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(57) ABSTRACT

A bio-information estimating apparatus includes a sensor
part configured to measure a pulse wave signal from an
object, a contact force that is applied by the object to the
sensor part, and a contact area of the object that is applied
to the sensor part, and a processor configured to obtain a first
feature value, based on a first change in the contact area with
respect to a second change in the contact force, obtain a
second feature value, based on the pulse wave signal, and
estimate bio-information, based on the first feature value and
the second feature value.
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FIG. 1B
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FIG. 3A

AMPLITUDEmmHg)

5000
(H
-5000
0 2000 4000 6000 8000 10000 12000
TIME(270Hz)
AREA{cm?)
3
) 2k
I .
0 2000 4000 6000 8000 10000 12000
TIME(270Hz)
FORCE(mN)
4000 ;
(3) 2000t /
_/"’“/_

0
0 2000 4000 6000 8000 10000 12000
TIME(270Hz)



US 2020/0077904 A1

Mar. 12,2020 Sheet 5 of 12

Patent Application Publication

(NW)I YO
0008 000L 0009 000S  000Y  000f  000T 0001 0

mi

0 (NOILVILNTE LA ()

¥iN 7
i le VIV
; : . . . : : 301
OT%
(NHYADNMOT
0008 000L 0009 000S  000F  000E 0007 000 0.y
- 1€ (Bumy)
o oyguv @
- o
L 1 5 i i i 3 M\.
(NUHEONOA

0008  000L 0009 000< 000y 000t Q00T 0001 0

¢

T (ewpmen) 0
tcz VAdY

L L [ s L i I e

(%3

d¢ 'Dld



Patent Application Publication Mar. 12,2020 Sheet 6 of 12 US 2020/0077904 A1

FIG. 3C
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FIG. 4A
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BIO-INFORMATION ESTIMATING
APPARATUS AND BIO-INFORMATION
ESTIMATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2018-0108500, filed on Sep. 11,
2018, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with embodi-
ments relate to a bio-information estimating apparatus and a
bio-information estimating method, and more particularly to
technology for cufflessly estimating blood pressure.

2. Description of Related Art

[0003] As a method of measuring blood pressure in a
non-invasive manner without damaging a human body, there
is a cuff-based measurement method for measuring blood
pressure, using cufl pressure measurements, and a cuffless
measurement method for estimating blood pressure, using
pulse wave measurements without a cuff.

[0004] Options for the cuff-based measurement method
for measuring blood pressure include a Korotkoff-sound
method that measures blood pressure by winding a cuff
around an upper arm and hearing the sound of blood vessels
through a stethoscope during inflation and deflation of the
cuff; and an Oscillometric method that measures blood
pressure by winding a cuff around an upper arm, continu-
ously measuring cuff’ pressure while inflating and then
gradually deflating the cuff using an automated device, and
measuring blood pressure based on a point of maximum
pressure signal change.

[0005] Options for the cuffless measurement method for
measuring blood pressure include 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

[0006] According to embodiments, there is provided a
bio-information estimating apparatus including a sensor part
configured to measure a pulse wave signal from an object,
a contact force that is applied by the object to the sensor part,
and a contact area of the object that is applied to the sensor
part, and a processor configured to obtain a first feature
value, based on a first change in the contact area with respect
to a second change in the contact force, obtain a second
feature value, based on the pulse wave signal, and estimate
bio-information, based on the first feature value and the
second feature value.

[0007] The sensor part may include a pulse wave sensor
including a light source configured to emit first light onto the
object, and a detector configured to detect second light that
is reflected from the object, and a contact pressure sensor
including a force sensor configured to measure the contact
force, and an area sensor configured to measure the contact
area.
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[0008] The processor may be further configured to create
a contact area change graph representing the first change in
the contact area with respect to the second change in the
contact force, by plotting the contact area with respect to the
contact force at each of measurement time points, and obtain
the first feature value, using the contact area change graph.

[0009] The processor may be further configured to per-
form fitting on the contact area change graph, perform
differentiation on the contact area change graph on which the
fitting is performed, and obtain the first feature value, based
on the contact area change graph on which the differentiation
is performed.

[0010] The first feature value may include any one or any
combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.

[0011] The processor may be further configured to obtain
a contact pressure between the object and the sensor part,
based on the contact force and the contact area, and obtain
the second feature value, based on the contact pressure and
the pulse wave signal.

[0012] The processor may be further configured to obtain
an oscillometric envelope representing the contact pressure
versus the pulse wave signal at each of the measurement
time points, and obtain the second feature value, based on
the oscillometric envelope.

[0013] The second feature value may include any one or
any combination of a maximum amplitude value of the
oscillometric envelope, a first contact pressure value corre-
sponding to the maximum amplitude value, a plurality of
contact pressure values that are located to a left and a right
of the first contact pressure value and have a predetermined
ratio to the first contact pressure value, and a plurality of
amplitude values of the oscillometric envelope that corre-
sponds to the plurality of contact pressure values.

[0014] The sensor part is further configured to measure a
plurality of pulse wave signals from the object, and the
processor may be further configured to obtain a plurality of
oscillometric envelopes, based on the plurality of pulse
wave signals and the contact pressure, obtain a plurality of
feature values, based on the plurality of oscillometric enve-
lopes, and obtain the second feature value by combining the
plurality of feature values.

[0015] The bio-information estimating apparatus may fur-
ther include an output interface configured to receive a
request for estimating the bio-information, and output guide
information of a contact pressure between the object and the
sensor part.

[0016] The guide information may be for inducing a user
to gradually increase the contact pressure that is applied by
the object to the sensor part, or to gradually decrease the
contact pressure when the user touches the sensor part with
a pressure intensity greater than or equal to a predetermined
threshold.

[0017] The processor may be further configured to obtain
a contact pressure between the object and the sensor part,
based on the contact force and the contact area, and deter-
mine a contact state between the object and the sensor part,
based on the contact pressure.

[0018] The processor may be further configured to deter-
mine whether the contact state is normal, and the apparatus
may further include an output interface configured to, based
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on the contact state being determined to be not normal,
output guide information for inducing a user to change the
contact pressure.

[0019] The bio-information may include any one or any
combination of a blood pressure, a vascular age, an arterial
stiffness, an aortic pressure waveform, a vascular compli-
ance, a stress index, and a degree of fatigue.

[0020] According to embodiments, there is provided a
bio-information estimating method being performed by a
bio-information estimating apparatus, the method including
measuring a pulse wave signal from an object, a contact
force that is applied by the object to a sensor part of the
bio-information estimating apparatus, and a contact area of
the object that is applied to the sensor part, obtaining a first
feature value, based on a first change in the contact area with
respect to a second change in the contact force, obtaining a
second feature value, based on the pulse wave signal, and
estimating bio-information, based on the first feature value
and the second feature value.

[0021] The obtaining of the first feature value may include
creating a contact area change graph representing the first
change in the contact area with respect to the second change
in the contact force, by plotting the contact area with respect
to the contact force at each of measurement time points, and
obtaining the first feature value, using the contact area
change graph.

[0022] The bio-information estimating method may fur-
ther include performing fitting on the contact area change
graph, and performing differentiation on the contact area
change graph on which the fitting is performed, and the
obtaining of the first feature value may further include
obtaining the first feature value, based on the contact area
change graph on which the differentiation is performed.
[0023] The first feature value may include any one or any
combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.

[0024] The obtaining of the second feature value may
include obtaining a contact pressure between the object and
the sensor part, based on the contact force and the contact
area, and obtaining the second feature value, based on the
contact pressure and the pulse wave signal.

[0025] The bio-information estimating method may fur-
ther include obtaining an oscillometric envelope represent-
ing the contact pressure versus the pulse wave signal at each
of the measurement time points, and the obtaining of the
second feature value may further include obtaining the
second feature value, based on the oscillometric envelope.
[0026] The second feature value may include any one or
any combination of a maximum amplitude value of the
oscillometric envelope, a first contact pressure value corre-
sponding to the maximum amplitude value, a plurality of
contact pressure values that are located to a left and a right
of the first contact pressure value and have a predetermined
ratio to the first contact pressure value, and a plurality of
amplitude values of the oscillometric envelope that corre-
sponds to the plurality of contact pressure values.

[0027] The bio-information estimating method may fur-
ther include outputting an estimation result of the bio-
information.

[0028] According to embodiments, there is provided a
bio-information estimating apparatus including a sensor part
configured to measure a contact force that is applied by an
object to the sensor part, and a contact area of the object that
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is applied to the sensor part, and a processor configured to
obtain a first feature value, based on a first change in the
contact area with respect to a second change in the contact
force, and estimate first bio-information, based on the first
feature value.

[0029] The processor may be further configured to create
a contact area change graph representing the first change in
the contact area with respect to the second change in the
contact force, by plotting the contact area with respect to the
contact force at each of measurement time points, and obtain
the first feature value, using the contact area change graph.
[0030] The first feature value may include any one or any
combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.

[0031] The first bio-information may include either one or
both of skin elasticity and skin age.

[0032] As a change trend of the first feature value
increases in comparison to a reference feature value that is
obtained from a user at a reference time, the skin elasticity
may decrease, and the skin age may increase, and as the
change trend of the first feature value decreases compared to
the reference feature value, the skin elasticity may increase,
and the skin age may decrease.

[0033] The processor may be further configured to esti-
mate either one or both of the skin elasticity and the skin age
by applying a pre-defined bio-information estimation model
to a change trend of the first feature value in comparison
with a plurality of feature values that is obtained from a
plurality of subjects.

[0034] The sensor part may be further configured to mea-
sure a pulse wave signal, and the processor may be further
configured to obtain a second feature value, based on the
pulse wave signal, and estimate second bio-information,
based on the first feature value and the second feature value.
[0035] The second bio-information may include a blood
pressure, and the processor may be further configured to
obtain an oscillometry of the pulse wave signal, and obtain
the second feature value, based on the oscillometry.

[0036] The bio-information estimating apparatus may fur-
ther include an output interface configured to output an
estimation result of the first bio-information and the second
bio-information.

[0037] The bio-information estimating apparatus may fur-
ther include a communication interface configured to trans-
mit an estimation result of the first bio-information and the
second bio-information, to an external device.

[0038] According to embodiments, there is provided a
wearable device including a main body, a strap, a sensor part
disposed in the main body, and configured to measure a
pulse wave signal from an object, a contact force that is
applied by the object to the sensor part, and a contact area
of the object that is applied to the sensor part, and a
processor configured to obtain a first feature value of a
contact area change graph representing a first change in the
contact area with respect to a second change in the contact
force, obtain a contact pressure between the object and the
sensor part, based on the contact force and the contact area,
obtain an oscillometric envelope representing the contact
pressure versus the pulse wave signal, obtain a second
feature value of the oscillometric envelope, and estimate
bio-information, based on the first feature value and the
second feature value.
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[0039] The first feature value may include any one or any
combination of a maximum slope, a minimum slope, and an
average slope of the contact area change graph, the second
feature value may include any one or any combination of a
maximum amplitude value of the oscillometric envelope, a
first contact pressure value corresponding to the maximum
amplitude value, a plurality of contact pressure values that
are located to a left and a right of the first contact pressure
value and have a predetermined ratio to the first contact
pressure value, and a plurality of amplitude values of the
oscillometric envelope that corresponds to the plurality of
contact pressure values, and the bio-information may
include any one or any combination of a blood pressure, a
vascular age, an arterial stiffness, an aortic pressure wave-
form, a vascular compliance, a stress index, and a degree of
fatigue.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIGS. 1A and 1B are block diagrams illustrating a
bio-information estimating apparatus according to embodi-
ments.

[0041] FIG. 2 is a block diagram illustrating an example of
a processor of the bio-information estimating apparatuses of
FIGS. 1A and 1B.

[0042] FIGS. 3A, 3B and 3C are diagrams explaining a
method of obtaining a first feature value, according to
embodiments.

[0043] FIGS. 4A and 4B are diagrams explaining a
method of obtaining a second feature value, according to
embodiments.

[0044] FIG.S5is a diagram explaining a method of obtain-
ing bio-information, according to embodiments.

[0045] FIG. 6 is a flowchart illustrating a bio-information
estimating method according to embodiments.

[0046] FIG. 7 is a diagram illustrating a wearable device,
to which embodiments of a bio-information estimating appa-
ratus are applied.

[0047] FIG. 8 is a diagram illustrating a smart device, to
which embodiments of a bio-information estimating appa-
ratus is applied.

DETAILED DESCRIPTION OF EMBODIMENTS

[0048] Details of other embodiments are included in the
following detailed description and drawings. Advantages
and features of the embodiments, and a method of achieving
the same will be more clearly understood 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 elements, features, and structures.

[0049] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements may 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., may be understood as a unit that performs at least one
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function or operation and that may be embodied as hard-
ware, software, or a combination thereof.

[0050] Hereinafter, embodiments of a bio-information
estimating apparatus and a bio-information estimating
method will be described in detail with reference to the
accompanying drawings.

[0051] FIGS. 1A and 1B are block diagrams illustrating a
bio-information estimating apparatus according to embodi-
ments. Various embodiments of bio-information estimating
apparatuses 100a and 1005 may be embedded in 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 hair-
band-type wearable device, and the like, a mobile device
such as a smartphone, a tablet PC, and the like. Examples of
bio-information that may be estimated by the bio-informa-
tion estimating apparatus may include heart rate, blood
pressure, vascular age, arterial stiffness, aortic pressure
waveform, vascular compliance, stress index, degree of
fatigue, skin elasticity, skin age, and the like, but is not
limited thereto. For convenience of explanation, the follow-
ing description will be made using blood pressure, skin
elasticity, and skin age as an example.

[0052] Referring to FIG. 1A, the bio-information measur-
ing apparatus 100 includes a sensor part 110 and a processor
120.

[0053] The sensor part 110 may include a pulse wave
sensor 111 to measure pulse wave signals, including a
photoplethysmography (PPG) signal, from an object to
estimate bio-information. The pulse wave sensor 111 may
include: a light source that emits first light onto an object;
and a detector that detects second light emitted by the light
source and scattered or reflected from the living body tissue,
such as the skin surface, blood vessel, and the like of the
object.

[0054] The light source may include a light emitting diode
(LED), a laser diode (LD), a fluorescent body, and the like,
but is not limited thereto. Further, the detector may include
one or more pixels, each of which may include a photo
diode, a photo transistor (PTr), an image sensor (e.g., CMOS
image sensor), and the like, but is not limited thereto. In
addition, the pulse wave sensor 111 may include an array of
a plurality of light sources and/or an array of a plurality of
detectors to measure two or more pulse wave signals. In this
case, the plurality of light sources may emit light of different
wavelengths. Each of the light sources may be disposed at
different distances from the detector.

[0055] Further, the sensor part 110 may include a contact
pressure sensor 112, and may measure a contact force, which
is applied by an object to the sensor part 110 when the object
touches the sensor part 110 to measure a pulse wave signal,
and a contact area. The contact pressure sensor 112 may
include a force sensor for measuring a contact force applied
by an object to the sensor part 11, and an area sensor for
measuring a contact area between the object and the sensor
part 110 according to a change in the contact force applied
by the object to the sensor part 110. However, examples of
the sensors are not limited thereto.

[0056] The processor 120 may be electrically connected to
the sensor part 110. In response to receiving a request for
estimating bio-information from a user, or predetermined
criteria for estimating bio-information being satisfied, the
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processor 120 may control the sensor part 110, and may
receive a pulse wave signal, and/or a contact force and a
contact area from the sensor part 110.

[0057] The processor 120 may estimate bio-information
based on the received pulse wave signal, contact force, and
contact area.

[0058] In one embodiment, the processor 120 may esti-
mate blood pressure by using the received pulse wave signal,
contact force, and contact area. The processor 120 may
extract feature values based on the pulse wave signal, and
may estimate blood pressure using oscillometry using the
extracted feature values. For example, as the contact pres-
sure between an object and the sensor part 110 changes, the
amplitude of the pulse wave signal shows an increasing/
decreasing pattern. By using feature values associated with
the increase/decrease in the amplitude of the pulse wave
signal, the processor 120 may estimate blood pressure. In
this case, the processor 120 may additionally obtain feature
values that represent a first change in a contact area with
respect to a second change in a contact force applied by an
object to the sensor part 110 for a predetermined period of
time when a pulse wave signal is measured, and may reflect
the additionally obtained feature values in estimation of
blood pressure using oscillometry, thereby improving the
accuracy in estimating blood pressure.

[0059] In another embodiment, the processor 120 may
estimate skin elasticity and/or skin age based on the contact
force and the contact area. For example, the processor 120
may obtain feature values that represent a change in the
contact area with respect to a change in the contact force
during a predetermined period of time, and may estimate
skin elasticity and/or skin age based on the obtained feature
values. In embodiments, the pulse wave sensor may not be
included in the sensor part 110.

[0060] In yet another embodiment, the aforementioned
embodiments may be combined, i.e., estimation of blood
pressure using the pulse wave signal, the contact force, and
the contact area, may be performed along with estimation of
skin elasticity and/or skin age using the contact force and the
contact area.

[0061] Referring to FIG. 1B, a bio-information estimating
apparatus 1005 according to another embodiment may fur-
ther include an output interface 130, a storage 140, and a
communication interface 150, in addition to the sensor part
110 and the processor 120. The sensor part 110 and the
processor 120 are described above with reference to FIG.
1A, such that the following description will be made based
on parts that do not overlap with those.

[0062] Upon receiving a request for estimating bio-infor-
mation, the processor 120 may generate guide information
by referring to a reference contact pressure value of the
storage 140. Further. once a contact force and a contact area
are measured while the sensor part 110 measures an actual
pulse wave signal, the processor 120 may calculate a contact
pressure value, which is actually applied by an object, based
on the measured contact force and contact area, and may
generate guide information including the calculated actual
contact pressure value.

[0063] In this case, the guide information may include
information for inducing a user to gradually increase contact
pressure applied by an object to the sensor part 110 while the
object touches the sensor part 110, or conversely, to gradu-
ally decrease contact pressure when a user touches the
sensor part 110 with a pressure intensity equal to or greater
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than a predetermined threshold. For example, the guide
information may include a graph showing a change in the
reference contact pressure and/or a change in the actual
contact pressure during a predetermined period of time.
Alternatively, the guide information may include a reference
contact pressure value and/or an actual contact pressure
value of a time point during a measurement period.

[0064] The output interface 130 may output processing
results of the sensor part 110 and the processor 120. For
example, the output interface 130 may visually output an
estimated bio-information value and/or guide information
by using a display module, or may output the information in
a non-visual manner through voice, vibration, tactile sensa-
tion, and the like, by using a speaker module, a haptic
module, and the like. A display area may be divided into two
or more areas, in which the pulse wave signal, the contact
force, the contact area, and the like, which are used for
estimating bio-information, may be output in various forms
of graphs in a first area; and an estimated bio-information
value may be output in a second area. In this case, if an
estimated bio-information value falls outside a normal
range, the output interface 130 may output warning infor-
mation in various manners, such as highlighting an abnor-
mal 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 storage 140 may store processing results of the
sensor part 110 and the processor 120. Further, the storage
140 may store various types of reference information for
estimating bio-information. For example, the reference
information may include user feature information such as a
user’s age, gender, health condition, and the like. In addition,
the reference information may include various types of
information, such as a bio-information estimation model,
bio-information estimation criteria, a reference contact pres-
sure value, a reference feature value, and the like, but is not
limited thereto.

[0066] 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.

[0067] The communication interface 150 may communi-
cate with an external device 170 by using wired or wireless
communication techniques under the control of the proces-
sor 120, and may transmit and receive various data to and
from the external device 170. For example, the communi-
cation interface 150 may transmit an estimation result of
bio-information to the external device 170, and may receive
various types of reference information for estimating bio-
information from the external device 170. In this case,
examples of the external device 170 may include a cuff-type
blood pressure measuring device, and an information pro-
cessing device such as a smartphone, a tablet PC, a desktop
computer, a laptop computer, and the like.

[0068] 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-
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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 an example and is not
intended to be limiting.

[0069] FIG. 2 is a block diagram illustrating an example of
the processor 120 of the bio-information estimating appa-
ratuses 100q and 1005 of FIGS. 1A and 1B. FIGS. 3A, 3B
and 3C are diagrams explaining a method of obtaining a first
feature value, according to embodiments. FIGS. 4A and 4B
are diagrams explaining a method of obtaining a second
feature value, according to embodiments. FIG. 5 is a dia-
gram explaining a method of obtaining bio-information,
according to embodiments.

[0070] Referring to FIG. 2, the processor 120 according to
embodiments includes a first feature value obtainer 210, a
second feature value obtainer 220, an estimator 230, and a
contact state guide part 240.

[0071] FIG. 3A illustrates a pulse wave signal (1), a
contact area (2), and a contact force (3), which are measured
by the sensor part 110 from an object. As illustrated in FIG.
3A, when a user gradually increases force while touching the
sensor part 110 with an object, a contact area increases
non-linearly for a predetermined period of time, and then is
saturated. The change trend of the contact area varies
depending on individual characteristics such as a user’s
gender, age, and the like. In this case, as the contact force
and the contact area between an object and the sensor part
110 changes, the amplitude of the pulse wave signal also
changes.

[0072] Referring again to FIG. 2, the first feature value
obtainer 210 may receive a contact force and a contact area
from the sensor part 110, and based on the received contact
force and contact area, the first feature value obtainer 210
may obtain a first feature value for estimating blood pres-
sure. In this case, the first feature value may be associated
with a value that represents a change in the contact area with
respect to a change in the contact force during a measure-
ment time period.

[0073] For example, referring to FIG. 3B, the first feature
value obtainer 210 may create a contact area change graph,
which represents a change in the contact area with respect to
a change in the contact force, by plotting the contact area
with respect to the contact force at each measurement time
point on a time axis, as illustrated in (1). Further, upon
plotting the contact area with respect to the contact force as
illustrated in (1), the first feature value obtainer 210 may
perform multi-dimensional equation curve fitting as illus-
trated in (2). In addition, the first feature value obtainer 210
may perform differentiation on the contact area change
graph created in (1) or (2), and may obtain the first feature
value by using the differentiated graph as illustrated in (3).
[0074] Referring to FIG. 3C, the first feature value
obtainer 210 may obtain, as the first feature value, a maxi-
mum slope AMax and/or a minimum slope AMin of the
contact area change graph. Further, the first feature value
obtainer 210 may divide an axis of a contact force into
predetermined unit sections, and may obtain an average
slope of each unit section as the first feature value. FIG. 3C
illustrates 8 unit sections that are divided in units of 1000
mN. As illustrated in FIG. 3C, the first feature value obtainer
210 may obtain a first average slope AN1 of a first umt
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section N1, and may continuously obtain an average slope of
each of the unit sections in this manner. However, the first
feature value is not limited thereto.

[0075] Referring again to FIG. 2, to reflect a change trend
of the pulse wave amplitude according to a change in the
contact force and the contact area, the second feature value
obtainer 220 may obtain a second feature value based on the
pulse wave signal. The second feature value obtainer 220
may obtain a contact pressure value by dividing the received
contact area by the contact force, and may obtain the second
feature value based on the obtained contact pressure value
and the pulse wave signal.

[0076] For example, the second feature value obtainer 220
may extract a peak-to-peak point at each measurement time
point of the pulse wave signal, and may obtain an oscillo-
metric envelope, which represents contact pressure versus
pulse wave, by plotting the extracted peak-to-peak point
based on a contact pressure value corresponding to each
measurement time point.

[0077] Referring to FIG. 4A, a pulse wave signal is
obtained by gradually increasing contact pressure while a
user touches the sensor part 110 with a finger or by gradually
decreasing contact pressure when a user touches the sensor
part 110 with a pressure intensity equal to or greater than a
predetermined threshold. The second feature value obtainer
220 may extract the peak-to-peak point by subtracting an
amplitude value in3 of a negative (-) point from an ampli-
tude value in2 of a positive (+) point of the waveform
envelope inl at each measurement time point of the obtained
pulse wave signal. Referring to FIG. 4B, the second feature
value obtainer 220 may obtain an oscillometric envelope
OW by plotting a peak-to-peak amplitude at each measure-
ment time point based on a contact pressure value at the
same measurement time point as the peak-to-peak ampli-
tude.

[0078] Referring again to FIG. 2, the second feature value
obtainer 220 may obtain one or more second feature values
from the obtained oscillometric envelope OW. Referring to
FIG. 4B, the second feature value obtainer 220 may obtain,
as the second feature value, 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.

[0079] Referring again to FIG. 2, the sensor part 110 may
measure a plurality of pulse wave signals. In this case, the
second feature value obtainer 220 may select any one of the
plurality of pulse wave signals, e.g., any one signal having
the most significant amplitude change, and may obtain an
oscillometric envelope by using the selected pulse wave
signal. Alternatively, the second feature value obtainer 220
may combine two or more pulse wave signals by applying
a combination model, and may obtain an oscillometric
envelope by using the combined pulse wave signal. In
addition, the second feature value obtainer 220 may subtract
a pulse wave signal of a short wavelength from a pulse wave
signal of a relatively long wavelength, and may obtain an
oscillometric envelope by using a differential signal. Fur-
ther, the second feature value obtainer 220 may obtain an
oscillometric envelope for each of the plurality of pulse
wave signals, and may obtain a second feature value by
combining feature values obtained from each oscillometric
envelope.
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[0080] Upon obtaining the first feature value and the
second feature value, the estimator 230 may estimate bio-
information by combining the first feature value and the
second feature value by using a pre-defined bio-information
estimation model. In this case, the bio-information estima-
tion model may be defined as various linear or non-linear
combination functions, such as addition, subtraction, divi-
sion, multiplication, logarithmic value, regression equation,
and the like, with no specific limitation. For example, the
following Equation 1 represents a simple linear equation.

y=afi+bfs+c

[0081] Herein, y denotes bio-information to be obtained,
e.g., systolic blood pressure (SBP), diastolic blood pressure
(DBP), mean arterial pressure (MAP), and the like; f;
denotes the first feature value; £, denotes the second feature
value; and a, b, and ¢ 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. Here, f; may be a value obtained by
combining one or two or more of the first feature values; and
likewise, f, may be a value obtained by combining one or
two or more of the second feature values.

[0082] The estimator 230 may independently obtain the
SBP, the DBP, and the MAP. To this end, the estimator 230
may use, for each blood pressure to be obtained, any
appropriate value selected from the first feature values
and/or second feature values respectively, or a value
obtained by appropriately combining two or more of the first
feature values and/or second feature values. For example, to
obtain the MAP, the estimator 230 may substitute the contact
pressure value MP of the maximum peak point of the
oscillometric envelope OW, illustrated in FIG. 4B, into the
second feature value f, of the above Equation 1. Further, to
estimate the SBP and the DBP, the estimator 230 may
substitute the contact pressure values DP and SP of points,
each located to the left and right of the maximum peak point,
into the second feature value f, of the above Equation 1. In
this case, the plurality of first feature values obtained in FIG.
3C may be appropriately combined to be defined for each
blood pressure value or may be defined as one value to be
used for all the blood pressure values, and may be substi-
tuted into the first feature value f; of the above Equation 1.

[0083] In another example, the estimator 230 may esti-
mate first bio-information, e.g., skin elasticity and/or skin
age, by using the first feature values that represent a change
in the contact area with respect to a change in the contact
force. Further, along with the estimation of the first bio-
information, the estimator 230 may estimate second bio-
information, e.g., blood pressure, by using the first feature
values and the second feature values as described above. In
this case, it may be determined whether to estimate the first
bio-information and the second bio-information concur-
rently or independently based on whether the sensor part 110
includes a pulse wave sensor and/or according to estimation
criteria set for each user.

[0084] For example, FIG. 5 illustrates a change trend of a
contact area for each age, e.g., a mean change mr for all
subjects, a mean change m20 for those in their 20’s, a mean
change m30 for those in their 30’s, a mean change m40 for
those in their 40’s, and a mean change m50 for those in their
50’s, when a contact force is equally changed. Referring to
FIG. 5, a change trend of the contact area with respect to an
equal contact force is gradually increased as the age is

[Equation 1]
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gradually increased. This is because as the age increases, the
skin elasticity decreases and the skin age increases.

[0085] Referring again to FIG. 2, the estimator 230 may
estimate the skin elasticity and/or the skin age for each user
by considering these skin characteristics. For example, the
estimator 230 may estimate the skin elasticity and/or skin
age by considering a change trend of the first feature values,
obtained from a specific user, in comparison with reference
feature values. In this respect, description will be made
using the following examples, but the estimation is not
limited thereto.

[0086] For example, the estimator 230 may estimate the
skin elasticity and/or the skin age by applying a pre-defined
bio-information estimation model to a change trend of the
first feature values in comparison with the reference feature
values obtained from the mean change of the subjects. In this
case, the bio-information estimation model may be defined
as various linear/non-linear combination function obtained
by using a difference between the reference feature value
and the first feature value as an input. However, the bio-
information estimation model is not limited thereto, and may
be defined as a function by using each of the reference
feature value and the first feature value as an input, and may
be modified various function equations through preprocess-
ing.

[0087] In another example, the reference feature values
may be obtained for various groups of subjects classified
into age groups, gender groups, occupation groups, health
condition groups, or a combination thereof. Upon obtaining
the first feature values of a specific user, the estimator 230
may compare the obtained first feature values with the
reference feature values of each group, and may estimate the
skin elasticity and/or the skin age of a group, corresponding
to the user, as skin elasticity and/or skin age of the user.

[0088] In yet another example, the estimator 230 may
estimate that as a change trend of the first feature values,
obtained from a user at a current time, increases/decreases
compared to the reference feature values obtained from the
same user at a reference time, the skin elasticity decreases/
increases and the skin age increases/decreases.

[0089] The contact state guide part 240 may generate
guide information regarding a reference contact pressure
value to be applied by a user to the sensor part 110 through
an object for estimating bio-information, an actual contact
pressure value that is actually applied by an object to the
sensor part 110, and a contact state, and may output the
generated guide information through an output interface
130.

[0090] For example, upon receiving a request for estimat-
ing bio-information, the contact state guide part 240 may
read a reference contact pressure value for each measure-
ment time by referring to the storage 140, and may generate
a reference contact pressure graph. Further, once the contact
force and the contact area are measured at each measurement
time, the contact state guide part 240 may obtain an actual
contact pressure value at each measurement time, and may
generate an actual contact pressure graph that represents the
obtained actual contact pressure value. Further, the contact
state guide part 250 may determine a contact state based on
the obtained contact pressure value; and upon determination
that the contact state is not normal, the contact state guide
part 240 may generate information for guiding a user to
change contact pressure.
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[0091] FIG. 6 is a flowchart illustrating a bio-information
estimating method according to embodiments.

[0092] The bio-information measuring method of FIG. 6
may be an example of a bio-information measuring method
performed by the bio-information estimating apparatuses
100a and 10054, which is described above, and thus will be
described briefly to avoid redundancy.

[0093] 1In operation 610, the bio-information estimating
apparatus may receive a request for estimating bio-informa-
tion. The request for estimating bio-information may be
received from a user or an external device that communi-
cates with the bio-information estimating apparatus. How-
ever, the request for estimating bio-information is not lim-
ited thereto, and it may be determined automatically at
predetermined intervals that the request for measuring bio-
information is received. Upon receiving the request for
measuring bio-information, the bio-information measuring
apparatus may provide a user with guide information for
guiding contact pressure to be applied by a user to the sensor
part through an object during a predetermined period of
time.

[0094] In operation 620, the bio-information estimating
apparatus may measure a pulse wave signal, a contact force,
and a contact area for a predetermined period of time when
contact pressure changes while the object touches the sensor
part. In this case, the user may change the contact pressure
by gradually increasing force while touching the sensor part
with a finger, or by gradually decreasing force when touch-
ing the sensor part with a finger with a pressure intensity
equal to or greater than a predetermined threshold. Alterna-
tively, the bio-information estimating apparatus may change
the contact pressure by using various other methods such as
touching the object from an external force.

[0095] In operation 630, the bio-information estimating
apparatus may obtain first feature values based on the
measured contact force and contact pressure. For example,
the bio-information estimating apparatus may create a con-
tact area change graph, which represents a change in the
contact area with respect to a change in the contact force, by
plotting the contact area with respect to the contact force at
each measurement time point during a measurement time
period; and may obtain the first feature values by using the
created contact area change graph. In this case, the bio-
information estimating apparatus may perform multi-dimen-
sional equation curve fitting on the contact area change
graph, and may perform differentiation on the graph
obtained as a result of the fitting, to obtain a maximum slope,
a minimum slope, an average slope of each of the unit
sections, and the like as the first feature values.

[0096] In operation 640, the bio-information estimating
apparatus may obtain contact pressure based on the contact
force and the contact area. In this case, upon obtaining the
contact pressure, the bio-information estimating apparatus
may provide a user with guide information on an actual
contact pressure value between the object and the sensor
part, and may determine whether a contact state is normal
based on the actual contact pressure value. Upon determin-
ing that the contact state is abnormal, the bio-information
estimating apparatus may provide additional guide informa-
tion for guiding a user to confirm a contact state.

[0097] In operation 650, the bio-information estimating
apparatus may obtain second feature values based on the
pulse wave signal and the contact pressure. For example, to
estimate blood pressure using oscillometry, the bio-infor-
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mation estimating apparatus may obtain an oscillometric
envelope, which represents contact pressure versus pulse
wave by plotting a pulse wave amplitude based on a contact
pressure value corresponding to each measurement time
point, and may obtain the second feature values from the
obtained oscillometric envelope. For example, the bio-in-
formation estimating apparatus may obtain, as the second
feature value for estimating the MAP, a contact pressure
value of a maximum amplitude point in the oscillometric
envelope. Further, the bio-information estimating apparatus
may obtain, as the second feature values for estimating the
DBP and the SBP, contact pressure values of points each
located to the left and right of the contact pressure value of
the maximum amplitude point and having a predetermined
ratio to the contact pressure value of the maximum ampli-
tude point.

[0098] In operation 660, the bio-information estimating
apparatus may estimate bio-information based on the first
feature values and/or the second feature values. For
example, upon obtaining the first feature values and the
second feature values, the bio-information estimating appa-
ratus may estimate blood pressure by applying a bio-infor-
mation estimation model to the obtained values. Further, the
bio-information estimating apparatus may estimate skin
elasticity and/or skin age by using the first feature values.
The bio-information estimating apparatus may estimate
blood pressure, and skin elasticity and/or skin age at the
same time, or may estimate nay one of these according to
predetermined criteria.

[0099] In operation 670, the bio-information estimating
apparatus may output an estimation result of bio-informa-
tion. In this case, the bio-information estimating apparatus
may output the estimating result of bio-information using
various output devices, such as a display module for visual
output, a speaker module for voice output, a haptic module
for tactile output through vibration, tactile sensation, and the
like.

[0100] FIG. 7 is a diagram illustrating a wearable device,
to which embodiments of a bio-information estimating appa-
ratus are applied. Various embodiments of the above-de-
scribed bio-information estimating apparatus may be
mounted in a smart watch worn on a wrist or a smart
band-type wearable device as illustrated herein. However,
the wearable device is an example for convenience of
explanation, and it may not be construed that application of
the embodiments is limited to a smart watch or a smart
band-type wearable device.

[0101] Referring to FIG. 7, a wearable device 700 includes
a main body 710 and a strap 730.

[0102] 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 that allows the
strap 730 to be detached from a user’s wrist. Alternatively,
the strap 730 may be formed as a band that is not detachable.
In this case, air may be injected 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 transmitted to the main body 710.

[0103] A battery, which supplies power to the wearable
device 700, may be embedded in the main body 710 or the
strap 730.

[0104] Further, the main body 710 includes, on one side,
a sensor part 720. The sensor part 720 may include: an area
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sensor for measuring a contact area between a wrist and the
area sensor while the wrist touches the area sensor; a pulse
wave sensor for measuring pulse wave signals from blood
vessel tissues of the wrist while the wrist touches the area
sensor; and a force sensor for measuring a contact force
between the wrist and the area sensor. The pulse wave sensor
may include one or more light sources for emitting light onto
the wrist, and a detector for detecting light reflected or
scattered from the blood vessel tissues. In this case, the light
sources may emit light of different wavelengths, and may be
disposed at different distances from the detector.

[0105] When a user changes contact pressure between the
wrist and the sensor part 720 during a predetermined period
of time to measure bio-information, the sensor part 720 may
measure the pulse wave signal, the contact force, and the
contact pressure. For example, a user may change contact
pressure between the wrist and the sensor part 720 while
wearing the main body 710 by touching a display, mounted
on one surface of the main body 710, e.g., an opposite
surface to the sensor part 720, with gradually increasing
force with a finger of the other hand. Alternatively, a user
may change a thickness 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
this case, the change in the thickness of the wrist leads to a
change in tension of the strap wrapped around the wrist,
thereby causing a change in contact pressure between the
wrist and the sensor part 720.

[0106] Further, the main body 710 may include a proces-
sor that estimates bio-information based on information on
the pulse wave signal, the contact force, the contact area, and
the like, and controls various functions.

[0107] Upon receiving a request for estimating bio-infor-
mation from a user, the processor may generate a control
signal to control the sensor part 720. Once the contact force
and the contact area are measured, the processor may obtain
a first feature value based on the measured contact force and
contact area. Further, the processor may obtain a contact
pressure value based on the contact force and the contact
area, and may obtain a second feature value by using the
obtained contact pressure value and the pulse wave signal.
The processor may estimate bio-information, e.g., blood
pressure, by using the first feature value and the second
feature value. In addition, the processor may estimate addi-
tional bio-information, e.g., skin elasticity and/or skin age,
by using the first feature value, which is described above in
detail.

[0108] Upon receiving the request for estimating bio-
information from a user, the processor may provide the user
with guide information on contact pressure through a dis-
play, so that the user may apply pressure to the main body
710 to change the contact pressure between the sensor part
720 and the object.

[0109] In this case, the display may be mounted on a front
surface of the main body 710, and may visually output guide
information on contact pressure and/or an estimation result
of bio-information.

[0110] The storage may be mounted in the main body 710,
and may store various types of information processed by the
processor, and various criteria for estimating bio-informa-
tion.

[0111] Further, the wearable device 700 may include a
manipulator 740 that receives a control instruction of a user
and transmits the received control instruction to the proces-
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sor. The manipulator 740 may be mounted on a side surface
of the main body 710, and may include an input interface
(e.g., a physical hardware button) for performing a function
for inputting a instruction to turn on/off the wearable device
700.

[0112] Moreover, the wearable device 700 may include a
communication interface for transmitting and receiving vari-
ous data to and from an external device, and various other
modules for performing additional functions provided by the
wearable device 700.

[0113] FIG. 8 is a diagram illustrating a smart device, to
which embodiments of a bio-information estimating appa-
ratus is applied. In this case, the smart device may be a
smartphone, a tablet PC, and the like.

[0114] Referring to FIG. 8, a smart device 800 includes a
sensor part 830 mounted on one surface of a main body 810.
In this case, the sensor part 830 may include a pulse wave
sensor, which includes at least one or more light sources 831
and a detector 832, a force sensor, and an area sensor. As
illustrated in FIG. 8, the sensor part 830 may be mounted on
a rear surface of the main body 810, but is not limited
thereto. Further, the sensor part 830 may be configured in
combination with a fingerprint sensor or a touch panel
mounted on a front surface. In this case, the fingerprint
sensor or the touch panel may function as an area sensor, and
a pulse wave sensor or a force sensor may be mounted at a
lower portion of the fingerprint sensor or the touch panel.
[0115] In addition, a display may be mounted on a front
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.
[0116] Moreover, an image sensor 820 may be mounted in
the main body 810. When a user’s finger approaches the
sensor part 830 to measure a pulse wave signal, the image
sensor 820 may capture an image of the finger and may
transmit the captured image to the processor. In this case,
based on the image of the finger. the processor may identify
a relative position of the finger with respect to an actual
position of the sensor 830, and may provide the relative
position of the finger to the user through the display, so that
pulse wave signals may be measured with improved accu-
racy.

[0117] Various other modules for performing many
embodiments of the aforementioned bio-information esti-
mating apparatus may be mounted in the smart device 800,
and detailed description thereof will be omitted.

[0118] The 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.

[0119] 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
embodiments can be easily deduced by one of ordinary skill
in the art.
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[0120] Inventive concepts have been described herein
with regard to embodiments. However, it will be obvious to
those skilled in the art that various changes and modifica-
tions can be made without changing technical conception
and features. Thus, it is clear that the above-described
embodiments are illustrative in all aspects and are not
intended to limit the disclosure.
What is claimed is:
1. A bio-information estimating apparatus comprising:
a sensor part configured to measure a pulse wave signal
from an object, a contact force that is applied by the
object to the sensor part, and a contact area of the object
that is applied to the sensor part; and
a processor configured to:
obtain a first feature value, based on a first change in the
contact area with respect to a second change in the
contact force;

obtain a second feature value, based on the pulse wave
signal; and

estimate bio-information, based on the first feature
value and the second feature value.

2. The bio-information estimating apparatus of claim 1,
wherein the sensor part comprises:

a pulse wave sensor comprising a light source configured
to emit first light onto the object, and a detector
configured to detect second light that is reflected from
the object; and

a contact pressure sensor comprising a force sensor con-
figured to measure the contact force, and an area sensor
configured to measure the contact area.

3. The bio-information estimating apparatus of claim 1,
wherein the processor is further configured to create a
contact area change graph representing the first change in
the contact area with respect to the second change in the
contact force, by plotting the contact area with respect to the
contact force at each of measurement time points, and obtain
the first feature value, using the contact area change graph.

4. The bio-information estimating apparatus of claim 3,
wherein the processor is further configured to:

perform fitting on the contact area change graph;

perform differentiation on the contact area change graph
on which the fitting is performed; and

obtain the first feature value, based on the contact area
change graph on which the differentiation is performed.

5. The bio-information estimating apparatus of claim 3,
wherein the first feature value comprises any one or any
combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.

6. The bio-information estimating apparatus of claim 1,
wherein the processor is further configured to obtain a
contact pressure between the object and the sensor part,
based on the contact force and the contact area, and obtain
the second feature value, based on the contact pressure and
the pulse wave signal.

7. The bio-information estimating apparatus of claim 6,
wherein the processor is further configured to obtain an
oscillometric envelope representing the contact pressure
versus the pulse wave signal at each of the measurement
time points, and obtain the second feature value, based on
the oscillometric envelope.

8. The bio-information estimating apparatus of claim 7,
wherein the second feature value comprises ary one or any
combination of a maximum amplitude value of the oscillo-
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metric envelope, a first contact pressure value corresponding
to the maximum amplitude value, a plurality of contact
pressure values that are located to a left and a right of the
first contact pressure value and have a predetermined ratio to
the first contact pressure value, and a plurality of amplitude
values of the oscillometric envelope that corresponds to the
plurality of contact pressure values.

9. The bio-information estimating apparatus of claim 6,
wherein the sensor part is further configured to measure a
plurality of pulse wave signals from the object, and

wherein the processor is further configured to:

obtain a plurality of oscillometric envelopes, based on
the plurality of pulse wave signals and the contact
pressure;

obtain a plurality of feature values, based on the
plurality of oscillometric envelopes; and

obtain the second feature value by combining the
plurality of feature values.

10. The bio-information estimating apparatus of claim 1,
further comprising an output interface configured to receive
a request for estimating the bio-information, and output
guide information of a contact pressure between the object
and the sensor part.

11. The bio-information estimating apparatus of claim 10,
wherein the guide information is for inducing a user to
gradually increase the contact pressure that is applied by the
object to the sensor part, or to gradually decrease the contact
pressure when the user touches the sensor part with a
pressure intensity greater than or equal to a predetermined
threshold.

12. The bio-information estimating apparatus of claim 1,
wherein the processor is further configured to obtain a
contact pressure between the object and the sensor part,
based on the contact force and the contact area, and deter-
mine a contact state between the object and the sensor part,
based on the contact pressure.

13. The bio-information estimating apparatus of claim 12,
wherein the processor is further configured to determine
whether the contact state is normal, and

wherein the apparatus further comprises an output inter-

face configured to, based on the contact state being
determined to be not normal, output guide information
for inducing a user to change the contact pressure.
14. The bio-information estimating apparatus of claim 1,
wherein the bio-information comprises any one or any
combination of a blood pressure, a vascular age, an arterial
stiffness, an aortic pressure waveform, a vascular compli-
ance, a stress index, and a degree of fatigue.
15. A bio-information estimating method being performed
by a bio-information estimating apparatus, the method com-
prising:
measuring a pulse wave signal from an object, a contact
force that is applied by the object to a sensor part of the
bio-information estimating apparatus, and a contact
area of the object that is applied to the sensor part;

obtaining a first feature value, based on a first change in
the contact area with respect to a second change in the
contact force;

obtaining a second feature value, based on the pulse wave

signal; and

estimating bio-information, based on the first feature

value and the second feature value.

16. The bio-information estimating method of claim 15,
wherein the obtaining of the first feature value comprises:
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creating a contact area change graph representing the first
change in the contact area with respect to the second
change in the contact force, by plotting the contact area
with respect to the contact force at each of measure-
ment time points; and

obtaining the first feature value, using the contact area

change graph.

17. The bio-information estimating method of claim 16,
further comprising performing fitting on the contact area
change graph, and performing differentiation on the contact
area change graph on which the fitting is performed,

wherein the obtaining of the first feature value further

comprises obtaining the first feature value, based on the
contact area change graph on which the differentiation
is performed.

18. The bio-information estimating method of claim 16,
wherein the first feature value comprises any one or any
combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.

19. The bio-information estimating method of claim 15,
wherein the obtaining of the second feature value comprises:

obtaining a contact pressure between the object and the

sensor part, based on the contact force and the contact
area; and

obtaining the second feature value, based on the contact

pressure and the pulse wave signal.

20. The bio-information estimating method of claim 19,
further comprising obtaining an oscillometric envelope rep-
resenting the contact pressure versus the pulse wave signal
at each of the measurement time points,

wherein the obtaining of the second feature value further

comprises obtaining the second feature value, based on
the oscillometric envelope.

21. The bio-information estimating method of claim 20,
wherein the second feature value comprises any one or any
combination of a maximum amplitude value of the oscillo-
metric envelope, a first contact pressure value corresponding
to the maximum amplitude value, a plurality of contact
pressure values that are located to a left and a right of the
first contact pressure value and have a predetermined ratio to
the first contact pressure value, and a plurality of amplitude
values of the oscillometric envelope that corresponds to the
plurality of contact pressure values.

22. The bio-information estimating method of claim 15,
further comprising outputting an estimation result of the
bio-information.

23. A bio-information estimating apparatus comprising;

a sensor part configured to measure a contact force that is

applied by an object to the sensor part, and a contact
area of the object that is applied to the sensor part; and

a processor configured to obtain a first feature value,

based on a first change in the contact area with respect
to a second change in the contact force, and estimate
first bio-information, based on the first feature value.

24. The bio-information estimating apparatus of claim 23,
wherein the processor is further configured to create a
contact area change graph representing the first change in
the contact area with respect to the second change in the
contact force, by plotting the contact area with respect to the
contact force at each of measurement time points, and obtain
the first feature value, using the contact area change graph.

25. The bio-information estimating apparatus of claim 24,
wherein the first feature value comprises any one or any
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combination of a maximum slope, a minimum slope, and an
average slope of each of predetermined unit sections of the
contact area change graph.
26. The bio-information estimating apparatus of claim 23,
wherein the first bio-information comprises either one or
both of skin elasticity and skin age.
27. The bio-information estimating apparatus of claim 26,
wherein as a change trend of the first feature value increases
in comparison to a reference feature value that is obtained
from a user at a reference time, the skin elasticity decreases,
and the skin age increases, and
wherein as the change trend of the first feature value
decreases compared to the reference feature value, the
skin elasticity increases, and the skin age decreases.
28. The bio-information estimating apparatus of claim 26,
wherein the processor is further configured to estimate either
one or both of the skin elasticity and the skin age by applying
a pre-defined bio-information estimation model to a change
trend of the first feature value in comparison with a plurality
of feature values that is obtained from a plurality of subjects.
29. The bio-information estimating apparatus of claim 23,
wherein the sensor part is further configured to measure a
pulse wave signal, and
wherein the processor is further configured to obtain a
second feature value, based on the pulse wave signal,
and estimate second bio-information, based on the first
feature value and the second feature value.
30. The bio-information estimating apparatus of claim 29,
wherein the second bio-information comprises a blood pres-
sure, and
the processor is further configured to obtain an oscillom-
etry of the pulse wave signal, and obtain the second
feature value, based on the oscillometry.
31. The bio-information estimating apparatus of claim 29,
further comprising an output interface configured to output
an estimation result of the first bio-information and the
second bio-information.
32. The bio-information estimating apparatus of claim 29,
further comprising a communication interface configured to
transmit an estimation result of the first bio-information and
the second bio-information, to an external device.
33. A wearable device comprising:
a main body;
a strap;
a sensor part disposed in the main body, and configured to
measure a pulse wave signal from an object, a contact
force that is applied by the object to the sensor part, and
a contact area of the object that is applied to the sensor
part; and
a processor configured to:
obtain a first feature value of a contact area change
graph representing a first change in the contact area
with respect to a second change in the contact force;

obtain a contact pressure between the object and the
sensor part, based on the contact force and the
contact area;

obtain an oscillometric envelope representing the con-
tact pressure versus the pulse wave signal;

obtain a second feature value of the oscillometric
envelope; and

estimate bio-information, based on the first feature
value and the second feature value.

34. The wearable device of claim 33, wherein the first
feature value comprises any one or any combination of a
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maximum slope, a minimum slope, and an average slope of
the contact area change graph,
wherein the second feature value comprises any one or
any combination of a maximum amplitude value of the
oscillometric envelope, a first contact pressure value
corresponding to the maximum amplitude value, a
plurality of contact pressure values that are located to
a left and a right of the first contact pressure value and
have a predetermined ratio to the first contact pressure
value, and a plurality of amplitude values of the osc-
illometric envelope that corresponds to the plurality of
contact pressure values, and
wherein the bio-information comprises any one or any
combination of a blood pressure, a vascular age, an
arterial stiffness, an aortic pressure waveform, a vas-
cular compliance, a stress index, and a degree of
fatigue.
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