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

(57) An apparatus for measuring bio-information in-
cludes a pulse wave sensor configured to emit light hav-
ing a plurality of wavelengths onto an object, and to detect
a multi-wavelength pulse wave signal from the object;
and a processor configured to obtain a contact pressure
signal based on the multi-wavelength pulse wave signal,
the contact pressure signal indicating a pressure be-
tween the object and the pulse wave sensor, and to gen-
erate information regarding a measurement state of the
object based on the contact pressure signal.
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Description

BACKGROUND

1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments generally relate to a bio-informa-
tion measuring apparatus, a bio-information measuring
method, and a case apparatus for the bio-information
measuring apparatus, and more particularly to technol-
ogy for monitoring and indicating a state of bio-informa-
tion measurement by using an apparatus for measuring
bio-information in a non-invasive manner.

2. Description of the Related Art

[0002] A method of measuring blood pressure in a non-
invasive manner without damaging a human body in-
cludes a method of measuring blood pressure by using
a cuff-based measurement method and a method of
measuring blood pressure by measuring pulse waves
without using a cuff.
[0003] In the cuff-based method of measuring blood
pressure, there is a Korotkoff-sound method which meas-
ures blood pressure by winding a cuff around an upper
arm, increasing and then decreasing pressure in the cuff,
and monitoring an audible sound of blood vessels
through a stethoscope; and an Oscillometric method,
which is employed by an automated device, and meas-
ures blood pressure by winding a cuff around an upper
arm, continuously measuring pressure in the cuff after
increasing and gradually decreasing cuff pressure, and
measuring blood pressure based on a point where a pres-
sure signal is changed substantially.
[0004] In a cuffless method of measuring blood pres-
sure, there is a method of estimating blood pressure by
calculating a Pulse Transit Time (PTT), and a Pulse Wave
Analysis (PWA) method of estimating blood pressure by
analyzing a pulse wave shape.

SUMMARY

[0005] One or more exemplary embodiments provide
a bio-information measuring apparatus, a bio-information
measuring method, and a case apparatus for the bio-
information measuring apparatus, in which bio-informa-
tion such as blood pressure may be accurately measured
without using a cuff.
[0006] According to an aspect of an exemplary embod-
iment, there is provided an apparatus for measuring bio-
information, including: a pulse wave sensor configured
to emit light having a plurality of wavelengths onto an
object, and to detect a multi-wavelength pulse wave sig-
nal from the object; and a processor configured to obtain
a contact pressure signal based on the multi-wavelength
pulse wave signal, the contact pressure signal indicating
a pressure between the object and the pulse wave sen-

sor, and to generate information regarding a measure-
ment state of the object based on the contact pressure
signal.
[0007] The pulse wave sensor may include one or
more light sources configured to emit the light having the
plurality of wavelengths onto the object; and one or more
detectors configured to detect the multi-wavelength
pulse wave signal from the object.
[0008] The one or more light sources may include at
least one from among a light emitting diode (LED), a laser
diode (LD), and a fluorescent element.
[0009] The processor may obtain a differential signal
between detected multi-wavelength pulse wave signals,
and obtain the contact pressure signal based on the dif-
ferential signal.
[0010] The plurality of wavelengths may include two or
more from among an infrared wavelength, a red wave-
length, a green wavelength, and a blue wavelength.
[0011] The processor may obtain the differential signal
between a pulse wave signal having the blue wavelength
and pulse wave signals having other wavelengths among
the plurality of wavelengths.
[0012] The processor may obtain the contact pressure
signal based on a ratio of a first differential signal, which
is obtained by differentiating the pulse wave signal having
the blue wavelength from a pulse wave signal having the
green wavelength, and a second differential signal which
is obtained by differentiating the pulse wave signal having
the blue wavelength from a pulse wave signal having the
red wavelength.
[0013] The processor may determine whether a con-
tact state between the object and the pulse wave sensor
is normal based on the contact pressure signal, and
based on a determination that the contact state is not
normal, the processor may generate information regard-
ing the pressure between the object and the pulse wave
sensor.
[0014] The apparatus may further include an output
part configured to output the generated information under
control by the processor.
[0015] The processor may measure the bio-informa-
tion based on the multi-wavelength pulse wave signal
and the contact pressure signal.
[0016] The processor may obtain a feature point based
on the multi-wavelength pulse wave signal and the con-
tact pressure signal, and measure the bio-information by
using the feature point and a measurement model.
[0017] The bio-information may include one or more
from among blood pressure, vascular age, degree of ar-
teriosclerosis, aortic pressure waveform, vascular com-
pliance, stress index, and degree of fatigue.
[0018] According to an aspect of another exemplary
embodiment, there is provided a method of measuring
bio-information, the method including: emitting light hav-
ing a plurality of wavelengths onto an object; detecting a
multi-wavelength pulse wave signal from the object; ob-
taining a contact pressure signal based on the multi-
wavelength pulse wave signal, the contact pressure sig-

1 2 



EP 3 476 280 A1

3

5

10

15

20

25

30

35

40

45

50

55

nal indicating a pressure between the object and a pulse
wave sensor; and generating information regarding a
measurement state of the object based on the contact
pressure signal.
[0019] The obtaining may include: obtaining a differ-
ential signal between detected multi-wavelength pulse
wave signals; and obtaining the contact pressure signal
based on the differential signal.
[0020] The plurality of wavelengths may include two or
more from among an infrared wavelength, a red wave-
length, a green wavelength, and a blue wavelength.
[0021] The obtaining the differential signal may include
obtaining the differential signal between a pulse wave
signal having the blue wavelength and pulse wave sig-
nals of other wavelengths among the plurality of wave-
lengths.
[0022] The obtaining the contact pressure signal
based on the differential signal may include obtaining the
contact pressure signal based on a ratio of a first differ-
ential signal, which is obtained by differentiating the pulse
wave signal having the blue wavelength from a pulse
wave signal having the green wavelength, and a second
differential signal which is obtained by differentiating the
pulse wave signal having the blue wavelength from a
pulse wave signal having the red wavelength.
[0023] The generating the information regarding the
pressure may include: determining whether a contact
state between the object and the pulse wave sensor is
normal based on the contact pressure signal; and based
on a determination that the contact state is not normal,
generating information regarding the pressure between
the object and the pulse wave sensor.
[0024] The method may further include outputting the
generated information.
[0025] The method may further include measuring the
bio-information based on the multi-wavelength pulse
wave signal and the contact pressure signal.
[0026] According to an aspect of still another exempla-
ry embodiment, there is provided a bio-information meas-
uring apparatus, including: a pulse wave sensor config-
ured to emit light having a plurality of wavelengths onto
an object, which is in contact with the pulse wave sensor,
and to detect a multi-wavelength pulse wave signal from
the object; a communicator configured to communicate
with a case apparatus, which is configured to accommo-
date the bio-information measuring apparatus, and to re-
ceive contact position information of the object from the
case apparatus, the contact position information indicat-
ing a contact position of the object with respect to the
pulse wave sensor; and a processor configured to gen-
erate a measurement state of the object based on the
contact position information.
[0027] The processor, in response to determining that
the contact position of the object not being in a normal
range based on comparison between the contact position
information and reference position information, may gen-
erate information on the contact position.
[0028] The apparatus may further include an output

part configured to output the generated information.
[0029] The processor may obtain a contact pressure
signal based on the multi-wavelength pulse wave signal,
the contact pressure signal indicating a pressure be-
tween the object and the pulse wave sensor, and gener-
ate the measurement state further based on the contact
pressure signal.
[0030] The plurality of wavelengths may include two or
more from among an infrared wavelength, a red wave-
length, a green wavelength, and a blue wavelength, and
the processor may obtain the contact pressure signal by
using a differential signal obtained by differentiating a
pulse wave signal having the blue wavelength, among
detected multi-wavelength pulse wave signals, from
pulse wave signals having other wavelengths among the
plurality of wavelengths.
[0031] The processor may measure bio-information of
the object by using the multi-wavelength pulse wave sig-
nal and the contact pressure signal.
[0032] According to an aspect of still another exempla-
ry embodiment, there is provided a case apparatus for
accommodating a bio-information measuring apparatus,
the case apparatus including: a main body configured to
accommodate the bio-information measuring apparatus,
the main body including a guide groove; a position sensor
disposed around the guide groove and configured to ob-
tain a contact position of an object which comes into con-
tact with a pulse wave sensor of the bio-information
measuring apparatus; a processor which is embedded
in the main body, the processor configured to receive
sensing information of the position sensor, and obtain
contact position information of the object based on the
sensing information; and a communicator configured to
transmit the contact position information to the bio-infor-
mation measuring apparatus.
[0033] The position sensor may include electrode parts
disposed on at least two positions around the guide
groove.
[0034] The processor may obtain the contact position
information based on at least one from among an imped-
ance and a capacitance measured at the electrode parts
when the object comes into contact with the pulse wave
sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] These and/or other aspects of the disclosure
will become apparent and more readily appreciated from
the following description of the exemplary embodiments,
taken in conjunction with the accompanying drawings.

FIG. 1 is a block diagram illustrating an example of
a bio-information measuring apparatus according to
an exemplary embodiment.
FIG. 2 is a block diagram illustrating another example
of a bio-information measuring apparatus according
to an exemplary embodiment.
FIG. 3 is a block diagram illustrating an example of
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a configuration of a processor of a bio-information
measuring apparatus according to an exemplary
embodiment.
FIGS. 4A to 4E are diagrams explaining a method
of extracting a contact pressure by using a multi-
wavelength pulse wave signal according to an ex-
emplary embodiment.
FIG. 5 is a block diagram illustrating yet another ex-
ample of a bio-information measuring apparatus ac-
cording to an exemplary embodiment.
FIG. 6 is a flowchart illustrating an example of a bio-
information measuring method according to an ex-
emplary embodiment.
FIG. 7 is a flowchart illustrating another example of
a bio-information measuring method according to an
exemplary embodiment.
FIG. 8A is a diagram illustrating an example of a case
apparatus of a bio-information measuring apparatus
according to an exemplary embodiment.
FIG. 8B is a diagram illustrating connection of a bio-
information measuring apparatus with a case appa-
ratus according to an exemplary embodiment.
FIG. 8C is a block diagram illustrating an example
of a case apparatus for a bio-information measuring
apparatus according to an exemplary embodiment.

DETAILED DESCRIPTION

[0036] Details of exemplary embodiments are provid-
ed in the following detailed description with reference to
the accompanying drawings. The disclosure may be un-
derstood more readily by reference to the following de-
tailed description of exemplary embodiments and the ac-
companying drawings. The disclosure may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth here-
in. Rather, these embodiments are provided so that the
disclosure will be thorough and complete and will fully
convey the concept of the invention to those skilled in
the art, and the disclosure will only be defined by the
appended claims. Like reference numerals refer to like
elements throughout the specification.
[0037] 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.
[0038] Hereinafter, embodiments of a bio-information
measuring apparatus and bio-information measuring

method will be described in detail with reference to the
accompanying drawings.
[0039] FIG. 1 is a block diagram illustrating an example
of a bio-information measuring apparatus according to
an exemplary embodiment.
[0040] Referring to FIG. 1, a bio-information measuring
apparatus 100 includes a pulse wave sensor 110 and a
processor 120.
[0041] The pulse wave sensor 110 is a sensor which
measures a pulse wave signal (e.g., photoplethysmog-
raphy (PPG) signal) from an object. In an embodiment,
the pulse wave sensor 110 may measure a multi-wave-
length pulse wave signal from an object. In this case, the
multiple wavelengths of the pulse wave signal may in-
clude an infrared wavelength, a red wavelength, a green
wavelength, a blue wavelength, and the like.
[0042] The pulse wave sensor 110 may include a light
source 111 which emits light onto an object, and a de-
tector 112 which detects light emitted by the light source
111 and scattered or reflected from body tissues, such
as the skin surface, blood vessels, and the like, of the
object.
[0043] The light source 111 may include a light emitting
diode (LED), a laser diode (LD), a fluorescent body (or
fluorescent element), and the like. One or more light
sources 111 may be provided to emit light of multiple
wavelengths to detect a multi-wavelength pulse wave
signal. For example, the pulse wave sensor 110 may
include a plurality of light sources 111, each of which may
emit light of different wavelengths. In another example,
the pulse wave sensor 110 may include a single light
source 111 which may sequentially emit light of different
wavelengths under the control of the processor 120; or
a single light source 111 which may emit light in a wide
range of wavelengths including a range of multiple wave-
lengths desired to be detected.
[0044] The detector 112 may include one or more pho-
to diodes, photo transistors (PTr), image sensors (e.g.,
CMOS image sensor), and the like. The detector 112
may be provided to correspond to each of the plurality of
light sources 111 to detect light of multiple wavelengths.
Alternatively, a plurality of detectors 112 may be provided
to respond to light of different wavelengths to detect light
of multiple wavelengths emitted by the single light source
111.
[0045] The processor 120 may drive the pulse wave
sensor 110 in response to a request to measure bio-in-
formation. The processor 120 may sequentially drive one
or more light sources 111 based on a predetermined light
source driving condition so that the light sources 111 may
emit light of multiple wavelengths. In this case, the light
source driving condition may include conditions of a light
intensity, a pulse duration, and the like of each light
source 111. For example, the processor 120 may include
a central processing unit (CPU).
[0046] Upon receiving, from the pulse wave sensor
110, a multi-wavelength pulse wave signal detected at a
specific time, the processor 120 may extract a contact
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pressure signal corresponding to a contact pressure be-
tween an object and the pulse wave sensor 110 by an-
alyzing the received multi-wavelength pulse wave signal.
[0047] Further, the processor 120 may determine a
measurement state (or state of bio-information measure-
ment) based on the extracted contact pressure signal. In
response to the contact pressure between the object and
the pulse wave sensor 110 being changed, a waveform
of the detected pulse wave signal is also changed, such
that the processor 120 may indicate to the object to in-
crease or decrease a contact pressure for the pulse wave
sensor based on the contact pressure corresponding to
the extracted contact pressure signal.
[0048] For example, upon extracting a contact pres-
sure signal at a specific time, the processor 120 may
generate guide information which includes the actual
contact pressure corresponding to the contact pressure
signal at the specific time. Further, upon extracting the
actual contact pressure at the specific time, the processor
120 may compare the actual contact pressure with a ref-
erence pressure, and may generate guide information,
which may include warning information, based on a result
of the comparison. In this case, the reference pressure
may be determined to be a peak value, a lowest value,
a normal pressure range, and the like. In the case where
the actual contact pressure exceeds the peak value, is
below the lowest value, or is outside the normal pressure
range, the processor 120 may generate warning infor-
mation indicating that the contact pressure is not in a
normal range. For example, the normal range may be
within a certain threshold difference from the reference
pressure.
[0049] The processor 120 may measure bio-informa-
tion based on the received multi-wavelength pulse wave
signal and/or the contact pressure signal. In this case,
the bio-information may include systolic blood pressure,
diastolic blood pressure, vascular age, degree of arteri-
osclerosis, aortic pressure waveform, vascular compli-
ance, stress index, degree of fatigue, and the like, but is
not limited thereto. FIG. 2 is a block diagram illustrating
another example of a bio-information measuring appa-
ratus according to an exemplary embodiment.
[0050] Referring to FIG. 2, the bio-information meas-
uring apparatus 200 includes a pulse wave sensor 110,
a processor 120, an output part (or output device) 210,
and a storage part (or storage device) 220. The pulse
wave sensor 110 and the processor 120 are described
above with reference to FIG. 1, such that description be-
low will be made based on other parts.
[0051] The output part 210 may output the multi-wave-
length pulse wave signal detected by the pulse wave sen-
sor 110 or a processing result, e.g., a measurement result
of bio-information, of the processor 120. The output part
210 may include a speaker, a printer, a display, or any
other output device.
[0052] In an embodiment, the output part 210 may vis-
ually provide various types of information to a user on a
display. Alternatively, the output part 210 may provide a

user with various types of information in a non-visual
manner such as voice, vibration, tactility, and the like, by
using a speaker module (e.g., speaker), a haptic module
(e.g., vibrator or vibration motor), or the like. For example,
in the case where a measured blood pressure value falls
outside a normal range, the output part 210 may provide
warning by displaying the blood pressure in red, or may
provide additional warning information through vibration
or tactility by using a haptic module.
[0053] Further, upon receiving a request for measuring
bio-information, the output part 210 may output guide
information regarding a measurement state of a multi-
wavelength pulse wave signal under the control of the
processor 120. In this case, the guide information may
include information on the reference pressure to be ap-
plied by an object to the pulse wave sensor 110 while
the pulse wave sensor 110 detects a pulse wave signal,
and/or the actual contact pressure extracted by the proc-
essor 120.
[0054] For example, upon receiving a request for
measuring bio-information, the output part 210 may vis-
ually display, on a display screen, the extracted actual
contact pressure at each time alone or along with the
reference pressure under the control of the processor
120. Alternatively, the output part 210 may visually dis-
play warning information, which is generated by compar-
ing, by the processor 120, the reference pressure with
the extracted actual contact pressure; or may output the
warning information in voice, vibration, and the like.
[0055] The storage part 220 may store various types
of reference information or a processing result of the
pulse wave sensor 110 and the processor 120. In this
case, various types of reference information may include
user information, such as a user’s age, gender, health
state, and the like, guide information regarding the afore-
mentioned measurement state, or information for use in
measuring bio-information, such as a bio-information
measurement model and the like.
[0056] In this case, the storage part 250 may include
at least one storage medium of a flash memory type
memory, a hard disk type memory, a multimedia card
micro type memory, a card type memory (e.g., an SD
memory, an XD memory, etc.), a Random Access Mem-
ory (RAM), a Static Random Access Memory (SRAM), a
Read Only Memory (ROM), an Electrically Erasable Pro-
grammable Read Only Memory (EEPROM), a Program-
mable Read Only Memory (PROM), a magnetic memory,
a magnetic disk, and an optical disk, and the like, but is
not limited thereto.
[0057] FIG. 3 is a block diagram illustrating an example
of a configuration of a processor of a bio-information
measuring apparatus according to an exemplary embod-
iment. FIGS. 4A to 4E are diagrams explaining a method
of extracting a contact pressure by using a multi-wave-
length pulse wave signal according to an exemplary em-
bodiment. Referring to FIGS. 3 to 4E, the configuration
of the processor 120 of FIGS. 1 and 2 will be described
in further detail.
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[0058] Referring to FIG. 3, the processor 120 of a bio-
information measuring apparatus according to an exem-
plary embodiment includes a pulse wave signal receiver
310, a contact pressure extractor 320, a measurement
state guide part 330, and a bio-information measurer 340.
[0059] The pulse wave signal receiver 310 may receive
the detected multi-wavelength pulse wave signal from
the pulse wave sensor 110, and may transmit the re-
ceived multi-wavelength pulse wave signal to the contact
pressure extractor 320 and the bio-information measurer
340. In this case, the pulse wave signal receiver 310 may
be electrically connected with the pulse wave sensor 110.
[0060] Upon receiving the multi-wavelength pulse
wave signal at a specific time from the pulse wave sensor
110, the contact pressure extractor 320 may extract a
contact pressure between an object and the pulse wave
sensor 110 at the specific time by analyzing the received
multi-wavelength pulse wave signal.
[0061] For example, FIGS. 4A to 4C are diagrams ex-
plaining a correlation between a pulse wave signal of
each wavelength and a contact pressure, and the contact
pressure extractor 320 may extract the contact pressure
by using such correlation between a multi-wavelength
pulse wave signal and a contact pressure.
[0062] FIG. 4A illustrates pulse wave signals of an in-
frared (IR) wavelength, a red (R) wavelength, a green
(G) wavelength, and a blue (B) wavelength which are
detected from a sample for a predetermined period of
time; and an actual contact pressure applied to the pulse
wave sensor for the predetermined period of time. FIG.
4B illustrates pulse wave DC signals of the wavelengths
IR, R, G, and B which are obtained by passing the pulse
wave signals of the wavelengths IR, R, G, and B through
a Low Pass Filter (LPF); and an actual contact pressure
applied to the pulse wave sensor. FIG. 4C illustrates a
correlation between a contact pressure and pulse wave
DC signals of the wavelengths IR, R, G, and B, which
are extracted from the pulse wave DC signals of the
wavelengths IR, R, G, and B obtained in FIG. 4B in a
section where the contact pressure is increased. As il-
lustrated therein, it can be seen that except for the pulse
wave DC signal of the red (R) wavelength, there is a high
correlation between the pulse wave DC signals of other
wavelengths IR, G, and B and the contact pressure.
[0063] Upon receiving the multi-wavelength pulse
wave signal, the contact pressure extractor 320 may gen-
erate a pulse wave DC signal of each wavelength by
passing the multi-wavelength pulse wave signal through
the Low Pass Filter (LPF), as described above. Further,
the contact pressure extractor 320 may extract a contact
pressure signal by combining the generated two or more
pulse wave DC signals of each wavelength.
[0064] For example, the contact pressure extractor
320 may generate differential signals by differentiating
the pulse wave DC signal of the blue (B) wavelength ob-
tained at a specific time from the pulse wave DC signals
of other wavelengths IR, R, and G, and may extract a
contact pressure at the specific time by combining the

generated differential signals. For example, the contact
pressure extractor 320 may obtain a ratio of two differ-
ential signals as shown in the following Equation 1, and
may use the ratio as a contact pressure at the specific
time; or may extract a contact pressure by applying the
ratio to a pre-defined correlation model. In this case, the
correlation model may be defined by an algorithm with a
mathematical function or in the form of a matching table,
which may represent a correlation between a ratio of two
differential signals and the contact pressure. 

[0065] Herein, Sg denotes a pulse wave DC signal of
the green (G) wavelength, Sb is a pulse wave DC signal
of the blue (B) wavelength, Sr denotes a pulse wave DC
signal of the red (R) wavelength, and Dr denotes a ratio
between differential signals. Further, DC denotes a con-
tact pressure, and a and b denote any constants defining
a correlation between a ratio of differential signals and a
contact pressure.
[0066] In conventional PPG-based cuffless blood pres-
sure measuring methods, there are problems in that PPG
measurement is influenced by a contact pressure be-
tween the object and the pulse wave sensor because a
change in the contact pressure between the object and
the pulse wave sensor affects a shape of a PPG wave-
form. Therefore, the accuracy of estimating the blood
pressure is degraded. In contrast, solutions according to
an exemplary embodiment can solve these problems by
obtaining a correlation between a pulse wave signal of
each wavelength and the contact pressure by using a
ratio between difference signals of the multi-wavelength
pulse wave signal. Therefore, bio-information such as
blood pressure can be accurately measured without be-
ing influenced by the contact pressure between the object
and the pulse wave sensor. Also, according to an exem-
plary embodiment, accurate bio-information measure-
ment can be performed even without using a pressure
sensor.
[0067] FIG. 4D illustrates a conversion signal generat-
ed based on a ratio of differential signals between multi-
wavelength pulse wave DC signals during a predeter-
mined period of time; and a contact pressure signal ap-
plied in practice by a user during a predetermined period
of time. FIG. 4E illustrates a correlation between the con-
version signal and the contact pressure. As illustrated in
FIG. 4E, it can be seen that an overall correlation between
the conversion signal and the contact pressure signal is
0.89; and there is a very high correlation of 0.95 between
a conversion signal and a contact pressure signal in the
section where a contact pressure is increased (or a region
of interest).
[0068] Once the contact pressure at a specific time is
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extracted as described above, the measurement state
guide part 330 may determine a measurement state
based on the extracted contact pressure, and may indi-
cate a current measurement state based on the determi-
nation.
[0069] For example, once the contact pressure at a
specific time is extracted, the measurement state guide
part 330 may generate guide information which includes
the extracted contact pressure and/or the reference pres-
sure at the specific time. Alternatively, the measurement
state guide part 330 may determine whether a measure-
ment state is normal by comparing the extracted contact
pressure at the specific time with the reference time at
the specific time; and upon determining that the meas-
urement state is not normal, the measurement state
guide part 330 may generate warning information indi-
cating that the measurement state is not normal. In ad-
dition, the measurement state guide part 330 may gen-
erate guide information which includes information re-
garding a degree of contact pressure that is desired to
be increased or decreased by a user.
[0070] Upon generating the guide information, the
measurement state guide part 330 may control the output
part 210 to output the generated guide information to a
user.
[0071] Once the pulse wave sensor 110 completes de-
tection of a multi-wavelength pulse wave signal, the bio-
information measurer 340 may measure bio-information
by using the detected multi-wavelength pulse wave sig-
nal. In this case, the bio-information measurer 340 may
measure bio-information by also considering a contact
pressure during the time when the pulse wave signal is
detected.
[0072] For example, the bio-information measurer 340
may measure blood pressure based on any one pulse
wave signal among the multi-wavelength pulse wave sig-
nals, for example, a pulse wave signal of the infrared (IR)
wavelength and the contact pressure. In this case, the
bio-information measurer 340 may extract, as feature
points, a pulse wave value or a contact pressure at a
maximum peak point of the pulse wave signal, and may
measure blood pressure based on the extracted feature
points and a pre-defined measurement model. For ex-
ample, the blood pressure measurement model may be
defined by a mathematical algorithm.
[0073] In another example, the bio-information meas-
urer 340 may measure blood pressure by using two or
more of the multi-wavelength pulse wave signals, for ex-
ample, pulse wave signals of the infrared (IR) and green
(G) wavelengths. In this case, the bio-information meas-
urer 340 may extract various feature points based on
pulse wave signals in the section where the contact pres-
sure is increased or decreased among the entire sections
of two or more pulse wave signals, and may measure
blood pressure by using the extracted feature points.
[0074] FIG. 5 is a block diagram illustrating yet another
example of a bio-information measuring apparatus ac-
cording to an exemplary embodiment.

[0075] Referring to FIG. 5, a bio-information measuring
apparatus 500 includes a pulse wave sensor 110, a proc-
essor 120, an output part 210, a storage part 220, and a
communicator 510. The pulse wave sensor 110, the proc-
essor 120, the output part 210, and the storage part 220
may be the same or similar to those described above
with reference to FIGS. 1 and 2, and repetitive descrip-
tions will be avoided.
[0076] The communicator 510 may perform wired or
wireless communication with a case (or case apparatus)
550 of a bio-information measuring apparatus 500 or var-
ious other external devices 250 under the control of the
processor 120. In this case, the communicator 510 may
communicate with an external device by using Bluetooth
communication, Bluetooth Low Energy (BLE) communi-
cation, Near Field Communication (NFC), WLAN 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, 3G com-
munication, 4G communication, 5G communication, and
the like. However, this is merely exemplary and is not
intended to be limiting.
[0077] For example, in the case where the bio-infor-
mation measuring apparatus 500 is accommodated in
the case 550 of the bio-information measuring apparatus
500, the communicator 510 may communicate with the
case 550, and may receive information regarding a con-
tact position of an object (or contact position information)
when the object contacts the pulse wave sensor 110. For
example, the contact position information may indicate
the contact position of the object with respect to the pulse
wave sensor 110. In this case, the case 550 may include
the above-described wireless communication module to
communicate with the communicator 510. Further, the
case 550 may include a connector for connection to a
cable connector of the bio-information measuring appa-
ratus 500, e.g., a USB port and the like, and may transmit
and receive data through wired communication.
[0078] In another example, the communicator 510 may
transmit, to the external device 560, a measurement re-
sult of pulse waves, an extraction result of contact pres-
sure, a processing result of the processor 120, and the
like, so that the external device 560 may, for example,
manage a bio-information history of a user, may monitor
a health state of a user, may output the bio-information
history and a monitoring result of the health state, and
the like. In this case, the external device 560 may include
a smartphone, a tablet PC, a desktop computer, a laptop
computer, medical equipment, and the like, but is not
limited thereto. In another example, the communicator
510 may receive a bio-information measurement model
to be used in measuring bio-information, reference infor-
mation for calibration of bio-information, for example, cuff
pressure, cuff blood pressure, and the like.
[0079] Upon receiving a request for measuring bio-in-
formation, the processor 120 may control the communi-
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cator 510 to be connected with the case 550 through
communication, and may transmit a request for contact
position information of an object to the case 550.
[0080] Upon receiving the contact position information
of the object from the case 550, the processor 120 may
generate guide information regarding a measurement
state based on the received contact position information.
In this case, the processor 120 may extract a contact
pressure signal based on a multi-wavelength pulse wave
signal, and may generate guide information based on the
extracted contact pressure signal, and the contact posi-
tion information.
[0081] For example, the processor 120 may determine
whether an object is in normal contact with the pulse wave
sensor 110 by comparing a contact position between the
object and the pulse wave sensor 110 with a reference
position based on the received contact position informa-
tion; and in response to determination that a state of con-
tact (or contact state) between the object and the pulse
wave sensor 110 is not normal, the processor 120 may
generate warning information. For example, the refer-
ence position may include at least one position on the
pulse wave sensor 110. Further, the processor 120 may
generate a guide image, e.g., an image which is obtained
by superposing an image of the object on an image of
the pulse wave sensor, based on the contact position
information. In the case where the object is outside a
normal contact position (or outside a normal range of the
contact position), the processor 120 may display an iden-
tification mark, which indicates a moving direction of the
object, by superposing the identification mark on the
pulse wave sensor image. For example, the normal range
of the contact position may be within a certain threshold
difference from the reference position.
[0082] The output part 210 may output a processing
result of the processor 120, for example, the generated
guide information, a measurement result of bio-informa-
tion, and the like, in various manners. For example, the
output part 210 may visually output the result on a display
screen or may output the result in voice through a voice
signal. Alternatively, the output part 210 may output
warning information through vibration or tactility by using
a haptic module.In conventional PPG-based cuffless
blood pressure measuring methods, there are problems
in that PPG measurement is influenced by a contact po-
sition of the object when the object contacts the pulse
wave sensor because the contact position of the object
affects a shape of a PPG waveform. Therefore, the ac-
curacy of estimating the blood pressure is degraded. In
contrast, solutions according to an exemplary embodi-
ment can solve these problems by determining whether
the object is in a normal contact position or within a normal
range of the contact position. Therefore, bio-information
such as blood pressure can be accurately measured.
[0083] FIG. 6 is a flowchart illustrating an example of
a bio-information measuring method according to an ex-
emplary embodiment.
[0084] FIG. 6 may be an example of a bio-information

measuring method performed by the bio-information
measuring apparatuses 100 and 200 according to the
embodiments of FIGS. 1 and 2.
[0085] Upon receiving a request for measuring bio-in-
formation in 610, the bio-information measuring appara-
tus may control the pulse wave sensor to detect a multi-
wavelength pulse wave signal in 620. In this case, the
multiple wavelengths include an infrared wavelength, a
green wavelength, a red wavelength, a blue wavelength,
and the like, but are not limited thereto. The pulse wave
sensor may include one or more light sources to emit
light of multiple wavelengths. For example, the pulse
wave sensor may include a single light source configured
to emit light in a range of multiple wavelengths, or a plu-
rality of light sources configured to emit light of each of
the multiple wavelengths. Further, the pulse wave sensor
may include one or more detectors.
[0086] Then, upon detecting the multi-wavelength
pulse wave signal in 620, the bio-information measuring
apparatus may extract a contact pressure signal based
on the detected multi-wavelength pulse wave signal in
630. For example, the bio-information measuring appa-
ratus may generate a pulse wave DC signal of each
wavelength by passing the multi-wavelength pulse wave
signal through the Low Pass Filter (LPF), and may extract
a contact pressure signal by combining the generated
two or more pulse wave DC signals of each wavelength.
In this case, based on the pulse wave DC signal of the
blue wavelength, the bio-information measuring appara-
tus may generate differential signals by differentiating
the pulse wave DC signal of the blue wavelength from
the pulse wave DC signals of other wavelengths, and
may extract a contact pressure based on a ratio of the
generated differential signals.
[0087] Subsequently, the bio-information measuring
apparatus may determine whether a measurement state
of a pulse wave signal is normal based on the extracted
contact pressure in 640. In response to the contact pres-
sure between the object and the pulse wave sensor being
changed, a waveform of the detected pulse wave signal
is also changed. Accordingly, in order to improve repro-
ducibility of the detected pulse wave signal, maintaining
a contact pressure to be constant is desirable. Thus, the
bio-information measuring apparatus may determine
whether the measurement state is normal by comparing
the extracted contact pressure with the reference pres-
sure.
[0088] Next, upon determination in 640 that the meas-
urement state is not normal, the bio-information meas-
uring apparatus may guide (or indicate or output) a meas-
urement state in 650. The bio-information measuring ap-
paratus may generate information regarding the extract-
ed contact pressure or the reference pressure, warning
information indicating that the contact pressure is not a
normal pressure, information regarding a degree of con-
tact pressure desired to be increased or decreased by a
user, and the like, and may provide the generated infor-
mation to a user, thereby guiding the user to maintain a
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contact pressure corresponding to the reference pres-
sure.
[0089] Then, upon determination in 640 that the meas-
urement state is normal, the bio-information measuring
apparatus may measure bio-information based on the
detected multi-wavelength pulse wave signal and/or the
contact pressure signal in 660. For example, the bio-in-
formation measuring apparatus may measure blood
pressure based on one of the multi-wavelength pulse
wave signals, and the contact pressure. Alternatively, the
bio-information measuring apparatus may measure
blood pressure by using two or more of the multi-wave-
length pulse wave signals. In this case, the bio-informa-
tion measuring apparatus may extract feature points
based on the pulse wave signal and the contact pressure
signal, and may measure blood pressure by combining
the extracted feature points.
[0090] Subsequently, the bio-information measuring
apparatus may output a measurement result of bio-infor-
mation in 670. For example, the bio-information meas-
uring apparatus may visually provide a measurement re-
sult of bio-information, the extracted contact pressure,
and the like to a user on a display. Alternatively, the bio-
information measuring apparatus may provide a user
with warning information in a non-visual manner such as
voice, vibration, tactility, and the like, by using a speaker
module, a haptic module, or the like.
[0091] FIG. 7 is a flowchart illustrating another example
of a bio-information measuring method according to an
exemplary embodiment.
[0092] FIG. 7 may be an example of a bio-information
measuring method performed by the bio-information
measuring apparatus 500 according to the embodiment
of FIG. 5.
[0093] Upon receiving a request for measuring bio-in-
formation in 710, the bio-information measuring appara-
tus may control the pulse wave sensor to detect a multi-
wavelength pulse wave signal in 720. In this case, the
multiple wavelengths include an infrared wavelength, a
green wavelength, a red wavelength, a blue wavelength,
and the like, but are not limited thereto.
[0094] Then, upon detecting the multi-wavelength
pulse wave signal in 720, the bio-information measuring
apparatus may extract a contact pressure signal based
on the detected multi-wavelength pulse wave signal in
730. In this case, as described above, the bio-information
measuring apparatus may generate a pulse wave DC
signal of each wavelength by passing the pulse wave
signal of each wavelength through the Low Pass Filter
(LPF), and may extract a contact pressure signal based
on a combination of differential signals which are ob-
tained by differentiating the pulse wave DC signal of the
blue wavelength from the pulse wave DC signals of other
wavelengths.
[0095] Upon receiving a request for measuring bio-in-
formation in 710, the bio-information measuring appara-
tus may be connected with the case thereof through wired
or wireless communication, and may transmit a request

for information on a contact position between an object
and the pulse wave sensor to the case of the bio-infor-
mation measuring apparatus in 740.
[0096] Subsequently, the bio-information measuring
apparatus may receive the information on the contact
position of the object from the case thereof in 750.
[0097] Next, the bio-information measuring apparatus
may determine whether a measurement state of the
pulse wave signal is normal based on the extracted con-
tact pressure and/or the contact position information in
760. In the case where the contact position between the
object and the pulse wave sensor is changed, it may be
difficult to detect the pulse wave signal with improved
reproducibility. Accordingly, the bio-information measur-
ing apparatus may determine whether an actual contact
position is normal by comparing the extracted contact
position with the reference position.
[0098] Then, upon determination in 760 that a meas-
urement state is not normal, the bio-information meas-
uring apparatus may guide (or indicate or output) a meas-
urement state in 770. For example, the bio-information
measuring apparatus may generate guide information re-
garding a current measurement state, and may output
the generated guide information to a display and the like.
In this case, the guide information may include the ex-
tracted actual contact pressure, the reference pressure,
warning information indicating that the contact pressure
is not a normal pressure, information regarding a degree
of contact pressure desired to be increased or decreased
by a user, warning information indicating that a current
contact position is not normal, a guide image which is
obtained by superposing, on an image of the pulse wave
sensor, an image of the object or an identification mark
for guiding a normal position, and the like.
[0099] Next, upon determination in 760 that the meas-
urement state is normal, the bio-information measuring
apparatus may measure bio-information based on the
detected multi-wavelength pulse wave signal and/or the
contact pressure signal in 780.
[0100] Then, the bio-information measuring apparatus
according to an exemplary embodiment may output a
measurement result of bio-information to a user in 790.
[0101] FIG. 8A is a diagram illustrating an example of
a case of a bio-information measuring apparatus accord-
ing to an exemplary embodiment. FIG. 8B is a diagram
illustrating connection of a bio-information measuring ap-
paratus with a case thereof according to an exemplary
embodiment. FIG. 8C is a block diagram illustrating an
example of a case of a bio-information measuring appa-
ratus according to an exemplary embodiment.
[0102] Referring to FIGS. 8A and 8B, a case (or case
apparatus) 800 of a bio-information measuring apparatus
may include a main body 810 to accommodate a bio-
information measuring apparatus 900. As illustrated
therein, the main body 810 may include an accommoda-
tion space at a front surface thereof to accommodate a
rear surface of the bio-information measuring apparatus
900 while covering the sides of the bio-information meas-
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uring apparatus 900. However, the main body 810 of the
case 800 is not limited thereto, and may be modified ac-
cording to various shapes of the bio-information meas-
uring apparatus 900.
[0103] A guide groove 815 may be provided on a rear
surface of the main body 810 to expose a pulse wave
sensor 910 of the bio-information measuring apparatus
900 to the outside. The guide groove 815 may guide an
object OBJ to accurately contact the pulse wave sensor
910 when bio-information is measured. The main body
810 may be provided to have a predetermined thickness
so that the pulse wave sensor 910 does not protrude to
the outside of the guide groove 815. For example, the
object OBJ may be a finger of a user.
[0104] Position sensors 820 may be disposed around
the guide groove 815 provided on the main body 810.
The position sensors 820 may be disposed on a rear
surface of the main body 810 around the guide groove
815 or on inner edges of the guide groove 815.
[0105] When the object OBJ comes into contact with
the pulse wave sensor 910, the position sensor 820 may
sense a contact position of the object OBJ. In this case,
the position sensor 820 may include an electrode part
capable of measuring an impedance or a capacitance.
The electrode part may be disposed at two opposing po-
sitions around the guide groove 815. For example, the
electrode part may be disposed on the top/bottom por-
tions of the guide groove 815. Alternatively, the electrode
part may be disposed on the left/right portions of the guide
groove 815. Further, the electrode part may also be dis-
posed on any one of top/bottom/left/right portions of the
guide groove 815.
[0106] Referring to FIG. 8C, the case 800 may include
a processor 830 and a communicator 840 provided in
the main body 810.
[0107] Upon receiving a request for contact position
information of the object from the bio-information meas-
uring apparatus 900 through the communicator 840, the
processor 830 may control the position sensors 820 to
obtain position information of the object currently in con-
tact with the pulse wave sensor 910.
[0108] For example, in the case where the position
sensor 820 includes at least two electrode parts disposed
on at least two opposing positions of the guide groove
815 to measure an impedance, the processor 830 may
supply a current to each electrode part, and may measure
an impedance of each electrode part by measuring a
voltage of each electrode part.
[0109] In another example, in the case where the po-
sition sensor 820 includes at least two electrode parts
disposed on at least two opposing positions of the guide
groove 815 to measure a capacitance, the processor 830
may supply a current to each electrode part, and may
obtain contact position information from a capacitance
accumulated in each electrode part.
[0110] The processor 830 may compare impedances
of each electrode part or accumulated capacitances
thereof, which are calculated through each electrode

part, and may obtain contact position information indicat-
ing whether the object is positioned exactly on the center
of the guide groove 815 or whether object leans to one
side while in contact therewith.
[0111] The main body 810 may include a battery to
supply power to the bio-information measuring apparatus
900. In this case, the processor 830 may supply a current
to the electrode part of the position sensor 820 by using
power of the mounted battery. However, the embodiment
is not intended to be limiting, and the battery may not be
separately mounted in the main body 810, in which case
the processor 830 may supply a current to the position
sensor 820 by using power of the bio-information meas-
uring apparatus 900.
[0112] In conventional PPG-based cuffless blood pres-
sure measuring methods, there are problems in that PPG
measurement is influenced by a contact position of the
object when the object contacts the pulse wave sensor
because the contact position of the object affects a shape
of a PPG waveform. Therefore, the accuracy of estimat-
ing the blood pressure is degraded. In contrast, solutions
according to an exemplary embodiment can solve these
problems by arranging position sensors around the guide
groove 815 provided on the main body 810 to expose
the pulse wave sensor 910 of the bio-information meas-
uring apparatus 900 to the outside, accurate contact po-
sition can be achieved. Therefore, bio-information such
as blood pressure can be accurately measured.
[0113] The communicator 840 may perform wired and
wireless communication with the bio-information meas-
uring apparatus 900. Upon receiving a request for contact
position information of the object from the bio-information
measuring apparatus 900, the communicator 840 may
transmit the request to the processor 830, and may trans-
mit the contact position information to the bio-information
measuring apparatus 900 under the control of the proc-
essor 830.
[0114] The exemplary embodiments may be imple-
mented in a computer-readable code written on a com-
puter-readable recording medium. The computer-read-
able recording medium may be any type of recording
device in which data is stored in a computer-readable
manner.
[0115] Examples of the computer-readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disc, an optical data storage, and a carrier
wave (e.g., data transmission through the Internet). The
computer-readable recording medium can be distributed
over a plurality of computer systems connected to a net-
work so that a computer-readable code is written thereto
and executed therefrom in a decentralized manner.
Functional programs, codes, and code segments accord-
ing to the exemplary embodiments may be easily de-
duced by one of ordinary skill in the art.
[0116] At least one of the components, elements, mod-
ules or units represented by a block as illustrated in the
drawings may be embodied as various numbers of hard-
ware, software and/or firmware structures that execute
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respective functions described above, according to an
exemplary embodiment. For example, at least one of
these components, elements or units may use a direct
circuit structure, such as a memory, a processor, a logic
circuit, a look-up table, etc. that may execute the respec-
tive functions through controls of one or more microproc-
essors or other control apparatuses. Also, at least one
of these components, elements or units may be specifi-
cally embodied by a module, a program, or a part of code,
which contains one or more executable instructions for
performing specified logic functions, and executed by
one or more microprocessors or other control apparatus-
es. Also, at least one of these components, elements or
units may further include or implemented by a processor
such as a central processing unit (CPU) that performs
the respective functions, a microprocessor, or the like.
Two or more of these components, elements or units may
be combined into one single component, element or unit
which performs all operations or functions of the com-
bined two or more components, elements of units. Also,
at least part of functions of at least one of these compo-
nents, elements or units may be performed by another
of these components, element or units. Further, although
a bus is not illustrated in the above block diagrams, com-
munication between the components, elements or units
may be performed through the bus. Functional aspects
of the above exemplary embodiments may be imple-
mented in algorithms that execute on one or more proc-
essors. Furthermore, the components, elements or units
represented by a block or processing steps may employ
any number of related art techniques for electronics con-
figuration, signal processing and/or control, data
processing and the like.
[0117] Although a few embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in the example em-
bodiments without departing from the principles of the
disclosure, the scope of which is defined in the claims
and their equivalents.

Claims

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

a pulse wave sensor configured to emit light hav-
ing a plurality of wavelengths onto an object, and
to detect a multi-wavelength pulse wave signal
from the object; and
a processor configured to obtain a contact pres-
sure signal based on the multi-wavelength pulse
wave signal, the contact pressure signal indicat-
ing a pressure between the object and the pulse
wave sensor, and to generate information re-
garding a measurement state of the object
based on the contact pressure signal.

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

one or more light sources configured to emit the
light having the plurality of wavelengths onto the
object; and
one or more detectors configured to detect the
multi-wavelength pulse wave signal from the ob-
ject.

3. The apparatus of claim 2, wherein the one or more
light sources comprise at least one from among a
light emitting diode (LED), a laser diode (LD), and a
fluorescent element.

4. The apparatus of claim 1, wherein the processor is
further configured to obtain a differential signal be-
tween detected multi-wavelength pulse wave sig-
nals, and obtain the contact pressure signal based
on the differential signal.

5. The apparatus of claim 4, wherein the plurality of
wavelengths comprise two or more from among an
infrared wavelength, a red wavelength, a green
wavelength, and a blue wavelength.

6. The apparatus of claim 5, wherein the processor is
further configured to obtain the differential signal be-
tween a pulse wave signal having the blue wave-
length and pulse wave signals having other wave-
lengths among the plurality of wavelengths.

7. The apparatus of claim 6, wherein the processor is
further configured to obtain the contact pressure sig-
nal based on a ratio of a first differential signal, which
is obtained by differentiating the pulse wave signal
having the blue wavelength from a pulse wave signal
having the green wavelength, and a second differ-
ential signal which is obtained by differentiating the
pulse wave signal having the blue wavelength from
a pulse wave signal having the red wavelength.

8. The apparatus of claim 1, wherein the processor is
further configured to determine whether a contact
state between the object and the pulse wave sensor
is normal based on the contact pressure signal, and
based on a determination that the contact state is
not normal, the processor is further configured to
generate information regarding the pressure be-
tween the object and the pulse wave sensor; and
preferably further comprising an output part config-
ured to output the generated information under con-
trol by the processor.

9. The apparatus of claim 1, wherein the processor is
further configured to measure the bio-information
based on the multi-wavelength pulse wave signal
and the contact pressure signal; and/or
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wherein the processor is further configured to obtain
a feature point based on the multi-wavelength pulse
wave signal and the contact pressure signal, and
measure the bio-information by using the feature
point and a measurement model; and/or
wherein the bio-information comprises one or more
from among blood pressure, vascular age, degree
of arteriosclerosis, aortic pressure waveform, vas-
cular compliance, stress index, and degree of fa-
tigue.

10. A method of measuring bio-information, the method
comprising:

emitting light having a plurality of wavelengths
onto an object;
detecting a multi-wavelength pulse wave signal
from the object;
obtaining a contact pressure signal based on
the multi-wavelength pulse wave signal, the
contact pressure signal indicating a pressure
between the object and a pulse wave sensor;
and
generating information regarding a measure-
ment state of the object based on the contact
pressure signal.

11. The method of claim 10, wherein the obtaining com-
prises:

obtaining a differential signal between detected
multi-wavelength pulse wave signals; and
obtaining the contact pressure signal based on
the differential signal.

12. The method of claim 11, wherein the plurality of
wavelengths comprise two or more from among an
infrared wavelength, a red wavelength, a green
wavelength, and a blue wavelength.

13. The method of claim 12, wherein the obtaining the
differential signal comprises obtaining the differential
signal between a pulse wave signal having the blue
wavelength and pulse wave signals of other wave-
lengths among the plurality of wavelengths.

14. The method of claim 13, wherein the obtaining the
contact pressure signal based on the differential sig-
nal comprises obtaining the contact pressure signal
based on a ratio of a first differential signal, which is
obtained by differentiating the pulse wave signal hav-
ing the blue wavelength from a pulse wave signal
having the green wavelength, and a second differ-
ential signal which is obtained by differentiating the
pulse wave signal having the blue wavelength from
a pulse wave signal having the red wavelength.

15. The method of claim 10, wherein the generating the

information regarding the pressure comprises:

determining whether a contact state between
the object and the pulse wave sensor is normal
based on the contact pressure signal; and
based on a determination that the contact state
is not normal, generating information regarding
the pressure between the object and the pulse
wave sensor; and
preferably further comprising outputting the gen-
erated information; and/or
further comprising measuring the bio-informa-
tion based on the multi-wavelength pulse wave
signal and the contact pressure signal.
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