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APPARATUS AND METHOD FOR
MEASURING BIOMETRIC INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC
§119(a) of Korean Patent Application No. 10-2017-
0094309, filed on Jul. 25, 2017, in the Korean Intellectual
Property Office, the entire disclosure of which is incorpo-
rated herein by reference for all purposes.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with exem-
plary embodiments related to an apparatus and method for
measuring biometric information, and particularly, to tech-
nology for measuring blood pressure while being worn on a
wrist without a cuff.

2. Description of Related Art

[0003] Generally, methods of non-invasively measuring
blood pressure without damaging the human body include a
method of measuring blood pressure by measuring a cuff-
based pressure itself and a method of estimating blood
pressure by measuring a pulse wave without the use of a
cuff.

[0004] A Korotkoff-sound method and an oscillometric
method are used to measure the cuff-based blood pressure.
According to the Korotkoff-sound method, a cuff is wound
around an upper arm, a pressure in the cuff is increased, and
blood pressure is measured by listening to the sound gen-
erated in the blood vessel through a stethoscope while
decreasing the pressure. Since the Korotkoff-sound method
requires a high level of proficiency from a measurer and the
point at which the sound is heard may be different from one
measurer to another due to different perceptions of hearing,
blood pressure may be measured differently depending on
the measurer.

[0005] The oscillometric method uses an automated
machine to wrap a cuff around the upper arm, increase a cuff
pressure, gradually measure a pressure in the cuff while
gradually decreasing the cuff pressure, and measure blood
pressure based on a point at which a change in the pressure
signal is large. Since the oscillometric method requires that
a strong pressure is applied to the cuff, repeated measure-
ments may cause damage to blood vessels or tissues in
patients with hypertension or in elderly people with less
tissue elasticity. Further, most of the equipment is bulky, so
it is not easy for individuals to measure the blood pressure
while carrying the equipment.

[0006] Cuffless blood pressure measurement methods gen-
erally include a method of measuring blood pressure by
calculating a pulse transit time (PTT) and a pulse wave
analysis (PWA) method of estimating blood pressure by
analyzing the shape of a pulse wave. The PTT and the shape
of a pulse wave are caused by various factors, other than
blood pressure, and thus these methods have limited accu-
racy.

SUMMARY

[0007] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
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below in the Detailed Description. This summary is not
intended to identify key features or essential features of
exemplary embodiments.

[0008] According to an aspect of an exemplary embodi-
ment , there is provided an apparatus for measuring biomet-
ric information including: a main body configured to be
worn on an object to be examined; a contact pressure sensor
mounted in the main body and configured to measure a
contact pressure of the object while a hand shape is chang-
ing; a pulse wave sensor mounted in the main body and
configured to measure a pulse wave signal of the object; and
a processor mounted in the main body and configured to
measure biometric information on the basis of the measured
contact pressure and pulse wave signal.

[0009] The apparatus may further include a strap con-
nected to both ends of the main body and configured to fix
the main body to the object while wrapping around the
object.

[0010] The contact pressure sensor may include a force
sensor or a strain gauge for measuring the contact pressure
of the object transmitted through the main body while the
hand shape is changing.

[0011] The pulse wave sensor may include one or more
light sources configured to emit light to the object and one
or more detectors configured to detect light scattered or
reflected from the object which is irradiated by the one or
more light sources.

[0012] The one or more light sources may include at least
one of a light emitting diode (LED), a laser diode, and a
fluorescent body.

[0013] The apparatus may further include an outputter
mounted in the main body and configured to output guidance
information for a motion to change the hand shape when a
request for measuring biometric information is received.
[0014] The motion to change the hand shape may include
at least one of a motion of extending at least one finger from
a fist, a motion of making a fist in a state in which at least
one finger is unfolded, a motion of sequentially opening
each finger from a fist, and a motion of sequentially curling
stretched fingers of an open hand, one by one, into a fist.
[0015] The motion to change the hand shape may include
at least one of a motion of bending a wrist in one direction
in a state holding a fist or in a state keeping at least one finger
unfolded, a motion of squeezing fingers while holding a fist,
a motion of stretching at least two unfolded fingers apart
from each other, a motion of bending a palm downward or
backward with all fingers open, and a motion of pressing the
main body with a hand on which the main body is not worn.
[0016] When the processor measures the biometric infor-
mation, the outputter may output a measurement result.
[0017] The apparatus may further include a storage unit
mounted in the main body and configured to store at least
one of guidance information for a motion to change the hand
shape and the measurement result of the biometric informa-
tion.

[0018] The processor may extract feature points on the
basis of the measured pulse wave signal and a contact
pressure signal and measure the biometric information using
the extracted feature point and a measurement model.
[0019] The processor may generate a contact pressure
versus pulse wave graph on the basis of the contact pressure
signal and the pulse wave signal, and extract at least one of
a contact pressure value and a pulse wave value at a
maximum peak of the generated graph.
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[0020] The biometric information may include at least one
of systolic blood pressure, diastolic blood pressure, vascular
age, arterial stiffness, aortic artery pressure waveform, vas-
cular elasticity, stress index, and fatigue level.

[0021] According to an aspect of another exemplary
embodiment, there is provided a method of measuring
biometric information including: measuring a contact pres-
sure of an object to be examined while a handshape is
changing; measuring a pulse wave signal of the object; and
measuring biometric information on the basis of the mea-
sured contact pressure and pulse wave signal.

[0022] The method may further include: receiving a
request for measuring biometric information; and outputting
guidance information for a motion to change the hand shape
when the request for measuring biometric information is
received.

[0023] The motion to change the hand shape may include
at least one of a motion of extending at least one finger from
a fist, a motion of making a fist in a state in which at least
one finger is unfolded, a motion of sequentially opening
each finger from a fist, and a motion of sequentially curling
stretched fingers of an open hand, one by one, into a fist.
[0024] The motion to change the hand shape may include
at least one of a motion of bending a wrist in one direction
in a state holding a fist or in a state keeping at least one finger
unfolded, a motion of squeezing fingers while holding a fist,
a motion of stretching at least two unfolded fingers to be
apart from each other, a motion of bending a palm down-
ward or backward with all fingers open, and a motion of
pressing the main body with a hand on which the main body
is not worn.

[0025] The method may further include, when the biomet-
ric information is measured, outputting a measurement
result.

[0026] The measuring of the biometric information may
include extracting feature points on the basis of the mea-
sured pulse wave signal and a contact pressure signal and
measuring the biometric information using the extracted
feature point and a measurement model.

[0027] According to an aspect of another exemplary
embodiment, there is provided an apparatus for measuring
biometric information including: a main body configured to
be worn on an object to be examined; a contact pressure
sensor mounted in the main body and configured to measure
a contact pressure of the object while a hand shape is
changing; a pulse wave sensor mounted in the main body
and configured to measure a pulse wave signal of the object;
a processor mounted in the main body and configured to
measure biometric information on the basis of the measured
contact pressure and pulse wave signal; and a communicator
mounted in the main body and configured to communicate
with an external device under a control of the processor.
[0028] The apparatus may further include an outputter
mounted in the main body and configured to output at least
one of guidance information for a motion to change the hand
shape and measurement result of the biometric information.
[0029] The processor may control the outputter to output
the guidance information or controls the communicator to
transmit and output the guidance information to the external
device when a request for measuring biometric information
is received.

[0030] The processor may determine whether to correct a
measurement model for measuring the biometric informa-
tion, control the communicator to receive reference data
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from the external device when it is determined that the
measurement model is needed to be corrected, and correct
the measurement model on the basis of the reference data.
[0031] The reference data may include at least one of cuff
blood pressure data and cuff pressure data measured by a
cuff-type blood pressure measuring device.

[0032] The measurement model may be constructed in a
form of a linear function or a mapping table which repre-
sents a correlation between the biometric information and
feature points extracted on the basis of the contact pressure
and the pulse wave signal.

[0033] According to an aspect of another exemplary
embodiment, there is provided an apparatus for measuring
biometric information including: a main body configured to
be worn on an object to be examined; a strap configured to
wrap around the object and fix the main body to the object;
a pressure sensor mounted in the main body and configured
to measure a pressure signal transmitted through the strap
while a hand shape is changing; and a processor mounted in
the main body and configured to measure biometric infor-
mation on the basis of the measured pressure signal.
[0034] The strap may have one end connected to the
pressure sensor and may be shaped as a cuff into which air
is injected.

[0035] The pressure sensor may measure a pressure signal
generated when the strap pressurizes or depressurizes the
object according to the change of the hand shape.

[0036] The processor may measure blood pressure of the
object using an oscillometric method on the basis of the
measured pressure signal.

[0037] The processor may pass the measured pressure
signal through a low pass filter (LPF) and a bandpass filter
(BPF) to respectively extract pressure data and a pulse wave
signal, and measure the blood pressure on the basis of the
extracted pressure data and pulse wave signal.

[0038] The apparatus may further include an outputter
mounted in the main body and configured to output guidance
information for a motion to change the hand shape when a
request for measuring biometric information is received.
[0039] Other exemplary features and aspects will be
apparent from the following detailed description and the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and/or other exemplary aspects and advan-
tages will become apparent and more readily appreciated
from the following description of exemplary embodiments,
taken in conjunction with the accompanying drawings in
which:

[0041] FIG. 1Ais a diagram illustrating a configuration of
an apparatus for measuring biometric information according
to an exemplary embodiment

[0042] FIG. 1B is a cross-sectional diagram of a main
body 110 of the apparatus of FIG. 1A;

[0043] FIG. 2 is a block diagram illustrating an apparatus
for measuring biometric information according to an exem-
plary embodiment;

[0044] FIGS. 3A and 3B are diagrams illustrating exem-
plary embodiments of changes in contact pressure and pulse
wave signal according to a change of a shape of a hand;
[0045] FIGS. 4A, 4B, 4C, 4D, and 4E are diagrams of
exemplary biometric information measurement according to
an exemplary embodiment;
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[0046] FIG. 5 is a flowchart illustrating a method of
measuring biometric information according to an exemplary
embodiment;

[0047] FIG. 6 is a block diagram illustrating an apparatus
for measuring biometric information according to another
exemplary embodiment;

[0048] FIG. 7 is a flowchart illustrating a method of
measuring biometric information according to an exemplary
embodiment;

[0049] FIG. 8 is a diagram illustrating a configuration of
an apparatus for measuring biometric information according
to an exemplary embodiment; and

[0050] FIG. 9 is a block diagram illustrating an apparatus
for measuring biometric information according to an exem-
plary embodiment.

[0051] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0052] Exemplary advantages and features and methods of
accomplishing the same may be understood more readily by
reference to the following detailed description of exemplary
embodiments and the accompanying drawings. The exem-
plary embodiments should not be construed as limiting, and
modifications may be made thereto. Rather, these exemplary
embodiments are provided so that this disclosure will be
thorough and complete. Like reference numerals refer to like
elements throughout the specification.

[0053] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. Also, the singular forms are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. In the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising,” will be understood to imply
the inclusion of stated elements but not the exclusion of any
other elements. Terms such as “ . . . unit” and “module”
denote units that process at least one function or operation,
and they may be implemented by using hardware, software,
or a combination of hardware and software.

[0054] Hereinafter, exemplary embodiments of an appa-
ratus and method for measuring biometric information will
be described in detail with reference to the accompanying
drawings.

[0055] FIG. 1A is a diagram illustrating an apparatus for
measuring biometric information according to an exemplary
embodiment. FIG. 1B is a diagram schematically illustrating
a configuration of a main body 110 of the apparatus for
measuring biometric information according to an exemplary
embodiment.

[0056] Referring to FIG. 1A, an apparatus 100 for mea-
suring biometric information may be a wearable device
which may be worn on a wrist. The apparatus 100 includes
amain body 110 to be worn on an object to be examined and
a strap connected to both ends of the main body 110 and
configured to secure the main body 110 to the object by
wrapping around the object by tension.
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[0057] Modules related to biometric information measure-
ment and modules related to additional functions (e.g.,
watch, alarm, music player, movie player, etc.) may be
mounted in the main body 110 of the apparatus 100. For
example, as shown in FIG. 1A, the main body 110 may be
provided with a sensor 120 including a contact pressure
sensor or a pulse wave sensor necessary for measuring
biometric information. In addition, an operator 140 config-
ured to receive various control commands of a user may be
mounted in the main body 110. In this case, the operator 140
may include a power button function, which enables the user
to input a power on/off command for the apparatus 100. In
addition, although not illustrated, the main body 110 may be
provided with a display for visually providing a variety of
information, or a speaker or a haptic device for non-visually
providing the information.

[0058] Referring to FIG. 1B, a configuration of the main
body 110 of the apparatus 100 according to an exemplary
embodiment may include a sensor board 121, connected at
both ends to a housing 112, and a main board 114 supported
by a cover 111.

[0059] The pulse wave sensor 122 may be mounted on one
surface of the sensor board 121 so as to be exposed toward
the object, and the contact pressure sensor 123 may be
mounted on an opposite surface of the sensor board 121 so
as to face the inside of the housing 112. In this case, one or
more connection portions 113, disposed between the sensor
board 121 and the housing 112, may be expandable and
contractible. The connection portion 113 enables a move-
ment of the sensor board 121 when a pressure applied from
the object, for example, a wrist of the user, is transmitted to
the housing 112 of the main body 110 by the tension of the
strap 130 as the user changes a shape of a hand.

[0060] The pulse wave sensor 122 may measure a pho-
toplethysmography (PPG) signal (hereinafter, referred to as
a “pulse wave signal”). In this case, the object may be an
upper part of a wrist of the user, through which venous blood
vessels or capillaries pass, but is not limited thereto, and it
may be a region of a lower part of the wrist of the user,
through which the radial artery passes. The pulse wave
sensor 122, as shown in FIG. 1B, may include one or more
light sources 122a configured to emit light to the object and
one or more detectors 1225 configured to detect light
scattered or reflected from the object which is irradiated by
the light sources 122a. In this case, the light sources 122a
may include a light emitting diode (LED), a laser diode, and
a fluorescent body, but are not limited thereto.

[0061] The contact pressure sensor 123 may include a
force sensor 123a, with appropriate sensitivity, and a pres-
surizing member 123b. However, the type of the contact
pressure sensor 123 is not limited to the above examples,
and it is apparent that various sensors, such as a strain gauge
and the like, for measuring a contact pressure may be
provided. When the user changes a shape of the hand, the
muscles of the wrist are contracted or relaxed and the
thickness of the wrist changes accordingly. When the thick-
ness of the wrist is changed, the sensor board 121 is caused
to move by the tension of the strap which wraps around the
wrist. The pressurizing member 1235 of the contact pressure
sensor 123 mounted on the sensor board 121 applies a
pressure to a rigid support body 124 according to the
movement of the sensor board 121, and the force sensor
123a of the contact pressure sensor 123 may measure a
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contact pressure signal which is generated as the pressuriz-
ing member 1235 pressurizes the rigid support body 124.
[0062] The pulse wave sensor 122 or the contact pressures
sensor 123 may be electrically connected to the sensor board
121. The pulse wave signal or the contact pressure signal
measured by the pulse wave sensor 122 or the contact
pressure sensor 123 may be transmitted to the main board
114 through the sensor board 121 electrically connected to
the pulse wave sensor 122 or the contact pressure sensor
123. However, exemplary embodiments are not limited
thereto, such that the pulse wave sensor 122 or the contact
pressure sensor 123 may be directly electrically connected to
the main board 114.

[0063] The main board 114 may be supported by the cover
111, and a display 150, configured to visually display a
variety of information, may be provided on one surface of
the main board 114. In addition, the main board 114 may be
provided with a speaker module or a haptic module config-
ured to output information non-visually. Also, the main
board 114 may be provided with a processor configured to
execute an algorithm for measuring biometric information or
to control various modules. The main board 114 may be
electrically connected to the sensor board 121 and receive
the measured pulse wave signal or contact pressure signal,
and the processor may measure biometric information on the
basis of the received pulse wave signal or contact pressure
signal.

[0064] FIG. 2 is a block diagram illustrating an apparatus
for measuring biometric information according to an exem-
plary embodiment. FIGS. 3A and 3B are diagrams illustrat-
ing embodiments of changes in contact pressure and pulse
wave signal according to the change of the hand shape.
FIGS. 4A to 4E are diagrams for describing examples of
biometric information measurement according to an exem-
plary embodiment.

[0065] An exemplary embodiment in which an apparatus
for measuring biometric information measures biometric
information will be described with reference to FIGS. 2 to
4E. In this exemplary embodiment, the biometric informa-
tion may include systolic blood pressure, diastolic blood
pressure, vascular age, arterial stiffness, aortic artery pres-
sure waveform, vascular elasticity, stress index, fatigue
level, and the like, but is not limited thereto. Hereinafter, for
convenience of description, an example in which the appa-
ratus for measuring biometric information is worn on a wrist
and measures a blood pressure will be described.

[0066] Referring to FIG. 2, an apparatus 200 for measur-
ing biometric information includes a contact pressure sensor
210, a pulse wave sensor 220, a processor 230, an outputter
240, and a storage unit 250.

[0067] When the processor 230 receive a request for
measuring biometric information, the processor 230 may
control the outputter 240 to guide the user, using a visual
and/or non-visual method, in motions to change the user’s
hand shape. The request for measuring biometric informa-
tion may be input by the user through an interface provided
on the operator or on the display. Alternatively, the processor
230 may check a pre-set measurement interval, which is
stored in the storage unit 250, and may automatically
generate a control command for measuring biometric infor-
mation at the pre-set measurement intervals.

[0068] The processor 230 may display guidance informa-
tion for the motions to change the hand shape. While the user
changes the shape of the hand according to the guidance, the
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processor 230 may control the pulse wave sensor 220 and
the contact pressure sensor 210 to measure a pulse wave
signal and a contact pressure signal.

[0069] When the user who is wearing the main body on
his/her wrist changes the hand shape according to the
guidance, the thickness of the wrist changes as the muscles
of the wrist are relaxed or contracted. The contact pressure
sensor 210 may measure a change in pressure applied to the
wrist by the tension of the strap wrapping the wrist accord-
ing to the change of the hand shape. In addition, the pulse
wave sensor 220 may simultaneously measure change in a
pulse wave signal in an examination region of the wrist, such
as venous blood vessels, capillaries, or radial artery, accord-
ing to the change of the hand shape.

[0070] When the pulse wave sensor 210 and the contact
pressure sensor 220 measure the pulse wave signal and the
contact pressure signal, respectively, the processor 230 may
receive the measured pulse wave signal and contact pressure
signal. The processor 230 may store the received pulse wave
signal and contact pressure signal in the storage unit 250. In
addition, the processor 230 may measure the user’s blood
pressure on the basis of the received pulse wave signal and
contact pressure signal.

[0071] When the received pulse wave signal and contact
pressure signal are determined to be insufficient for mea-
suring the blood pressure or when the measured blood
pressure is determined to be abnormal, for example, when
the measured blood pressure is outside of a normal blood
pressure range which is pre-set for a specific user, the
processor 230 may determine to re-measure a contact pres-
sure signal and a pulse wave signal. In this case, the
processor 230 may guide the user in another motion different
than the previously guided motion to change the hand shape.

[0072] The outputter 240 may include a display configured
to visually display information or an output module config-
ured to output the information through a non-visual method.
In this case, examples of a non-visual output module may
include a speaker module configured to audibly output
information and a haptic module configured to output infor-
mation through vibration or tactile sensation. The outputter
240 may output a blood pressure measurement result or the
measured pulse wave signal or contact pressure signal under
the control of the processor 230. The processor 230 may
determine an output method suitable for the user on the basis
of user characteristic information, such as the user’s sex,
age, health condition, or the like, and control the module of
the outputter 240 corresponding to the determined output
method to output the information.

[0073] A plurality of motions for changing the user’s hand
shape, guidance information for specific motions suitable for
the user’s characteristics among the plurality of motions,
reference information, such as a measurement model for
biometric information measurement, and measurement
results may be stored in the storage unit 250. The storage
unit 250 may include a storage medium, such as a flash
memory type memory, a hard disk type memory, a multi-
media card micro type memory. a card-type memory (e.g.,
secure digital (SD) or extreme digital (XD) memory, etc.)
random access memory (RAM), static random access
memory (SRAM), read-only memory (ROM), electrically
erasable programmable read-only memory (EEPROM), pro-
grammable read-only memory, magnetic memory, magnetic
disk, and optical disk, but 1s not limited thereto.
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[0074] FIGS. 3A and 3B are diagrams illustrating user’s
hand shape and a contact pressure and pulse wave signal
measured according to the change of hand shape.

[0075] FIG. 3Aillustrates an example in which, according
to guidance of the processor 230, a user holds his/her hand
in a fist A1 and unfolds each finger, one by one, at a
predetermined time interval, for example, at an interval of
30 seconds, so that all fingers of the hand are extended (open
hand A2).

[0076] Generally, since the thickness of the wrist is larger
when the hand is open with all fingers extended than when
the hand is held in a fist, a pressure exerted on the wrist by
the strap increases gradually as the user changes the shape
of hand from the fist Al to the open hand A2 by unfolding
each finger. Accordingly, as shown in the drawings, the
contact pressure measured by the contact pressure sensor
210 increases gradually according to the change of the hand
shape. In addition, according to the change of the hand
shape. the envelope of the pulse wave signal measured at
capillaries, venous blood vessels, or radial artery in the
upper part of the wrist may also be change, and the pulse
wave sensor 220 measures the changed pulse wave signal.
[0077] FIG. 3B is a diagram illustrating an example in
which the user changes a hand shape from an open hand B1
with all fingers extended to a fist-holding hand B2 according
to guidance of the processor 230. Since the shape of the hand
is changed from the open hand with all fingers extended to
a shape of a fist, the contact pressure measured by the
contact pressure sensor 210 is the strongest when all fingers
of the hand are extended, and it gradually decreases, as
shown in the drawing. The pulse wave sensor 220 measures
the pulse wave signal that changes according to the change
of the hand shape.

[0078] However, the motions to change the hand shape are
not limited to the examples shown in FIGS. 3A and 3B, and
may include any motions causing a change in pressure
exerted on the object, for example, a motion of extending at
least one finger from a fist, a motion of making a fist in a
state in which at least one finger is unfolded, a motion of
sequentially curling the stretched fingers of the open hand,
one by one, into a fist, a motion of bending a wrist in one
direction in a state holding a fist or in a state keeping at least
one finger unfolded, a motion of squeezing fingers while
holding a fist, a motion of stretching at least two unfolded
fingers apart from each other, a motion of bending a palm
downward or backward with all fingers open, and a motion
of pressing the main body with a hand on which the main
body is not worn.

[0079] An exemplary embodiment in which the processor
230 measures a blood pressure will be described with
reference to FIGS. 4A to 4E. For example, the processor 230
may measure a blood pressure on the basis of an oscillo-
metric method.

[0080] The processor 230 may guide the user via the
outputter 240 such that the user performs a motion to change
a shape of the hand on which the main body is worn from
a fist to an open hand with all fingers extended.

[0081] The contact pressure sensor 210 and the pulse wave
sensor 220 may measure a contact pressure signal and a
pulse wave signal while the user is performing a motion to
change the hand shape. In this case, since the thickness of
the wrist gradually increases as the user changes the shape
of the hand from the fist to the open hand with all fingers
extended, the pressure exerted on the wrist by the tension of
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the strap wrapping around the wrist gradually increases.
Therefore, the contact pressure of the object measured by the
contact pressure sensor 210 gradually increases as shown in
FIG. 4A. In addition, the envelope of the pulse wave signal
measured by the pulse wave sensor 220 is also changed, as
compared to when the pressure applied to the wrist does not
change.

[0082] Then, when the contact pressure signal and the
pulse wave signal are measured by the contact pressure
sensor 210 and the pulse wave sensor 220, respectively, the
processor 230 may obtain an envelope of a waveform from
the measured pulse wave signal, as shown in FIG. 4B, and
may use the obtained envelope of the pulse wave signal
waveform to extract peak-to-peak points of the pulse wave
signal waveform by subtracting a value on minus side from
a value on positive side of a waveform at each time of
measurement, as shown in FIG. 4C.

[0083] Then, as shown in FIG. 4D, the processor 230 may
generate a contact pressure versus pulse wave graph by
plotting the peak-to-peak points of pulse wave signal wave-
form of FIG. 4C with respect to a contact pressure value,
extracted at the same measurement time point.

[0084] Then, the processor 230 may extract feature points
using the contact pressure versus pulse wave graph gener-
ated in FIG. 4D and measure biometric information using
the extracted feature points. In this case, the processor 230
may extract a contact pressure value, a pulse wave value, or
the like at a point at which the maximum peak occurs in the
contact pressure versus pulse wave graph as the feature
point.

[0085] Inoneexample, as shown in FIG. 4E, the processor
230 may perform 3"*-order polynomial fitting on the contact
pressure versus pulse wave graph IP generated in FIG. 4D,
and may extract a contact pressure value XM or a pulse wave
yM at the maximum peak point M of a graph PF obtained as
a result of the 3™-order polynomial fitting as the feature
point. The contact pressure value xM at a point where the
maximum peak occurs may be extracted as the feature point
for calculating a mean blood pressure (MBP) and contact
pressure values at the right and left points which are sym-
metrically distant from the contact pressure value xM at the
point where the maximum peak occurs and which have a
peak at a pre-set ratio within a range from 0.5 to 0.7 may be
extracted as feature points for calculating systolic blood
pressure (SBP) and diastolic blood pressure (DBP).

[0086] Then, the processor 230 may obtain SBP, DBP,
MBP, or the like by inputting the extracted feature point to
a biometric information measurement model. In this case,
the biometric information measurement model may be con-
structed in advance as a linear function as shown in Equation
1 below, but it is not limited thereto and may be constructed
in the form of a table in which blood pressure values are
mapped to feature points.

y=ax+b [0Y]

[0087] Here, y denotes biometric information to be
obtained, i.e., SBP, DBP, MBP, and the like, and x denotes
the extracted feature point. In addition, a and b are constant
values obtained in advance through preprocessing and they
may be defined differently according to the type of biometric
information to be measured.

[0088] When the biometric information of interest is mea-
sured, the processor 230 may output a measurement result
through the outputter 240. In this case, the outputter 240 may
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visually display the measurement result on a display or
audibly provide the measurement result under the control of
the processor 230. In addition, when the biometric informa-
tion is measured, the processor 230 may determine whether
the user’s health condition is abnormal, and when it is
determined that an abnormal condition occurs, the processor
230 may provide a warning or alarm information. For
example, when measured blood pressure deviates from the
user’s usual blood pressure, the blood pressure value may be
displayed in red, or a warning may be given via vibration
through a haptic module. Alternatively, the processor 230
may audibly notify the user of the abnormal condition and
guide the user for an action to take.

[0089] FIG. 5 is a flowchart illustrating a method of
measuring biometric information according to an exemplary
embodiment. The method of measuring biometric informa-
tion shown in FIG. 5 may be performed by the above-
described apparatus 200 for measuring biometric informa-
tion, and it will be briefly described

[0090] The apparatus 200 for measuring biometric infor-
mation receives a request for measuring biometric informa-
tion, as depicted in 510, and guides the user in a motion to
change a hand shape, as depicted in 520. In this case, as
described above, the motion to change the hand shape may
include any of various motions to increase or decrease a
pressure to be applied to the object through the strap
wrapping around the object by relaxing or contracting the
muscles of the object on which the main body is worn, for
example, the wrist.

[0091] Then, the contact pressure sensor measures a con-
tact pressure while the user performs the motion to change
the hand shape, as depicted in 530, and concurrently, the
pulse wave sensor emits light to the object and detects light
scattered or reflected from the object to measure a pulse
wave signal, as depicted in 540.

[0092] Then, biometric information is measured on the
basis of the measured contact pressure and pulse wave
signal, as depicted in 550. For example, when the contact
pressure and the pulse wave signal are measured, the appa-
ratus 200 may measure a blood pressure, which is one of
biometric information, on the basis of an oscillometric
method, as described above. In addition, the apparatus 200
may store the measured contact pressure signal, the mea-
sured pulse wave signal, and the measurement results in the
storage unit.

[0093] Then, when the biometric information is measured,
the measurement result may be provided to the user, as
depicted in 560. When the biometric information is mea-
sured, the apparatus 200 may determine whether the user’s
health condition is problematic on the basis of the measure-
ment result and may provide warning or alarm information
to the user according to a determination result.

[0094] FIG. 6 is a block diagram illustrating an apparatus
for measuring biometric information according to another
exemplary embodiment.

[0095] Referring to FIG. 6, an apparatus 600 for measur-
ing biometric information includes a contact pressure sensor
610, a pulse wave sensor 620, a processor 630, an outputter
640, a storage unit 650, and a communicator 660. Some
parts 610, 620, 630, 640, and 650 of the apparatus 600
according to the present exemplary embodiment perform
basically the same functions as the parts 210, 220, 230, 240,
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and 250 in the exemplary embodiment described with ref-
erence to F1G. 2, and hence detailed descriptions thereof will
be omitted.

[0096] When a request for measuring biometric informa-
tion is received, the processor 630 may extract guidance
information for a motion to change a user’s hand shape from
the storage unit 630 and provide the guidance information to
the user through the outputter 640. In addition, the processor
630 may control the contact pressure sensor 610 and the
pulse wave sensor 620 to measure a contact pressure and a
pulse wave signal while the user performs a motion to
change the hand shape according to the guidance informa-
tion.

[0097] When the contact pressure signal and the pulse
wave signal measured by the contact pressure sensor and the
pulse wave sensor are received, the processor 640 may
measure biometric information on the basis of the received
contact pressure signal and pulse wave signal.

[0098] The processor 640 may control the communicator
660, which is connected with an external device 670, and
may process various functions including functions needed
for biometric information measurement through cooperation
with the connected external device 670. In this case, the
external device 670 may include a smartphone, a tablet
personal computer (PC), a desktop PC, a notebook PC, a
medical institution server, and a medical device, such as a
cuff-type blood pressure measuring device.

[0099] The communicator 660 may connect with a com-
munication network using a communication technology
under the control of the processor 640. The communication
technology includes Bluetooth communication, Bluetooth
low energy (BLE) communication, near field communica-
tion (NFC), wireless local area network (WLAN) commu-
nication, ZigBee communication, infrared data association
(IrDA) communication, Wi-Fi direct (WFD) communica-
tion, ultra-wideband (UWB) communication, Ant+ commu-
nication, Wi-Fi communication, radio frequency identifica-
tion (RFID) communication, 3G communication, 4G
communication, 5G communication, or the like, but is not
limited thereto.

[0100] For example, the processor 640 may determine
whether to correct data necessary for measuring biometric
information. When it is determined that correction is needed,
the processor 640 controls the communicator 660 to estab-
lish a connection with the external device 670. In this case,
at a pre-set interval, or when the measured value of biomet-
ric information does not satisfy a predetermined criterion,
the processor 640 may determine that correction of a bio-
metric information measurement model for measuring bio-
metric information is needed.

[0101] In addition, when the communicator 660 is con-
nected to the external device 670 and receives reference data
for correction of, for example, a biometric information
measurement model, the processor 630 may correct the
biometric information measurement model using the
received reference data. The processor 630 may store the
received reference data and/or the corrected measurement
model in the storage unit 650. If the biometric information
to be measured is blood pressure, the external device 670
may be a cuff-type blood pressure measuring device, and the
received reference data may include a cuff-pressure and
user’s cuff blood pressure measured by use of the cuff-type
blood pressure measuring device. However, the received
data is not limited to the above examples, and the measure-
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ment model itself, which is periodically updated for the user
at a medical institution, may be received as the reference
data.

[0102] In another example, when the contact pressure
signal and the pulse wave signal are measured, the processor
630 may transmit the measured contact pressure signal and
pulse wave signal to the external device 670, allowing the
external device 670, having a relatively excellent processing
performance, to measure the biometric information. In this
case, the external device 670 may be a smartphone or tablet
PC carried by the user, a desktop PC or notebook PC of the
user, a medical institution server for managing the user’s
health condition, or the like. The external device 670 may
employ a biometric information measurement algorithm, for
example, an algorithm that measures blood pressure on the
basis of an oscillometric method.

[0103] In another example, the processor 630 may trans-
mit the measured biometric information to the external
device 670, having a relatively excellent computing perfor-
mance, such as memory performance, display performance,
or the like, compared to the apparatus 600 for measuring
biometric information, and may allow the external device
670 to manage a history of biometric information measure-
ment. In addition, the processor 630 may provide the mea-
surement result to the user through the outputter 640, or may
provide the measured biometric information, biometric
information history information, and other additional infor-
mation to the user through the external device 670.

[0104] FIG. 7 is a flowchart illustrating a method of
measuring biometric information according to an exemplary
embodiment.

[0105] FIG. 7 illustrates an exemplary embodiment of a
method of measuring biometric information which is per-
formed by the apparatus 600 for measuring biometric infor-
mation of FIG. 6, and the embodiment will be described in
brief.

[0106] The apparatus 600 for measuring biometric infor-
mation receives a request for measuring biometric informa-
tion, as depicted in 710. At this time, the request may be
received from the user. However, aspects of the present
disclosure are not limited thereto, such that a processor may
automatically generate a biometric information measure-
ment request control signal when a pre-set criterion is
satisfied, for example, at a predetermined interval or when a
biometric information measurement result does not meet a
predetermined criterion.

[0107] Then, the apparatus 600 guides the user in a motion
to change a hand shape of the user in order to change a
pressure applied to an object on which the main body is
placed, as depicted in 720. In this case, the motion to change
the hand shape is as described above.

[0108] Then, the apparatus 600 measures a contact pres-
sure of the object while the hand shape is changing, as
depicted in 730, and concurrently, measures a pulse wave
signal of the object, as depicted in 740. For example, as the
hand shape is continuously changed, the thickness of a wrist
is changed, resulting in a change in tension of the strap
wrapping around the wrist, and the contact pressure of the
object which is changed by the tension of the strap is
transmitted to the main body and may be measured by the
contact pressure sensor. In addition, as the thickness of the
wrist is changed, a degree to which the main body is attached
to the wrist is changed, and thus the envelope of the pulse
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wave signal measured at a capillary or venous blood vessel
in the upper wrist may also be changed.

[0109] Then, the biometric information is measured on the
basis of the measured contact pressure and pulse wave
signal. For example, as described above with reference to
FIGS. 4A to 4E, systolic blood pressure, diastolic blood
pressure, and the like may be measured on the basis of the
oscillometric method.

[0110] Thereafter, whether to correct a biometric informa-
tion measurement model is determined based on the bio-
metric information measurement result, as depicted in 760.
For example, even for the same user, the value of biometric
information measured at each time of measurement may
vary depending on the user’s age, health status and the state
change of the region to be examined according to the
exercise. Therefore, criteria for correction, such as a normal
range of a biometric information measurement value, for
example, measured blood pressure, and the number of times
that a measured value is out of the normal range, may be set
in advance, and the apparatus 600 may determine whether to
correct the biometric information measurement model by
checking the correction criteria. When the blood pressure
measured during a predetermined period is out of the normal
range or the blood pressure measured during a predeter-
mined period is out of the normal range more than a
predetermined number of times, the apparatus 600 may
determine that correction of the biometric information mea-
surement model is needed.

[0111] Then, when it is determined in 760 that the bio-
metric information measurement model needs to be cor-
rected, the apparatus 600 may establish a connection with an
external device and receive reference data from the external
device, as depicted in 770. In this case, the reference data
may be a cuff-pressure and user’s cuff blood pressure
measured by use of a cuff-type blood pressure measuring
device.

[0112] Then, when the reference data is received from the
external device, the biometric information measurement
model is corrected, as depicted in 780.

[0113] Once the biometric information measurement
model is corrected, operation 720 to guide the user for a
motion to change the hand shape and the following opera-
tions are performed in order to re-measure biometric infor-
mation using the corrected biometric information measure-
ment model.

[0114] Then, when the biometric information is measured
in operation 750 and it is determined in operation 760 that
the correction of the biometric information measurement
model is not needed, the biometric information measure-
ment result is output to the user, as depicted in 790.
[0115] FIG. 8 is a diagram illustrating a configuration of
an apparatus for measuring biometric information according
to an exemplary embodiment. The apparatus for measuring
biometric information of the present embodiment may be a
wristband-type wearable device.

[0116] Referring to FIG. 8, the apparatus for measuring
biometric information according to an exemplary embodi-
ment includes a main body 800 and a strap 830 configured
to secure the main body 800 to an object while wrapping
around the object.

[0117] The main body 800 may include a housing 812 and
a main board 814 supported by a cover 811.

[0118] The strap 830 may be of a cuff-type in which air is
injected so as to perform a similar function to a cuff of a
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cuff-type blood pressure measuring device. In this case, the
strap 830 may be manufactured such that an air bag in which
air is injected is mounted therein. One end of the strap 830
may be connected to the housing 812 of the main body 800
and the other end of the strap may be connected to a pressure
sensor 820 mounted inside the housing 812. Alternatively,
two pressure sensors 820 may be mounted inside the hous-
ing 812 and each end of the strap 830 may be connected to
one of the pressure sensors 820.

[0119] The pressure sensor 820 may be mounted inside the
housing 810 of the main body 800 as illustrated, and may be
electrically connected to the main board 814. The pressure
sensor 820 connected to one end of the strap 830 may
measure a change in pressure applied to the object by the
strap 830 with air injected therein according to the change of
the hand shape. However, aspects of the present disclosure
are not limited thereto, such that the pressure sensor 820
may be mounted on an outer surface of the strap 812 which
comes in contact with a surface of a wrist under which the
radial artery passes. The pressure sensor 820 may measure
a change in pressure and convert it into an electrical pressure
signal. In this case, the change in pressure detected in the
wrist area may be a pulse wave and may include both an
alternating current (AC) component and a direct current
(DC) component. The pressure sensor 820 may be a piezore-
sistive pressure sensor or a capacitive pressure sensor
capable of measuring a change in pressure detected in the
wrist area, but is not limited thereto.

[0120] The main board 814 is supported by the cover 811
and may include a display 840 mounted on one surface
thereof to visually display a variety of information. In
addition, a speaker module or a haptic module capable of
outputting information non-visually may be mounted in the
main board 814. Also, a processor configured to execute an
algorithm for biometric information measurement or to
control various modules may be mounted in the main board
814.

[0121] The processor may guide the user by displaying, in
the display 840, a motion to instruct the user to change the
hand shape in order to change the pressure of the object to
be inspected. When the pressure sensor 820 measures a
pressure signal of the object while the user is changing the
hand shape, the processor may measure biometric informa-
tion by processing the measured pressure signal.

[0122] FIG. 9 isa block diagram illustrating the apparatus
for measuring biometric information according to an exem-
plary embodiment. Referring to FIG. 9, an apparatus 900 for
measuring biometric information includes a pressure sensor
910, a processor 930, an outputter 940, and a storage umt
950.

[0123] The processor 930 may provide an interface to the
user through the outputter 940, and process various control
commands input by the user through the interface. For
example, when the user inputs a request for measuring
biometric information through the interface, the processor
930 may guide the user in a motion to change the hand shape
by referencing the storage unit 950 in which a variety of
information is stored. In addition, the processor 930 may
generate a control signal for operating the pressure sensor
910 and may transmit the control signal to the pressure
sensor 910.

[0124] The processor 930 may receive the measured pres-
sure signal from the pressure sensor 910 and process the
received pressure signal. For example, the processor 930
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may process the pressure signal to extract a pressure value
and a pulse wave signal therefrom. When the pressure signal
is received, the processor 930 may pass the pressure signal
through a low pass filter (LPF) and extract a change in
pressure over time. In addition, the processor 930 may pass
the pressure signal through a bandpass filter (BPF) to extract
a pulse wave signal from which high frequency noise and
baseline variation are removed.
[0125] When the pressure value and the pulse wave signal
are extracted from the pressure signal, the processor 930
may measure biometric information using the extracted
pressure value and pulse wave signal. For example, the
processor 930 may measure blood pressure using an oscil-
lometric method. When the biometric information is mea-
sured, the processor 930 may use the measurement result to
determine whether the user’s current health status or the
measurement result is abnormal.
[0126] The outputter 940 may output the measured pres-
sure signal or the biometric information measurement result
under the control of the processor 930. In addition, accord-
ing to the determination result of the processor 930, the
outputter 940 may output warning information or alarm
information to the user. In this case, the warning information
or the alarm information may be visually provided using
various colors, or may be provided through a non-visual
method, such as voice, vibration, or tactile sensation.
[0127] The exemplary embodiments described above can
be implemented as computer readable codes stored in a
computer readable recording medium. Codes and code seg-
ments constituting the computer program can be easily
inferred by a skilled computer programmer in the art. The
computer readable record medium includes all types of
record media in which computer readable data are stored.
Examples of the computer readable record medium include
aROM, aRAM, a CD-ROM, a magnetic tape, a floppy disk,
and an optical data storage. In addition, the computer
readable record medium may be distributed to computer
systems over a network, in which computer readable codes
may be stored and executed in a distributed manner.
[0128] A number of examples have been described above.
Nevertheless, it will be understood that various modifica-
tions may be made. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. An apparatus for measuring biometric information,
comprising:

a main body configured to be worn on an object to be

examined, wherein the main body comprises:

a contact pressure sensor configured to measure a
contact pressure exerted on the apparatus by the
object;

a pulse wave sensor configured to measure a pulse
wave signal of the object; and

a processor configured to determine biometric infor-
mation based on the contact pressure and the pulse
wave signal.

2. The apparatus of claim 1,
wherein the main body comprises a first end and a second
end;
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wherein the apparatus further comprises a strap compris-
ing a first end connected to the first end of the main
body and a second end connected to the second end of
the main body; and

wherein the strap is configured to wrap around the object

and to hold the main body in a position in which the
main body contacts the object.

3. The apparatus of claim 1, wherein the contact pressure
sensor comptrises at least one of a force sensor and a strain
gauge.

4. The apparatus of claim 1, wherein the pulse wave
sensor comprises at least one light source configured to emit
light to the object and at least one detector configured to
detect light emitted by the at least one light source and
reflected from the object.

5. The apparatus of claim 4, wherein the at least one light
source comprises at least one of a light emitting diode
(LED), a laser diode, and a fluorescent body.

6. The apparatus of claim 1, wherein the main body
further comprises an outputter configured to output guidance
information instructing a change of a hand shape upon
receipt of a request for measuring biometric information.

7. The apparatus of claim 6, wherein the change of the
hand shape comprises at least one of a extending at least one
finger from a fist, moving from a state in which at least one
finger is unfolded into a state of making a fist, sequentially
opening each finger from a fist, and sequentially curling
stretched fingers of an open hand, one by one, into a fist.

8. The apparatus of claim 6, wherein the change of the
hand shape comprises at least one of bending a wrist in one
direction in a state of holding a fist, bending a wrist in one
direction in a state of keeping at least one finger unfolded,
squeezing fingers while holding a fist, stretching at least two
unfolded fingers apart from each other, bending a palm
downward with all fingers open, bending a palm backward
with all fingers open, and pressing the main body with a
hand on which the main body is not worn.

9. The apparatus of claim 6, wherein the outputter is
configured to output a measurement result upon measure-
ment of the biometric information by the processor.

10. The apparatus of claim 1, wherein the main body
further comprises a storage unit configured to store at least
one of guidance information for a motion to change the hand
shape and the measurement result of the biometric informa-
tion.

11. The apparatus of claim 1, wherein the processor is
further configured to extract feature points based on the
measured pulse wave signal and a contact pressure signal
and to determine the biometric information based on the
feature points and a measurement model.

12. The apparatus of claim 11, wherein the processor is
further configured to generate a contact pressure versus
pulse wave graph based on the contact pressure signal and
the pulse wave signal and to extract at least one of a contact
pressure value and a pulse wave value at a maximum peak
of the generated graph.

13. The apparatus of claim 11, wherein the biometric
information comprises at least one of systolic blood pres-
sure, diastolic blood pressure, vascular age, arterial stiffness,
aortic artery pressure waveform, vascular elasticity, stress
index, and fatigue level.

14. A method of determining biometric information, the
method comprising:
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measuring a contact pressure exerted on an apparatus by

an object to be examined,

measuring a pulse wave signal of the object; and

determining biometric information based on the contact

pressure and the pulse wave signal.

15. The method of claim 14, further comprising:

receiving a request for measuring biometric information;

and

outputting guidance information instructing a change of a

hand shape upon receipt of the request for measuring

the biometric information.

16. The method of claim 15, wherein the change of the
hand shape comprises at least one of extending at least one
finger from a fist, moving from a state in which at least one
finger is unfolded into a state of making a fist, sequentially
opening each finger from a fist, and sequentially curling
stretched fingers of an open hand, one by one, into a fist.

17. The method of claim 15, wherein the change of the
hand shape comprises at least one of bending a wrist in one
direction in a state of holding a fist, bending a wrist in one
direction in a state of keeping at least one finger unfolded,
squeezing fingers while holding a fist, stretching at least two
unfolded fingers to be apart from each other, bending a palm
downward with all fingers open, bending a palm backward
with all fingers open, and pressing the main body with a
hand on which the main body is not worn.

18. The method of claim 14, further comprising output-
ting a measurement result upon determination of the bio-
metric information.

19. The method of claim 14, wherein the determining the
biometric information comprises extracting feature points
based on the pulse wave signal and a contact pressure signal
and determining the biometric information based on the
feature points and a measurement model.

20. An apparatus for measuring biometric information,
comprising:

a main body configured to be worn on an object to be

examined, wherein the main body comprises:

a contact pressure sensor configured to measure a
contact pressure exerted on the apparatus by the
object;

a pulse wave sensor configured to measure a pulse
wave signal of the object;

a processor configured to determine biometric infor-
mation based on the contact pressure and the pulse
wave signal; and

a communicator configured to communicate with an
external device under a control of the processor.

21. The apparatus of claim 20, wherein the main body
further comprises an outputter configured to output at least
one of guidance information instructing a change of a hand
shape and a measurement result of the biometric informa-
tion.

22. The apparatus of claim 21, wherein the processor is
further configured to control the outputter to output the
guidance information or to control the communicator to
transmit and output the guidance information to the external
device upon receipt of a request for measuring biometric
information.

23. The apparatus of claim 20, wherein the processor is
further configured to determine whether to correct a mea-
surement model for measuring the biometric information, to
control the communicator to receive reference data from the
external device when it is determined that the measurement
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model is needed to be corrected, and to correct the mea-
surement model based on the reference data.

24. The apparatus of claim 23, wherein the reference data
comprises at least one of cuff blood pressure data and cuff
pressure data measured by a cuff-type blood pressure mea-
suring device.

25. The apparatus of claim 23, wherein the measurement
model represents a correlation between the biometric infor-
mation and feature points extracted based on the contact
pressure and the pulse wave signal, and wherein the mea-
surement model comprises at least one of a linear function
and a mapping table.

26. An apparatus for measuring biometric information,
comprising:

a main body configured to be worn on an object to be

examined, wherein the main body comprises:

a strap configured to be wrapped around the object and
to hold the main body in a position in which the main
body contacts the object;

a pressure sensor configured to measure a pressure
signal transmitted through the strap; and
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a processor configured to measure biometric informa-
tion based on the measured pressure signal.

27. The apparatus of claim 26, wherein the strap com-
prises a first end connected to the pressure sensor and a
pocket into which air is injectable.

28. The apparatus of claim 27, wherein the pressure
sensor measures a pressure signal generated when the strap
pressurizes or depressurizes the object.

29. The apparatus of claim 26, wherein the processor is
further configured to measure a blood pressure of the object
using an oscillometric method based on the pressure signal.

30. The apparatus of claim 29, wherein the processor is
further configured to pass the measured pressure signal
through a low pass filter (LPF) and a bandpass filter (BPF),
and to thereby extract pressure data and a pulse wave signal,
and to measure the blood pressure based on the pressure data
and the pulse wave signal.

31. The apparatus of claim 26, wherein the main body
further comprises an outputter configured to output guidance
information instructing a change of a hand shape upon
receipt of a request for measuring biometric information.
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