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Description
BACKGROUND
1. Field

[0001] The following description relates to an appara-
tus and method for estimating bio-information in a non-
invasive manner.

2. Description of the Related Art

[0002] As a method of measuring blood pressure in a
non-invasive manner without damaging and causing pain
to a human body, there is a cuff-based measurement
method for measuring blood pressure using cuff pressure
measurements and a cuffless measurement method for
estimating blood pressure using pulse wave measure-
ments without a cuff.

[0003] As the cuff-based measurement method for
measuring blood pressure, there is 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 of maximum pressure signal change.
[0004] As the cuffless measurement method for meas-
uring blood pressure, there is 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] Accordingtoan aspectofanembodiment,there
is provided an apparatus for estimating bio-information,
including a sensor part and a processor. The sensor part
may include: a pulse wave sensor array configured to
detect a pulse wave signal when an object contacts a
contact surface of the sensor part; and a load sensor
configured to detect a first contact load applied by the
object to the contact surface. The processor may be con-
figured to obtain contact load distribution of the contact
surface based on the pulse wave signal, obtain a second
contact load at each position of the contact surface based
on the contact load distribution and the first contact load,
and estimate bio-information based on the second con-
tact load and the pulse wave signal.

[0006] The pulse wave sensor array may include: a
light source array configured to emit light onto the object;
and a detector array configured to detect light reflected
or scattered from the object.

[0007] The sensor part may further include a substrate
on which the pulse wave sensor array may be formed in

10

15

20

25

30

35

40

45

50

55

a predetermined pattern, by using at least one of wire
bonding, flip-chip bonding, and a microfabrication tech-
nique.

[0008] The light source array may be arranged on the
substrate by at least one of the wire bonding and the flip-
chip bonding; and the detector array may be patterned
on the substrate by the microfabrication technique.
[0009] The sensor part may further include a touch
sensor disposed on the pulse wave sensor array to be
contacted by the object.

[0010] The processor may be further configured to ex-
tract each direct current (DC) component from the pulse
wave signal detected by the pulse wave sensor array at
each position of the contact surface, and obtain a relative
magnitude of the first contact load at each position based
on the extracted each DC component.

[0011] The processor may be further configured to per-
form interpolation on the extracted each DC component
to estimate the DC component at a specific position of
the contact surface, in response to the pulse wave signal
not being detected from the specific position of the con-
tact surface.

[0012] The processor may be further configured to ob-
tain the second contact load at each position by multiply-
ing a value, obtained by dividing the first contact load by
atotal sum of the contactload distributions, by the relative
magnitude of the contact load at each position.

[0013] The processor may be further configured to ob-
tain a contactpressure between the object and the sensor
part based on the second contact load of a region of
interestand an area of the region of interest, and estimate
the bio-information based on the contact pressure and
the pulse wave signal.

[0014] The processor may be further configured to set
the region of interest based on at least one of a blood
vessel distribution of the object, an arrangement of the
pulse wave sensor array, a specific position of the contact
surface, and the second contact load at each position of
the contact surface.

[0015] The processor may be further configured to ob-
tain an oscillometric envelope which represents a contact
pressure versus pulse wave signal amplitude at each
measurement time, and estimate the bio-information
based on the oscillometric envelope.

[0016] The processor may be further configured to es-
timate the bio-information based on a feature value of
the oscillometric envelope, and the feature value may
include one or more of a contact pressure value of a
maximum amplitude point, a first contact pressure value
that is less than the contact pressure value of the maxi-
mum amplitude point and having a first predetermined
ratio to the contact pressure value of the maximum am-
plitude point, and a second contact pressure value that
is greater than the contact pressure value of the maxi-
mum amplitude point and having a second predeter-
mined ratio to the contact pressure value of the maximum
amplitude point.

[0017] The apparatus may further include an output
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interface, which in response to a request for estimating
bio-information, outputs guide information on contact
pressure between the object and the sensor part.
[0018] The processor may be further configured to ob-
tain a contact pressure of a region of interest based on
the second contact load of the region of interest and an
area of the region of interest, and determine a contact
state between the object and the sensor part based on
the contact pressure.

[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] Accordingtoan aspectofanother embodiment,
there is provided a method of estimating bio-information,
including: detecting a pulse wave signal when an object
contacts a contact surface of a sensor; detecting a first
contact load applied by the object to the contact surface;
obtaining contact load distribution of the contact surface
based on the pulse wave signal; obtaining a second con-
tact load at each position of the contact surface based
on the contact load distribution and the first contact load;
and estimating bio-information based on the second con-
tact load and the pulse wave signal.

[0021] The obtaining the contact load distribution may
include: extracting each direct current (DC) component
from the pulse wave signal at each position of the contact
surface; and obtaining a relative magnitude of the first
contactload ateach position based on the extracted each
DC component.

[0022] The obtaining the contact load distribution may
include performing interpolation on the extracted each
DC component to estimate the DC component at a spe-
cific position of the contact surface, in response to the
pulse wave signal not being detected from the specific
position of the contact surface.

[0023] The estimating the bio-information may include
setting a region of interest based on at least one of a
blood vessel distribution of the object, an arrangement
of a pulse wave sensor array that detects the pulse wave
signal, a specific position of the contact surface of the
sensor, and the second contact load at each position of
the contact surface.

[0024] The estimating the bio-information may further
include obtaining a contact pressure between the object
and the sensor based on the second contact load of a
region of interest and an area of the region of interest.
[0025] The estimating the bio-information may include
obtaining an oscillometric envelope which represents a
contact pressure versus pulse wave signal amplitude at
each measurement time, and estimating bio-information
based on the oscillometric envelope.

[0026] Accordingtoan aspectofanother embodiment,
there is provided an apparatus for estimating bio-infor-
mation, the apparatus including: a sensor part including
a pulse wave sensor array configured to detect a pulse
wave signal when an object contacts a contact surface
of the sensor part, and a load sensor configured to detect
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a first contact load applied by the object to the contact
surface; amemory configured to store a calibration model
based on areference pulse wave signal detected from a
reference object; and a processor configured to: retrieve
the calibration model from the memory; calibrate the
pulse wave signal detected by the pulse wave sensor
array, based on the calibration model; obtain a second
contactload ateach position of the contact surface based
on the calibrated pulse wave signal and the first contact
load; and estimate bio-information based on the second
contact load and the calibrated pulse wave signal.
[0027] The reference object may include a reflecting
panel that is made of a total reflection material and has
a flat surface.

[0028] The processor may be further configured to
generate the calibration model to calibrate a difference
between output values of the pulse wave sensor array
at each position of the contact surface, to 0, and store
the calibration model in the memory.

[0029] The processor may be further configured to ob-
tain a contact pressure based on the second contact load
of aregion of interest and an area of the region of interest,
and estimate the bio-information based on the contact
pressure and the calibrated pulse wave signal.

[0030] The object may be a user of the apparatus, and
the processor may be further configured to determine
whether to perform an additional calibration based on a
result of estimating the bio-information based on the sec-
ond contact load and the calibrated pulse wave signal,
and provide guide information on the additional calibra-
tion to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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 embodiments;

FIGS. 2A, 2B, and 2C are diagrams explaining struc-
tures of a sensor part of an apparatus for estimating
bio-information according to embodiments;

FIGS. 3A and 3B are block diagrams illustrating a
processor according to embodiments;

FIGS. 4A, 4B, 4C, 4D, and 4E are diagrams explain-
ing an example of estimating bio-information using
oscillometry;

FIG. 5is a flowchart illustrating a method of estimat-
ing bio-information according to an embodiment;
FIG. 6 is a flowchart illustrating a method of estimat-
ing bio-information according to another embodi-
ment;

FIG. 7 is a diagram illustrating a wearable device, to
which an apparatus for estimating bio-information is
applied; and

FIG. 8 is a diagram illustrating a smart device, to
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which an apparatus for estimating bio-information is
applied.

DETAILED DESCRIPTION

[0032] Example embodiments are described in greater
detail below with reference to the accompanying draw-
ings.

[0033] In the following description, like drawing refer-

ence numerals are used for like elements, even in differ-
ent drawings. The matters defined in the description,
such as detailed construction and elements, are provided
to assist in a comprehensive understanding of the exam-
ple embodiments. However, it is apparent that the exam-
ple embodiments can be practiced without those specif-
ically defined matters. Also, well-known functions or con-
structions are not described in detail since they would
obscure the description with unnecessary detail.

[0034] 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.

[0035] 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.
[0036] Hereinafter, embodiments of an apparatus and
method for estimating bio-information will be described
in detail with reference to the accompanying drawings.
Various embodiments of the apparatus for estimating bio-
information, which will be described below, may be em-
bedded in various devices such as a portable wearable
device, a smart device, and the like. In this case, exam-
ples of the various devices may include, but are not lim-
ited to, a wearable device of various types such as a
smart watch worn on the wrist, a smart band-type wear-
able 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.

[0037] FIGS. 1A and 1B are block diagrams illustrating
an apparatus for estimating bio-information according to
embodiments. FIGS. 2A to 2C are diagrams explaining
structures of a sensor part of an apparatus for estimating
bio-information according to embodiments

[0038] Referring to FIGS. 1A and 1B, the apparatuses
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100a and 100b for estimating bio-information include a
sensor part 110 and a processor 120.

[0039] Thesensorpart110includes: apulse wave sen-
sor array configured to detect a pulse wave signal at each
position of a contact surface in response to contact of an
object with the contact surface; and a load sensor con-
figured to detect a first contact load applied by the object
to the contact surface.

[0040] Referring to FIG. 2A, the sensor part 110 may
further include a substrate 113. A plurality of pulse wave
sensors may be arranged in a predetermined pattern on
the substrate 113 to form the pulse wave sensor array
111. In the sensor part 110, the pulse wave sensor array
111 and the load sensor 112 may be formed in a multi-
layer structure. Referringto (1) of FIG. 2A, the pulse wave
sensor array 111 is formed at the top of the substrate
113, and the load sensor 112 may be disposed below
the pulse wave sensor array 111. Referring to (2) of FIG.
2A, the sensor part 110 may further include a touch sen-
sor 114 that is disposed on the top of the substrate 113
and configured to detect a touch made by an object. The
pulse wave sensor array 111 may be formed on the touch
sensor 114. The touch sensor 114 may be a capacitive-
type sensor or an optical sensor, and may include a fin-
gerprint sensor. The touch sensor 114 may be disposed
at the top of the sensor part 110, such that in response
to contact of the object, the touch sensor 114 may trans-
mit information of a contact area of the object to the proc-
essor 120.

[0041] The pulse wave sensor array 111 includes: an
array of lightsources 111awhich emitlight onto an object,
and an array of detectors 111b which detect light scat-
tered or reflected from the object. In this case, a pair of
the light source 111a and the detector 111b may form a
pulse wave sensor. The light source 111a may include
one or more light-emitting diodes (LED), laser diodes
(LD), fluorescent bodies, and the like, but is not limited
thereto. Further, the detector 111b may include a photo
diode, a photo transistor (PTr), an image sensor (e.g.,
CMOS or CIS image sensor), and the like, but is not lim-
ited thereto.

[0042] The pulse wave sensor array 111 may be ar-
ranged in various patterns on the substrate 113. Refer-
ring to (1) of FIG. 2B, the pulse wave sensor array 111
includes a plurality of pulse wave sensors which are ar-
ranged in a square shape (e.g., a two-dimensional NxM
matrix, wherein N and M denote positive integers). Re-
ferring to (2) of FIG. 2B, the plurality of pulse wave sen-
sors may be arranged in a cross shape. However, the
arrangement of the pulse wave sensor array 111 is not
limited thereto, and the pulse wave sensor array 111 may
be arranged in a circular shape, an oval shape, or various
other shapes according to characteristics of an object.
The light source array included in the pulse wave sensor
array 111 may be driven either simultaneously or sequen-
tially.

[0043] The array of light sources and the array of de-
tectors, which areincluded in the pulse wave sensor array
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111, may be formed on the substrate 113 by various
methods.

[0044] For example, referring to (1) of FIG. 2C, the ar-
ray of light sources (LED) and the array of detectors (PD)
may be mounted on the substrate 113 by wire bonding
or flip-chip bonding. As shown in (1) of FIG. 2C, the LEDs
and PDs may be alternately disposed on the substrate
113, and both the LEDs and PDs may be protruded from
the substrate 113. In another example, referring to (2) of
FIG. 2C, the array of light sources (LED) may be mounted
on the substrate 113 by wire bonding or flip-chip bonding;
and the array of detectors (PD) may be patterned on the
substrate 113 by microfabrication techniques. As shown
in (2) of FIG. 2C, the LEDs may be produced from the
substrate 113, and alternately disposed with the PDs that
are patterned on the substrate 113. In this case, the sub-
strate 113 may be a silicon substrate, but is not limited
thereto. In another example, referring to (3) of FIG. 2C,
the array of light sources (LED) and the array of detectors
(PD) may be patterned on the substrate 113 by micro-
fabrication techniques. As shown in (3) of FIG. 2C, the
LEDs and the PDs may be alternately disposed on the
substrate 113. In this case, the substrate 113 may be a
silicon substrate, but is not limited thereto. Referring to
(4) of FIG. 2C, each of the light sources may be formed
as a plurality of LEDs to emit light of different wavelengths
(e.g., red, green, and infrared wavelengths).

[0045] 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 the pulse
wave signal and the first contact load which are detected
by the sensor part 110, and may estimate bio-information
based on the received pulse wave signal and first contact
load. In this case, the bio-information may include one
or more of blood pressure, vascularage, arterial stiffness,
aortic pressure waveform, vascular compliance, stress
index, degree of fatigue, skin elasticity, and skin age, but
is not limited thereto.

[0046] FIGS. 3A and 3B are block diagrams illustrating
a processor according to embodiments of the present
disclosure. FIGS. 4A to 4E are diagrams explaining an
example of estimating bio-information using oscillometry.
By referring to FIGS. 1A to 4E, embodiments of proces-
sors 300a and 300b will be described below.

[0047] Referring to FIG. 3A, the processor 300a ac-
cording to an embodiment of the present disclosure in-
cludes a contact load processor 310, a feature value ob-
tainer 320, an estimator 330, a region of interest setter
340, and a contact state guide part 350.

[0048] The contactload processor 310 may obtain con-
tact load distribution of a contact surface of the sensor
part 110 by using a pulse wave signal detected by the
pulse wave sensor array 111 at each position of the con-
tact surface. Referring to FIG. 4A, while a user contacts
the contact surface of the sensor part 110 with a finger
as illustrated in (1) of FIG. 4A, when the finger presses
the contact surface of the sensor part 110 with gradually
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increasing force to reach a state as illustrated in (2) of
FIG. 4A, blood flows out of the contact portion of the
finger, such that a direct current (DC) component of a
pulse wave signal increases. By obtaining a relative mag-
nitude of a contact load at each position of the contact
surface based on such characteristic, the contact load
processor 310 may obtain contact load distribution of the
entire contact surface. In an example embodiment, a rel-
ative magnitude of a contact load at position (x4, y4) may
be proportional to a division of the contact load at position
(x4, y41) by a contact load distribution of an entire area
including position (x4, y1).

[0049] For example, the contact load processor 310
may extract a DC component of a pulse wave signal at
each position of the contact surface. In this case, the
contact load processor 310 may extract the DC compo-
nent by passing each pulse wave signal through a low-
pass filter (LPF). The contact load processor 310 may
obtain a relative magnitude of a contact load at each po-
sition based on the DC component of each pulse wave
signal. For example, the contact load processor 310 may
determine the extracted DC component value itself at
each position, or a value calculated by applying a pre-
defined function to the DC component value, to be the
relative magnitude of a contact load.

[0050] Upon obtaining contact load distribution (i.e.,
the relative magnitude of the contact load at each position
of the contact surface), the contact load processor 310
may obtain a second contactload at each position based
on the relative magnitude of the contact load at each
position and the first contact load detected by the load
sensor 112.

[0051] For example, the contact load processor 310
may obtain the second contact load at each position of
the contact surface by using the following Equation 1.

[Equation 1]

K
P(x,y)=P.(x,y) Z b

[0052] Herein, P(x, y) denotes the second contactload
to be obtained at a position of (x, y) of the contact surface;
P.(x, y) denotes the relative magnitude of the contact
load obtained by the contact load processor 310 at the
position of (x, y) of the contact surface; K denotes an
output value of the load sensor 112 that corresponds to
the first contact load directed by the load sensor 112; and
> Pr denotes a total sum of contact load distributions ob-
tained by the contact load processor 310 (i.e., a value
obtained by adding together the relative magnitudes of
the contact loads at the entire positions of the contact
surface).

[0053] However, as illustrated in (2) of FIG. 2B, the
contact load processor 310 may not detect a pulse wave
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signal at a specific position (e.g., at positions indicated
by dotted lines) due to an arrangement of the pulse wave
sensor array 111. In this case, the contactload processor
310 may estimate a DC component at a position, at which
apulse wave signal has notbeen detected, by performing
interpolation based on the DC components of the detect-
ed pulse wave signal.

[0054] Upon obtaining the second contactload ateach
position of the contact surface, the contact load proces-
sor 310 may obtain a second contact load of a region of
interest. For example, in the case where one position is
includedin aregion of interest, the contactload processor
310 may obtain an actual contact load at that position as
the second contact load of the region of interest. Alter-
natively, in the case where a plurality of positions are
includedin aregion of interest, the contactload processor
310 may obtain at least one of a total sum of second
contact loads at all the positions included in the region
of interest, a mean value, a maximum value, a minimum
value, a median value, and other statistical value thereof,
and a value calculated using a pre-defined function, as
the second contact load of the region of interest.

[0055] Upon obtaining the second contact load of the
region of interest, the contact load processor 310 may
obtain contact pressure by dividing the second contact
load by an area of the region of interest. As the size of
each pulse wave sensoris known and stored in apparatus
100a. 100b as a predetermined value, the area of the
region of interest may be determined by the number of
pulse wave sensors included in the region of interest.
[0056] Theregion ofinterestsetter 340 may set atleast
one of the positions of the contact surface as a region of
interest. For example, the region of interest setter 340
may set a predetermined region including a specific po-
sition of the contact surface (e.g., a center position of the
contact surface) as a region of interest. In another exam-
ple, once apulse wave signal is detected at each position,
the region of interest setter 340 may evaluate the quality
of each pulse wave signal, and may set a region of inter-
est based on the evaluation. In this case, the region of
interest setter 340 may evaluate the quality of each pulse
wave signal based on a maximum amplitude value of
each pulse wave signal, a difference between a maxi-
mum amplitude value and a minimum amplitude value,
an average amplitude value, the DC component of each
pulse wave signal, and the like. However, the setting of
the region of interest is not limited thereto, and the region
of interest setter 340 may set a region of interest based
on a position having the largest difference between a
maximum amplitude value and a minimum amplitude val-
ue of the pulse wave signal, or a position having a max-
imum amplitude value, an average amplitude value, a
DC component value greater than or equal to a threshold
value, and the like.

[0057] Referring to FIG. 4B, while an observation por-
tion BV of a finger contacts a position of a pulse wave
sensor L2 and D2 set as a region of interest R, when the
finger presses the pulse wave sensor L2 and D2 with
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gradually increasing force, a second contact load of a
region of interest R may be obtained based on the DC
component of the pulse wave signal detected by the de-
tector D2 of the region of interest R. Further, for example,
a light source L1 and a detector D3 may be driven to
detect a pulse wave signal of the observation portion BV
asillustratedin FIG. 4B, and a pulse wave signal detected
by the detector D3 may be used for estimating bio-infor-
mation. For convenience of explanation, FIG. 4B illus-
trates an example where there is one pulse wave sensor
L2 and D2 which contacts the observation portion BV,
but the number of the pulse wave sensor is not limited
thereto.

[0058] FIG. 4C illustrates, at the top labeled as "PPG",
a pulse wave signal detected from a region of interest.
In the middle of FIG. 4C labeled as "CONTACT LOAD
OF REGION OF INTEREST," a change in an average
contact load of the entire contact area and a change in
the contact load of the region of interest are illustrated in
a time domain.. The region of interest may correspond
to a certain point (x, y) in the entire contact area, or an
area that is smaller than the entire contact area and lo-
cated within the entire contact area. FIG. 4C shows a
change in contact load distribution of the contact surface
during a predetermined period of time, at the bottom la-
beled as "LOAD DISTRIBUTION." When a user presses
the contact surface with an object (e.g., a finger of the
user), the amount of pressure may vary depending on
age, gender, characteristics of the object, and the like,
such that contact pressure may not be measured accu-
rately by using only an average value of the entire contact
loads. In the embodiment, by setting an area, in which a
contact state of an object is good, as a region of interest,
and by obtaining contact pressure by using an actual
contact load of the region of interest, bio-information may
be estimated accurately regardless of a contact state.
[0059] Once the contact load processor 310 obtains
the contact pressure, the feature value obtainer 320 may
obtain feature values for estimating bio-information
based on the pulse wave signal and the contact pressure.
For example, referring to FIGS. 4D and 4E, the feature
value obtainer 320 may obtain feature values for estimat-
ing blood pressure using oscillometry.

[0060] Referringto FIG. 4D, the feature value obtainer
320 may obtain an oscillometric envelope OW which rep-
resents a contact pressure versus pulse wave signal am-
plitude. The feature value obtainer 320 may extract a
peak-to-peak point by subtracting an amplitude value in3
of a negative (-) point from an amplitude value in2 of a
positive (+) point of a waveform envelope in 1 at each
measurement time of a pulse wave signal, and may ob-
tain 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
as the peak-to-peak amplitude.

[0061] Referring to FIG. 4E, the feature value obtainer
320 may obtain feature values for estimating blood pres-
sure from the obtained oscillometric envelope OW. The
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feature value obtainer 320 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.

[0062] In addition, the feature value obtainer 320 may
select any pulse wave signal from among all the pulse
wave signals obtained by the pulse wave sensor array
111, the pulse wave signal of the region of interest, and
pulse wave signals of regions near the region of interest.
For example, in the case where there is one pulse wave
signal in the region of interest, the feature value obtainer
320 may select the pulse wave signal. Alternatively, the
feature value obtainer 320 may select any pulse wave
signal from among all the pulse wave signals or a plurality
of pulse wave signals included in the region of interest,
based on the quality of the pulse wave signals.

[0063] Further, the feature value obtainer 320 may se-
lect all the pulse wave signals or the plurality of pulse
wave signals, and may obtain one pulse wave signal for
extracting feature values by applying the plurality of pulse
wave signals to a pre-defined combination model. Alter-
natively, in the case where the light source L1 and the
detector D3 are predetermined for detecting a pulse wave
signal from the observation portion BV as illustrated in
FIG. 4B, the feature value obtainer 320 may select the
pulse wave signal, detected by the detector D3, as a
pulse wave signal for estimating bio-information. More-
over, the feature value obtainer 320 may obtain each
oscillometric envelope OW based on the plurality of pulse
wave signals and the contact pressure, and may combine
feature values by applying various pre-defined functions
to the feature values extracted from each oscillometric
envelope OW. However, the selection of the pulse wave
signal is not limited thereto.

[0064] The estimator 330 may estimate bio-informa-
tion by combining the extracted feature values using a
pre-defined bio-information estimation model. In partic-
ular, the bio-information estimation model may be de-
fined as various linear or non-linear combination func-
tions, such as addition, subtraction, division, multiplica-
tion, logarithmic value, regression equation, and the like,
with no specific limitation. For example, the following
Equation 2 represents a simple linear equation.

[Equation 2]

y=ax+b

[0065] Herein, y denotes a bio-information estimation
value to be obtained; x denotes the extracted feature
value; and a and b denote pre-calculated values obtained
through preprocessing, and may be defined differently
according to the types of bio-information to be obtained
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and user characteristics. For example, the estimator 330
may independently estimate mean arterial pressure
(MAP), diastolic blood pressure (DBP), and systolic blood
pressure (SBP) by using the above Equation 2 which is
defined 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.

[0066] 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 interface which will be de-
scribed later. The guide information may include infor-
mation for inducing a user to press the sensor part 110
with gradually increasing force for a predetermined pe-
riod of time when the user touches the sensor part 110
with an object; or information for inducing a user to press
the sensor part 110 with gradually decreasing force when
the user presses the sensor part 110 with a pressure
greater than or equal to a threshold.

[0067] Further, once an actual contact pressure ap-
plied by a user to the sensor part 110 at each measure-
ment time is obtained, the contact state guide part 350
may provide guide information on the actual contact pres-
sure, so that the user may recognize a difference be-
tween the reference contact pressure and the contact
pressure actually applied by the user. The contact state
guide part 350 may generate a graph showing a change
in the reference contact pressure and a change in the
actual contact pressure, and may output the generated
graph through an output interface, so that the user may
visually recognize a difference between the reference
contact pressure and the actual contact pressure.
[0068] Inaddition, 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 a pulse wave signal
quality of a region of interest not satisfying pre-deter-
mined criteria, the contact state guide part 350 may de-
termine that a contact state is not normal. For example,
in the case where a difference between a maximum am-
plitude value and a minimum amplitude value of a pulse
wave signal in a region of interest is smaller than or equal
to a threshold, the contact state guide part 350 may de-
termine that a contact state is not normal, and may guide
a user to re-contact the sensor part 110. However, the
determination of the contact state is not limited thereto.
[0069] Referring to FIG. 3B, the processor 300b ac-
cording to an embodiment of the present disclosure in-
cludes a contact load processor 310, a feature value ob-
tainer 320, an estimator 330, and a calibrator 360. The
contact load processor 310, the feature value obtainer
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320, and the estimator 330 are described above, such
that detailed description thereof will be omitted.

[0070] Once a user contacts a contact surface of the
sensor part 110 with a first object, the sensor part 110
may detect a first pulse wave signal at each position of
the contact surface. In this case, the first object may in-
clude a reflecting panel RP made of a total reflection ma-
terial. The reflecting panel RP may have a flat and even
surface, and may be disposed on the sensor part 110 so
that the user can touch the contact surface of the reflect-
ing panel RP.

[0071] The calibrator 360 may generate a calibration
model by using the first pulse wave signal detected at
each position of the contact surface. For example, in the
case where the reflecting panel RP made of a total re-
flection material allows a contact load to uniformly act on
the sensor part 110, values output by each detector of
the pulse wave sensor array 111 should be equal to each
other. However, if the values output by each detector are
different from each other, accuracy in estimating bio-in-
formation may be reduced. In order to prevent the occur-
rence of degradation in accuracy, the calibrator 360 may
generate a calibration model for calibrating a difference
between the values output by each detector to 0. The
following Equation 3 shows an example of a calibration
model, but the calibration model is not limited thereto.

[Equation 3]

Fic:a‘ Fzm_l_B

[0072] Herein, F;, and F;; each denotes a value output
by a detector i and a value obtained after calibration; and
o and B denote values determined by the calibrator 360.
[0073] Once a second pulse wave signal at each po-
sition is detected from a second object, the calibrator 360
may calibrate the second pulse wave signal by using the
generated calibration model. That is, the calibrator 360
may calibrate the values detected by the detector ateach
position by using the calibration model. In this case, the
second object may be a human body tissue such as a
finger, a wrist, and the like, but is not limited thereto.
[0074] The contactload processor 310 may obtain con-
tact load distribution (i.e., a relative magnitude of a con-
tact load at each position) based on a DC component of
the calibrated second pulse wave signal.

[0075] The feature value obtainer 320 and the estima-
tor 330 may estimate bio-information using the obtained
contact load distribution and the calibrated second pulse
wave signal, as described above.

[0076] The calibrator 360 may perform calibration for
the firsttime at the time of manufacturing the apparatuses
100a and 100b for estimating bio-information at the re-
quest of a manufacturer, and may perform calibration
later in response to a request of a user. Further, the cal-

10

15

20

25

30

35

40

45

50

55

ibrator 360 may determine whether calibration is required
at predetermined calibration intervals or based on an es-
timation result of bio-information. For example, the cali-
brator 360 may determine whether to perform calibration
by combining various conditions, such as a total number
of times estimated blood pressure values fall outside a
predetermined reference range, a number of times the
estimated blood pressure values continuously fall out-
side the range, and a case where a change from the
reference blood pressure shows a continuous increasing
or decreasing trend. However, the determination on cal-
ibration is not limited thereto. Upon determining that cal-
ibration is required, the calibrator 360 may guide a user
to perform calibration.

[0077] Referring backto FIG. 1B, the apparatus for es-
timating bio-information 100b may further include an out-
put interface 130, a memory 140, and a communication
interface 150.

[0078] The output interface 130 may output results
processed by 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 informa-
tion by using a display module, or may output the infor-
mation in a non-visual manner through voice, vibrations,
tactile sensation, and the like by using a speaker module,
a haptic module, and the like. The output interface 130
may divide a display area into two or more areas accord-
ing to a setting, in which the output interface 130 may
output the pulse wave signal, the contact force, the con-
tact area, and the like, which are used for estimating bio-
information, in various forms of graphs in a first area; and
may output an estimated bio-information value in a sec-
ond area. In this case, if an estimated bio-information
value falls outside a normal range, the output interface
130 may output warning information in various manners,
such as highlighting an abnormal value in red and the
like, displaying the abnormal value along with a normal
range, outputting a voice warning message, adjusting a
vibration intensity, and the like.

[0079] The memory 140 may store processing results
of the sensor part 110 and the processor 120. Further,
the memory 140 may store various criteria required for
estimating bio-information. For example, the criteria may
include user 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-information estimation model, bio-information
estimation criteria, a reference contact pressure, calibra-
tion criteria, and the like, but are not limited thereto.
[0080] 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
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
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disk, and an optical disk, and the like, but is not limited
thereto.

[0081] The communication interface 150 may commu-
nicate with an external device 170 by using wired or wire-
less communication techniques under the control of the
processor 120, and may transmit and receive various
data to and from the external device 170. For example,
the communication interface 150 may transmit an esti-
mation result of bio-information to the external device
170, and may receive various criteria required for esti-
mating bio-information from the external device 170. In
this case, examples of the external device 170 may in-
clude a cuff-type blood pressure measuring device, and
an information processing device such as a smartphone,
atablet PC, a desktop computer, a laptop computer, and
the like.

[0082] Examples of the communication techniques
may include Bluetooth communication, Bluetooth Low
Energy (BLE) communication, Near Field Communica-
tion (NFC), WLAN communication, Zigbhee communica-
tion, Infrared Data Association (IrDA) communication,
Wi-Fi Direct (WFD) communication, Ultra-Wideband
(UWB) communication, Ant+ communication, WIFI com-
munication, Radio Frequency ldentification (RFID) com-
munication, 3G communication, 4G communication, 5G
communication, and the like. However, this is merely ex-
emplary and is not intended to be limiting.

[0083] FIG. 5is aflowchart illustrating a method of es-
timating bio-information according to an embodiment of
the present disclosure. The method of estimating bio-
information of FIG. 5 may be an example of a method of
estimating bio-information performed by the apparatuses
100a and 100b for estimating bio-information, which will
be briefly described below in order to avoid redundancy.
[0084] While an object contacts a sensor part, the ap-
paratus for estimating bio-information may detect a pulse
wave signal, and a first contact load applied by the object
to the sensor part in operations 511 and 512. Once a
user contacts a contact surface with the object for esti-
mating bio-information, the apparatus for estimating bio-
information may provide guide information on areference
contact pressure to be applied by the object to the contact
surface.

[0085] Then, the apparatus for estimating bio-informa-
tion may obtain contact load distribution of the contact
surface based on the detected pulse wave signal in op-
eration 513. For example, as described above, the ap-
paratus for estimating bio-information may extract a DC
component of the pulse wave signal detected at each
position of the contact surface, and may obtain a relative
magnitude of the contact load at each position by using
the extracted DC component value. In this case, the ap-
paratus for estimating bio-information may determine the
extracted DC component value itself at each position, or
a value calculated by applying a pre-defined function to
the DC component value at each position, to be the rel-
ative magnitude of a contact load at each position of the
contact surface.
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[0086] Subsequently, the apparatus for estimating bio-
information may obtain a second contact load at each
position of the contact surface in operation 514 based on
the first contact load detected in operation 512 and the
contact load distribution obtained in operation 513. In this
case, the apparatus for estimating bio-information may
set a region of interest on the contact surface, and may
obtain a second contact load of the set region of interest.
For example, the apparatus for estimating bio-informa-
tion may setaregion ofinterestbased on a center position
of the contact surface. In this case, along with the guide
information on the reference contact pressure in opera-
tion 511, the apparatus for estimating bio-information
may guide a user to place an observation portion of an
object, e.g., a fingerprint center point of a finger, on a
region of interest (e.g., a center position of the contact
surface). In another example, a position of contact of the
fingerprint center point of a finger with the contact surface
may vary depending on characteristics of a finger of each
user, or habit of contact of each user. By considering
characteristics of each user, the apparatus for estimating
bio-information may set a region of interest for each user
based on the position of contact of the fingerprint center
point with the contact surface. Alternatively, the appara-
tus for estimating bio-information may set one or more
positions as a region of interest based on the quality of
the pulse wave signal detected at each position of the
contact surface.

[0087] Next, the apparatus for estimating bio-informa-
tion may estimate bio-information in operation 515 by
using the second contact load at each position of the
contact surface and the pulse wave signal detected in
operation 511. For example, the apparatus for estimating
bio-information may obtain contact pressure based on
the second contact load of the region of interest and an
area of the region of interest, and may estimate blood
pressure by using oscillometry based on the contact
pressure and the pulse wave signal.

[0088] Then, the apparatus for estimating bio-informa-
tion may output an estimation result of bio-information in
operation 516. In this case, the apparatus for estimating
bio-information may output the estimation result of bio-
information using various output devices, such as a dis-
play module for visual output, a speaker module for voice
output, a haptic module for tactile output through vibra-
tions, tactile sensation, and the like.

[0089] FIG. 6is aflowchartillustrating a method of es-
timating bio-information according to another embodi-
ment of the present disclosure. The method of estimating
bio-information of FIG. 6 may be an example of a method
of estimating bio-information performed by the appara-
tuses 100a and 100b for estimating bio-information,
which will be briefly described below in order to avoid
redundancy.

[0090] Upon receiving a request from a user, the ap-
paratus for estimating bio-information may determine
whether the request is a request for calibration or a re-
quest for estimating bio-information in operation 601. The
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user may perform calibration according to guide informa-
tion on calibration provided by the apparatus for estimat-
ing bio-information or according to their own determina-
tion. The calibration may be performed for the first time
at the time of manufacturing the apparatus for estimating
bio-information in response to a request of a manufac-
turer.

[0091] Then, upon determining in operation 601 that
the user’s request is a request for calibration, the appa-
ratus for estimating bio-information may detect a first
pulse wave signal from a first object while the first object
contacts a contact surface in operation 611. In this case,
the first object may be a reflecting panel RP which allows
contact pressure to be uniformly applied to the contact
surface. Upon requesting calibration and contacting the
first object with the contact surface, the user may change
the contact pressure by pressing the first object with a
finger and the like with gradually increasing force. In this
case, the apparatus for estimating bio-information may
guide change in a reference contact pressure to be ap-
plied for a predetermined period of time. Each pulse wave
sensor of the pulse wave sensor array 111 may drive
light sources with the same wavelength and current in-
tensity.

[0092] Subsequently, the apparatus for estimating bio-
information may generate a calibration model based on
the detected first pulse wave signal in operation 612. For
example, while contact pressure is applied uniformly to
all positions of the contact surface using the reflecting
panel RP, the apparatus for estimating bio-information
may drive light sources with the same driving current,
and may generate a calibration model for calibrating val-
ues, output by the detector at each position, to an equal
value. The generated calibration model is stored in the
memory, and may be used for estimating bio-information.
[0093] Upon determining in operation 601 that the us-
er's request is a request for estimating bio-information,
the apparatus for estimating bio-information may detect
a second pulse wave signal and a first contact load in
response to contact of a second object in operations 621
and 622. In this case, the second object may be a human
skin tissue such as a finger or a wrist; and each light
source driving current of each pulse wave sensor may
be the same light source driving current when calibration
is performed.

[0094] Then, upon obtaining the second pulse wave
signal at each position of the contact surface, the appa-
ratus for estimating bio-information may calibrate the
second pulse wave signal using the calibration model in
operation 623, and may obtain contact load distribution
based on the calibrated second pulse wave signal in op-
eration 624.

[0095] Subsequently, the apparatus for estimating bio-
information may obtain a second contact load at each
position in operation 625 based on the contact load dis-
tribution and the first contact load detected in operation
622, and may estimate bio-information based on the ob-
tained second contact load and the pulse wave signal in
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operation 626. In this case, the apparatus for estimating
bio-information may obtain contact pressure based on a
second contact load and an area of a region of interest,
and may estimate bio-information using oscillometry
based on the contact pressure and the pulse wave signal.
[0096] Next, the apparatus for estimating bio-informa-
tion may determine whether calibration is required based
on the estimation result of bio-information in operation
627. For example, the apparatus for estimating bio-infor-
mation may determine that calibration is required in cas-
es where an estimated blood pressure value falls outside
a predetermined normal range, a total number of times
the estimated values fall outside the normal range ex-
ceeds a threshold, a number of times the estimated blood
pressure values continuously fall outside the range is
greaterthan orequal to a predetermined number of times,
a difference between an estimated blood pressure value
and a reference blood pressure value is greater than or
equal to a threshold, a change in the estimated blood
pressure compared to the reference blood pressure
shows a continuous increasing or decreasing trend. How-
ever, the determination on calibration is not limited to the
above cases.

[0097] Then, upon determining in operation 627 that
calibration is required, the apparatus for estimating bio-
information may output guide information on calibration,
e.g., information for inducing calibration, information on
procedures required for calibration, and the like, in oper-
ation 628. Upon determining in operation 627 that cali-
bration is not required, or even when calibration is re-
quired, the apparatus for estimating bio-information may
output an estimation result of bio-information according
to a setting in operation 629.

[0098] FIG. 7 is a diagram illustrating a wearable de-
vice, to which various embodiments of an apparatus for
estimating bio-information are applied. Various embodi-
ments of the above-described apparatus for estimating
bio-information may be mounted in a smart watch worn
on a wrist or a smart band-type wearable device. How-
ever, the wearable device is merely an example for con-
venience of explanation, and it should not be construed
that application of the embodiments is limited to a smart
watch or a smart band-type wearable device.

[0099] Referring to FIG. 7, the wearable device 700
includes a main body 710 and a strap 730.

[0100] 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 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.

[0101] A battery, which supplies power to the wearable
device 700, may be embedded in the main body 710 or
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the strap 730.

[0102] Further, the main body 710 includes a sensor
part 720 mounted on one side thereof. The sensor part
720 may be composed of a pulse wave sensor array 111
and aload sensor 112. as described above. When a user
changes contact pressure between the wrist and the sen-
sor part 720 for a predetermined period of time, the sen-
sor part 720 detects a contact load applied by the wrist,
and may detect a pulse wave signal from the blood vessel
tissue of the wrist.

[0103] Forexample, a user may change contact pres-
sure between the wrist and the sensor part 720 by touch-
ing a display, mounted on a front surface of the main
body 710, with gradually increasing force with a finger of
the other hand while wearing the main body 710, or by
changing a thickness of the wrist by making hand move-
ments, e.g., slowly opening the hand after clenching the
fist 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.

[0104] Further, the main body 710 may include a proc-
essor which estimates bio-information by processing the
pulse wave signal and the contact load which are detect-
ed by the sensor part 720. 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. Once
the pulse wave signal at each position of the contact sur-
face is detected, the processor may obtain contact load
distribution by using the DC component of the pulse wave
signal. Further, the processor may obtain an actual con-
tact load at each position by using the obtained contact
load distribution and the contact load detected by the
sensor part 720, and may estimate bio-information by
using the actual contactload. Forexample, the processor
may calculate contact pressure based on the actual con-
tact load and the area of the region of interest, and may
estimate blood pressure using socillometry based on the
calculated contact pressure and the pulse wave signal.
[0105] Upon receiving the request for estimating bio-
information from a user, the processor may provide guide
information on a contact state to a user through a display,
so that the user may apply pressure to the main body
710 to change contact pressure between the sensor part
720 and the object. In this case, the display may be
mounted on a front surface of the main body 710, and
may visually output guide information on a contact state
and/or an estimation result of bio-information.

[0106] 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.

[0107] 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
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function for inputting a command to turn on/off the wear-
able device 700.

[0108] Moreover,thewearable device 700 may include
a communication interface for transmitting and receiving
various data to and from an external device, and various
other modules for performing additional functions provid-
ed by the wearable device 700.

[0109] FIG. 8 is a diagram illustrating a smart device,
to which embodiments of an apparatus for estimating bio-
information are applied. In this case, the smart device
may be a smartphone, a tablet PC, and the like.

[0110] Referring to FIG. 8, the smart device 800 in-
cludes a main body 810 and a sensor part 830 mounted
on one surface of the main body 810. The sensor part
830may include apulse wave sensorarray 111, including
a light source array and a detector array, and a load sen-
sor 112. The sensor part 830 may be mounted on a rear
surface of the main body 810, but is not limited thereto,
and may be configured in combination with a fingerprint
sensor or a touch panel formed on the front surface of
the main body 810.

[0111] Inaddition, 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.

[0112] Moreover, animage sensor 820 may be mount-
ed in the main body 810. When a user’s finger approach-
es 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 proc-
essor may identify a relative position of the finger with
respect to an actual position of the sensor part 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 accuracy.

[0113] Variousother modules for performing many em-
bodiments of the aforementioned apparatus for estimat-
ing bio-information may be mounted in the smart device
800, and detailed description thereof will be omitted.
[0114] While not restricted thereto, an example em-
bodiment can be embodied as computer-readable code
on a computer-readable recording medium. The compu-
ter-readable recording medium is any data storage de-
vice that can store data that can be thereafter read by a
computer system. Examples of the computer-readable
recording medium include read-only memory (ROM),
random-access memory (RAM), CD-ROMs, magnetic
tapes, floppy disks, and optical data storage devices. The
computer-readable recording medium can also be dis-
tributed over network-coupled computer systems so that
the computer-readable code is stored and executed in a
distributed fashion. Also, an example embodiment may
be written as a computer program transmitted over a
computer-readable transmission medium, such as a car-
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rier wave, and received and implemented in general-use
or special-purpose digital computers that execute the
programs. Moreover, itis understood thatin example em-
bodiments, one or more units of the above-described ap-
paratuses and devices can include circuitry, a processor,
amicroprocessor, etc., and may execute a computer pro-
gram stored in a computer-readable medium.

[0115] The foregoing exemplary embodiments are
merely exemplary and are not to be construed as limiting.
The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exem-
plary embodiments is intended to be illustrative, and not
to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those
skilled in the art.

Claims

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

a sensor part comprising:

apulse wave sensor array configured to de-
tecta pulse wave signalwhen an object con-
tacts a contact surface of the sensor part;
and

a load sensor configured to detect a first
contactload applied by the object to the con-
tact surface; and

a processor configured to obtain contact load
distribution of the contact surface based on the
pulse wave signal, obtain a second contact load
at each position of the contact surface based on
the contact load distribution and the first contact
load, and estimate bio-information based on the
second contact load and the pulse wave signal.

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

a light source array configured to emit light onto
the object; and

adetector array configured to detect light reflect-
ed or scattered from the object.

3. The apparatus of claim 2, wherein the sensor part
further comprises a substrate on which the pulse
wave sensor array is formed in a predetermined pat-
tern, by using at least one of wire bonding, flip-chip
bonding, and a microfabrication technique.

4. The apparatus of claim 3, wherein:

the light source array is arranged on the sub-
strate by at least one of the wire bonding and
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the flip-chip bonding; and
the detector array is patterned on the substrate
by the microfabrication technique.

The apparatus of one of claims 1 to 4, wherein the
sensor part further comprises a touch sensor dis-
posed on the pulse wave sensor array to be contact-
ed by the object.

The apparatus of one of claims 1 to 5, wherein the
processor is further configured to extract each direct
current, DC, component from the pulse wave signal
detected by the pulse wave sensor array at each
position of the contact surface, and obtain the sec-
ond contact load at each position based on the ex-
tracted each DC component.

The apparatus of claim 6, wherein the processor is
further configured to perform interpolation on the ex-
tracted each DC componentto estimate the DC com-
ponent at a specific position of the contact surface,
in response to the pulse wave signal not being de-
tected from the specific position of the contact sur-
face, or

wherein the processor is further configured to obtain
the second contact load at each position by multiply-
ing a value, obtained by dividing the first contact load
by a total sum of the contact load distributions, by
the relative magnitude of the contact load at each
position.

The apparatus of one of claims 1 to 7, wherein the
processor is further configured to obtain a contact
pressure between the object and the sensor part
based on the second contact load of a region of in-
terest and an area of the region of interest, and es-
timate the bio-information based on the contact pres-
sure and the pulse wave signal.

The apparatus of claim 8, wherein the processor is
further configured to set the region of interest based
on at least one of a blood vessel distribution of the
object, an arrangement of the pulse wave sensor
array, a specific position of the contact surface, and
the second contact load at each position of the con-
tact surface, or

wherein the processor is further configured to obtain
an oscillometric envelope which represents a con-
tact pressure versus pulse wave signal amplitude at
each measurement time, and estimate the bio-infor-
mation based on the oscillometric envelope.

The apparatus of claim 9, wherein the processor is
further configured to estimate the bio-information
based on a feature value of the oscillometric enve-
lope, and

the feature value comprises one or more of a contact
pressure value of a maximum amplitude point, a first
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contact pressure value that is less than the contact
pressure value of the maximum amplitude point and
having a first predetermined ratio to the maximum
amplitude point, and a second contact pressure val-
ue that is greater than the contact pressure value of
the maximum amplitude point and having a second
predetermined ratio to the maximum amplitude
point.

The apparatus of one of claims 1 to 10, further com-
prising an output interface, which in response to a
request for estimating bio-information, outputs guide
information on contact pressure between the object
and the sensor part, or

wherein the processor is further configured to obtain
a contact pressure of a region of interest based on
the second contact load of the region of interest and
an area of the region of interest, and determine a
contact state between the object and the sensor part
based on the contact pressure, or

wherein the bio-information comprises 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.

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

detecting, by a sensor part comprising a pulse
wave sensor array, a pulse wave signal when
an object contacts a contact surface of the sen-
sor part; detecting, by a load sensor, a first con-
tactload applied by the object to the contact sur-
face;

storing, by a memory, a calibration model based
on a reference pulse wave signal detected from
a reference object;

retrieving the calibration model from the
memory;

calibrating the pulse wave signal detected
by the pulse wave sensor array, based on
the calibration model;

obtaining a second contact load at each po-
sition of the contact surface based on the
calibrated pulse wave signal and the first
contact load; and

estimating bio-information based on the
second contact load and the calibrated
pulse wave signal.

The method of claim 12, wherein the reference object
comprises a reflecting panel that is made of a total
reflection material and has a flat surface.

14. The method of claim 12 or 13 further comprising gen-

erating the calibration model to calibrate a difference
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between output values of the pulse wave sensor ar-
ray at each position of the contact surface, to 0, and
storing the calibration model in the memory, or

further comprising obtaining a contact pressure
based on the second contact load of a region of in-
terest and an area of the region of interest, and es-
timating the bio-information based on the contact
pressure and the calibrated pulse wave signal.

The method of one of claims 12 to 14 further com-
prising determining whether to perform an additional
calibration based on a result of estimating the bio-
information based on the second contact load and
the calibrated pulse wave signal, and providing guide
information on the additional calibration to a user.
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