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APPARATUS AND METHOD FOR ESTIMATING BIO-INFORMATION

An apparatus for estimating bio-information in-

cludes: a sensor part configured to obtain contact pres-
sure of a contact surface contacted by an object, and
configured to obtain a contact image of the object that
contacts the contact surface; and a processor configured
to obtain a pulse wave signal of a region of interest based
on the contact image, and configured to estimate bio-in-
formation based on the obtained pulse wave signal and
the contact pressure.
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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with ex-
ample embodiments relate to apparatuses and methods
for estimating bio-information, and more particularly, to
technology for estimating blood pressure in a cuffless
manner.

2. Description of the Related Art

[0002] Among methods of measuring blood pressure
in a non-invasive manner without damaging a human
body, a cuff-based measurement method may be used
to measure blood pressure using cuff pressure measure-
ments and a cuffless measurement method may be used
to estimate blood pressure using pulse wave measure-
ments without a cuff.

[0003] The cuff-based measurement method for
measuring blood pressure includes a Korotkoff-sound
method which measures blood pressure by winding a
cuff around an upper arm and hearing the sound of blood
vessels through a stethoscope during inflation and de-
flation of the cuff; and an Oscillometric method which
measures blood pressure by winding a cuff around an
upper arm and continuously measuring cuff pressure
while inflating and then gradually deflating the cuff using
an automated device, and measuring blood pressure
based on a point having a maximum change of pressure
signal.

[0004] The cuffless measurement method for measur-
ing blood pressure includes a method of estimating blood
pressure by calculating a Pulse Transit Time (PTT), and
a Pulse Wave Analysis (PWA) method of estimating
blood pressure by analyzing a pulse wave form.

SUMMARY

[0005] According to an aspect of an example embod-
iment, there is provided an apparatus for estimating bio-
information, the apparatus including: a sensor part in-
cluding a contact pressure sensor array configured to
obtain a contact pressure distribution of a contact surface
contacted by an object, and an image sensor configured
to obtain a contact image of the object that contacts the
contact surface; and a processor configured to obtain a
pulse wave signal of a region of interest based on the
contact image, and configured to estimate bio-informa-
tion based on the obtained pulse wave signal and the
contact pressure distribution.

[0006] The sensor part may further include a display
panel between the contact pressure sensor array and
the image sensor.

[0007] The image sensor may detect light which is
emitted from the display panel and is reflected or scat-
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tered from the object.

[0008] The contact pressure sensor array may include
a light-transmitting material.

[0009] The processor may divide the contact image
into one or more regions, and select the region of interest
basedon atleastone ofaregionincluding a characteristic
point in the contact image, and a quality of a pulse wave
signal of each of the one or more regions.

[0010] The characteristic point may include a finger-
print center point of a finger.

[0011] The processor may evaluate the quality of the
pulse wave signal based on at least one of a maximum
amplitude value of the pulse wave signal of each of the
one or more regions, a difference between the maximum
amplitude value and a minimum amplitude value of the
pulse wave signal of each of the one or more regions,
and an average amplitude value of the pulse wave signal
of each of the one or more regions.

[0012] The processor may obtain at least one of a total
sum, a mean value, a median value, a maximum value,
and a minimum value of image data in each of the one
or more regions at each measurement time, and a value
calculated by applying a pre-defined function to the im-
age data in each of the one or more regions at each
measurement time, as an amplitude component of the
pulse wave signal of each of the one or more regions.
[0013] The processor may divide the contact image
into one or more regions, and select the region of interest
based on a contact pressure at a position corresponding
to each of the one or more regions in the contact pressure
distribution.

[0014] The processor may estimate the bio-informa-
tion based on contact pressure at a position correspond-
ing to the region of interest in the contact pressure dis-
tribution, and the pulse wave signal of the region of in-
terest.

[0015] The processor may obtain an oscillometric en-
velope based on the contact pressure and the pulse wave
signal of the region of interest, obtain at least one feature
value based on the oscillometric envelope, and estimate
the bio-information by using the at least one feature val-
ue, the oscillometric envelope representing a contact
pressure versus an amplitude of the pulse wave signal
of the region of interest at each measurement time.
[0016] The atleast one feature value may include one
or more of a first contact pressure value of a maximum
amplitude point, a second contact pressure value located
to a left of the first contact pressure value, and a third
contact pressure value located to a right of the first con-
tact pressure value, the second contact pressure value
and the third contact pressure value having a predeter-
mined ratio to the first contact pressure value of the max-
imum amplitude point, in the oscillometric envelope.
[0017] The processor may determine a contact state
between the object and the sensor part based on at least
one of the contact pressure distribution, the contact im-
age, and the pulse wave signal of the region of interest.
[0018] The apparatus may further include an output
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part configured to outputinformation on the contact state.
[0019] The bio-information may include one or more
of blood pressure, vascular age, arterial stiffness, aortic
pressure waveform, vascular compliance, stress index,
degree of fatigue, skin elasticity, and skin age.

[0020] According to an aspect of an example embod-
iment, there is provided a method of estimating bio-infor-
mation, the method including: obtaining a contact pres-
sure distribution of a contact surface contacted by an
object; obtaining a contact image of the object that con-
tacts the contact surface; obtaining a pulse wave signal
of a region of interest based on the contact image; and
estimating bio-information based on the obtained pulse
wave signal and the contact pressure distribution.
[0021] The obtaining the pulse wave signal of the re-
gion of interest may include: dividing the contact image
into one or more regions; and selecting the region of in-
terest based on at least one of a region including a char-
acteristic pointin the contactimage, and quality of a pulse
wave signal of each of the one or more regions.

[0022] Theselecting mayinclude evaluating the quality
of the pulse wave signal of each of the one or more re-
gions based on at least one of a maximum amplitude
value of the pulse wave signal of each of the one or more
regions, a difference between the maximum amplitude
value and a minimum amplitude value of the pulse wave
signal of each of the one or more regions, and an average
amplitude value of the pulse wave signal of each of the
one or more regions.

[0023] The obtaining the pulse wave signal of the re-
gion of interest may include: dividing the contact image
into one or more regions; and selecting the region of in-
terest based on contact pressure at a position corre-
sponding to each of the one or more regions in the contact
pressure distribution.

[0024] The estimating may include estimating the bio-
information based on the contact pressure at a position
corresponding to the region of interestin the contact pres-
sure distribution, and the pulse wave signal of the region
of interest.

[0025] The estimating the bio-information based onthe
contact pressure and the pulse wave signal may include:
obtaining an oscillometric envelope, which represents a
contact pressure versus an amplitude of the pulse wave
signal of the region of interest at each measurementtime,
based on the contact pressure and the pulse wave signal
of the region of interest; obtaining at least one feature
value based on the oscillometric envelope; and estimat-
ing the bio-information by using the at least one feature
value.

[0026] According to an aspect of an example embod-
iment, there is provided an apparatus for estimating bio-
information, the apparatus including: a sensor part in-
cluding an image sensor configured to obtain a contact
image of an object that contacts a contact surface, and
a force sensor configured to detect a contact force ap-
plied by the object that contacts the contact surface; and
a processor configured to obtain a pulse wave signal of
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aregion of interest and a contact area of the object based
on the contact image, and configured to estimate bio-
information based on the contact area, the contact force,
and the pulse wave signal.

[0027] The sensor part may further include a display
panel which is disposed on the image sensor and is con-
tacted by the object.

[0028] The image sensor may detect light which is
emitted from the display panel and is reflected or scat-
tered from the object.

[0029] The processor may divide the contact image
into one or more regions, and select the region of interest
basedon atleastone ofaregionincluding a characteristic
point in the contact image, and a quality of a pulse wave
signal quality of each of the one or more regions.
[0030] The processor may obtain contact pressure
based on the contact force and the contact area, and
estimate the bio-information using oscillometry based on
the obtained contact pressure and the pulse wave signal.
[0031] According to an aspect of an example embod-
iment, there is provided a method of estimating bio-infor-
mation, the method including: detecting a contact force
applied by an object that contacts a contact surface; ob-
taining a contact image of the object that contacts the
contact surface; obtaining a pulse wave signal of a region
of interest and a contact area of the object based on the
contact image; and estimating bio-information based on
the contact area, the contact force, and the pulse wave
signal.

[0032] The obtaining the pulse wave signal of the re-
gion of interest may include: dividing the contact image
into one or more regions; and selecting the region of in-
terest based on at least one of a region including a char-
acteristic point in the contact image, and a quality of a
pulse wave signal of each of the one or more regions.
[0033] The estimating the bio-information may include:
obtaining contact pressure based on the contact force
and the contact area; and estimating the bio-information
based on the obtained contact pressure and the pulse
wave signal of the region of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and/or other aspects will be more
apparent by describing certain example embodiments
with reference to the accompanying drawings, in which:

FIGS. 1A and 1B are block diagrams illustrating an
apparatus for estimating bio-information according
to example embodiments;

FIGS. 2A to 2B are diagrams illustrating structures
of asensor part according to example embodiments;
FIG. 3 is a block diagram illustrating a processor ac-
cording to an example embodiment;

FIGS. 4A to 4F are diagrams explaining an example
of selecting a region of interest and estimating bio-
information according to example embodiments;
FIG. 5is a flowchart illustrating a method of estimat-
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ing bio-information according to an example embod-
iment;

FIG. 6 is a flowchart illustrating a method of estimat-
ing bio-information according to an example embod-
iment;

FIG. 7 is a diagram illustrating a wearable device, to
which an apparatus for estimating bio-information
according to an example embodimentis applied; and
FIG. 8 is a diagram illustrating a smart device, to
which an apparatus for estimating bio-information
according to an example embodiment is applied.

DETAILED DESCRIPTION

[0035] Details of example embodiments are included
in the following detailed description and drawings. As-
pects of example embodiments will be more clearly un-
derstood from the following embodiments described in
detail with reference to the accompanying drawings.
Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same ele-
ments, features, and structures.

[0036] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. Any references to singular may in-
clude plural unless expressly stated otherwise. In addi-
tion, unless explicitly described to the contrary, an ex-
pression such as "comprising” or "including" will be un-
derstood 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 hardware, software, or a combina-
tion thereof.

[0037] Expressions suchas "atleastone of," when pre-
ceding alist 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 c,"
should be understood as including only a, only b, only c,
both a and b, both a and c, both b and c, all of a, b, and
¢, or any variations of the aforementioned examples.
[0038] Hereinafter, embodiments of an apparatus and
a method of estimating bio-information will be described
in detail with reference to the accompanying drawings.
Various embodiments of the bio-information estimating
apparatus may be applied to various devices, such as a
portable wearable device, a smart device, and the like.
Examples of the various devices may include, but are
not limited to, a wearable device of various types such
as a smart watch worn on the wrist, a smart band-type
wearable device, a headphone-type wearable device, a
hairband-type wearable device, and the like, a mobile
device such as asmartphone, atablet personal computer
(PC), and the like.

[0039] FIGS. 1A and 1B are block diagrams illustrating
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an apparatus for estimating bio-information according to
example embodiments. FIGS. 2A to 2B are diagrams il-
lustrating structures of a sensor part according to exam-
ple embodiments.

[0040] Referring to FIGS. 1A and 1B, the bio-informa-
tion estimating apparatuses 100a and 100b include a
sensor part 110 and a processor 120.

[0041] Referring to FIG. 2A, the sensor part 110 in-
cludes a contact pressure sensor array 111, a display
panel 112, and an image sensor 113.

[0042] The contact pressure sensor array 111 may be
provided as an array of a plurality of contact pressure
sensors which are arranged in predetermined various
shapes. In an example embodiment, the predetermined
shape in which the plurality of contact pressure sensors
are arranged may be a two-dimensional matrix which is
square-shaped, but is not limited thereto. For example,
the plurality of contact pressure sensors may be arranged
in a circular shape, an oval shape, a cross shape, or may
be arranged by considering characteristics of an object.
Each of the plurality of contact pressure sensors included
in the contact pressure sensor array 111 may be a force
sensor having a unit area size. When an objectis in con-
tact with a contact surface and gradually changes a con-
tact intensity applied to the contact surface, the contact
pressure sensor array 111 may obtain contact pressure
distribution of the contact surface at each measurement
time, and thus may obtain a change in the contact pres-
sure distribution during an entire measurement time pe-
riod.

[0043] The display panel 112 may include a touch
screen which receives a touch input of a user, transmits
the received touch input to the processor 120, and dis-
plays a processing result of the processor 120. In addi-
tion, at least a portion of light emitted from the display
panel 112 may be used as a light source for detecting a
pulse wave signal from an object. Forexample, light emit-
ted from the display panel 112 may be incident onto an
object when the object contacts the contact surface of
the contact pressure sensor array 111. The display panel
112 may include, for example but is not limited to, a liquid
crystal display (LCD) panel, a thin film transistor-LCD
(TFT-LCD) panel, an organic light-emitting diode (OLED)
display panel, a flexible display panel, athree-dimension-
al (3D) display panel, and a transparent organic light-
emitting diode (TOLED) display panel. The display panel
112 may be implemented using any commonly known
technology, and detailed description thereof will be omit-
ted.

[0044] Theimage sensor 113 may obtain a contact im-
age when the object contacts the contact surface of the
contact pressure sensor array 111. In this case, the con-
tact image includes a stillimage and/or a moving image.
The contact image is not specifically limited to either one
of the still image and the moving image. The image sen-
sor 113 may be an optical image sensor, e.g., Comple-
mentary Metal Oxide Semiconductor (CMOS) Image
Sensor (CIS) and/or a fingerprint sensor. However, the
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image sensor 113 is not limited thereto. The image sen-
sor 113 may include a pixel array, and each pixel of the
pixel array may include a detector, such as a photo diode
or a photo transistor, which detects light and converts
the detected light into an electric signal. For example,
when light emitted from the display panel 112 is incident
onto the object and then is reflected or scattered from
the object, each pixel of the image sensor 110 may detect
the reflected or scattered light, may convert the detected
light into an electric signal, and may output the signal as
image data.

[0045] As illustrated in FIG. 2A, the sensor part 110
may include the contact pressure sensor array 111, the
display panel 112, and the image sensor 113 which are
arranged in a multi-layer structure. The contact pressure
sensor array 111 may be disposed at the top and has a
contact surface to be touched by an object. Further, the
contact pressure sensor array 111 and the display panel
112 may include a transparent material so that light emit-
ted from the display panel 112 and reflected from the
object may be transmitted therethrough. The image sen-
sor 113 may be disposed at the bottom of the structure.
A filter array may be interposed between the image sen-
sor 113 and the display panel 112, and may include a
color filter which is disposed at the top of each pixel of
theimage sensor 113 totransmit orblock lightin a specific
spectrum region. For example, a microlens for improving
light collection efficiency may be disposed at the top of
each pixel of the image sensor 113.

[0046] Referring to FIG. 2B, the sensor part 110 in-
cludes the display panel 112, the image sensor 113, and
a force sensor 114.

[0047] As illustrated in FIG. 2B, the sensor part 110
may be provided in a multi-layer structure. The display
panel 112 may be disposed at the top with a contact
surface to be touched by an object. As described above,
the display panel 112 may serve as a light source for
detecting a pulse wave signal from an object, and the
image sensor 113 may obtain a contact image of the
object by detecting light reflected or scattered from the
object. In addition, the image sensor 113 may include an
area sensor configured to detect a contact area of the
object.

[0048] As illustrated in FIG. 2B, the force sensor 114
may be disposed at the bottom of the sensor part 110.
The force sensor 114 may detect a change in the contact
force applied by the finger to the contact surface in re-
sponse to detecting that an object, e.g., a finger, presses
the contactsurface of the display panel 112 with gradually
increasing force for a predetermined period of time, or in
response to detecting that the object presses the contact
surface with a pressure greater than or equal to a pre-
determined threshold and then presses the contact sur-
face with gradually decreasing force.

[0049] The processor 120 may be electrically connect-
ed to the sensor part 110, and may control the sensor
part 110 in response to a request for estimating bio-in-
formation. The processor 120 may receive data detected
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or obtained by the sensor part 110, and may estimate
bio-information based on the received data. In this case,
the bio-information may include one or more of blood
pressure, vascular age, arterial stiffness, aortic pressure
waveform, vascular compliance, stress index, degree of
fatigue, skin elasticity, and skin age.

[0050] FIG.3isablockdiagramillustrating a processor
according to an example embodiment. FIGS. 4A to 4F
are diagrams explaining an example of selecting a region
of interest and estimating bio-information according to
example embodiments. Hereinafter, an example of a
processor 120 will be described with reference to FIGS.
1to 4F.

[0051] Referring to FIG. 3, the processor 120 includes
a pulse wave signal obtainer 310, a contact pressure
obtainer 320, an estimator 330, a region of interest se-
lector 340, and a contact state guide part 350.

[0052] The pulse wave signal obtainer 310 may obtain
a pulse wave signal of a region of interest based on con-
tact image data received from the image sensor 113 of
the sensor part 110. The pulse wave signal obtainer 310
may obtain a pulse wave signal from each of one or more
regions divided from a contact image. The pulse wave
signal obtainer 310 may obtain a pulse wave signal from
each region of the contact image by using the contact
image data, e.g., pixel values output from each pixel of
the image sensor 113. For example, the pulse wave sig-
nal obtainer 310 may obtain a total sum, a mean value,
amaximum value, and/oraminimum value of pixel values
or a value calculated using a pre-defined function of pixel
values in any one of regions of the contact image that
are obtained at any given time, and determine the ob-
tained value as an amplitude component of the pulse
wave signal for the corresponding region at the given
time. In this manner, the pulse wave signal obtainer 310
may obtain amplitude components for the region at all of
time points, to obtain pulse wave signals during the entire
measurement time period.

[0053] Among the obtained pulse wave signals of each
region, the pulse wave signal obtainer 310 may select a
pulse wave signal of a region of interest, selected by the
region of interest selector 340, as a pulse wave signal
for estimating bio-information. For example, FIG. 4A il-
lustrates an example embodiment where the pulse wave
signal obtainer 310 obtains pulse wave signals in 18 re-
gions of a contact image. Here, a pulse wave signal of a
fifth region of the contact image, which is selected as a
region of interest, may be input into the estimator 330 for
estimating bio-information. In the case where a region of
interest is pre-selected by the region of interest selector
340, the pulse wave signal obtainer 310 may directly ob-
tain a pulse wave signal of the region of interest without
need to obtain pulse wave signals of other regions.
[0054] The contact pressure obtainer 320 may obtain
contact pressure for estimating bio-information by using
data received from the sensor part 110.

[0055] For example, FIG. 4B illustrates contact pres-
sure distribution (1) obtained by the contact pressure
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sensor array 111 of the sensor part 110, and a contact
image (2) obtained by the image sensor 113. FIG. 4C
illustrates an example of obtaining a contact pressure
signal by using contact pressure distribution. As illustrat-
edinFIGS.4A-4C,inthe case where the region ofinterest
selector 340 selects a fifth region of a contact image as
a region of interest, and there is one contact pressure
sensor in the fifth region, contact pressure values output
by the contact pressure sensor at each time may be ob-
tained as contact pressure for estimating bio-information.
In the case where there are a plurality of contact pressure
sensors in the fifth region, a total sum, a mean value, a
maximum value, and/or a minimum value of contact pres-
sure values of the plurality of contact pressure sensors,
or a value calculated by using a pre-defined function of
the contact pressure values of the plurality of contact
pressure sensors, may be obtained as contact pressure
for estimating bio-information.

[0056] In another example, (1) of FIG. 4D illustrates a
contact area and a contact force respectively obtained
by the image sensor 113 and the force sensor 114 in the
sensor part 110 of FIG. 2B; (2) of FIG. 4D illustrates a
contact image obtained by the image sensor 113; and
(3) of FIG. 4D illustrates an example where the contact
pressure obtainer 320 obtains contact pressure by using
the contact force and the contact area. As illustrated in
FIG. 4D, when a user presses a contact surface with a
finger while gradually increasing intensity, a contact force
and a contact area are generally increased according to
passage of time. As described above, the contact pres-
sure obtainer 320 may obtain contact pressure using the
obtained contact force and contact area.

[0057] Inthe case where the image sensor 113 has no
separate area sensor, the contact pressure obtainer 120
may obtain a value, equivalent to a contact area, by using
contact image data, e.g., pixel values output from each
pixel of the image sensor 113. For example, the contact
pressure obtainer 120 may convert a difference between
statistical values (e.g., a total sum, a mean value, etc.)
of pixel values of an entire region or a specific region at
a first time and a second time of the measurement time
period into a value equivalent to a contact area by apply-
ing a pre-defined area conversion function. However, this
is merely an example and the method of determining a
contact area is not limited thereto.

[0058] The region of interest selector 340 may divide
acontactimage into one or more regions, and may select
a region of interest for estimating bio-information from
among the regions. For example, the region of interest
selector 340 may detect a position of a pre-defined char-
acteristic point by analyzing the contact image, and may
select a region, including the characteristic point, as a
region of interest. For example, in the case where an
object is a finger, the characteristic point may include a
fingerprint center point.

[0059] Inanother example, once the pulse wave signal
obtainer 310 obtains a pulse wave signal of each region,
the region of interest selector 340 may evaluate a quality
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of a pulse wave signal of each region, and may select a
region of interest based on a result of the evaluation. For
example, the region of interest selector may select a re-
gion of interest corresponding to the highest quality of a
pulse wave signal or a region of interest corresponding
to a quality of a pulse wave signal of a certain value or
greater. For example, the region of interest selector 340
may evaluate a pulse wave signal quality of each region
based on a maximum amplitude value of a pulse wave
signal of each region, a difference between a maximum
amplitude value and a minimum amplitude value, an av-
erage amplitude value, and the like. However, this is
merely an example, and the evaluation is not limited
thereto. For example, the region of interest selector 340
may select a region, having the largest difference be-
tween a maximum amplitude value and a minimum am-
plitude value of a pulse wave signal, as a region of inter-
est.

[0060] Upon receiving a request for estimating bio-in-
formation, the contact state guide part 350 may provide
guide information on a reference contact pressure to be
applied by a user to the sensor part 110. For example,
the contact state guide part 350 may generate guide in-
formation including a reference contact pressure value
at each measurement time and/or a change graph of the
reference contact pressure during the entire measure-
ment time period, and may output the generated guide
information through an output part which will be de-
scribed later. In an example embodiment, the guide in-
formation may include information for inducing a user to
press the sensor part 110 with gradually increasing force
for a predetermined period of time while the user touches
the sensor part 110 with an object. In an alternative em-
bodiment, the guide information may include information
forinducing a user to press the sensor part 110 with grad-
ually decreasing force in a state in which the user presses
the sensor part 110 with a pressure greater than or equal
to a threshold. However, these are merely examples and
the disclosure is not limited thereto.

[0061] Further, once the contact pressure obtainer 320
obtains an actual contact pressure applied by a user to
the sensor part 110 at each measurement time, the con-
tact state guide part 350 may guide a user to maintain a
contact intensity equal to or approximate to a reference
contact pressure by using the actual contact pressure.
In an example embodiment, the contact state guide part
350 may generate a graph showing a change in the ref-
erence contact pressure and a change in the actual con-
tact pressure, and may output the generated graph
through an output part, so that a user may visually rec-
ognize a difference between the reference contact pres-
sure and the actual contact pressure.

[0062] Inaddition, the contact state guide part 350 may
determine a contact state based on a contactimage. For
example, in the case where a pre-defined characteristic
pointis notincluded in a contactimage, or a characteristic
point is outside a predetermined region based on a spe-
cific point (e.g., center of an image) of the contact image,
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the contact state guide part 350 may determine that a
contact state is not normal, and may guide a user to re-
contact the sensor part 110 with an object.

[0063] Further, the contact state guide part 350 may
determine a contact state based on a pulse wave signal
of a region of interest. In response to determining that a
pulse wave signal quality of a region of interest selected
by the region of interest selector 340 does not satisfy one
or more pre-determined criteria, the contact state guide
part 350 may determine that a contact state is not normal.
Forexample, in response to a difference between a max-
imum amplitude value and a minimum amplitude value
of a pulse wave signal of a region of interest being lower
than or equal to a threshold, the contact state guide part
350 may determine that a contact state is not normal.
However, the determination of the contact state is not
limited thereto.

[0064] The estimator 330 may estimate bio-informa-
tion by using the pulse wave signal of the region of interest
which is obtained by the pulse wave signal obtainer 310,
and the contact pressure obtained by the contact pres-
sure obtainer 320. For example, referring to FIGS. 4E
and 4F, the estimator 330 may estimate blood pressure
using oscillometry based on the pulse wave signal and
the contact pressure.

[0065] Referring to FIG. 4E, the estimator 330 may ob-
tain an oscillometric envelope OW which represents a
contact pressure versus pulse wave amplitude. The es-
timator 330 may extract a peak-to-peak point by subtract-
ing an amplitude value in3 of a negative (-) point from an
amplitude value in2 of a positive (+) point of a waveform
envelope in1 at each measurement time of a pulse wave
signal, and may obtain an oscillometric envelope OW by
plotting a peak-to-peak amplitude at each measurement
time based on a contact pressure value at the same
measurement time of the peak-to-peak amplitude.
[0066] Referring to FIG. 4F, the estimator 330 may ob-
tain feature values for estimating blood pressure from
the obtained oscillometric envelope OW. The estimator
330 may obtain, as the feature values, an amplitude value
MA and a contact pressure value MP of a maximum peak
point, contact pressure values SP and DP located to the
left and right of the contact pressure value MP of the
maximum peak point and having a predetermined ratio
(e.g., 0.5 to 0.7) to the contact pressure value MP, and
the like.

[0067] Upon extracting the feature values, the estima-
tor 330 may estimate bio-information by applying a pre-
defined bio-information estimation model. In this case,
the bio-information estimation model may be defined as
various linear and/or non-linear combination functions,
such as addition, subtraction, division, multiplication, log-
arithmic value, regression equation, and the like, with no
specific limitation. For example, the following Equation 1
represents a simple linear equation.
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[Equation 1]

y=ax+b

[0068] Herein, y denotes a bio-information estimation
value to be obtained; x denotes the extracted feature
value; and aand b denote pre-calculated values obtained
through preprocessing, and may be defined differently
according to the types of bio-information to be obtained
and user characteristics. For example, the estimator 330
may independently obtain mean arterial pressure (MAP),
diastolic blood pressure (DBP), and systolic blood pres-
sure (SBP) by using the above Equation 1 which is de-
fined for each of the MAP, the DBP, and the SBP. For
example, the estimator 330 may obtain the MAP, the
DBP, and the SBP by inputting the extracted feature val-
ues MP, DP, and SP into a function defined for each of
the values.

[0069] Referring back to FIG. 1B, the bio-information
estimating apparatus 100b may furtherinclude the output
part 130, the memory 140, and the communicator 150.
[0070] The output part 130 may output results proc-
essed by the sensor part 110 and the processor 120. For
example, the output part 130 may visually output an es-
timated bio-information value and/or guide information
by using a display module (e.g., a display device), or may
output the information in a non-visual manner through
voice, vibrations, tactile sensation, and the like, by using
aspeakermodule (e.g., a speaker),ahaptic module (e.g.,
a vibration motor), and the like. The output part 130 may
divide a display area into two or more areas according
to a setting, in which the output part 130 may output the
pulse wave signal, the contact force, the contact area,
and the like, which are used for estimating bio-informa-
tion, in various forms of graphs in a first area; and may
output an estimated bio-information value in a second
area. In an example embodiment, in response to an es-
timated bio-information value falling outside a normal
range, the output part 130 may output warning informa-
tionin various manners, such as highlightingan 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.
[0071] The memory 140 may store processing results
of the sensor part 110 and the processor 120. Further,
the memory 140 may store various criteria for estimating
bio-information. For example, the criteria may include us-
er feature information such as a user’s age, gender,
health condition, and the like. In addition, the criteria may
include various types of information, such as a bio-infor-
mation estimation model, bio-information estimation cri-
teria, a reference contact pressure, and the like, but are
not limited thereto.

[0072] In this case, the memory 140 may include at
least one storage medium of a flash memory type mem-
ory, a hard disk type memory, a multimedia card micro
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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.

[0073] The communicator 150 may communicate with
an external device 170 by using wired or wireless com-
munication techniques under the control of the processor
120, and may transmit and receive various data to and
from the external device. For example, the communicator
150 may transmit an estimation result of bio-information
to the external device 170, and may receive various cri-
teria for estimating bio-information from the external de-
vice 170. In an example embodiment, examples of the
external device 170 may include a cuff-type blood pres-
sure measuring device, and an information processing
device such as a smartphone, a tablet PC, a desktop
computer, a laptop computer, and the like.

[0074] In an example embodiment, examples of the
communication techniques may include Bluetooth com-
munication, Bluetooth Low Energy (BLE) communica-
tion, Near Field Communication (NFC), WLAN commu-
nication, Zigbee communication, Infrared Data Associa-
tion (IrDA) communication, Wi-Fi Direct (WFD) commu-
nication, Ultra-Wideband (UWB) communication, Ant+
communication, WIFI communication, Radio Frequency
Identification (RFID) communication, 3G communica-
tion, 4G communication, 5G communication, and the like.
However, these are merely examples and are not intend-
ed to be limiting.

[0075] FIG. 5is a flowchart illustrating a method of es-
timating bio-information according to an example embod-
iment. The method of estimating bio-information of FIG.
5 may be an example of a bio-information estimating
method performed by one or more of the bio-information
estimating apparatuses 100a and 100b.

[0076] The bio-information estimating apparatus may
receive a request for estimating bio-information in 510.
The request for estimating bio-information may be re-
ceived from a user or an external device which is con-
nected to the bio-information estimating apparatus
through communication. However, the request for esti-
mating bio-information is not limited thereto, and it may
be determined automatically (thatis, without a user input)
at predetermined intervals that the request for estimating
bio-information is received. In this case, upon receiving
the request for estimating bio-information, the bio-infor-
mation estimating apparatus may provide guide informa-
tion on a reference contact pressure to be applied by a
user’s object to the sensor part.

[0077] In response to contact of an object, the bio-in-
formation estimating apparatus may obtain contact pres-
sure distribution and a contact image of the object for a
predetermined period of time in 520 and 530. In this case,
the user may change contact pressure by pressing the
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sensor part with, for example, a finger with gradually in-
creasing force; or by pressing the sensor part with grad-
ually decreasing force at a state in which the user con-
tacts the sensor part with the finger with a pressure equal
to or greater than a predetermined threshold. Alterna-
tively, the bio-information estimating apparatus may
change contact pressure by using various other methods
such as touching the object from an external force.
[0078] Subsequently, the bio-information estimating
apparatus may select a region of interest based on the
contact image, and may obtain a pulse wave signal of
the selected region of interest in 540. For example, the
bio-information estimating apparatus may divide the con-
tact image into one or more regions, and may select a
region of interest from among the regions. For example,
the bio-information estimating apparatus may detect a
position of a pre-defined characteristic point in the con-
tact image, and may select a region, including the de-
tected position of the characteristic point, as a region of
interest. In another example, the bio-information estimat-
ing apparatus may obtain a pulse wave signal in each
region of the contact image, and may select a region of
interest based on a pulse wave signal quality of each
region. For example, the region of interest selector may
evaluate a pulse wave signal quality of each region based
on a maximum amplitude value of a pulse wave signal
of each region, a difference between a maximum ampli-
tude value and a minimum amplitude value, an average
amplitude value, and the like. However, these are merely
examples, and the evaluation is not limited thereto.
[0079] Next, the bio-information estimating apparatus
may estimate bio-information based on the pulse wave
signal of the region of interest and the contact pressure
distribution in 550. For example, the bio-information es-
timating apparatus may estimate bio-information using
oscillometry based on contact pressure at a position cor-
responding to the region of interest and a pulse wave
signal of the region of interest.

[0080] Next, the bio-information estimating apparatus
may output an estimation result of bio-information in 560.
In this case, the bio-information estimating apparatus
may output the estimation result of bio-information using
various output devices, such as a display module for vis-
ual output, a speaker module for voice output, a haptic
module for tactile output through vibration, tactile sensa-
tion, and the like.

[0081] FIG. 6is a flowchartillustrating a method of es-
timating bio-information according to an example embod-
iment. The method of estimating bio-information of FIG.
6 may be an example of a bio-information estimating
method performed by one or more of the bio-information
estimating apparatuses 100a and 100b having the sen-
sor part structure of FIG. 2B.

[0082] The bio-information estimating apparatus may
receive a request for estimating bio-information in 610.
When an object contacts a contact surface, the bio-infor-
mation estimating apparatus may obtain a contact force
applied by the object to the contact surface, and a contact
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image of the object in 620 and 630.

[0083] Next, the bio-information estimating apparatus
may select a region of interest based on the contact im-
age, and may obtain a pulse wave signal of the selected
region of interest and a contact area of the object in 640.
For example, the bio-information estimating apparatus
may select a region of interest from among a plurality of
regions, divided from the contact image, based on a re-
gion including a position of a characteristic point and/or
a pulse wave signal quality of each area.

[0084] Subsequently, the bio-information estimating
apparatus may obtain contact pressure based on the
contact force and the contact area in 650, and may esti-
mate bio-information by using the pulse wave signal of
the region of interest and the contact pressure in 660.
[0085] Next, the bio-information estimating apparatus
may output an estimation result of bio-information in 670.
In this case, the bio-information estimating apparatus
may output the estimation result of bio-information using
various output devices, e.g., a display module for visual
output, a speaker module for voice output, a haptic mod-
ule for tactile output through vibration, tactile sensation,
and the like.

[0086] FIG. 7 is a diagram illustrating a wearable de-
vice, to which one or more example embodiments of an
apparatus for estimating bio-information are applied.
Various embodiments of the apparatus for estimating bio-
information described above may be mounted in a smart
watch worn on a wrist or a smart band-type wearable
device as illustrated in FIG. 7. However, the wearable
device is merely an example for convenience of expla-
nation, and it should not be construed that application of
the embodiments is limited to a smart watch or a smart
band-type wearable device.

[0087] Referring to FIG. 7, the wearable device 700
includes a main body 710 and a strap 730.

[0088] The strap 730 may be flexible, and may be con-
nected to both ends of the main body 710 to be bent
around a user’s wrist or may be bent in a manner which
allows the strap 730 to be detached from a user’s wrist.
Alternatively, the strap 730 may be provided as a band
shape that is not separable. In this case, air may be in-
jected into the strap 730 or an airbag may be included in
the strap 730, so that the strap 730 may have elasticity
according to a change in pressure applied to the wrist,
and the change in pressure of the wrist may be transmit-
ted to the main body 710.

[0089] Abattery, which supplies power to the wearable
device 700, may be embedded in the main body 710 or
the strap 730.

[0090] Further, the main body 710 includes a sensor
part 720 mounted on one side thereof. The sensor part
720 may be provided in any one of the structures of FIGS.
2A and 2B described above. For example, as illustrated
in FIG. 7, the sensor part 720 may be mounted on a rear
surface of the main body 810, so that the sensor part 720
may detect a bio-signal from blood vessel tissues of the
upper portion of the wrist. In this case, a user may change
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contact pressure between the wrist and the sensor part
720, for example, by pressing a display, mounted on a
front surface of the main body 710, with gradually in-
creasing force with a finger of a hand while wearing the
main body 710 on awrist ofthe otherhand, or by changing
athickness of the wrist by making hand movements, e.g.,
slowly opening the hand after clenching the first while
wearing the main body 710 on the wrist. In another ex-
ample, the sensor part 720 may be mounted on a front
surface of the main body 710, so that while the user touch-
es the sensor part 720 with a finger, the sensor part 720
may detect a bio-signal from the finger. In this case, a
display panel of the sensor part 720 may perform a dis-
play function of displaying information to the user.
[0091] Further, the main body 710 may include a proc-
essor which controls various functions of the wearable
device 700 including the sensor part 720, and estimates
bio-information of an object (e.g., a user that wears the
wearable device 700). In response to a user’s request
for estimating bio-information, the processor may gener-
ate a control signal to control the sensor part 720. The
processor may estimate bio-information based on oscil-
lometry using data obtained by the sensor part 720. Upon
receiving the request for estimating bio-information from
a user, the processor may provide the user with guide
information on contact pressure (e.g., intensity, duration,
etc.) between the sensor part 720 and the object through
a display.

[0092] Inanexample embodiment, the display may be
mounted on a front surface of the main body 710, and
may visually output guide information on contact pres-
sure and/or an estimation result of bio-information.
[0093] A memory may be mounted in the main body
710, and may store various types of information proc-
essed by the processor, and various criteria for estimat-
ing bio-information.

[0094] Further, the wearable device 700 may include
a manipulator 740 which receives a control command of
a user and transmits the received control command to
the processor. The manipulator 740 may be mounted on
a side surface of the main body 710, and may include a
function for inputting a command to turn on/off the wear-
able device 700.

[0095] Moreover,thewearable device 700 may include
a communicator for transmitting and receiving various
data to and from an external device, and various other
modules for performing additional functions provided by
the wearable device 700.

[0096] FIG. 8 is a diagram illustrating a smart device,
to which one or more example embodiments of an ap-
paratus for estimating bio-information are applied. In an
example embodiment, the smart device may be a smart-
phone, a tablet PC, and the like.

[0097] Referring to FIG. 8, the smart device 800 in-
cludes a main body 810 and a sensor part 820 mounted
at the main body 810. As illustrated in FIG. 8, the sensor
part 820 may be mounted on a rear surface of the main
body 810, so that the sensor part 820 may also perform
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the function of a front camera of the smart device 800.
Alternatively, the sensor part 820 may be mounted in a
fingerprint sensor area on a front surface of the main
body 810, so that the sensor part 820 may also perform
the function of a fingerprint sensor. In addition, the sensor
part 820 may be mounted in a display area on the front
surface of the main body 810, so that the display panel
may perform the function of a display.

[0098] In addition, adisplay may be mounted on afront
surface of the main body 810. The display may visually
display an estimation result of bio-information and the
like. The display may include a touch panel, and may
receive various types of information input through the
touch panel and transmit the received information to the
processor.

[0099] Various other modules for performing example
embodiments of the apparatuses and methods for esti-
mating bio-information may be mounted in the smart de-
vice 800, and detailed description thereof will be omitted.
[0100] The example embodiments may be implement-
ed as a computer-readable code written on a computer-
readable recording medium. The computer-readable re-
cording medium may be any type of recording device in
which data is stored in a computer-readable manner.
[0101] 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 net-
work so that a computer-readable code is written thereto
and executed therefrom in a decentralized manner.
Functional programs, codes, and code segments for im-
plementing the example embodiments can be easily de-
duced by one of ordinary skill in the art.

[0102] Atleastone ofthe components, elements, mod-
ules or units described herein may be embodied as var-
ious numbers of hardware, software and/or firmware
structures that execute respective functions described
above, according to an example embodiment. For exam-
ple, 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, atleast 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 functions, and
executed by one or more microprocessors or other con-
trol 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, ele-
ment or unit which performs all operations or functions
of the combined two or more components, elements of
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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. Fur-
ther, although a bus is not illustrated in the block dia-
grams, communication between the components, ele-
ments or units may be performed through the bus. Func-
tional aspects of the above example embodiments may
be implemented in algorithms that execute on one or
more processors. Furthermore, the components, ele-
ments or units represented by a block or processing steps
may employ any number of related art techniques for
electronics configuration, signal processing and/or con-
trol, data processing and the like.

[0103] 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.

Claims

1. An apparatus for estimating bio-information, the ap-
paratus comprising:

a sensor part comprising a contact pressure
sensor array configured to obtain a contact pres-
sure distribution of a contact surface contacted
by an object, and an image sensor configured
to obtain a contact image of the object that con-
tacts the contact surface; and

a processor configured to obtain a pulse wave
signal of a region of interest based on the contact
image, and to estimate bio-information based
on the obtained pulse wave signal and the con-
tact pressure distribution.

2. The apparatus of claim 1, wherein the sensor part
further comprises a display panel provided between
the contact pressure sensor array and the image
sensor, and
wherein the image sensor is further configured to
detect light which is emitted from the display panel
and is reflected or scattered from the object.

3. The apparatus of claim 1 or 2, wherein the contact
pressure sensor array comprises a light-transmitting
material.

4. The apparatus of one of claims 1 to 3, wherein the
processor is further configured to divide the contact
image into one or more regions, and selectthe region
of interest based on atleast one of a region including
a characteristic point in the contact image, and a
quality of a pulse wave signal of each of the one or
more regions.
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The apparatus of claim 4, wherein the characteristic
point comprises a fingerprint center point of a finger,
or

wherein the processor is further configured to eval-
uate the quality of the pulse wave signal based on
at least one of a maximum amplitude value of the
pulse wave signal of each of the one or more regions,
a difference between the maximum amplitude value
and a minimum amplitude value of the pulse wave
signal of each of the one or more regions, and an
average amplitude value of the pulse wave signal of
each of the one or more regions, or

wherein the processor is further configured to obtain
at least one of a total sum, a mean value, a median
value, a maximum value, and a minimum value of
image data in each of the one or more regions at
each measurement time, and a value calculated by
applying a pre-defined function to the image data in
each of the one or more regions at each measure-
ment time, as an amplitude component of the pulse
wave signal of each of the one or more regions.

The apparatus of one of claims 1 to 5, wherein the
processor is further configured to divide the contact
image into one or more regions, and select the region
of interest based on a contact pressure at a position
corresponding to each of the one or more regions in
the contact pressure distribution.

The apparatus of one of claims 1 to 6, wherein the
processor is further configured to estimate the bio-
information based on contact pressure at a position
corresponding to the region of interest in the contact
pressure distribution, and the pulse wave signal of
the region of interest, wherein the processor is fur-
ther configured to obtain an oscillometric envelope
based on the contact pressure and the pulse wave
signal of the region of interest, obtain at least one
feature value based on the oscillometric envelope,
and estimate the bio-information by using the atleast
one feature value, the oscillometric envelope repre-
senting a contact pressure versus an amplitude of
the pulse wave signal of the region of interest at each
measurement time, and

wherein the at least one feature value comprises one
or more of a first contact pressure value of a maxi-
mum amplitude point, a second contact pressure val-
ue located to aleft of the first contact pressure value,
and a third contact pressure value located to a right
of the first contact pressure value, the second con-
tact pressure value and the third contact pressure
value having a predetermined ratio to the first contact
pressure value of the maximum amplitude point, in
the oscillometric envelope.

The apparatus of one of claims 1 to 6, wherein the
processor is further configured to determine a con-
tact state between the object and the sensor part
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based on at least one of the contact pressure distri-
bution, the contactimage, and the pulse wave signal
of the region of interest, and

further comprising an output part configured to out-
put information on the contact state.

The apparatus of one of claims 1 to 8, wherein the
bio-information comprises one or more of blood pres-
sure, vascular age, arterial stiffness, aortic pressure
waveform, vascular compliance, stress index, de-
gree of fatigue, skin elasticity, and skin age.

A method of estimating bio-information, the method
comprising:

obtaining a contact pressure distribution of a
contact surface contacted by an object;
obtaining a contact image of the object that con-
tacts the contact surface;

obtaining a pulse wave signal of a region of in-
terest based on the contact image; and
estimating bio-information based on the ob-
tained pulse wave signal and the contact pres-
sure distribution.

The method of claim 10, wherein the obtaining the
pulse wave signal of the region of interest comprises
dividing the contact image into one or more regions;
and selecting the region of interest based on at least
one of a region including a characteristic point in the
contact image, and quality of a pulse wave signal of
each of the one or more regions, wherein the select-
ing comprises evaluating the quality of the pulse
wave signal of each of the one or more regions based
on at least one of a maximum amplitude value of the
pulse wave signal of each of the one or more regions,
a difference between the maximum amplitude value
and a minimum amplitude value of the pulse wave
signal of each of the one or more regions, and an
average amplitude value of the pulse wave signal of
each of the one or more regions.

The method of claim 10 or 11, wherein the obtaining
the pulse wave signal of the region of interest com-
prises:

dividing the contact image into one or more re-
gions; and

selecting the region of interest based on contact
pressure at a position corresponding to each of
the one or more regions in the contact pressure
distribution.

The method of one of claims 10 to 12, wherein the
estimating comprises estimating the bio-information
based on the contact pressure at a position corre-
sponding to the region of interest in the contact pres-
sure distribution, and the pulse wave signal of the
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region of interest, and wherein the estimating the
bio-information based on the contact pressure and
the pulse wave signal comprises obtaining an oscil-
lometric envelope, which represents a contact pres-
sure versus an amplitude of the pulse wave signal
of the region of interest at each measurement time,
based on the contact pressure and the pulse wave
signal of the region of interest; obtaining at least one
feature value based on the oscillometric envelope;
and estimating the bio-information by using the at
least one feature value.

A computer-readable medium having instructions
that, when performed by a processor, cause the
processor to perform a method of estimating bio-in-
formation, the method comprising:

detecting a contact force applied by an object
that contacts a contact surface;

obtaining a contact image of the object that con-
tacts the contact surface;

obtaining a pulse wave signal of a region of in-
terest and a contact area of the object based on
the contact image; and

estimating bio-information based on the contact
area, the contact force, and the pulse wave sig-
nal.

The computer-readable medium of claim 14, where-
in the obtaining the pulse wave signal of the region
of interest comprises dividing the contact image into
one or more regions; and selecting the region of in-
terest based on at least one of a region including a
characteristic point in the contactimage, and a qual-
ity of a pulse wave signal of each of the one or more
regions, or

wherein the estimating the bio-information compris-
es obtaining contact pressure based on the contact
force and the contact area; and estimating the bio-
information based on the obtained contact pressure
and the pulse wave signal of the region of interest.

10

15

20

25

30

35

40

45

50

55

12

22



EP 3 626 162 A1

FIG. 1A

/IOOa

110

SENSOR PART

4
v 120

PROCESSOR

13




EP 3 626 162 A1

FIG. 1B
100b
110
SENSOR PART
. 120 150 170
o |COMMUNI] | [EXTERNAL]
PROCESSOR <>"CATOR [*1"| DEVICE
| A
130 140
OUTPUT
PART [ | MEMORY

14



EP 3 626 162 A1

FIG. 2A

—

CONTACT PRESSURE 111
SENSOR ARRAY

DISPLAY PANEL  (~112 2110
IMAGE SENSOR  [~113

15



EP 3 626 162 A1

FIG. 2B

——

DISPLAY PANEL |~112
IMAGE SENSOR  (~113 110
FORCE SENSOR |~ 114

16



EP 3 626 162 A1

FIG. 3

REGION OF PULSE WAVE
INTEREST fe -+ SIGNAL 330
SELECTOR OBTAINER L

|

| CONTACT
— — — -# PRESSURE
OBTAINER

y 350

CONTACT
STATE
GUIDE PART

17



EP 3 626 162 A1

FIG. 4A

113 14

18



EP 3 626 162 A1

FIG. 4B

19



EP 3 626 162 A1

FIG. 4C

A

0 1000 2000 3000 4000 5000 6000 7000
TIME

20



EP 3 626 162 A1

000L

0009

000s

()

HNIL

000y

000¢

0002

0001 0

T

HH{1SSd¥d

dv ‘DId

)

HALL

H40¥04

VA4V

21



EP 3 626 162 A1

FIG. 4E
AMPLITUDE

10000

e {111

P O in2

5000 ¢ K- ®0 . « in3l"
QoY X | 19 ©
0 OPRPRo n”""“"”""”nnnno
5000 . . . . TIME
0 2000 4000 6000 8000 10000

22



EP 3 626 162 A1

FIG. 4F
AMPLITUDE oW
10000 : :
MATJ
5000 | ;
Lol & |CONTACT
0 . . - PRESSURE

50 55 60 DP gsMP g  SP 75 80 85

23



EP 3 626 1

FIG.

62 A1

5

( START >

RECEIVE REQUEST FOR
ESTIMATING BIO-INFORMATION
OBTAIN CONTACT PRESSURE
DISTRIBUTION OF CONTACT OBTAIN CONTACT
SURFACE IN RESPONSE TO IMAGE OF OBJECT
CONTACT OF OBJECT
v 540
SELECT REGION OF INTEREST
BASED ON CONTACT IMAGE,
AND OBTAIN PULSE WAVE

SIGNAL OF REGION OF INTEREST

\ i

550

ESTIMATE BIO-INFORMATION
BASED ON PULSE WAVE SIGNAL
OF REGION OF INTEREST AND
CONTACT PRESSURE
DISTRIBUTION

A

560

OF BIO-INF

OUTPUT ESTIMATION RESULT
ORMATION

A
END

'

24




EP 3 626 162 A1

FIG. 6

( START )

Y 610

RECEIVE REQUEST FOR
ESTIMATING BIO-INFORMATION

4 620 4 630
awpepsremectio | | nRRR R
CONTACT SURFACE
, 640
SELECT REGION OF INTEREST
BASED ON CONTACT IMAGE,
AND OBTAIN PULSE WAVE
SIGNAL OF REGION OF INTEREST
AND CONTACT AREA OF OBJECT
OBTAIN CONTACT PRESSURE
BASED ON CONTACT FORCE AND
CONTACT AREA
v /660

ESTIMATE BIO-INFORMATION
USING PULSE WAVE SIGNAL
OF REGION OF INTEREST AND
CONTACT PRESSURE

v 670

OUTPUT ESTIMATION RESULT
OF BIO-INFORMATION

v
END

25




EP 3 626 162 A1

FIG.7

730

26



EP 3 626 162 A1

FIG. §
800
\ 810

/820

27



10

15

20

25

30

35

40

45

50

55

EP 3 626 162 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 18 5409

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2015/062078 Al (CHRISTMAN DANIEL S [US]|1-3, INV.
ET AL) 5 March 2015 (2015-03-05) 8-10,14 | A61B5/00
* paragraphs [0016], [0018], [0020], A61B5/02
[e021], [0027], [0028], [0039]; figure A61B5/021
1=* A61B5/022
A US 2017/119307 Al (SHIM HONGJO [KR] ET AL)|1-15
4 May 2017 (2017-05-04)
* paragraphs [0141] - [0156], [0290] -
[0296]; figures 2-4,11 *
A EP 3 342 336 Al (SAMSUNG ELECTRONICS CO 1-15
LTD [KR]) 4 July 2018 (2018-07-04)
* the whole document *
A US 20177185234 Al (ZHANG MINGFANG [CN]) 1,10

29 June 2017 (2017-06-29)
* abstract *
* the whole document *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

A61B

Place of search

The Hague

Date of completion of the search

13 January 2020

Examiner

Dhervé, Gwenaélle

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

28




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 626 162 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 18 5409

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

13-01-2020

Patent document Publication
cited in search report date

Patent family Publication
member(s) date

US 2015062078 Al 05-03-2015 CN 104423767 A 18-03-2015
US 2015062078 Al 05-03-2015
US 2017119367 Al 04-05-2017 KR 20170049280 A 16-05-2017
US 2017119307 Al 04-05-2017
EP 3342336 Al 04-07-2018 CN 108236460 A 03-07-2018
EP 3342336 Al 04-07-2018
JP 2018102906 A 05-07-2018
KR 20180076050 A 05-07-2018
US 2018177413 Al 28-06-2018
US 2017185234 Al 29-06-2017 CN 104035620 A 10-09-2014
W 201601037 A 01-01-2016
US 2017185234 Al 29-06-2017
WO 2015192621 Al 23-12-2015
WO 2015192712 Al 23-12-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

29



THMBW(EF)

HEEMEENEENS E
EP3626162A1

EP2019185409

patsnap

2020-03-25

RiEHR 2019-07-10

IRIREERFROAR) ZELEFHKIALHE
B (EFIR)A(GR) SAMSUNG ELECTRONICS CO. , LTD.

LFTEHIB(ERR)A(E) SAMSUNG ELECTRONICS CO. , LTD.

[#R1 &% BB A KANG JAE MIN
KWON YONG JOO
KIM YOUN HO
PARK SANG YUN
3PN KANG, JAE MIN
KWON, YONG JOO
KIM, YOUN HO
PARK, SANG YUN
IPCH %S A61B5/00 A61B5/02 A61B5/021 A61B5/022
CPCoE= A61B5/02007 A61B5/02108 A61B5/02125 A61B5/02141 A61B5/02225 A61B5/442 A61B5/681 A61B5
/6843 A61B5/6898 A61B2562/0247 A61B2562/046 A61B5/0205 A61B5/02116 A61B5/165
k54X 1020180111282 2018-09-18 KR
INEPeELE Espacenet
HEGF) FECs., 1. A

—MATHITENEENRE  BF  £RHMY , HEEENREE
VAR IR RE M EME D | EREENRE SR EARREE
FREVM AR ERAERG UKk AEEE  WEENETARZEMERIREX
EXENKERES |, FAREENE T RGN ERES Mk

b R AT EMES

1 OO
_—1 10

SEMNSOR PART I

I 120

PRCOCESSOR



https://share-analytics.zhihuiya.com/view/44141825-d993-4732-ae74-5f99269727ab
https://worldwide.espacenet.com/patent/search/family/067226101/publication/EP3626162A1?q=EP3626162A1

