may be incorpo-
rated into a computer program product.

[0078] In one or more implementations, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
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ware, the functions may be stored or transmitted as one or
more instructions or code on a computer-readable medium.
Computer-readable media includes both computer storage
media and communication media including any medium that
facilitates transfer of a computer program from one place to
another. A storage medium may be any available media that
can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or
store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Disk
and disc, as used herein, includes compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and Blu-ray disc where disks usually reproduce data mag-
netically, while discs usually reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[0079] While implementations of the present disclosure
have been described in connection with examples thereof, it
will be understood by those skilled in the art that variations
and modifications of the implementations described above
may be made without departing from the scope hereof. Other
implementations will be apparent to those skilled in the art
from a consideration of the specification or from a practice
in accordance with implementations disclosed herein.

What is claimed is:
1. A method of blood pressure monitoring, comprising:

receiving one or more sensor measurements from at least
one sensor;

determining at least one of a first blood pressure indica-
tion using a first regression representation based on the
one or more sensor measurements, a second blood
pressure indication using a second regression represen-
tation based on the one or more sensor measurements,
or a third blood pressure indication using a third
regression representation based on the one or more
sensor measurements;

performing a blood pressure selection procedure using at
least one of the first blood pressure indication, the
second blood pressure indication, or the third blood
pressure indication to determine an estimated blood
pressure indication based on one or more classification
characteristics; and

transmitting the estimated blood pressure indication to an
output device.

2. The method of claim 1, wherein the one or more sensor
measurements include at least one of a photoplethysmogram
(PPG) measurement or an electrocardiography (EKG) mea-
surement.

3. The method of claim 2, further comprising determining
at least one of an EKG RS wave segment characteristic
based on the EKG measurement or a PPG area ratio value
based on the PPG measurement; and

wherein the first blood pressure indication, the second
blood pressure indication, and the third blood pressure
indication are determined based on at least one of the
EKG RS wave segment characteristic or the PPG area
ratio value.
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4. The method of claim 2, further comprising determining
at least one of:

an average heartrate for a defined time duration based on

one or both of the PPG measurement or the EKG
measurement;

an EKG QR width characteristic and an EKG RS width

characteristic based on the EKG measurement;

a normalized maximum gradient value of the PPG mea-

surement; or

a PPG area ratio value based on the PPG measurement;

and

wherein the one or more classification characteristics

correspond to at least one of the average heartrate for
the defined time duration, the EKG QR width charac-
teristic and the EKG RS width characteristic, the nor-
malized maximum gradient value, or the PPG area ratio
value.

5. The method of claim 1, wherein performing the blood
pressure selection procedure includes averaging the first
blood pressure indication, the second blood pressure indi-
cation, and the third blood pressure indication to form an
average blood pressure indication.

6. The method of claim 1, wherein the first blood pressure
indication, the second blood pressure indication, and the
third blood pressure indication are each associated with a
respective probability value.

7. The method of claim 6, wherein performing the blood
pressure selection procedure includes selecting one of the
first blood pressure indication, the second blood pressure
indication, or the third blood pressure indication having a
highest probability value.

8. The method of claim 1, wherein the first blood pressure
indication, the second blood pressure indication, and the
third blood pressure indication are each associated with a
respective blood pressure class indicating a range of distinct
blood pressure values.

9. The method of claim 1, wherein the at least one sensor
includes an EKG sensor.

10. The method of ¢laim 1, wherein the at least one sensor
includes a PPG sensor.

11. The method of claim 1, wherein the method is
performed at a wearable electronic device.

12. The method of claim 1, wherein the output device
corresponds to a display.

13. An electronic device, comprising:

a memory to store data and instructions;

at least one sensor to obtain one or more sensor measure-

ments; and

a processor in communication with the memory and the at

least one sensor, wherein the processor is configured to:

receive one or more sensor measurements from the at
least one sensor;

determine at least one of a first blood pressure indica-
tion using a first regression representation based on
the one or more sensor measurements, a second
blood pressure indication using a second regression
representation based on the one or more sensor
measurements, or a third blood pressure indication
using a third regression representation based on the
one or more sensor measurements;

perform a blood pressure selection procedure using at
least one of the first blood pressure indication, the
second blood pressure indication, or the third blood
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pressure indication to determine an estimated blood
pressure indication based on one or more classifica-
tion characteristics; and

transmit the estimated blood pressure indication to an
output device.

14. The electronic device of claim 13, wherein the one or
more sensor measurements include at least one of a pho-
toplethysmogram (PPG) measurement or an electrocardiog-
raphy (EKG) measurement.

15. The electronic device of claim 14, wherein the pro-
cessor is configured to determine at least one of an EKG RS
wave segment characteristic based on the EKG measure-
ment or a PPG area ratio value based on the PPG measure-
ment,

wherein the first blood pressure indication, the second

blood pressure indication, and the third regression
representation are further determined based on at least
one of the EKG RS wave segment characteristic or the
PPG area ratio value.

16. The electronic device of claim 14, wherein the pro-
cessor is configured to determine at least one of:

an average heartrate for a defined time duration based on

one or both of the PPG measurement or the EKG
measurement;

an EKG QR width characteristic and an EKG RS width

characteristic based on the EKG measurement;

a normalized maximum gradient value of the PPG mea-

surement; or

a PPG area ratio value based on the PPG measurement,

and

wherein the one or more classification characteristics

correspond to at least one of the average heartrate for
the defined time duration, the EKG QR width charac-
teristic and the EKG RS width characteristic, the nor-
malized maximum gradient value, or the PPG area ratio
value.

17. A computer-readable medium storing instructions
executable by an electronic device, comprising at least one
instruction for causing the electronic device to:

receive one or more sensor measurements from at least

one sensor;

determine at least one of a first blood pressure indication

using a first regression representation based on the one
or more sensor measurements, a second blood pressure
indication using a second regression representation
based on the one or more sensor measurements, or a
third blood pressure indication using a third regression
representation based on the one or more sensor mea-
surements;

perform a blood pressure selection procedure using at

least one of the first blood pressure indication, the
second blood pressure indication, or the third blood
pressure indication to determine an estimated blood
pressure indication based on one or more classification
characteristics; and

transmit the estimated blood pressure indication to an

output device.

18. The computer-readable medium of claim 17, wherein
the one or more sensor measurements include at least one of
a photoplethysmogram (PPG) measurement or an electro-
cardiography (EKG) measurement.

19. The computer-readable medium of claim 18, further
comprising at least one instruction for causing the electronic
device to determine at least one of an EKG RS wave
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segment characteristic based on the EKG measurement or a
PPG area ratio value based on the PPG measurement,
wherein the first blood pressure indication, the second
blood pressure indication, and the third regression
representation are further determined based on at least
one of the EKG RS wave segment characteristic or the
PPG area ratio value.

20. The computer-readable medium of claim 18, further
comprising at least one instruction for causing the electronic
device to determine at least one of:

an average heartrate for a defined time duration based on

one or both of the PPG measurement or the EKG
measurement;

an EKG QR width characteristic and an EKG RS width

characteristic based on the EKG measurement;

a normalized maximum gradient value of the PPG mea-

surement; or

a PPG area ratio value based on the PPG measurement;

and

wherein the one or more classification characteristics

correspond to at least one of the average heartrate for
the defined time duration, the EKG QR width charac-
teristic and the EKG RS width characteristic, the nor-
malized maximum gradient value, or the PPG area ratio
value.



patsnap

TRAFROE) N E
NIF(2E)E US20180132731A1 K (2E)R 2018-05-17
HiES US15/351934 HiEA 2016-11-15
FRIREEFAGE) BEREABRNERITELT
BB (Z R AGR) ek R Licensing , LLCA A
LRRFERID)ACE) BEEARLicensing , LLCAF]
FRIK B A ALBADAWI HAITHEM
LIU ZONGYI
NUESMEYER CHRISTOPHER
REAA ALBADAWI, HAITHEM
LIU, ZONGY!
NUESMEYER, CHRISTOPHER
IPCH#E A61B5/021 A61B5/00 A61B5/0456
CPCH#E AB1B5/021 A61B5/742 A61B5/0456 A61B5/0077 A61B5/02108 A61B5/02416 A61B5/0261 A61B5

/0452 A61B5/1123 A61B5/681 A61B5/7267 A61B2562/0219 G16H50/70

SAEBEE Espacenet USPTO

ﬁg(&) 00D PRESSURL DEILAMINATION | -

BT MR M B9 5 S R B A LS R B B D — MEBBI — e
SMERENBLE R, RS EMER TS —SaELTHRR—I R - 3
EMEBENBERERAE—EAERKBEE—NEER , EFFR |—

i
ST e '
woons | | [ Mook L[y WewoRY ;

OPTICAL
EMITIERAND. ||

136

A RSMEBENELRERE AR RREAS S NERERRE | e
EE-mEET , REF RS MBRNBLREAE=BEART | oo

ME=MEETR. ZAENEETNSEEAE—NEER , F-0E
ERNE=ZMERETRRRTOEEFEIE , LET - RSN 0RBE
RE\EMITOMERE T, ZAENEETUHR - S OB/ ITHNMEE
TMEREIREEE,

‘BLOOD PRESSURE SELECTION



https://share-analytics.zhihuiya.com/view/3744b053-277e-43cc-8b48-d08ba751424c
https://worldwide.espacenet.com/patent/search/family/060484478/publication/US2018132731A1?q=US2018132731A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180132731%22.PGNR.&OS=DN/20180132731&RS=DN/20180132731

