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(54) BIO-INFORMATION MEASURING APPARATUS AND BIO-INFORMATION MEASURING 
METHOD

(57) An apparatus for measuring bio-information in
a non-invasive manner includes: a pulse wave sensor
configured to measure a plurality of pulse wave signals
having different wavelengths from an object; a contact
pressure sensor configured to measure contact pressure
of the object while the plurality of pulse wave signals are
measured; and a processor configured to obtain an os-
cillometric waveform based on the contact pressure and
the plurality of pulse wave signals having the different
wavelengths, and obtain bio-information based on the
oscillometric waveform.



EP 3 456 251 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments relate to bio-information measure-
ments, and more particularly to extracting cardiovascular
characteristics from the bio-information measurements
without using a cuff.

2. Description of the Related Art

[0002] As a general method of extracting cardiovascu-
lar characteristics in a non-invasive manner without using
a pressure cuff, a pulse wave analysis (PWA) method
and a pulse wave velocity (PWV) method may be used.
[0003] The PWA method is a method of extracting car-
diovascular characteristics by analyzing the shape of a
photoplethysmography signal or a body surface pressure
signal from peripheral part of the body, for example, fin-
gertips, the radial artery, or the like. The blood ejected
from the left ventricle causes reflection at areas of large
branches, such as the renal arteries and the iliac arteries,
which affects the shape of the pulse wave or body pres-
sure wave measured at the peripheral part of the body.
Thus, by analyzing the shape, arterial stiffness, vascular
age, aortic pressure waveform or the like can be estimat-
ed.
[0004] The PWV method is a method of extracting car-
diovascular characteristics, such as arterial stiffness or
blood pressure, by measuring a pulse wave transmission
time. In the method, a delay (e.g., Pulse Transit Time
(PTT)) between an R-peak (e.g., left ventricular contrac-
tion interval) of an electrocardiogram (ECG) and a peak
of a PPG signal is measured by measuring the ECG and
PPG signals of the peripheral part of the body, and a
velocity at which the blood from the heart reaches the
peripheral part of the body is calculated by dividing an
approximate length of the arm by the PPT.

SUMMARY

[0005] According to an aspect of an exemplary embod-
iment, there is provided a bio-information measuring ap-
paratus, including: a pulse wave sensor configured to
measure a plurality of pulse wave signals having different
wavelengths from an object; a contact pressure sensor
configured to measure contact pressure of the object
while the plurality of pulse wave signals are measured;
and a processor configured to obtain an oscillometric
waveform based on the contact pressure and the plurality
of pulse wave signals having the different wavelengths,
and obtain bio-information based on the oscillometric
waveform.
[0006] The pulse wave sensor may include: a first
pulse wave sensor including a first light source config-

ured to emit light of a first wavelength onto the object,
and a first detector configured to measure a first pulse
wave signal in response to light of the first wavelength
returning from the object; and a second pulse wave sen-
sor including a second light source configured to emit
light of a second wavelength, which is different from the
first wavelength, onto the object, and a second detector
configured to measure a second pulse wave signal in
response to light of the second wavelength returning from
the object.
[0007] The first wavelength may be longer than the
second wavelength; and the processor may be further
configured to obtain the oscillometric waveform based
on a difference signal obtained by subtracting the second
pulse wave signal from the first pulse wave signal.
[0008] The processor may be further configured to nor-
malize the plurality of pulse wave signals, and obtains
the oscillometric waveform by using the normalized plu-
rality of pulse wave signals.
[0009] The first wavelength may be longer than the
second wavelength; and the processor may be further
configured to obtain the oscillometric waveform based
on a difference signal obtained by subtracting a differen-
tial signal of the second pulse wave signal from a differ-
ential signal of the first pulse wave signal.
[0010] The processor may be further configured to ex-
clude a portion, where noise occurs, from the plurality of
pulse wave signals based on the contact pressure.
[0011] The processor may be further configured to pro-
vide contact pressure guide information to a user while
the plurality of pulse wave signals are measured.
[0012] The bio-information measuring apparatus may
further include an output interface configured to provide
at least one of the measured plurality of pulse wave sig-
nals, the measured contact pressure, the contact pres-
sure guide information, and a measurement result of bio-
information to the user.
[0013] The bio-information may include at least one of
blood pressure, vascular age, arterial stiffness, aortic
pressure waveform, vascular compliance, stress index,
and degree of fatigue.
[0014] The bio-information measuring apparatus may
further include a communication interface configured to
transmit at least one of the plurality of pulse wave signals
and the bio-information to an external device.
[0015] The pulse wave sensor may include a plurality
of light sources configured to emit a light of different
wavelengths onto the object, and a detector configured
to measure the plurality of pulse wave signals from the
light of the different wavelengths which is emitted to and
then returns from the object.
[0016] The processor may include a sensor controller
configured to sequentially switch on the plurality of light
sources based on driving conditions of the plurality of
light sources.
[0017] The bio-information measuring apparatus may
further include a storage configured to store the driving
conditions including at least one of a driving order and a
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driving time of the plurality of light sources.
[0018] The pulse wave sensor may include a light
source configured to emit a light onto the object, and a
plurality of detectors configured to measure the plurality
of pulse wave signals from the light which is emitted to
and then returns from the object.
[0019] The plurality of pulse wave signals may have
different wavelengths, and at least one of the plurality of
detectors may include a color filter configured to pass a
predetermined wavelength band to measure the plurality
of pulse wave signals of the different wavelengths.
[0020] The plurality of detectors may be disposed at
different distances from the light source.
[0021] The light source may be further configured to
emit a first light of a first wavelength and a second light
of a second wavelength onto the object; the first wave-
length may be longer than the second wavelength; the
plurality of detectors may include a first detector and a
second detector, and a distance between the first detec-
tor and the light source is longer than a distance between
the second detector and the light source; and the proc-
essor may be further configured to obtain the oscillom-
etric waveform based on a difference signal obtained by
subtracting a second signal measured by the second de-
tector, from a first signal measured by the first detector.
[0022] According to an aspect of another exemplary
embodiment, there is provided a bio-information meas-
uring method, including: measuring a plurality of pulse
wave signals having different wavelengths from an ob-
ject; measuring a contact pressure of the object while the
plurality of pulse wave signals are measured; obtaining
an oscillometric waveform based on the contact pressure
and the plurality of pulse wave signals; and obtaining bio-
information based on the oscillometric waveform.
[0023] The measuring the plurality of pulse wave sig-
nals includes: emitting a light of a first wavelength onto
the object and measuring a first pulse wave signal in re-
sponse to the light of the first wavelength returning from
the object; and emitting a light of a second wavelength,
which is shorter than the first wavelength, onto the object,
and measuring a second pulse wave signal in response
to the light of the second wavelength returning from the
object. Further, the obtaining the oscillometric waveform
may include obtaining the oscillometric waveform based
on a difference signal obtained by subtracting the second
pulse wave signal from the first pulse wave signal.
[0024] The obtaining the oscillometric waveform may
include normalizing the plurality of pulse wave signals.
[0025] The obtaining the oscillometric waveform may
include excluding a portion, where noise occurs, from the
plurality of pulse wave signals based on the contact pres-
sure.
[0026] The bio-information measuring method may fur-
ther include providing contact pressure guide information
to a user while the plurality of pulse wave signals are
measured.
[0027] The bio-information measuring method may fur-
ther include providing at least one of the plurality of pulse

wave signals, the contact pressure, the contact pressure
guide information, and a measurement result of the bio-
information to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and/or other aspects will be more
apparent by describing certain exemplary embodiments,
with reference to the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating a bio-information
measuring apparatus according to an exemplary
embodiment;
FIGS. 2A, 2B, and 2C are block diagrams illustrating
a pulse wave sensor of the bio-information measur-
ing apparatus of FIG. 1 according to an exemplary
embodiment;
FIG. 3 is a block diagram illustrating a processor of
the bio-information measuring apparatus of FIG. 1
according to an exemplary embodiment;
FIGS. 4A and 4B are diagrams explaining an exam-
ple of general measurement of bio-information;
FIGS. 5A and 5B are diagrams explaining a pene-
tration depth from a body surface according to wave-
lengths;
FIGS. 6A, 6B, 6C, and 6D are diagrams illustrating
bio-information measurements according to accord-
ing to an exemplary embodiment;
FIGS. 7A and 7B are diagrams illustrating bio-infor-
mation measurements according to another exem-
plary embodiment;
FIG. 8 is a flowchart illustrating a bio-information
measuring method according to an exemplary em-
bodiment;
FIG. 9 is a block diagram illustrating a bio-information
measuring apparatus according to another exempla-
ry embodiment;
FIG. 10 is a block diagram illustrating a processor of
the bio-information measuring apparatus of FIG. 9
according to an exemplary embodiment;
FIG. 11 is a flowchart illustrating a bio-information
measuring method according to another exemplary
embodiment;
FIG. 12 is a block diagram illustrating a bio-informa-
tion measuring apparatus according to an exemplary
embodiment; and
FIGS. 13A and 13B are diagrams illustrating a wear-
able device according to an exemplary embodiment.

DETAILED DESCRIPTION

[0029] Exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.
[0030] 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
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to assist in a comprehensive understanding of the exem-
plary embodiments. However, it is apparent that the ex-
emplary embodiments can be practiced without those
specifically defined matters. Also, well-known functions
or constructions are not described in detail since they
would obscure the description with unnecessary detail.
[0031] 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.
[0032] Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and c,"
should be understood as including only a, only b, only c,
both a and b, both a and c, both b and c, or all of a, b, and c.
[0033] FIG. 1 is a block diagram illustrating a bio-infor-
mation measuring apparatus according to an exemplary
embodiment. The bio-information measuring apparatus
100 may be embedded in a terminal, such as a smart-
phone, a tablet PC, a desktop computer, and/or a laptop
computer, or may be manufactured as an independent
hardware device. When manufactured as an independ-
ent hardware device, the bio-information measuring ap-
paratus 100 may be provided in the form of a wearable
device, which is wearable on an object OBJ to allow easy
measurement of bio-information while being carried by
a user. For example, the bio-information measuring ap-
paratus 100 may be implemented as a wristwatch-type
wearable device, a bracelet-type wearable device, a
wristband-type wearable device, a ring-type wearable
device, a glasses-type wearable device, or a hairband
-type wearable device. However, the bio-information
measuring apparatus 100 is not limited thereto, and may
be modified in various manners according to various pur-
poses, including a fixed-type device used for measuring
and analyzing bio-information in medical institutions.
[0034] Referring to FIG. 1, the bio-information meas-
uring apparatus 100 includes a pulse wave sensor 110
and a processor 120.
[0035] The pulse wave sensor 110 may measure a plu-
rality of photoplethysmography (PPG) signals (hereinaf-
ter referred to as "pulse wave signal") from an object. In
this case, the object, from which pulse wave signals are
measured, may be a body part which may come into con-
tact with, or may be adjacent to, the pulse wave sensor
110, and may be a body part where pulse waves may be
easily measured based on photoplethysmography (PPG)

signals. For example, the object may be an area on a
wrist that is adjacent to the radial artery or a top portion
of the wrist through which veins or capillaries pass. In
the case of measuring pulse waves on the skin surface
of the wrist where the radial artery passes, the measure-
ment may be relatively less affected by external factors,
such as the thickness of a skin tissue in the wrist, which
may cause errors in measurement. However, the object
is not limited thereto, and may be peripheral body por-
tions, such as fingers, toes, and the like, which have a
high density of blood vessels.
[0036] The processor 120 may obtain an oscillometric
waveform by using a plurality of pulse wave signals
measured by the pulse wave sensor 110. In particular,
the plurality of pulse wave signals may have different
wavelengths from each other. However, the pulse wave
signals are not limited thereto, and the oscillometric
waveform may be obtained by using pulse wave signals
having the same wavelength, which will be described lat-
er.
[0037] The processor 120 may measure bio-informa-
tion based on the obtained oscillometric waveform. The
bio-information may include blood pressure, vascular
age, arterial stiffness, aortic pressure waveform, stress
index, and/or degree of fatigue, but is not limited thereto.
For convenience of explanation, the following description
will be made by using blood pressure as an example.
[0038] For example, once a plurality of pulse wave sig-
nals are measured, the processor 120 may obtain a dif-
ference signal by subtracting a second signal, related to
a pulse wave signal of a short wavelength, from a first
signal related to a pulse wave signal of a relatively long
wavelength among the plurality of pulse wave signals,
and may obtain the oscillometric waveform based on the
obtained difference signal. In this case, the first signal
may be the measured pulse wave signal of a long wave-
length, or may be a differential signal obtained by differ-
entiating the pulse wave signal of a long wavelength ac-
cording to a pre-defined order of differentiation. Likewise,
the second signal may be the measured pulse wave sig-
nal of a short wavelength, or may be a differential signal
obtained by differentiating the pulse wave signal of a
short wavelength according to a pre-defined order of dif-
ferentiation. The terms "short wavelength" and "long
wavelength" may indicate relative wavelengths. For ex-
ample, when the pulse wave sensor 110 emits a first light
having a wavelength range of 700-635 nm and a second
light having a wavelength range of 560-520 nm to an
object, the wavelength range of 700-635 nm and the
wavelength range of 560-520 nm may be referred to as
a long wavelength and a short wavelength, respectively.
The pulse wave sensor 110 may receive the first light
and the second light when they are reflected, deflected,
or scattered from the object, and may extract the first
signal and the second signal from the collected first light
and second light, respectively.
[0039] Further, upon obtaining the oscillometric wave-
form, the processor 120 may extract feature points from
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the obtained oscillometric waveform, and may measure
blood pressure by applying the extracted feature points
to a blood pressure measurement model. For example,
the processor 120 may extract a pulse wave value at a
maximum peak point of the oscillometric waveform as a
feature point for calculating the mean arterial pressure
(MAP). Further, the processor 120 may extract pulse
wave values, which are at points to the left and right of
the maximum peak point and have 0.5 to 0.7 of the value
at the maximum peak point, as features points for calcu-
lating the systolic blood pressure (SBP) and the diastolic
blood pressure (DBP).
[0040] In this case, the blood pressure measurement
model may be pre-defined as a linear function equation
as represented by the following Equation 1. 

[0041] Herein, y denotes blood pressure to be ob-
tained, such as the DBP, the SBP, and/or the MAP, and
x denotes the extracted feature point. Further, a and b
denote constant values pre-calculated through preproc-
essing, and may be defined differently according to the
types of bio-information such as the DBP, the SBP,
and/or the MAP.
[0042] FIGS. 2A to 2C are block diagrams illustrating
a pulse wave sensor of the bio-information measuring
apparatus of FIG. 1 according to an exemplary embodi-
ment. Referring to FIGS. 1 to 2C, various examples of a
configuration of the pulse wave sensor 110, which meas-
ures a plurality of pulse wave signals having two or more
wavelengths from an object, will be described below.
[0043] Referring to FIG. 2A, a pulse wave sensor 210
according to an exemplary embodiment may be formed
as an array of pulse wave sensors to measure a plurality
of pulse wave signals having different wavelengths. As
illustrated in FIG. 2A, the pulse wave sensor 210 includes
a first pulse wave sensor 211 and a second pulse wave
sensor 212. However, this is merely exemplary for con-
venience of explanation, and the number of pulse wave
sensors included in the pulse wave sensor array is not
specifically limited.
[0044] The first pulse wave sensor 211 includes a first
light source 211a which emits light of a first wavelength
onto an object. Further, the first pulse wave sensor 211
includes a first detector 211b which measures a first pulse
wave signal when the light having the first wavelength,
is scattered or reflected from the object after being emit-
ted by the first light source 211a onto the object.
[0045] The second pulse wave sensor 212 includes a
second light source 212a which emits light of a second
wavelength onto an object. Further, the second pulse
wave sensor 212 includes a second detector 212b which
measures a second pulse wave signal when the light

having the second wavelength, is scattered or reflected
from the object after being emitted by the second light
source 212a onto the object.
[0046] In this case, the first light source 211a and the
second light source 212a may include at least one of a
light emitting diode (LED), a laser diode, and a fluores-
cent body, but is not limited thereto. The first detector
211b and the second detector 212b may include a pho-
todiode.
[0047] Referring to FIG. 2B, a pulse wave sensor 220
according to another exemplary embodiment includes a
light source part 221 including a first light source 221a,
a second light source 221b, and a detector 222. Although
FIG. 2B illustrates the light source part 221 including two
light sources 221a and 221b, this is merely exemplary
for convenience of explanation, and the number of light
sources is not specifically limited thereto.
[0048] The first light source 221a emits light of the first
wavelength onto an object, and the second light source
221 emits light of the second wavelength onto the object.
In this case, the first wavelength and the second wave-
length may be different from each other.
[0049] The detector 222 may measure a plurality of
pulse wave signals in response to light of different wave-
lengths returning from the object.
[0050] For example, the first light source 221a and the
second light source 221b may be driven by time-division
under the control of the processor 120, to sequentially
emit light onto the object. In this case, driving conditions
of the light sources, including a light emission time, a
driving order, a current intensity, and/or a pulse duration,
of the first light source 221a and the second light source
221b may be preset. The processor 120 may control driv-
ing of each of the light sources 221a and 221b by referring
to the driving conditions of the light sources.
[0051] The detector 222 may sequentially detect light
of the first wavelength and light of the second wavelength,
which emanate from the object after being sequentially
emitted by the first light source 221 and the second light
source 221b onto the object, and may measure a first
pulse wave signal and a second pulse wave signal.
[0052] Referring to FIG. 2C, a pulse wave sensor 230
according to yet another exemplary embodiment in-
cludes a single light source 231 and a detector part 232.
The detector part 232 includes a first detector 232a and
a second detector 232b. Although FIG. 2C illustrates the
detector part 231 including two detectors 232a and 232b,
this is merely exemplary for convenience of explanation,
and the number of detectors is not specifically limited
thereto.
[0053] The single light source 231 may emit light of a
single wavelength onto an object. In this case, the single
light source 231 may emit light over a wide wavelength
range including visible light.
[0054] The detector part 232 may measure a plurality
of pulse wave signals in response to light having a single
wavelength emanating from the object. To this end, the
detector part 232 may have a plurality of different re-
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sponse characteristics.
[0055] For example, the first detector 232a and the
second detector 232b may include photodiodes having
different ranges of measurement so as to respond to light
of different wavelengths emanating from an object. Al-
ternatively, a color filter may be provided at a front surface
of any one of the first detector 232a and the second de-
tector 232b, or different color filters may be provided at
the front surface of the two detectors, so that the first
detector 232a and the second detector 232b may re-
spond to light of different wavelengths emanating from
an object.
[0056] The first detector 232a and the second detector
232b may be disposed at different distances from the
single light source 231, and one detector disposed at a
relatively short distance from the single light source 231
may detect light having a short wavelength, and the other
detector disposed at a relatively long distance from the
single light source 231 may detect light having a long
wavelength. Alternatively, the first detector 232a and the
second detector 232b, which are disposed at different
distances from the single light source 231 may detect
light of the same wavelength. In this case, according to
distances of the detectors from the single light source
231, a penetration depth of light, detected by each of the
detectors, into the body may be determined.
[0057] Referring to FIGS. 2A to 2C, exemplary embod-
iments of the pulse wave sensors for measuring pulse
wave signals of different wavelengths are described
above. The pulse wave sensors are not limited thereto,
and various embodiments of obtaining pulse wave sig-
nals by differentiating signals according to source depths
of pulse waves are also possible.
[0058] FIG. 3 is a block diagram illustrating a processor
of the bio-information measuring apparatus of FIG. 1 ac-
cording to an exemplary embodiment.
[0059] Referring to FIG. 3, the processor 120 includes
a sensor controller 310, a waveform obtainer 320, and a
bio-information measurer 330.
[0060] The sensor controller 310 controls a pulse wave
sensor 110 to measure a plurality of pulse wave signals
to obtain bio-information. The sensor controller 310 may
receive a request for measuring bio-information from a
user. Upon receiving the request for measuring bio-in-
formation, the sensor controller 310 may control the pulse
wave sensor 110 by generating a control signal for con-
trolling the pulse wave sensor 110. Sensor driving con-
ditions for controlling the pulse wave sensor may be pre-
stored in a storage device. Further, the sensor driving
conditions may be defined for each pulse wave sensor.
Upon receiving the request for measuring bio-informa-
tion, the sensor controller 310 may control the pulse wave
sensor by referring to the sensor driving conditions stored
in the storage device. In particular, the sensor driving
conditions may include a light emission time, a driving
order, a current intensity, and/or a pulse duration of each
light source.
[0061] Upon receiving a plurality of pulse wave signals

from the pulse wave sensor 110, the waveform obtainer
320 may obtain an oscillometric waveform by using the
received plurality of pulse wave signals. For example,
the waveform obtainer 320 may obtain the oscillometric
waveform based on a first signal related to a pulse wave
signal of a long wavelength, and a second signal related
to a pulse wave signal of a short wavelength, among the
plurality of pulse wave signals. In this case, the first signal
or the second signal may be the measured pulse wave
signals of a long wavelength or a short wavelength, may
be a differential signal of each pulse wave signal, or may
be various other modified signals.
[0062] For example, once the plurality of pulse wave
signals are measured, the waveform obtainer 320 may
obtain the oscillometric waveform based on a difference
signal obtained by subtracting a pulse wave signal of a
short wavelength from a pulse wave signal of a long
wavelength. In this case, the waveform obtainer 320 may
normalize the measured plurality of pulse wave signals,
and may obtain the oscillometric waveform by using the
normalized pulse wave signals.
[0063] In another example, once the plurality of pulse
wave signals are measured, the waveform obtainer 320
may differentiate the plurality of pulse wave signals to
obtain each differential signal, and may subtract a differ-
ential signal of a short wavelength from a differential sig-
nal of a long wavelength to obtain the oscillometric wave-
form based on the subtracted differential signal. In this
case, the order of differentiation, including a first order,
a second order, ..., an n-th order, and the like, is not spe-
cifically limited, and may be pre-defined according to the
types of bio-information or various other criteria.
[0064] The bio-information measurer 330 may meas-
ure bio-information by using the oscillometric waveform
obtained by the waveform obtainer 320. For example,
once the oscillometric waveform is obtained, the bio-in-
formation measurer 330 may extract feature points from
the oscillometric waveform, and may measure blood
pressure by applying the extracted feature points to a
blood pressure measurement model represented by the
aforementioned Equation 1. For example, the bio-infor-
mation measurer 330 may extract a pulse wave value at
a maximum peak point of the oscillometric waveform as
a feature point for calculating the mean arterial pressure
(MAP), and may extract pulse wave values, which are at
points to the left and right of the maximum peak point
and have 0.5 to 0.7 of the value at the maximum peak
point, as features points for calculating the systolic blood
pressure (SBP) and the diastolic blood pressure (DBP).
[0065] FIGS. 4A and 4B are diagrams explaining an
example of general measurement of bio-information.
[0066] Referring to FIG. 4A, a blood pressure meas-
uring apparatus without a cuff generally measures blood
pressure by using photoplethysmography (PPG) signals.
In this case, the pulse wave sensor comes into contact
with a body surface at various pressure levels, and the
pulse wave sensor may estimate blood pressure by
measuring pulse wave signals at each contact pressure
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level, and by obtaining mean arterial pressure (MAP) of
local blood vessels. In this case, the photoplethysmog-
raphy (PPG) signals measured by the pulse wave sensor
from the body surface may be observed as a combination
of arterial pulse wave signals generated at great depths
from the body surface and capillary pulse wave signals
generated at relatively shallow depths from the body sur-
face. Here, the capillary pulse wave signals may act as
noise in estimating blood pressure using oscillometry.
[0067] Referring to FIG. 4B, a pulse wave signal at the
bottom of the graph represents an arterial pulse wave
signal S1; a pulse wave signal at the center of the graph
represents a capillary pulse wave signal S2; and a pulse
wave signal at the top of the graph represents a periph-
eral pulse wave signal S3. As the peripheral pulse wave
signal S3 is represented by a combination of the arterial
pulse wave signal S1 and the capillary pulse wave signal
S2, it can be seen that a maximum amplitude point as-
sociated with blood pressure is moved from an arrow
point of the arterial pulse wave signal S1 to an arrow
point of the peripheral pulse wave signal S3. This shows
that accuracy may be reduced when blood pressure is
measured using oscillometry. That is, a body surface
measurement value includes an error value added to an
arterial blood pressure value, thereby resulting in a dif-
ference from accurate blood pressure values.
[0068] FIGS. 5A and 5B are diagrams explaining a
penetration depth from a body surface according to
wavelengths.
[0069] Referring to FIGS. 5A and 5B, the penetration
depth from a skin surface is different according to wave-
lengths of light emitted from a light source onto the skin.
A pulse wave signal (e.g., infrared (IR) pulse wave signal)
having long wavelengths λ2 and λ3 may include both an
arterial pulse wave signal and a capillary pulse wave sig-
nal. Further, a pulse wave signal (e.g., Green pulse wave
signal) having a short wavelength λ1 may include only
the capillary pulse wave signal. In the exemplary embod-
iment, the arterial pulse wave signal may be recovered
by using the pulse wave signal having the long wave-
lengths λ2 and λ3 and the pulse wave signal having the
short wavelength λ1, thereby improving accuracy of es-
timating blood pressure using oscillometry.
[0070] FIGS. 6A to 6D are diagrams illustrating bio-
information measurements according to according to an
exemplary embodiment. Referring to FIGS. 1 to 6D, an
example where the bio-information measuring apparatus
100 measures bio-information will be described below.
[0071] FIG. 6A illustrates an example where the bio-
information measuring apparatus 100 obtains two pulse
wave signals PPGGreen and PPGIR having different
wavelengths from an object. In this case, the pulse wave
signal PPGGreen having a relatively short wavelength in-
cludes a capillary pulse wave signal, and the pulse wave
signal PPGIR having a relatively long wavelength in-
cludes the capillary pulse wave signal and the arterial
pulse wave signal which overlap each other. For exam-
ple, as described above with reference to FIGS. 2A to

2C, the bio-information measuring apparatus 100 may
include various pulse wave sensors to obtain pulse wave
signals of different wavelengths.
[0072] FIG. 6B illustrates an example where the bio-
information measuring apparatus 100 differentiates the
two obtained pulse wave signals PPGGreen and PPGIR
having different wavelengths to obtain quadratic differ-
ential signals SDPPGGreen and SDPPGIR. In this case,
the bio-information measuring apparatus 100 may nor-
malize the two obtained pulse wave signals PPGGreen
and PPGIR, and may obtain each quadratic differential
signal from the normalized pulse wave signals. Alterna-
tively, upon obtaining the quadratic differential signals,
the bio-information measuring apparatus 100 may nor-
malize the obtained quadratic differential signals. The
quadratic differential signals, having acceleration dimen-
sion, may be similar to pressure pulse waves.
[0073] FIG. 6C illustrates an example where the bio-
information measuring apparatus 100 subtracts a differ-
ential signal SDPPGGreen having a short wavelength from
a differential signal SDPPGIR having a relatively long
wavelength, among the two obtained differential signals,
to obtain a subtracted differential signal.
[0074] FIG. 6D illustrates an example where the bio-
information measuring apparatus 100 obtains an oscil-
lometric waveform by using the obtained subtracted dif-
ferential signal and contact pressure. In this case, the
contact pressure may be measured from an object at the
same time when pulse wave signals are measured. For
example, by using an envelope of a subtracted differen-
tial signal waveform, the bio-information measuring ap-
paratus 100 may extract a peak-to-peak point of the sub-
tracted differential signal waveform by subtracting a neg-
ative value from a positive value of the waveform at each
measurement time. Further, the bio-information measur-
ing apparatus 100 may obtain the oscillometric waveform
by plotting the peak-to-peak point of the subtracted dif-
ferential signal waveform based on a contact pressure
value.
[0075] Upon obtaining the oscillometric waveform, the
bio-information measuring apparatus 100 may measure
blood pressure by extracting feature points from the ob-
tained oscillometric waveform. For example, the bio-in-
formation measuring apparatus 100 may extract a con-
tact pressure value at a maximum peak point of the os-
cillometric waveform or a pulse wave value of a difference
signal as feature points for measuring the mean arterial
pressure (MAP). Further, the bio-information measuring
apparatus 100 may extract values, which are at points
to the left and right of the maximum peak point and have
0.5 to 0.7 of the value at the maximum peak point, as
features points for measuring the systolic blood pressure
(SBP) and the diastolic blood pressure (DBP). In addition,
upon extracting the feature points for the MAP, the SBP,
and the DBP, the bio-information measuring apparatus
100 may apply the extracted feature points to a blood
pressure estimation equation to measure each blood
pressure.
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[0076] FIGS. 7A and 7B are diagrams explaining
measurements of a plurality of wavelengths according to
another exemplary embodiment.
[0077] Referring to FIGS. 1, 7A, and 7B, the pulse wave
sensor 110 of the bio-information measuring apparatus
100 according to an embodiment includes a single light
source (LED) which emits light of the same wavelength
onto an object, and two or more detectors PD1 and PD2
disposed at different distances from the light source
(LED). For example, the first detector PD1 may be dis-
posed at a position 5 mm apart from the light source
(LED), and the second detector PD2 may be disposed
at a position 12 mm apart from the light source (LED).
[0078] Once the light source (LED) emits light of the
same wavelength onto the object, light of the same wave-
length scattered from the object enters into the first de-
tector PD1 and the second detector PD2, to be detected
by the first detector PD1 and the second detector PD2.
In this case, according to the distances of the first detector
PD1 and the second detector PD2 from the light source
(LED), a penetration depth of light, detected by the first
detector PD1 and the second detector PD2, into the body
may be determined.
[0079] In other words, even when the light source
(LED) emits light of the same wavelength, the first de-
tector PD1, which is disposed at a relatively short dis-
tance from the light source (LED), may measure a cap-
illary pulse wave signal or a peripheral pulse wave signal,
which passes through a position relatively closer to a
surface of the body, e.g., the capillary or a body surface.
Further, the second detector PD2, which is disposed at
a relatively long distance from the light source (LED),
may measure an arterial pulse wave signal, which passes
through a position deep in the body, e.g., the artery.
[0080] The bio-information measuring apparatus 100
may measure bio-information based on the first signal,
related to the pulse wave signal measured by the first
detector PD1, and the second signal related to the pulse
wave signal measured by the second detector PD2. For
example, as described above, the bio-information meas-
uring apparatus 100 may obtain an oscillometric wave-
form by using a difference signal, obtained by subtracting
the first signal, measured at a position relatively closer
to a surface of the body, from the second signal measured
at a position deep in the body, and may measure bio-
information based on the obtained oscillometric wave-
form. In this case, the first signal may be a first pulse
wave signal detected by the first detector, or a differential
signal of the first pulse wave signal; and the second signal
may be a second pulse wave signal detected by the sec-
ond detector, or a differential signal of the second pulse
wave signal. However, the signals are not limited thereto,
and various modified signals may be used.
[0081] FIG. 8 is a flowchart illustrating a bio-information
measuring method according to an exemplary embodi-
ment.
[0082] The bio-information measuring method of FIG.
8 may be an example of a bio-information measuring

method performed by the bio-information measuring ap-
paratus of FIG. 1. Various embodiments of the bio-infor-
mation measuring method are described above with ref-
erence to FIGS. 1 to 7B, such that description thereof
will be made briefly below.
[0083] In response to a request for measuring bio-in-
formation, the bio-information measuring apparatus 100
measures a plurality of pulse wave signals from an object
in operation 810. The request for measuring bio-informa-
tion may be received from a user. However, the request
for measuring bio-information is not limited thereto, and
may be automatically generated by the bio-information
measuring apparatus 100 when a predetermined criteri-
on is satisfied. For example, the bio-information meas-
uring apparatus 100 may automatically generate a con-
trol signal for the bio-information measuring request at
predetermined intervals or when a measurement result
of bio-information requires to re-measure bio-informa-
tion. The plurality of pulse wave signals may be pulse
wave signals having different wavelengths. Various em-
bodiments of the pulse wave sensors for measuring pulse
wave signals of different wavelengths are described
above.
[0084] Then, the bio-information measuring apparatus
100 may obtain an oscillometric waveform by using the
measured plurality of pulse wave signals in operation
820. For example, upon measuring the plurality of pulse
wave signals, the bio-information measuring apparatus
100 may obtain a difference signal by subtracting a pulse
wave signal of a short wavelength from a pulse wave
signal of a relatively long wavelength among the meas-
ured plurality of pulse wave signals, and may obtain the
oscillometric waveform based on the obtained difference
signal. In this case, the bio-information measuring appa-
ratus 100 may normalize the measured plurality of pulse
wave signals if necessary, and may obtain a difference
signal by using the normalized pulse wave signals. Al-
ternatively, the bio-information measuring apparatus 100
may differentiate the measured plurality of pulse wave
signals to obtain each differential signal, and may obtain
a difference signal by using the obtained differential sig-
nals. In this case, the differential signal may be a quad-
ratic differential signal, but is not limited thereto.
[0085] Subsequently, the bio-information measuring
apparatus 100 may measure bio-information based on
the obtained oscillometric waveform in operation 830.
For example, the bio-information measuring apparatus
100 may extract a maximum peak point of the oscillom-
etric waveform as a feature point, and may measure bio-
information by using the extracted feature point.
[0086] FIG. 9 is a block diagram illustrating a bio-infor-
mation measuring apparatus according to another exem-
plary embodiment. FIG. 10 is a block diagram illustrating
a processor of the bio-information measuring apparatus
of FIG. 9 according to an exemplary embodiment.
[0087] Referring to FIG. 9, the bio-information meas-
uring apparatus 900 includes a pulse wave sensor 910,
a processor 920, and a contact pressure sensor 930.
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Referring to FIG. 10, the processor 920 includes a sensor
controller 1010, a waveform obtainer 1020, a bio-infor-
mation measurer 1030, and a pressure guide 1040.
[0088] Once a request for measuring bio-information
is received, the sensor controller 1010 may generate a
control signal for the pulse wave sensor 910 and the con-
tact pressure sensor 930 to measure a pulse wave signal
and a contact pressure value respectively from an object.
[0089] The pressure guide 1040 may provide contact
pressure guide information for guiding pressure to be in-
creased or decreased by a user for the pulse wave sensor
910 while pulse wave signals are measured. The pres-
sure guide 1040 may visually display the contact pres-
sure guide information, or may display the information
using non-visual methods such as voice and/or vibration.
[0090] The contact pressure guide information may be
provided before and after, or at the same time as the time
when the pulse wave sensor 910 starts to measure the
pulse wave signals. The contact pressure guide informa-
tion may be provided continuously while the pulse wave
sensor 910 measures the pulse wave signals from an
object. The contact pressure guide information may be
predetermined for each user based on user characteris-
tics including a user’s age, gender, health state, and/or
a contact portion between the pulse wave sensor 910
and the object. The contact pressure guide information
may be a contact pressure value to be increased or de-
creased by a user for the pulse wave sensor 910, but is
not limited thereto, and may include a user’s action in-
formation to induce a change in pressure applied by the
object to the pulse wave sensor 910.
[0091] The pulse wave sensor 910 may measure a plu-
rality of pulse wave signals from an object while a user
changes contact pressure between the pulse wave sen-
sor 910 and the object according to the contact pressure
guide information. In this case, the plurality of pulse wave
signals may be pulse wave signals of different wave-
lengths. The configuration of the pulse wave sensor 910
to obtain pulse wave signals of different wavelengths is
described above with reference to FIGS. 2A to 2C.
[0092] While the pulse wave sensor 910 measures the
pulse wave signals, the contact pressure sensor 930 may
measure contact pressure between the pulse wave sig-
nal 910 and the object. For example, the contact pressure
sensor 930 may be provided as a single module or an
array of a plurality of modules. Further, the contact pres-
sure sensor 930 may include a force sensor and a contact
area measuring sensor, or a force sensor and a capac-
itive sensor array, but the contact pressure sensor 930
is not specifically limited to any one of the sensors.
[0093] The pressure guide 1040 may continuously re-
ceive contact pressure measurement values from the
contact pressure sensor 930, and may provide contact
pressure guide information to a user based on the re-
ceived contact pressure measurement values. For ex-
ample, the processor 920 may provide the contact pres-
sure guide information based on a difference between a
contact pressure measurement value measured at a spe-

cific time and a contact pressure value to be applied by
a user to the pulse wave sensor 910.
[0094] The waveform obtainer 1020 may receive the
plurality of pulse wave signals and the contact pressure
signals which are measured for a predetermined period
of time, and may measure bio-information by using the
received plurality of pulse wave signals and contact pres-
sure signals. As described above in detail, the waveform
obtainer 1020 may obtain a difference signal between
the plurality of pulse wave signals, and may obtain an
oscillometric waveform by using the difference signal and
the contact pressure signal.
[0095] In addition, the waveform obtainer 1020 may
determine a portion, where noise occurs in the measured
pulse wave signals, based on the contact pressure meas-
ured by the contact pressure sensor 930. For example,
when compared to contact pressure to be applied by a
user at a specific time or section while the pulse wave
signals are measured, in the case where the contact pres-
sure measured by the contact pressure sensor 930 falls
outside a predetermined range, the waveform obtainer
1020 may determine that motion noise occurs. Alterna-
tively, the waveform obtainer 1020 may analyze the
measured pulse wave signals, and may determine an
abnormal section, in which the pulse wave signals do not
show a normal pattern, to be a portion where motion noise
occurs. Moreover, in the case where the bio-information
measuring apparatus 900 includes an acceleration sen-
sor, the bio-information measuring apparatus 900 may
determine a time or a section, where there is a sudden
change in acceleration signal while the pulse wave sig-
nals are measured, to be a portion where motion noise
occurs. As described above, the waveform obtainer 1020
may exclude the portion, where motion noise occurs,
from the pulse wave signal or contact pressure signal,
and may obtain an oscillometric waveform by using other
portions of the signals except the portion of noise.
[0096] The bio-information measurer 1030 may extract
feature points from the obtained oscillometric waveform,
and may measure bio-information by applying the ex-
tracted feature points to a bio-information measurement
model. For example, the bio-information measurer 1030
may extract, as feature points for measuring blood pres-
sure, a contact pressure value at a maximum peak point
of the oscillometric waveform, and contact pressure val-
ues which are at points to the left and right of the maxi-
mum peak point and have 0.5 to 0.7 of the value at the
maximum peak point.
[0097] Upon measuring bio-information, the bio-infor-
mation measurer 1030 may control an output module to
provide the measured bio-information, the measured plu-
rality of pulse wave signals, and/or the measured contact
pressure values to a user. In this case, the output module
may include a display module, a speaker, and/or a haptic
device.
[0098] FIG. 11 is a flowchart illustrating a bio-informa-
tion measuring method according to another exemplary
embodiment.
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[0099] The bio-information measuring method of FIG.
11 is an example of a bio-information measuring method
performed by the bio-information measuring apparatus
900 of FIG. 9, which is described above in detail with
reference to FIGS. 9 and 10, such that description thereof
will be made briefly below.
[0100] Upon receiving a request for measuring bio-in-
formation, the bio-information measuring apparatus 900
may provide contact pressure guide information to a user
in operation 1110. In this case, the contact pressure guide
information may include a pressure value to be increased
or decreased by a user for a pulse wave sensor, and/or
a user’s action information for inducing a change in pres-
sure, and may be provided using various visual or non-
visual methods.
[0101] While the pulse wave sensor measures pulse
waves, a contact pressure sensor embedded in the bio-
information measuring apparatus 900 may measure con-
tact pressure between the pulse wave sensor and the
object in operation 1120. Based on the measured contact
pressure values, the bio-information measuring appara-
tus 900 may continuously provide the contact pressure
guide information while the pulse wave sensor measures
the pulse waves in operation 1110.
[0102] The pulse wave sensor may measure a plurality
of pulse wave signals from an object, for which bio-infor-
mation is to be measured, for a predetermined period of
time in operation 1130. In this case, the plurality of pulse
wave signals may be signals having different wave-
lengths.
[0103] The providing of the contact pressure guide in-
formation in operation 1110, the measuring of the contact
pressure in operation 1120, and the measuring of the
pulse wave signals in operation 1130 are not performed
in time-sequential order, but may be performed at the
same time for a predetermined period of time.
[0104] Then, the bio-information measuring apparatus
900 may obtain an oscillometric waveform by using the
measured plurality of pulse wave signals in operation
1140. For example, the bio-information measuring appa-
ratus 900 may obtain a quadratic differential signal by
performing quadratic differentiation on the plurality of
pulse wave signals, and may obtain the oscillometric
waveform by using the obtained quadratic differential sig-
nal. The bio-information measuring apparatus 900 may
subtract a short-wavelength signal from a long-wave-
length signal among the quadratic differential signals,
and may obtain the oscillometric waveform based on the
measured contact pressure.
[0105] Subsequently, the bio-information measuring
apparatus 900 may measure bio-information based on
the obtained oscillometric waveform in operation 1150.
In this case, the bio-information measuring apparatus
900 may extract feature points from the oscillometric
waveform, and may measure bio-information by applying
the extracted feature points to a bio-information estima-
tion model.
[0106] FIG. 12 is a block diagram illustrating a bio-in-

formation measuring apparatus according to another ex-
emplary embodiment.
[0107] Referring to FIG. 12, the bio-information meas-
uring apparatus 1200 includes a measurer 1210, a proc-
essor 1220, a communication interface 1230, an output
interface 1240, and a storage 1250.
[0108] The measurer 1210 may include a pulse wave
sensor to measure pulse wave signals from an object. In
addition, the measurer 1210 may further include a con-
tact pressure sensor to measure contact pressure be-
tween the pulse wave sensor and the object while the
pulse wave sensor measures the pulse wave signals
from the object.
[0109] The processor 1220 may control other parts
1210, 1230, 1240, and 1250 of the bio-information meas-
uring apparatus 900, and may process various functions
based on a performance result of the other parts 1210,
1230, 1240, and 1250.
[0110] For example, upon receiving a request for
measuring bio-information, the processor 1220 may con-
trol the measurer 1210 to measure pulse wave signals
and/or contact pressure signals. Further, once the pulse
wave signals and/or the contact pressure signals are
measured, the processor 1220 may measure bio-infor-
mation based on the measured pulse wave signals
and/or contact pressure signals. In this case, the meas-
ured pulse wave signals may be a plurality of pulse wave
signals having different wavelengths. The processor
1220 may obtain an oscillometric waveform based on a
difference signal, obtained by subtracting a short-wave-
length pulse wave signal from a long-wavelength pulse
wave signal, and/or based on the contact pressure signal,
and may measure bio-information based on the obtained
oscillometric waveform.
[0111] Further, the processor 1220 may control the
output interface 1240 to provide the measured pulse
wave signals, the contact pressure signals, or a meas-
urement result of bio-information to a user. The output
interface 1240 may be controlled by the processor 1220
to display information on a display module, and to output
information by non-visual methods, such as voice, vibra-
tions, and/or tactility, using a speaker module and a hap-
tic module.
[0112] In addition, the processor 1220 may store the
measured pulse wave signals, the contact pressure sig-
nals, or the measurement result of bio-information in a
storage 1250. Moreover, the processor 1220 may meas-
ure bio-information by referring to reference information
stored in the storage 1250. In this case, the reference
information may include a bio-information measurement
model and/or user characteristic information. The proc-
essor 1220 may store reference information received
from an external device 1260 through the communication
interface 1230, reference information input by a user, or
the like in the storage 1250.
[0113] In this case, the storage 1250 may include at
least one storage medium of a flash memory type mem-
ory, a hard disk type memory, a multimedia card micro
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type memory, a card type memory (e.g., an SD memory,
an XD memory, etc.), a Random Access Memory (RAM),
a Static Random Access Memory (SRAM), a Read Only
Memory (ROM), an Electrically Erasable Programmable
Read Only Memory (EEPROM), a Programmable Read
Only Memory (PROM), a magnetic memory, a magnetic
disk, and/or an optical disk.
[0114] Further, the processor 1220 may control the
communication interface 1230 to be connected to the
external device 1260, and may perform necessary func-
tions. In this case, the external device 1260 may include
a smartphone, a tablet PC, a laptop computer, a desktop
computer, and/or a cuff-type blood pressure measuring
apparatus, but is not limited thereto.
[0115] For example, upon measuring bio-information,
the processor 1220 may transmit a measurement result
of bio-information to the external device having relatively
excellent computing performance, to provide the infor-
mation to a user through an output module of the external
device 1260, and may manage a history of various types
of bio-information. Alternatively, the processor 1220 may
receive a cuff pressure value from a cuff-type blood pres-
sure measuring apparatus, and may compare the re-
ceived cuff pressure value with a measurement result of
bio-information, to provide a result of the comparison to
a user.
[0116] Upon receiving a control signal from the proc-
essor 1220, the communication interface 1230 may ac-
cess a communication network by using a communica-
tion technique to be connected to the external device
1260, and may transmit and receive necessary informa-
tion with the external device 1260. Examples of the com-
munication technique may include Bluetooth communi-
cation, Bluetooth Low Energy (BLE) communication,
Near Field Communication (NFC), WLAN (Wi-Fi) com-
munication, Zigbee communication, Infrared Data Asso-
ciation (IrDA) communication, Wi-Fi Direct (WFD) com-
munication, Ultra-Wideband (UWB) communication,
Ant+ communication, WIFI communication, Radio Fre-
quency Identification (RFID) communication, Wi-Fi com-
munication, and mobile communication. However, this is
merely exemplary and is not intended to be limiting.
[0117] FIGS. 13A and 13B are diagrams illustrating a
wearable device according to another exemplary embod-
iment. Various embodiments of the above-described bio-
information measuring apparatus may be mounted in a
smart watch or a smart band-type wearable device which
is wearable on a wrist as illustrated herein. However, the
wearable device is merely an example used for conven-
ience 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.
[0118] Referring to FIGS. 13A and 13B, the wearable
device 1300 includes a main body 1310 and a strap 1320.
[0119] The strap 1320 may be flexible, and may be
connected to both ends of the main body 1310 to be bent
around a user’s wrist or may be bent in a manner which
allows the strap 1320 to be detached from a user’s wrist.

Alternatively, the strap 1320 may be formed as a band
that is not detachable. In this case, air may be injected
into the strap 1320 or an airbag may be included in the
strap 1320, so that the strap 1320 may have elasticity
according to a change in pressure applied to the wrist,
and the change in pressure of the wrist may be transmit-
ted to the main body 1310.
[0120] A battery, which supplies power to the wearable
device 1300, may be embedded in the main body 1310
or the strap 1320.
[0121] Further, the wearable device 1300 includes a
measurer 1311 to measure a bio-signal from an object,
and a processor 1312 to obtain bio-information of the
object based on the bio-signal.
[0122] The measurer 1311 may be mounted at a bot-
tom portion of the main body 1310, i.e., a portion that
comes into contact with an object (e.g., a user’s wrist)
and may measure a bio-signal from the object according
to a control signal of the processor 1312. The measurer
1311 includes a pulse wave sensor 1311a to measure a
pulse wave signal from an object, and a contact pressure
sensor 1311b to measure a contact pressure signal be-
tween the pulse wave sensor 1311a and the object. The
pulse wave sensor 1311a may be mounted at the bottom
of the main body 1310 to be exposed to the object, and
the contact pressure sensor 1311b may be mounted in
the main body 1310 at a position which is relatively further
from the object when compared to the pulse wave sensor
1311a.
[0123] The pulse wave sensor 1311a may include one
or more light sources to emit light onto the object, and
one or more detectors to detect light emanating from the
object, and may measure a plurality of pulse wave sig-
nals, having different wavelengths, from the object. In
this case, various exemplary embodiments of the pulse
wave sensor 1311a for measuring a plurality of pulse
wave signals having different wavelengths are described
above with reference to FIGS. 2A to 2C.
[0124] The contact pressure sensor 1311b and the
pulse wave sensor 1311a may be mounted in the main
body 1310. For example, the contract pressure sensor
1311b and the pulse wave sensor 1311a may be dis-
posed side-by-side on the same surface of the main body
1310. The contact pressure sensor 1311b may measure
contact pressure between the pulse wave sensor 1311a
and the object while the pulse wave sensor 1311a meas-
ures pulse wave signals from the object. In measuring
the contact pressure between the pulse wave sensor
1311a and the object, the contact pressure sensor 1311b
may measure a contact pressure between the contact
pressure sensor 1311b itself and the object, and may
determine the contact pressure between the contact
pressure sensor 1311b and the object as the contact
pressure between the pulse wave sensor 1311a and the
object. The contact pressure sensor 1311b may include
a force sensor and an area sensor to calculate contact
pressure by using values measured by these sensors,
but the contact pressure sensor 1311b is not limited
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thereto.
[0125] For example, the contact pressure sensor
1311b may measure contact pressure of the object,
which is transmitted to the main body 1310 through the
strap 1320 which is wrapped around the wrist to secure
the main body 1310 to the object. In this case, a user
may change contact pressure between the object and
the pulse wave sensor 1311a by adjusting tension in the
strap by changing a thickness of the wrist, on which the
main body 1210 is worn, while the pulse wave signals.
[0126] In another example, a user may change contact
pressure between the pulse wave sensor 1311a and the
object by gradually increasing pressure while touching a
display 1314 with a finger and the like, or by gradually
decreasing pressure while strongly pressing the display
1314. In this case, the display 1314 may display guide
information for changing contact pressure, such as
pressing intensity of a user’s finger while the pulse wave
signals are measured. The guide information may include
intensity of reference pressure, a position of a finger,
and/or an actually measured contact pressure value.
However, the change in contact pressure is not limited
thereto, and the contact pressure may be changed by
various methods.
[0127] The processor 1312 may generate a control sig-
nal to control the measurer 1311 according to a user’s
request. Further, the processor 1312 may receive the
measured pulse wave signals and/or contact pressure
signals which are measured by the measurer 1311, and
may measure bio-information by using the received pulse
wave signals and/or contact pressure signals. For exam-
ple, the processor 1312 may start measuring the plurality
of pulse wave signals in response to the contact pressure
sensor 1311b detecting a gradual increase or decrease
of a contact pressure. The processor 1322 may measure
the plurality of pulse wave signals while controlling the
display 1314 to display an image prompting the user to
gradually increase or decrease his/her pressure exerted
onto the contact pressure sensor 1311b, For example,
the display 1314 may display a motion of a hand that
clenches a fist so to induce the user to increase the con-
tact pressure between the wrist and the wearable device
1300.
[0128] For example, the processor 1312 may obtain
an oscillometric waveform by using the measured plural-
ity of pulse wave signals and contact pressure signals,
and may measure blood pressure by using oscillometry.
For example, the processor 1312 may obtain a difference
signal by subtracting a short-wavelength pulse wave sig-
nal from a long-wavelength pulse wave signal among the
plurality of pulse wave signals, and may obtain the oscil-
lometric waveform by using the obtained difference sig-
nal and the contact pressure signal. In this case, the proc-
essor 1312 may generate a differential signal by differ-
entiating the plurality of pulse wave signals, and may
obtain a difference signal by using the generated differ-
ential signal, in which the order of differentiation is not
specifically limited. Upon obtaining the oscillometric

waveform, the processor 1312 may extract feature points
from the oscillometric waveform, and may measure blood
pressure by applying the extracted feature points to a
blood pressure estimation model.
[0129] Upon receiving a request for measuring bio-in-
formation from a user, the processor 1312 may provide
contact pressure guide information so that a user may
change contact pressure between the pulse wave sensor
1311a and the object by applying pressure to the main
body. In this case, the contact pressure guide information
may include a contact pressure value to be applied by a
user, but is not limited thereto, and may include an action
to be taken by a user to apply pressure to the main body.
[0130] Further, once the contact pressure sensor
1311b measures contact pressure between the pulse
wave sensor 1311a and the object, the processor 1312
may provide feedback on contact pressure to a user
based on the measured contact pressure. In this case,
the user may apply pressure with appropriate intensity
based on the contact pressure information provided as
feedback.
[0131] The processor 1312 may store estimated bio-
information (e.g., blood pressure history information and
bio-signals used for measuring each blood pressure val-
ue, and/or feature points) in a storage device. In addition,
the processor 1312 may generate additional information
required for managing health of a user, such as alarm or
warning information associated with the estimated bio-
information, development of change in health state, and
the like, and may manage the generated information in
the storage device
[0132] Further, the wearable device 1300 may include
a manipulator 1315 and the display 1314 which are
mounted at the main body 1310.
[0133] The manipulator 1315 may receive a control
command of a user and may transmit the received control
command to the processor 1312. The manipulator 1315
may include a power button for inputting a command to
turn on/off the wearable device 1300.
[0134] The display 1314 may be controlled by the proc-
essor 1312 to provide various types of information asso-
ciated with detected bio-information to a user. For exam-
ple, the display 1314 may display additional information,
such as the detected blood pressure, alarm information,
warning information, and the like, to a user by using var-
ious visual/non-visual methods.
[0135] In addition, the main body 1310 may further in-
clude, in an internal space, a communication interface
1313 for communication with an external device such as
a mobile terminal of a user.
[0136] The communication interface 1313 may be con-
trolled by the processor 1312 to communicate with an
external device of a user which has relatively excellent
computing performance, and to transmit and receive nec-
essary information. For example, the communication in-
terface 1313 may receive a request for estimating bio-
information from a mobile terminal of a user. Further, the
communication interface 1313 may transmit extracted
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feature points or feature information to an external device
to request estimation of bio-information. In addition, the
communication interface 1313 may transmit an estima-
tion result of bio-information to an external device to dis-
play the information to a user through a display having
improved performance, or use the information for various
purposes such as management of a bio-information his-
tory, disease research, and the like.
[0137] While not restricted thereto, an exemplary 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 exemplary embodiment may
be written as a computer program transmitted over a
computer-readable transmission medium, such as a car-
rier wave, and received and implemented in general-use
or special-purpose digital computers that execute the
programs. Moreover, it is understood that in exemplary
embodiments, one or more units of the above-described
apparatuses and devices can include circuitry, a proces-
sor, a microprocessor, etc., and may execute a computer
program stored in a computer-readable medium.
[0138] 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.

Claims

1. A bio-information measuring apparatus comprising:

a pulse wave sensor configured to measure a
plurality of pulse wave signals having different
wavelengths from an object;
a contact pressure sensor configured to meas-
ure a contact pressure of the object while the
plurality of pulse wave signals are measured;
and
a processor configured to obtain an oscillometric
waveform based on the contact pressure and
the plurality of pulse wave signals having the
different wavelengths, and obtain bio-informa-
tion based on the oscillometric waveform.

2. The bio-information measuring apparatus of claim
1, wherein the pulse wave sensor comprises:

a first pulse wave sensor comprising a first light
source configured to emit a light of a first wave-

length onto the object, and a first detector con-
figured to measure a first pulse wave signal in
response to the light of the first wavelength re-
turning from the object; and
a second pulse wave sensor comprising a sec-
ond light source configured to emit a light of a
second wavelength, which is different from the
first wavelength, onto the object, and a second
detector configured to measure a second pulse
wave signal in response to the light of the second
wavelength returning from the object.

3. The bio-information measuring apparatus of claim
2, wherein the first wavelength is longer than the
second wavelength, and
the processor is further configured to obtain the os-
cillometric waveform based on a difference signal
obtained by subtracting the second pulse wave sig-
nal from the first pulse wave signal.

4. The bio-information measuring apparatus of claim
3, wherein the processor is further configured to nor-
malize the plurality of pulse wave signals, and ob-
tains the oscillometric waveform by using the nor-
malized plurality of pulse wave signals.

5. The bio-information measuring apparatus of any one
of claims 2 to 4, wherein the first wavelength is longer
than the second wavelength; and
the processor is further configured to obtain the os-
cillometric waveform based on a difference signal
obtained by subtracting a differential signal of the
second pulse wave signal from a differential signal
of the first pulse wave signal.

6. The bio-information measuring apparatus of any one
of claims 1 to 5, wherein the processor is further con-
figured to exclude a portion, where noise occurs,
from the plurality of pulse wave signals based on the
contact pressure.

7. The bio-information measuring apparatus of any one
of claims 1 to 6, wherein the processor is further con-
figured to provide contact pressure guide information
to a user while the plurality of pulse wave signals are
measured.

8. The bio-information measuring apparatus of claim
7, further comprising an output interface configured
to provide at least one of the measured plurality of
pulse wave signals, the measured contact pressure,
the contact pressure guide information, and a meas-
urement result of bio-information to the user.

9. The bio-information measuring apparatus of any one
of claims 1 to 8, wherein the bio-information com-
prises at least one of blood pressure, vascular age,
arterial stiffness, aortic pressure waveform, vascular
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compliance, stress index, and degree of fatigue.

10. The bio-information measuring apparatus of any one
of claims 1 to 9, further comprising a communication
interface configured to transmit at least one of the
plurality of pulse wave signals and the bio-informa-
tion to an external device.

11. The bio-information measuring apparatus of any one
of claims 1 to 9, wherein the pulse wave sensor com-
prises a light source configured to emit a light onto
the object, and a plurality of detectors configured to
measure the plurality of pulse wave signals from the
light which is emitted to and then returns from the
object; and/or
wherein the plurality of pulse wave signals have dif-
ferent wavelengths, and at least one of the plurality
of detectors comprises a color filter configured to
pass a predetermined wavelength band to measure
the plurality of pulse wave signals of the different
wavelengths; and/or
wherein the plurality of detectors are disposed at dif-
ferent distances from the light source.

12. The bio-information measuring apparatus of claim
11, wherein:

the light source is further configured to emit a
first light of a first wavelength and a second light
of a second wavelength onto the object;
the first wavelength is longer than the second
wavelength;
the plurality of detectors comprises a first detec-
tor and a second detector, and a distance be-
tween the first detector and the light source is
longer than a distance between the second de-
tector and the light source; and
the processor is further configured to obtain the
oscillometric waveform based on a difference
signal obtained by subtracting a second signal
measured by the second detector, from a first
signal measured by the first detector.

13. A bio-information measuring method comprising:

measuring a plurality of pulse wave signals hav-
ing different wavelengths from an object;
measuring a contact pressure of the object while
the plurality of pulse wave signals are measured;
obtaining an oscillometric waveform based on
the contact pressure and the plurality of pulse
wave signals; and
obtaining bio-information based on the oscillo-
metric waveform.

14. The bio-information measuring method of claim 13,
wherein the measuring the plurality of pulse wave
signals comprises:

emitting a light of a first wavelength onto the ob-
ject and measuring a first pulse wave signal in
response to the light of the first wavelength re-
turning from the object; and
emitting a light of a second wavelength, which
is shorter than the first wavelength, onto the ob-
ject, and measuring a second pulse wave signal
in response to the light of the second wavelength
returning from the object, and
wherein the obtaining the oscillometric wave-
form comprises obtaining the oscillometric
waveform based on a difference signal obtained
by subtracting the second pulse wave signal
from the first pulse wave signal.

15. The bio-information measuring method of claim 13
or 14, wherein the obtaining the oscillometric wave-
form comprises normalizing the plurality of pulse
wave signals; and/or
wherein the obtaining the oscillometric waveform
comprises excluding a portion, where noise occurs,
from the plurality of pulse wave signals based on the
contact pressure; and/or
further comprising providing contact pressure guide
information to a user while the plurality of pulse wave
signals are measured; and/or
further comprising providing at least one of the plu-
rality of pulse wave signals, the contact pressure,
the contact pressure guide information, and a meas-
urement result of the bio-information to the user;
and/or
wherein the pulse wave sensor comprises a plurality
of light sources configured to emit a light of different
wavelengths onto the object, and a detector config-
ured to measure the plurality of pulse wave signals
from the light of the different wavelengths which is
emitted to and then returns from the object; and/or
wherein the processor comprises a sensor controller
configured to sequentially switch on the plurality of
light sources based on driving conditions of the plu-
rality of light sources; and/or
further comprising a storage configured to store the
driving conditions comprising at least one of a driving
order and a driving time of the plurality of light sourc-
es.
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