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APPARATUS AND METHOD FOR
ESTIMATING BLOOD GLUCOSE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2018-0160917, filed on Dec. 13,
2018, in the Korean Intellectual Property Office, the entire
disclosure of which is herein incorporated by reference for

all purposes.
BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with example
embodiments relate generally to an apparatus and a method
for estimating blood glucose, and more particularly to tech-
nology for non-invasively estimating blood glucose using a
pulse wave signal.

2. Description of the Related Art

[0003] Diabetes is a chronic disease that causes various
complications and can be difficult to cure, such that people
with diabetes are advised to regularly check their blood
glucose to prevent complications. In particular, when insulin
is administered to control blood glucose, the blood glucose
levels have to be closely monitored to avoid hypoglycemia
and control insulin dosage. An invasive method of finger
pricking is generally used to measure blood glucose levels.
However, while the invasive method may provide high
reliability in measurement, it may cause pain and inconve-
nience as well as an increased risk of disease infections.
Recently, research has been conducted to provide a method
of non-invasively measuring blood glucose by using a
spectrometer without blood sampling.

SUMMARY

[0004] One or more example embodiments provide an
apparatus and a method for accurately estimating blood
glucose in a non-invasive manner.

[0005] In an aspect of an example embodiment, there is
provided an apparatus for estimating blood glucose, the
apparatus including: a pulse wave sensor configured to
obtain a pulse wave signal from an object; and a processor
configured to obtain at least two points from a waveform of
the pulse wave signal, to extract a feature based on time
values of the obtained at least two points, and to estimate
blood glucose based on the extracted feature.

[0006] The pulse wave sensor may include: at least one
light source configured to emit light of at least one wave-
length onto the object; and at least one detector configured
to detect the light of at least one wavelength scattered or
reflected from the object.

[0007] The at least one wavelength may include at least
one of a red wavelength, a green wavelength, a blue wave-
length, and an infrared wavelength.

[0008] The processor may obtain a first point in a systolic
interval of the pulse wave signal, and a second point in a
diastolic interval of the pulse wave signal.

[0009] The processor may extract, as the feature, at least
one of a difference between a time value of the first point and
a time value of the second point, and a time difference ratio
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obtained by dividing the difference by the time value of the
first point or the time value of the second point.

[0010] The processor may obtain a component of a pulse
waveform forming the waveform of the pulse wave signal,
and may obtain the first point and the second point based on
the obtained component of the pulse waveform.

[0011] The processor may detect a local minimum point
from a waveform of a differential signal, obtained by per-
forming differentiation on the pulse wave signal, and may
obtain at least one of a time value and a signal strength of
the detected local minimum point as the component of the
pulse waveform.

[0012] The feature may further include at least one of
pulse rate variability, heart rate variability, heart rate, pulse
rate, arterial stiffness, blood pressure, perfusion index, and
pulsatile volume.

[0013] The processor may estimate the blood glucose by
applying a blood glucose estimation model to the extracted
feature.

[0014] In addition, the apparatus for estimating blood
glucose may further include an output interface configured
to provide a processing result of the processor to a user.
[0015] In another aspect of an example embodiment, there
is provided a method of estimating blood glucose, the
method including: obtaining a pulse wave signal from an
object: obtaining at least two points from the pulse wave
signal; extracting a feature based on time values of the
obtained at least two points; and estimating blood glucose
based on the extracted feature.

[0016] The obtaining of the at least two points may
include obtaining a first point in a systolic interval of the
pulse wave signal, and a second point in a diastolic interval
of the pulse wave signal.

[0017] The extracting of the feature may include extract-
ing, as the feature, at least one of a difference between a time
value of the first point and a time value of the second point,
and a time difference ratio obtained by dividing the differ-
ence by the time value of the first point or the time value of
the second point.

[0018] The obtaining of the at least two points may
include obtaining a component of a pulse waveform forming
a waveform of the pulse wave signal, and obtaining the first
point and the second point based on the obtained component
of the pulse waveform.

[0019] The obtaining of the at least two points may
include detecting a local minimum point from a waveform
of a differential signal, obtained by performing differentia-
tion on the pulse wave signal, and obtaining at least one of
a time value and a signal strength of the detected local
minimum point as the component of the pulse waveform.
[0020] In yet another aspect of an example embodiment,
there is provided an apparatus for estimating blood glucose,
the apparatus including: a pulse wave sensor configured to
obtain a pulse wave signal from an object; a metabolism
information obtainer configured to obtain metabolism infor-
mation of a user; and a processor configured to estimate a
first blood glucose value based on a feature extracted from
the pulse wave signal, to estimate a second blood glucose
value based on the metabolism information, and to estimate
a final blood glucose value based on the first blood glucose
value and the second blood glucose value.

[0021] The processor may extract the feature based on
time values of the at least two points of a waveform of the
pulse wave signal.
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[0022] The processor may obtain a first point in a systolic
interval of the waveform of the pulse wave signal, and a
second point in a diastolic interval of the waveform of the
pulse wave signal; and may extract, as the feature, at least
one of a difference between a time value of the first point and
a time value of the second point, and a time difference ratio
obtained by dividing the difference by the time value of the
first point or the time value of the second point.

[0023] The processor may obtain a component of a pulse
waveform forming the waveform of the pulse wave signal,
and may obtain the first point and the second point based on
the obtained component of the pulse waveform.

[0024] The metabolism information obtainer may obtain
the metabolism information based on at least one of sensor
information, received from at least one of the pulse wave
sensor, a food intake sensor, and a blood glucose sensor, and
user input information.

[0025] The metabolism information obtainer may obtain
the metabolism information by applying at least one of the
sensor information and the user input information to a
metabolism model.

[0026] The metabolism information may include at least
one of a blood glucose change rate over time, a blood
glucose variation, and a probability or a frequency of stages
of blood glucose change stages.

[0027] The processor may estimate the second blood glu-
cose value based on a calibration blood glucose value
obtained by a blood glucose sensor, and the metabolism
information.

[0028] The processor may estimate the final blood glucose
value by applying a blood glucose estimation model to the
first blood glucose value and the second blood glucose
value.

[0029] The blood glucose estimation model may be pre-
defined based on at least one of weighted summation,
Kalman Filter, regression, and Artificial Intelligence.
[0030] In still another general aspect, there is provided a
method of estimating blood glucose, the method including:
obtaining a pulse wave signal from an object; obtaining
metabolism information of a user; extracting a feature from
the pulse wave signal; estimating a first blood glucose value
based on the extracted feature; estimating a second blood
glucose value based on the metabolism information; and
estimating a final blood glucose value based on the first
blood glucose value and the second blood glucose value.
[0031] The extracting of the feature may include: obtain-
ing a first point in a systolic interval of the waveform of the
pulse wave signal, and a second point in a diastolic interval
of the waveform of the pulse wave signal; and extracting, as
the feature, at least one of a difference between a time value
of the first point and a time value of the second point, and
a time difference ratio obtained by dividing the difference by
the time value of the first point or the time value of the
second point.

[0032] The obtaining of the metabolism information may
include obtaining the metabolism information based on at
least one of sensor information, received from at least one of
the pulse wave sensor, a food intake sensor, and a blood
glucose sensor, and user input information.

[0033] The obtaining of the metabolism information may
include obtaining the metabolism information by applying at
least one of the sensor information and the user input
information to a metabolism model.

Jun. 18, 2020

[0034] The estimating of the final blood glucose value
may include estimating the final blood glucose value by
applying a blood glucose estimation model to the first blood
glucose value and the second blood glucose value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and/or other aspects will be more appar-
ent by describing certain example embodiments with refer-
ence to the accompanying drawings, in which:

[0036] FIGS. 1A and 1B are block diagrams illustrating an
apparatus for estimating blood glucose according to example
embodiments;

[0037] FIGS. 2A, 2B, and 2C are diagrams explaining
examples of extracting features for estimating blood glu-
cose;

[0038] FIG. 3 is a flowchart illustrating a method of
estimating blood glucose according to an example embodi-
ment;

[0039] FIG. 4 is a block diagram illustrating an apparatus
for estimating blood glucose according to another example
embodiment;

[0040] FIG. 5A is a diagram illustrating an example of an
interface for obtaining metabolism information;

[0041] FIGS. 5B and 5C are diagrams illustrating
examples of an interface for obtaining a calibration blood
glucose value; and

[0042] FIG. 6 is a flowchart illustrating a method of
estimating blood glucose according to another embodiment.

DETAILED DESCRIPTION

[0043] Details of example embodiments are included in
the following detailed description and drawings. Aspects of
example embodiments will be more clearly understood from
the following embodiments described in detail with refer-
ence to the accompanying drawings. Throughout the draw-
ings and the detailed description, unless otherwise
described, the same drawing reference numerals will be
understood to refer to the same elements, features, and
structures.

[0044] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. Any references to singular may include plural
unless expressly stated otherwise. In addition, unless explic-
itly described to the contrary, an expression such as “com-
prising” or “including” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Also, the terms, such as ‘part’ or ‘module’,
etc., should be understood as a unit that performs at least one
function or operation and that may be embodied as hard-
ware, software, or a combination thereof.

[0045] Expressions such as “at least one of,” when pre-
ceding a list of elements. modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, “at least one of a, b, and ¢,” should
be understood as including only a, only b, only ¢, both a and
b, both a and ¢, both b and ¢, all of a, b, and ¢, or any
variations of the aforementioned examples.

[0046] FIGS. 1A and 1B are block diagrams illustrating an
apparatus for estimating blood glucose according to example
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embodiments. FIGS. 2A to 2C are diagrams explaining
examples of extracting features for estimating blood glu-
cose.

[0047] A blood glucose estimating apparatus 100a shown
in FIG. 1A and a blood glucose estimating apparatus 1005
shown in FIG. 1B according to example embodiments may
be embedded in an electronic device, such as a smartphone,
a tablet personal computer (PC), a desktop computer, a
laptop computer, and the like, or in a medical device of a
specialized medical institution. Alternatively, the blood glu-
cose estimating apparatuses 100a and 1005 may be manu-
factured as an independent device, such as a wearable device
including a wristwatch-type wearable device, a bracelet-type
wearable device, a wristband-type wearable device, a ring-
type wearable device, a glasses-type wearable device, a
headband-type wearable device, and the like, which may be
worn on an object.

[0048] Referring to FIGS. 1A and 1B, the blood glucose
estimating apparatuses 1004 and 1005 include a pulse wave
sensor 110 and a processor 120.

[0049] The pulse wave sensor 110 may measure a pulse
wave signal, including a photoplethysmography (PPG) sig-
nal, from an object. The pulse wave sensor 110 may include:
a light source which emits light onto the object; and a
detector which detects scattered or reflected light when light,
emitted by the light source, is scattered or reflected from a
body tissue of the object such as the surface of skin or blood
vessels.

[0050] The light source may emit light of one or more
different wavelengths onto the object. For example, different
wavelengths may include a blue wavelength, a green wave-
length, a red wavelength, an infrared wavelength, and the
like, but are not limited thereto. The light source may
include at least one of a light emitting diode (LED), a laser
diode (LD), a fluorescent body, and the like, but is not
limited thereto. One or more light sources may be positioned
at different distances from the detector.

[0051] The detector may include one or more pixels which
detect light, scattered or reflected from body tissues of the
object, and convert the detected light into an electric signal.
The one or more pixels may include a photo diode, a photo
transistor (PTr), an image sensor (e.g., CMOS image sen-
sor), and the like, but are not limited thereto.

[0052] The processor 120 may receive a pulse wave signal
from the pulse wave sensor 110, and may extract features for
estimating blood glucose based on the received pulse wave
signal.

[0053] For example, the processor 120 may obtain two or
more points from a waveform of the pulse wave signal, and
may extract features for estimating blood glucose based on
amplitude information and/or time information of the
obtained two or more points. In this case, the processor 120
may obtain a point from each of a systolic interval and a
diastolic interval of the waveform of the pulse wave signal.
For example, the processor 120 may obtain a peak of the
systolic interval and a peak of the diastolic interval as points
for extracting features. Here, the systolic interval may refer
to an interval from a starting point of the pulse wave signal
to a dicrotic notch (DN) point, and the diastolic interval may
refer to an interval after the dicrotic notch point of the pulse
wave signal.

[0054] Referring to FIG. 2A, the upper diagram illustrates
a pulse wave signal measured by the pulse wave sensor 110.
As illustrated in FIG. 2A, a waveform of the pulse wave
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signal may be composed of a plurality of pulse waveforms
21, 22, and 23. Generally, the pulse wave signal is a
superposition of a propagation wave 21, starting from the
heart toward the distal end portions of the body, and reflec-
tion waves 22 and 23 reflected from the distal end portions
or a branching point of the blood vessel and returning back
therefrom.

[0055] The processor 120 may obtain two or more points
based on components of pulse waveforms forming the pulse
wave signal, e.g., time and/or amplitude (or signal strength)
values. For example, among the pulse waveforms forming
the pulse wave signal, the processor 120 may obtain a first
point P1 based on a component of the first pulse waveform
21 which is associated with a propagation wave appearing in
the systolic interval before DN. Further, of the pulse wave-
forms 22 and 23 appearing in the diastolic interval after DN,
the processor 120 may obtain a second point P2 based on a
component of the second pulse waveform 22 having the
highest amplitude among the pulse waveforms forming the
pulse wave signal.

[0056] The bottom diagram of FIG. 2A illustrates a wave-
form of a differential signal obtained by performing second
order differentiation on a pulse wave signal. Referring to the
bottom diagram of FIG. 2A, the processor 120 may perform
second order differentiation on a pulse wave signal, and may
obtain components of pulse waveforms, forming the pulse
wave signal, based on the waveform of the second order
differential signal. For example, the processor 120 may
detect local minimum points from the waveform of the
second order differential signal, and may obtain components
of constituent pulse waveforms based on the detected local
minimum points L1, L2, and L3. In this case, the local
minimum point refers to a point at which a downward
convex shape is formed, in an interval of a second order
differential signal which is observed to be decreased and
then is increased again past a specific point.

[0057] For example, the processor 120 may obtain a pulse
wave signal point P1, corresponding to a first local minimum
point L1 of the second order differential signal, as the first
point associated with the first pulse waveform, and may
obtain a pulse wave signal point P2, corresponding to a
second local minimum point 1.2 of the second order differ-
ential signal, as the second point associated with the second
pulse waveform.

[0058] As described above, the processor 120 may extract
features for estimating blood glucose based on a time value
T1 of the first point P1 and a time value T2 of the second
point P2, which are obtained from the pulse wave signal. For
example, the processor 120 may extract, as the feature, a
difference (T2-T1) between the time value T1 of the first
point P1 and the time value T2 of the second point P2.
Alternatively, the processor 120 may extract, as the feature,
a time difference ratio (T2-T1)/T1 obtained by dividing the
difference (T2-T1) between the time value T1 of the first
point P1 and the time value T2 of the second point P2 by the
time value T1 of the first point P1, or a percentage of the
time difference ratio. However, determination of the features
in example embodiments are not limited thereto.

[0059] In another example, the processor 120 may extract
various other types of information as features for estimating
blood pressure. For example, the processor 120 may further
obtain, as the features, pulse rate variability, heart rate
variability, heart rate, pulse rate, arterial stiffness, blood
pressure, perfusion index, pulsatile volume, and the like.
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However, the features are not limited thereto, and the
processor 120 may extract various features based on various
bio-signals obtained from a user using various sensors
mounted in the blood glucose estimating apparatuses 100a
and 1005 or in an external device.

[0060] The processor 120 may obtain features for estimat-
ing blood glucose by combining the obtained information
items. For example, referring to FIGS. 2B and 2C, the
processor 120 may estimate pulse rate variability (PRV) by
analyzing NN intervals T1 and T2 of the pulse wave signal
of multiple wavelengths A |, A,, A5, and A, measured from a
user.

[0061] Upon obtaining the features for estimating blood
glucose based on the pulse wave signal, the processor 120
may estimate blood glucose by applying a predefined blood
glucose estimating model. In this case, the blood glucose
estimating model may be defined as a linear/non-linear
mathematical function which indicates a correlation
between the obtained feature value and a blood glucose
value. The following Equation 1 is an example of a simple
linear function, but is not limited thereto.

yi=ax+b

[0062] Herein, x; denotes the obtained feature value, y,
denotes a blood glucose value to be obtained, and a and b are
values pre-calculated through preprocessing.

[0063] Referring to FIG. 1B, the blood glucose estimating
apparatus 1005 according to an example embodiment
includes an output interface 130, a storage 140, and a
communication interface 150.

[0064] The output interface 130 may output a processing
result of the processor 120 to a user. For example, the output
interface 130 may visually output an estimated blood glu-
cose value by using a display module (e.g., a display device).
Alternatively, the output interface 130 may output the value
in a non-visual manner through voice, vibrations, tactile
sensation, and the like by using a speaker module (e.g., a
speaker), a haptic module (e.g., a vibration motor), and the
like. The output interface 130 may divide a display area into
two or more areas according to a setting, in which the output
interface 130 may output a pulse wave signal graph. a blood
glucose estimation result, and the like, which are used for
estimating blood glucose, in a first area; and may output a
blood glucose estimation history in the form of graphs and
the like in a second area. In this case, when an estimated
blood glucose value falls outside a normal range, the output
interface 130 may output warning information in various
manners, such as highlighting an abnormal value in red and
the like, displaying the abnormal value along with a normal
range, outputting a voice warning message, adjusting a
vibration intensity, and the like.

[0065] The processor 120 may generate various health-
related information items based on the blood glucose esti-
mation result, and may output the generated information
through the output interface 130. For example, in response
to a blood glucose estimation result being lower than a
predetermined threshold (e.g., 70 mg/dL), the processor 120
may diagnose hypoglycemia, and may provide health-re-
lated information including an action to be made by a user,
or a change in dosage of medication to be taken by a user.

[0066] In addition, the processor 120 may generate vari-
ous health indices by tracking blood glucose estimation
results during a predetermined period of time stored in the

[Equation 1]
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storage 140, and may provide the health indices to a user
through the output interface 130.

[0067] For example, the processor 120 may generate a
stress score indicating a blood glucose score or a blood
glucose metabolism level. For example, the processor 120
may calculate a hypoglycemia/hyperglycemia frequency
and/or a stress frequency by dividing a number of times of
hypoglycemia/hyperglycemia and/or a number of times of
stress during a predetermined period of time by a total
number of data. Further, the processor 120 may calculate a
period of hypoglycemia/hyperglycemia and/or a stress
period by dividing a time of hypoglycemia/hyperglycemia
and/or a stress time during a predetermined period of time by
a total data time. In another example, along with or sepa-
rately from the calculation, the processor 120 may generate
analysis information associated with a maximum glucose
value and a minimum glucose value in a day during a
predetermined period of time, and/or information on a
change in blood glucose and physiological responses, and
the like. However, the information is merely an example,
and the processor 120 may generate various other health
indices.

[0068] In this case, the output interface 130 may output a
blood glucose score and/or a stress score in the first area of
the display, and may output the analysis information asso-
ciated with a maximum glucose value and a minimum
glucose value in a day during a predetermined period of time
in the second area of the display. Alternatively, the output
interface 130 may output a blood glucose score or a stress
score in the first area of the display, and may output
information on a change in blood glucose and physiological
responses in the second area of the display. However, this is
merely exemplary, and the output interface 130 may output
one information item in the entire area of the display. In
addition, while outputting two information items in each
area of the display, when a user selects any one information
item, the output interface 130 may output the selected
information in the entire area of the display by enlarging the
information.

[0069] The storage 140 may store a processing result of
the processor 120. Further, the storage 140 may store various
types of reference information required for estimating blood
glucose. For example, the reference information may
include user characteristic information such as a user’s age,
sex, health condition, and the like. In addition, the reference
information may include a reference blood glucose value, a
blood glucose estimation model, a blood glucose estimation
interval, and the like, but is not limited thereto.

[0070] In this case, the storage 140 may include at least
one storage medium of a flash memory type memory, a hard
disk type memory, a multimedia card micro type memory, a
card type memory (e.g., an SD memory, an XD memory,
etc.), a Random Access Memory (RAM), a Static Random
Access Memory (SRAM), a Read Only Memory (ROM), an
Electrically Erasable Programmable Read Only Memory
(EEPROM), a Programmable Read Only Memory (PROM),
a magnetic memory, a magnetic disk, and an optical disk,
and the like, but is not limited thereto.

[0071] The communication interface 150 may communi-
cate with an external device 160 using wired and/or wireless
communication techniques under the control of the proces-
sor 120, to transmit and receive various data. For example,
the communication interface 150 may transmit a blood
glucose estimation result to the external device 160. Further,
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the communication interface 150 may receive various types
of reference information required for estimating blood glu-
cose from the external device 160. For example, the com-
munication interface 150 may receive a reference blood
glucose value and the like from an external device for
measuring blood glucose which is an invasive/minimally
invasive/non-invasive device. In this case, examples of the
external device 160 may include an external device for
measuring blood glucose which is an invasive/minimally
invasive/non-invasive device, and an information process-
ing device such as a smartphone, a tablet PC, a desktop
computer, a laptop computer, and the like.

[0072] In this case, examples of the communication tech-
niques may include Bluetooth communication, Bluetooth
Low Energy (BLE) communication, Near Field Communi-
cation (NFC), WLAN communication, Zighee communica-
tion, Infrared Data Association (IrDA) communication, Wi-
Fi Direct (WFD) communication, Ultra-Wideband (UWB)
communication, Ant+ communication, WIFI communica-
tion, Radio Frequency Identification (RFID) communica-
tion, 3G communication, 4G communication, 5G commu-
nication, and the like. However, this is merely exemplary
and is not intended to be limiting.

[0073] FIG. 3 is a flowchart illustrating a method of
estimating blood glucose according to an example embodi-
ment. The blood glucose estimating method of FIG. 3 may
be performed by the blood glucose estimating apparatuses
100g and 1005 according to embodiments of FIGS. 1A and
1B, which will be briefly described below in order to avoid
redundancy.

[0074] 1In response to a request for estimating blood glu-
cose, the blood glucose estimating apparatus may measure a
pulse wave signal from an object in 310. In this case, the
request for estimating blood glucose may be received from
a user or an external device, or may be generated at
predetermined blood glucose estimation intervals. The blood
glucose estimating apparatus may include: one or more light
sources which emit light onto an object to measure a pulse
wave signal including a PPG signal; and a detector which
detects light scattered or reflected from the object.

[0075] Theblood glucose estimating apparatus may obtain
two or more points from the pulse wave signal to extract
features for estimating blood glucose in 320. For example,
the blood glucose estimating apparatus may obtain a peak of
the systolic interval and a peak of the diastolic interval as
points for extracting features. For example, the blood glu-
cose estimating apparatus may obtain the peak of the sys-
tolic interval and the peak of the diastolic interval based on
components of pulse waveforms forming the pulse wave
signal. In this case, the blood glucose estimating apparatus
may detect local minimum points from a second order
differential signal, obtained by performing second order
differentiation on the pulse wave signal, and may obtain a
time value and an amplitude value of each local minimum
point as components of each pulse waveform. In other
words, the blood glucose estimating apparatus may obtain,
as a point of the systolic interval, a pulse wave signal point
corresponding to a first pulse waveform component associ-
ated with a propagation wave of the second order differential
signal, i.e., corresponding to a time value of a first local
minimum point. Likewise, the blood glucose estimating
apparatus may obtain, as a point of the diastolic interval, a
pulse wave signal point corresponding to a second pulse
waveform generally having the highest amplitude among the
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pulse waveform components associated with a reflection
wave, 1.e., corresponding to a time value of a second local
minimum point.

[0076] Subsequently. the blood glucose estimating appa-
ratus may extract features based on time information and/or
amplitude information obtained at two or more points of the
pulse wave signal in 330. For example, the blood glucose
estimating apparatus may extract, as the feature, a difference
between a time value obtained in the diastolic interval and
a time value obtained in the systolic interval. In another
example, the blood glucose estimating apparatus may
extract, as the feature, a time difference ratio obtained by
dividing the difference between the time value of the dia-
stolic interval and the time value of the systolic interval by
the time value of the systolic interval, or a percentage of the
time difference ratio. However, the features are not limited
thereto, and the blood glucose estimating apparatus may
further obtain information such as pulse rate variability,
heart rate variability, heart rate, pulse rate, arterial stiffness,
blood pressure, perfusion index, pulsatile volume, and the
like, and may combine the obtained information items to
obtain a new feature.

[0077] Next, upon extracting the features, the blood glu-
cose estimating apparatus may estimate blood glucose by
applying a blood glucose estimation model in 340. The
blood glucose estimation model may be a linear/non-linear
function which indicates a correlation between a feature
value and a blood glucose value, but is not limited thereto.
[0078] The blood glucose estimating apparatus may out-
put a blood glucose estimation result and may provide the
result to a user in 350. For example, the blood glucose
estimating apparatus may output the blood glucose estima-
tion result by various visual methods using a visual output
device such as a display and the like. Alternatively, the blood
glucose estimating apparatus may output the blood glucose
estimation result by non-visual methods through voice,
tactile sensation, vibrations, and the like using a speaker
and/or a haptic module. Further, the blood glucose estimat-
ing apparatus may determine a user’s health condition based
on the estimated blood glucose value, and may provide a
warning or a response action based on the determination.
[0079] FIG. 4 is a block diagram illustrating an apparatus
for estimating blood glucose according to another embodi-
ment. FIG. 5A is a diagram illustrating an example of an
interface for obtaining metabolism information. FIGS. 5B
and 5C are diagrams illustrating examples of an interface for
obtaining a calibration blood glucose value.

[0080] Referring to FIG. 4, the blood glucose estimating
apparatus 400 according to an example embodiment
includes a pulse wave sensor 410, a metabolism information
obtainer 420, and a processor 430; and depending on an
embodiment, may further include an output interface 440, a
storage 450, and a communication interface 460.

[0081] The pulse wave sensor 410 may measure a pulse
wave signal from an object, and may include one or more
light sources which emit light onto the object, and a detector
which detects light scattered or reflected from the object.
[0082] The metabolism information obtainer 420 may
collect factors which affect blood glucose, for example, food
intake information including consumed food, an amount of
food intake, a time of food intake, and activity information
including a time of insulin injection, exercise, sleep, and the
like, and may obtain metabolism information based on the
collected information. The food intake information and
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activity information are merely examples, such that the
information is not limited thereto.

[0083] For example, as illustrated in FIG. 5A, the metabo-
lism information obtainer 420 may output an interface for
receiving input of food intake information from a user on a
display 52 of an electronic device 50 in which the blood
glucose estimating apparatus 400 is mounted, and may
obtain food intake information input by a user. Further, the
metabolism information obtainer 420 may output an inter-
face for collecting a user’s activity information, and may
receive the activity information from a user.

[0084] In another example, the metabolism information
obtainer 420 may obtain food intake information using a
food intake sensor. In this case, the food intake sensor is a
sensor which generates food intake sensor information by
recognizing food intake by a user, and may be mounted in
the blood glucose estimating apparatus 400 or may be
manufactured as a separate hardware device to be attached
or worn on a body part.

[0085] For example, the food intake sensor 120 may
include a sensor which is worn on a user’s ear to recognize
the sound made by a user when consuming food; a gyro
sensor which is worn on a user’s wrist to recognize the
motion of the arms; a sensor which recognizes the motion of
the chest or respiration; a sensor for capturing an image of
food consumed by a user; a piezoelectric sensor which
recognizes a swallowing action of a user or a motion of the
muscles in a user’s throat. In addition, the food intake sensor
120 may include a camera module which obtains image
information associated with food intake by a user, and the
like. However, the food intake sensor 120 is not limited
thereto.

[0086] Upon receiving the food intake sensor information,
such as the sound of food intake, the captured image of food,
the recognized swallowing action information, the recog-
nized motion information of the arms, and the like, from the
food intake sensor 120, the metabolism information obtainer
420 may analyze the received food intake sensor informa-
tion, to obtain food intake information such as the types and
amounts of food consumed by a user, and/or a food intake
time.

[0087] In another example, the metabolism information
obtainer 420 may obtain a slope change by analyzing
continuous blood glucose measurements received from an
invasive and/or minimally invasive or non-invasive blood
glucose sensor, and may obtain food intake information
based on the obtained slope change. For example, in the case
where a slope of blood glucose levels suddenly changes in
the continuous blood glucose measurements over a prede-
termined period of time, the metabolism information
obtainer 420 may determine a point, at which the slope
suddenly changes, as a time of food intake of a user. Further,
the metabolism information obtainer 420 may estimate the
types of food or an amount of food intake according to a
change in blood glucose by using a model which is a
predefined for each user and represents a correlation
between a blood glucose change and food information.
[0088] However, the metabolism information obtainer 420
is not limited to these examples, and may recognize food
intake information and/or activity information by using a
slope change of the features of the pulse wave signal
measured by the pulse wave sensor 410, or by combining
information items obtained by various methods described
above.
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[0089] Upon obtaining the food intake information and/or
activity information as described above, the metabolism
information obtainer 420 may obtain metabolism informa-
tion by using a predefined a state space metabolism model.
In this case, the metabolism information may include a
blood glucose variation, a blood glucose change rate over
time, and a probability or frequency of blood glucose change
stages, but is not limited thereto.

[0090] For example, the metabolism information obtainer
420 may obtain a blood glucose variation or a blood glucose
change rate over time by applying a physiological metabo-
lism model according to transfer of a substance, which is
related to blood glucose, between body organs. For example,
the metabolism model may be defined by formulating, as a
linear or non-linear equation, blood glucose metabolism
according to transfer of a substance between body organs
(e.g., stomach, intestine, etc.). The metabolism model may
be personalized by modeling various factors, associated with
absorption of a substance in the body, distribution of a
substance, metabolism by organs such as liver and stomach,
excretion, and the like, for each user. However, the metabo-
lism model is not limited thereto, and may be predefined in
the form of a blood glucose database which represents a
correlation between metabolism model information items
such as food intake information and/or activity information,
a blood glucose confidence interval over time, a probability
or frequency of blood glucose change stages, and the like.

[0091] Once the pulse wave sensor 410 measures a pulse
wave signal, the processor 430 may obtain features for
estimating blood glucose from the pulse wave signal. For
example, as described above, the processor 430 may obtain,
as the feature, a difference between a time value at a peak
point of the systolic interval and a time value at a peak point
of the diastolic interval, or a time difference ratio obtained
by dividing the difference by the time value at the peak point
of the systolic interval. In this case, the processor 430 may
detect local minimum points from a second order differential
signal, which is obtained by performing second order dif-
ferentiation on the pulse wave signal, and may obtain the
peak point of the systolic interval and the peak point of the
diastolic interval based on components of each constituent
pulse waveform forming the pulse wave signal. However,
the features are merely examples, and various other features
may also be obtained.

[0092] Upon obtaining the features from the pulse wave
signal, the processor 430 may obtain a first estimated blood
glucose value by applying a first blood glucose estimation
model. For example, the first blood glucose estimating
model may be defines as a linear function which represents
a correlation between a feature value and a blood glucose
value as represented by the above Equation 1, but is not
limited thereto.

[0093] Further, once the metabolism information obtainer
420 obtains metabolism information, the processor 430 may
obtain a second estimated blood glucose value by applying
a second blood glucose estimation model. The second blood
glucose estimation model may be defined as a linear or
non-linear function by using the metabolism information
and a calibration blood glucose value. In this case, the
calibration blood glucose value may refer to a blood glucose
value measured by using an invasive and/or minimally
invasive apparatus for measuring blood glucose at a cali-
bration time, e.g., at a time of an empty stomach. The
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following Equation 2 is an example of a simple linear
equation, but is not limited thereto.

yy=axy+p

[0094] Here, y, denotes the second estimated blood glu-
cose value obtained based on the metabolism information;
X, denotes metabolism information, e.g.. a blood glucose
variation at a measurement time compared to a calibration
time; and o and §§ denote coeflicients predefined through
preprocessing. In this case, { may be a calibration blood
glucose value measured by using an invasive/minimally
invasive apparatus for measuring blood glucose at a cali-
bration time, e.g., at a time of an empty stomach.

[0095] Upon estimating the first estimated blood glucose
value obtained using the pulse wave signal, and the second
estimated blood glucose value obtained using the metabo-
lism information, the processor 430 may estimate a final
blood glucose value based on the first blood glucose value,
the second blood glucose value, and a final blood glucose
estimation model. The final blood glucose estimation model
may be predefined based on weighted summation, Kalman
Filter, regression, Artificial Intelligence, and the like. For
example, the processor 430 may estimate a final blood
glucose value by using a final blood glucose estimation
model defined based on weighted summation as represented
by the following Equation 3.

[Equation 2]

V=0 +05) [Equation 3]

[0096] Herein, y, and y, denote the first blood glucose
value and the second blood glucose value respectively; y
denotes the final blood glucose value; and w, and w, denote
weighted values applied to the first blood glucose value and
the second blood glucose value respectively, in which the
weighted values applied to the blood glucose values may be
defined differently for each user. For example, in the case
where a blood glucose value obtained by using a pulse wave
signal of a specific user is relatively more accurate than a
blood glucose value obtained by using metabolism informa-
tion, i.e., is closer to an actual blood glucose value which is
measured invasively, a weighted value to be applied to the
first blood glucose value may be set to a higher value than
a weighted value to be applied to the second blood glucose
value for the user.

[0097] In addition, the final blood glucose estimation
model may be defined by further considering a calibration
blood glucose value which is measured at a calibration time,
as represented by the following Equation 4. However, the
final blood glucose estimation model is not limited thereto,
and may be defined as various other modified models.

Y= 01y +0)5+03)3 [Equation 4]

[0098] Herein, y,,y,, and y, denote the first blood glucose
value, the second blood glucose value, and the calibration
blood glucose value, respectively; y denotes the final blood
glucose value; and w,, w,, and w; denote weighted values
applied to the first blood glucose value, the second blood
glucose value, and the calibration blood glucose value,
respectively.

[0099] Further, the processor 430 may determine whether
to calibrate a blood glucose estimation model based on a
blood glucose estimation result. For example, upon estimat-
ing the final blood glucose value, the processor 430 may
check a calibration condition, and in response to the final
blood glucose value satisfying the calibration condition, the
processor 430 may calibrate a blood glucose estimation
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model. For example, the calibration condition may be
defined as being satisfied in various cases, such as a case
where a total number of times the estimated blood glucose
values falling outside a normal range during a predetermined
period of time is greater than or equal to a threshold value,
a case where a number of times the estimated blood glucose
values continuously falling outside a normal range is greater
than or equal to a threshold value, or a case where the
estimated blood glucose values deviate from a normal range
by more than a predetermined threshold value.

[0100] Referring to FIG. 5B, in response to the calibration
condition being satisfied, the processor 430 may control the
communication interface 460 to be connected to an external
blood glucose measuring device 55, and may control an
output interface 440 to output on a display 52 visual infor-
mation 53 indicating that connection to the blood glucose
measuring device 55 has been made. In this case, the visual
information may include a visual object, such as an image of
the blood glucose measuring device 55, and/or a measured
blood glucose value.

[0101] Referring to FIG. 5C, in the case where connection
to an external blood glucose measuring device is impossible,
or in response to a user’s request, the processor 430 may
output an interface for receiving a calibration blood glucose
value directly from a user on the display 52 of an electronic
device 50.

[0102] Upon receiving input of the calibration blood glu-
cose value as described above, the processor 430 may
calibrate a blood glucose estimation model based on the
input calibration blood glucose value.

[0103] Inaddition, as described above, the output interface
440 may output a processing result of the processor 430 and
various types of information obtained by the pulse wave
sensor 410 or the metabolism information obtainer 420 by
various visual or non-visual methods. Further, the output
interface 440 may output an interface for receiving food
intake information or a calibration blood glucose value from
auser. In the case where the communication interface 460 is
connected to the external device 470, the output interface
440 may output a connection state, information received
from the external device 470, and the like.

[0104] The storage 450 may store various information
such as the pulse wave signal measured by the pulse wave
sensor 410, the food intake information, activity informa-
tion, and metabolism information obtained by the metabo-
lism information obtainer 420, and/or a processing result of
the processor 430. Further, the storage 450 may store various
types of reference information to be used for estimating
blood glucose, e.g., a first blood glucose estimation model,
a second blood glucose estimation model, and a third blood
glucose estimation model. In addition, the storage 450 may
store a calibration blood glucose value or a user’s personal
information. However, the storage 450 is not limited thereto,
and may store various other types of information.

[0105] The communication interface 460 may communi-
cate with various external devices, including an external
blood glucose measuring device, by using communication
techniques to transmit and receive various types of infor-
mation. For example, the communication interface 460 may
transmit a blood glucose estimation result of the processor
430 to a user’s information processing device, e.g.. a desk-
top computer or a laptop computer, which has a relatively
high computing performance, for use in monitoring com-
prehensive health management of a user. Alternatively, the
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communication interface 460 may receive a blood glucose
estimation model from an external device, which generates
a blood glucose estimation model based on information of a
plurality of users.

[0106] FIG. 6 is a flowchart illustrating a method of
estimating blood glucose according to another embodiment.
The blood glucose estimating method of FIG. 6 may be
performed by the blood glucose estimating apparatus 400 of
FIG. 4, which will be described briefly below to avoid
redundancy.

[0107] The blood glucose estimating apparatus 400 may
measure a pulse wave signal from an object in 611, and may
extract features from the measured pulse wave signal based
on time information at two or more points in 612. For
example, the blood glucose estimating apparatus 400 may
extract features based on time values of a peak of the systolic
interval and a peak of the diastolic interval of the pulse wave
signal.

[0108] The blood glucose estimating apparatus 400 may
estimate a first blood glucose value based on the extracted
features in 613. For example, the blood glucose estimating
apparatus 400 may obtain the first blood glucose value by
inputting the extracted feature value to a predefined first
blood glucose estimation model.

[0109] Subsequently, the blood glucose estimating appa-
ratus 400 may obtain metabolism information of a user by
using a metabolism model in 621, and may estimate a
second blood glucose value based on the obtained metabo-
lism information in 622. For example, the blood glucose
estimating apparatus 400 may collect food intake informa-
tion associated with food consumed by a user during a
predetermined period of time, or activity information of a
user, and may obtain metabolism information based on the
collected food intake information and/or activity informa-
tion. In this case, the operations 621 and 622 may be
performed during, prior to, or subsequent to the operations
611 to 613.

[0110] Next, the blood glucose estimating apparatus 400
may estimate a final blood glucose value based on the first
blood glucose value and the second blood glucose value in
631. In this case, the blood glucose estimating apparatus 400
may estimate the final blood glucose value by using a
predefined final blood glucose estimation model as repre-
sented by the above Equation 3 or 4.

[0111] The blood glucose estimating apparatus may output
a blood glucose estimation result and provide the result for
a user in 632. For example, the blood glucose estimating
apparatus may output the blood glucose estimation result by
various visual methods using a visual output device such as
a display module and the like. Alteratively, the blood
glucose estimating apparatus may provide a user with the
blood glucose estimation result by a non-visual method
through voice, tactile sensation, vibrations, and the like
using a speaker module and/or a haptic module. Further, the
blood glucose estimating apparatus may determine a user’s
health condition based on the estimated blood glucose value,
and may provide a warning or a response action for a user
based on the determination.

[0112] According to an example embodiment, the appa-
ratus for estimating blood glucose may obtain a more
accurate blood glucose estimation value by further consid-
ering a blood glucose value, which is estimated using a
metabolism model, in addition to a blood glucose value
estimated using a PPG signal.
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[0113] The example embodiments can be realized as a
computer-readable code written on a computer-readable
recording medium. The computer-readable recording
medium may be any type of recording device in which data
is stored in a computer-readable manner.

[0114] Examples of the computer-readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disc, an optical data storage, and a carrier
wave (e.g., data transmission through the Internet). The
computer-readable recording medium can be distributed
over a plurality of computer systems connected to a network
so that a computer-readable code is written thereto and
executed therefrom in a decentralized manner. Functional
programs, codes, and code segments needed for realizing the
example embodiments can be easily deduced by one of
ordinary skill in the art.

[0115] At least one of the components, elements, modules
or units described herein may be embodied as various
numbers of hardware, software and/or firmware structures
that execute respective functions described above, according
to an example embodiment. For example, at least one of
these components, elements or units may use a direct circuit
structure, such as a memory, a processor, a logic circuit, a
look-up table, etc. that may execute the respective functions
through controls of one or more microprocessors or other
control apparatuses. Also, at least one of these components,
elements or units may be specifically embodied by a module,
a program, or a part of code, which contains one or more
executable instructions for performing specified logic func-
tions, and executed by one or more microprocessors or other
control apparatuses. Also, at least one of these components,
elements or units may further include or implemented by a
processor such as a central processing unit (CPU) that
performs the respective functions, a microprocessor, or the
like. Two or more of these components, elements or units
may be combined into one single component, element or
unit which performs all operations or functions of the
combined two or more components, elements of units. Also,
at least part of functions of at least one of these components,
elements or units may be performed by another of these
components, element or units. Further, although a bus is not
illustrated in the block diagrams, communication between
the components, elements or units may be performed
through the bus. Functional aspects of the above example
embodiments may be implemented in algorithms that
execute on one or more processors. Furthermore, the com-
ponents, elements or units represented by a block or pro-
cessing steps may employ any number of related art tech-
niques for electronics configuration, signal processing and/
or control, data processing and the like.

[0116] While a few example embodiments have been
described above, the scope of the disclosure is not limited
thereto and various modifications and improvements made
by those of ordinary skill in the art to concepts defined in the
following claims should be understood to fall within the
scope of the disclosure.

What is claimed is:
1. An apparatus for estimating blood glucose, the appa-
ratus comprising:
a pulse wave sensor configured to obtain a pulse wave
signal from an object; and

a processor configured to obtain at least two points from
a waveform of the pulse wave signal, to extract a
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feature based on time values of the obtained at least two
points, and to estimate blood glucose based on the
extracted feature.

2. The apparatus of claim 1, wherein the pulse wave
Sensor comprises:

at least one light source configured to emit light of at least

one wavelength onto the object; and

at least one detector configured to detect the light of the

at least one wavelength that is scattered or reflected
from the object.

3. The apparatus of claim 2, wherein the at least one
wavelength comprise at least one of a red wavelength, a
green wavelength, a blue wavelength, and an infrared wave-
length.

4. The apparatus of claim 1, wherein the processor is
further configured to obtain a first point in a systolic interval
of the pulse wave signal, and a second point in a diastolic
interval of the pulse wave signal.

5. The apparatus of claim 4, wherein the processor is
further configured to extract, as the feature, at least one of a
difference between a time value of the first point and a time
value of the second point, and a time difference ratio
obtained by dividing the difference by the time value of the
first point or the time value of the second point.

6. The apparatus of claim 4, wherein the processor is
further configured to obtain a component of a pulse wave-
form forming the waveform of the pulse wave signal, and
obtain the first point and the second point based on the
obtained component of the pulse waveform.

7. The apparatus of claim 6, wherein the processor is
further configured to detect a local minimum point from a
waveform of a differential signal, obtained by performing
differentiation on the pulse wave signal, and obtain at least
one of a time value and a signal strength of the detected local
minimum point as the component of the pulse waveform.

8. The apparatus of claim 1, wherein the feature comprises
at least one of pulse rate variability, heart rate variability,
heart rate, pulse rate, arterial stiffness, blood pressure,
perfusion index, and pulsatile volume.

9. The apparatus of claim 1, wherein the processor is
further configured to estimate the blood glucose by applying
a blood glucose estimation model to the extracted feature.

10. The apparatus of claim 1, further comprising an output
interface configured to provide a processing result of the
processor.

11. A method of estimating blood glucose, the method
comprising:

obtaining a pulse wave signal from an object;

obtaining at least two points from the pulse wave signal,

extracting a feature based on time values of the obtained

at least two points; and

estimating blood glucose based on the extracted feature.

12. The method of claim 11, wherein the obtaining the at
least two points comprises obtaining a first point in a systolic
interval of the pulse wave signal, and a second point in a
diastolic interval of the pulse wave signal.

13. The method of claim 12, wherein the extracting the
feature comprises extracting, as the feature, at least one of a
difference between a time value of the first point and a time
value of the second point, and a time difference ratio
obtained by dividing the difference by the time value of the
first point or the time value of the second point.

14. The method of claim 12, wherein the obtaining the at
least two points further comprises obtaining a component of
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a pulse waveform forming a waveform of the pulse wave
signal, and obtaining the first point and the second point
based on the obtained component of the pulse waveform.

15. The method of claim 14, wherein the obtaining the at
least two points further comprises detecting a local mini-
mum point from a waveform of a differential signal,
obtained by performing differentiation on the pulse wave
signal, and obtaining at least one of a time value and a signal
strength of the detected local minimum point as the com-
ponent of the pulse waveform.

16. An apparatus for estimating blood glucose, the appa-
ratus comprising:

a pulse wave sensor configured to obtain a pulse wave

signal from an object;

a metabolism information obtainer configured to obtain

metabolism information of a user; and
a processor configured to estimate a first blood glucose
value based on a feature extracted from the pulse wave
signal, to estimate a second blood glucose value based
on the metabolism information, and to estimate a final
blood glucose value based on the first blood glucose
value and the second blood glucose value.
17. The apparatus of claim 16, wherein the processor is
further configured to extract the feature based on time values
of at least two points of a waveform of the pulse wave signal.
18. The apparatus of claim 16, wherein the processor is
further configured to:
obtain a first point in a systolic interval of a waveform of
the pulse wave signal, and a second point in a diastolic
interval of the waveform of the pulse wave signal; and

extract, as the feature, at least one of a difference between
a time value of the first point and a time value of the
second point, and a time difference ratio obtained by
dividing the difference by the time value of the first
point or the time value of the second point.

19. The apparatus of claim 18, wherein the processor is
further configured to obtain a component of a pulse wave-
form forming the waveform of the pulse wave signal, and
obtain the first point and the second point based on the
obtained component of the pulse waveform.

20. The apparatus of claim 16, wherein the metabolism
information obtainer is further configured to obtain the
metabolism information based on at least one of sensor
information and user input information, the sensor informa-
tion being received from at least one of the pulse wave
sensor, a food intake sensor, and a blood glucose sensor.

21. The apparatus of claim 20, wherein the metabolism
information obtainer is further configured to obtain the
metabolism information by applying at least one of the
sensor information and the user input information to a
metabolism model.

22. The apparatus of claim 20, wherein the metabolism
information comprises at least one of a blood glucose
change rate over time, a blood glucose variation, and a
probability or a frequency of stages of blood glucose change.

23. The apparatus of claim 16, wherein the processor is
further configured to estimate the second blood glucose
value based on a calibration blood glucose value obtained by
a blood glucose sensor, and the metabolism information.

24. The apparatus of claim 16, wherein the processor is
further configured to estimate the final blood glucose value
by applying a blood glucose estimation model to the first
blood glucose value and the second blood glucose value.
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25. The apparatus of claim 24, wherein the blood glucose
estimation model is predefined based on at least one of
weighted summation, Kalman Filter, regression, and Artifi-
cial Intelligence.

26. A method of estimating blood glucose, the method
comptrising:

obtaining a pulse wave signal from an object;

obtaining metabolism information of a user;

extracting a feature from the pulse wave signal,

estimating a first blood glucose value based on the

extracted feature;

estimating a second blood glucose value based on the

metabolism information; and

estimating a final blood glucose value based on the first

blood glucose value and the second blood glucose
value.

27. The method of claim 26, wherein the extracting the
feature comprises:

obtaining a first point in a systolic interval of a waveform

of the pulse wave signal, and a second point in a
diastolic interval of the waveform of the pulse wave
signal; and
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extracting, as the feature, at least one of a difference
between a time value of the first point and a time value
of the second point, and a time difference ratio obtained
by dividing the difference by the time value of the first
point or the time value of the second point.

28. The method of claim 26, wherein the obtaining the
metabolism information comprises obtaining the metabo-
lism information based on at least one of sensor information
and user input information, the sensor information being
received from at least one of a pulse wave sensor, a food
intake sensor, and a blood glucose sensor.

29. The method of claim 28, wherein the obtaining the
metabolism information comprises obtaining the metabo-
lism information by applying at least one of the sensor
information and the user input information to a metabolism
model.

30. The method of claim 26, wherein the estimating the
final blood glucose value comprises estimating the final
blood glucose value by applying a blood glucose estimation
model to the first blood glucose value and the second blood
glucose value.



patsnap

TRAFROE) it mENERERM G E
NIF(2E)E US20200187835A1 K (2E)R 2020-06-18
RS US16/506656 iR 2019-07-09

FRIFBENPAGE) ZEBFHALH
i (E R AGR) SAMSUNG ELECTRONICS CO. , LTD.
LFTEHIB(ERR)A(E) SAMSUNG ELECTRONICS CO. , LTD.

[FRIRBAA CHOI KA RAM
BAE SANG KON
LEE SO YOUNG
YOON SEUNG KEUN

KA CHOI, KA RAM
BAE, SANG KON
LEE, SO YOUNG
YOON, SEUNG KEUN

IPCH %S A61B5/145 A61B5/024 A61B5/00 A61B5/021

CPCH %S A61B5/681 A61B5/02125 A61B5/7278 A61B5/02055 A61B5/14532 A61B5/02116 A61B5/1455 A61B5
/7246 A61B5/02416 A61B5/14546

£ A 1020180160917 2018-12-13 KR

ShEBEEEE Espacenet  USPTO

BEGR) } 100b
BE-REAXERRHEIER (PPG ) EE5MEITMENIEE. AFMHELT

M

ALl 150 )

MAERE DI  RERARE  HEENNBRAEREHERES /M
DR RS, WEEN NRERE SRR RRESHANR , BT | 0
FEIE DT R EHEREDUSAE , 3BT AR ER S
",

EXTERNAL
DEVICE

|
|
cone | [ COMUNE | 1
PULSE WAVE ;
CATION. ]

SENSOR NEREAE | |
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

J

PULSE WAVE SENSOR m

PROCESSOR
el

PROCESSOR

1) M)

L

OUTPUT
INTERFACE STORAGE



https://share-analytics.zhihuiya.com/view/d4b4256f-e204-4803-9498-d8978e6ba7a6
https://worldwide.espacenet.com/patent/search/family/071072230/publication/US2020187835A1?q=US2020187835A1
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=%2220200187835%22.PGNR.&OS=DN/20200187835&RS=DN/20200187835

