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BLOOD PRESSURE MEASURING
APPARATUS, AND BLOOD PRESSURE
MEASURING APPARATUS USING LIGHT
SOURCE SELECTION PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0139389, filed on Oct. 2, 2015,
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to a blood pressure measuring
technology using light sources.

[0004] 2. Description of the Related Art

[0005] A cuff-less blood pressure measuring apparatus
measures blood pressure without pressurization. As general
blood pressure estimating methods, a method of using a
pulse wave velocity and a method of analyzing the shape of
pulse waves are provided.

[0006] In the method of using a pulse wave velocity, the
pulse wave velocity is measured by using a phase difference
between an Electrocardiogram (ECG) signal and a Photo-
Plethysmography (PPG) signal. In order to measure the
ECG signal and the PPG signal, an electrode for the ECG
signal and an optical measuring device for the PPG signal
are required, such that it may be difficult to manufacture the
measuring apparatus in a compact size. Further, both hands
of a user may be required to contact the measuring apparatus
to measure the ECG signal.

SUMMARY

[0007] One or more exemplary embodiments provide
blood pressure measuring technology using a single light
source, a plurality of light sources, and a light source
selection process.

[0008] According to an aspect of an exemplary embodi-
ment, there is provided a blood pressure measuring appara-
tus including: a light emitter configured to emit one or more
lights having different penetration characteristics toward a
user; light receiver configured to receive the lights that have
penetrated through the user, and acquire photo-plethysmog-
raphy (PPG) signals from the received lights; and a blood
pressure measurer configured to measure a phase difference
between the acquired PPG signals, and measure a blood
pressure based on the measured phase difference.

[0009] The light emitter may include: a first light source
configured to emit a first light in a range of an infrared
wavelength to a red wavelength; and a second light source
configured to emit a second light in a range of a blue
wavelength to an ultraviolet wavelength.

[0010] The light emitter may further include a third light
source configured to emit a third light in a range of a green
wavelength.

[0011] The light receiver may acquire a first PPG signal
from the first light, a second PPG signal from the second
light, and a third PPG signal from the third light. The blood
pressure measurer may measure a first phase difference
between the first PPG signal and the second PPG signal, a
second phase difference between the first PPG signal and the
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third PPG signal, and a third phase difference between the
second PPG signal and the third PPG signal. The blood
pressure measuring apparatus may calculate an average
value of a first pulse wave velocity of the first PPG signal,
a second pulse wave velocity of the second PPG signal, and
a second pulse velocity of the third PPG signal based on the
first phase difference, the second phase difference, and the
third phase difference, and estimate a blood pressure based
on the calculated average value.

[0012] The light emitter may include a single light source
that emits a white light of a multi-wavelength band.
[0013] The light receiver may receive the white light
penetrating though the user and filter the received white light
by using a Red, Green and Blue (RGB) filter, and may
acquire the PPG signal from the light filtered for each
wavelength.

[0014] The light emitter may include, as the first light
source, a light source that emits light having a first diffusion
angle in a body of the user, and may include, as the second
light source, a light source that emits a light having a second
diffusion angle in the body. The second diffusion angle may
be greater than the first diffusion angle.

[0015] The blood pressure measurer may calculate the
pulse wave velocity based on the phase difference, and may
estimate the blood pressure by using a relationship between
the calculated pulse wave velocity and the blood pressure.
[0016] The blood pressure measuring apparatus may fur-
ther include a pressure sensor configured to measure a tactile
pressure input from the body, wherein the blood pressure
measurer may further determine whether the measured tac-
tile pressure is within a predetermined range of a tactile
pressure.

[0017] The blood pressure measurer may determine a
reference pressure within the predetermined range of the
tactile pressure, and may calculate a correction coefficient
for the measured tactile pressure based on the determined
reference pressure.

[0018] The blood pressure measuring apparatus may fur-
ther include a temperature sensor configured to measure a
temperature of the body, wherein the blood pressure mea-
surer may correct an error of the measured blood pressure
based on the measured temperature and a relationship
between the body temperature and the blood pressure.
[0019] According to an aspect of another exemplary
embodiment, there is provided a blood pressure measuring
apparatus using a light source selection process, the appa-
ratus including: a light source array comprising a plurality of
light sources; a processor configured to selectively turn on
one or more light sources from among the plurality of light
sources to emit one or more lights toward a user; a light
receiver configured to receive the lights that have penetrated
through the user, and acquire photo-plethysmography (PPG)
signals from the received lights; and a blood pressure
measurer configured to measure a phase difference between
the acquired PPG signals, and measure a blood pressure
based on the measured phase difference.

[0020] The processor may select a first light source and a
second light receiver from among the plurality of lights
sources of the light source array. The second light source
may be disposed closer to the light receiver than the first
light source.

[0021] The processor may correct the phase difference
based on a time delay between the PPG signals.
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[0022] The blood pressure measuring apparatus may fur-
ther include a fingerprint recognition sensor configured to
recognize fingerprints, wherein the processor may selec-
tively turn on the one or more light sources based on at least
one of a contact shape, a contact area, and a fingerprint
pattern identified by the recognized fingerprints.

[0023] The processor may further provide the user with
information about an appropriate contact position in which
a finger of the user is to be placed to measure the blood
pressure.

[0024] The processor may determine a predetermined
position of a finger as a light emission position based on the
fingerprint pattern, and may select the one or more light
sources to emit the lights on the light emission position from
among the plurality of light sources of the light source array.
[0025] The processor may determine the light emission
position based on a location of a light source that maximizes
the phase difference.

[0026] The processor may turn on a light source that is
closer to the contact area than other light sources from
among the plurality of light sources.

[0027] The processor may further include a storage con-
figured to recognize individual users based on the recog-
nized fingerprints, and store the measured blood pressure for
the individual users.

[0028] The blood pressure measurer may calculate a pulse
wave velocity based on the phase difference, and may
estimate the blood pressure based on a relationship between
the calculated pulse wave velocity and the blood pressure.
[0029] According to an aspect of another exemplary
embodiment, there is provided a blood pressure measuring
device including: a first light emitter configured to emit a
first light of a first wavelength toward a subject; a second
light emitter configured to emit a second light of a second
wavelength that is shorter than the first wavelength toward
the subject; a light detector configured to receive the first
light passing through the subject after being emitted from
the first light emitter and the second light passing through
the subject after being emitted from the second light emitter;
and a processor configured to detect a first photo-plethys-
mography (PPG) signal and a second PPG signal respec-
tively from the received first light and the received second
light, and determine a blood pressure of the subject based on
a phase difference between the first PPG signal and the
second PPG signal.

[0030] The blood pressure measuring device may further
include a third light emitter configured to emit a third light
of a third wavelength that is shorter than the first wavelength
and longer than the second wavelength.

[0031] The second light emitter, the third light emitter, and
the first light emitter may be respectively positioned in an
order of increasing distance from the light detector.

[0032] The first light emitter, the second light emitter, the
third light emitter correspond to a red light emitting diode
(LED), a blue LED, and a green LED, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and/or other aspects will be more appar-
ent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

[0034] FIG. 1 is a block diagram illustrating a blood
pressure measuring apparatus according to an exemplary
embodiment.
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[0035] FIG. 2 is a diagram illustrating an example of a
blood pressure measuring apparatus using a light source
selection process according to another exemplary embodi-
ment.

[0036] FIG. 3 is a diagram illustrating an example of
emitting light on a finger.

[0037] FIG. 4 is a diagram illustrating an example of light,
emitted from a light source, passing through a user’s body
part to be received by a light receiver.

[0038] FIG. 5 is a diagram illustrating an example of light,
emitted from three light sources, passing through a user’s
body part to be received by a light receiver.

[0039] FIG. 6 is a diagram illustrating an example of
penetration paths in a user’s body of lights having different
penetration characteristics.

[0040] FIG. 7 is a diagram illustrating an example of a
filter layer of a PPG signal acquirer.

[0041] FIG. 8 is a diagram illustrating a graph of a phase
difference between PPG signals.

[0042] FIG. 9 is a diagram illustrating a graph of a phase
difference between three PPG signals.

[0043] FIG. 10 is a diagram illustrating an example of a
blood pressure measuring apparatus further including a
pressure sensor.

[0044] FIG. 11 is a diagram illustrating a graph showing a
recommended range of a finger tactile pressure.

[0045] FIG. 12 is a diagram illustrating an example of a
blood pressure measuring apparatus further including a
transparent temperature sensor.

[0046] FIG. 13 is a diagram illustrating an example of a
phase difference change depending on a temperature change.
[0047] FIG. 14 is a diagram illustrating an example of
light, emitted from light sources that are located at different
distances from a PPG signal acquirer, passing through a
user’s body to be received by a light receiver.

[0048] FIG. 15 is a diagram illustrating an example of
selecting a light source located close to a contact area of a
processor.

[0049] FIG. 16 is a diagram illustrating an example of
measuring a phase difference between PPG signals.

[0050] FIG. 17 is a diagram illustrating graphs showing a
phase difference at each wavelength.

DETAILED DESCRIPTION

[0051] Exemplary embodiments are described in greater
detail below with reference to the accompanying drawings.
[0052] Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the exemplary embodi-
ments. However, it is apparent that the exemplary embodi-
ments 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.

[0053] 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.
[0054] FIG. 1 is a block diagram illustrating a blood
pressure measuring apparatus according to an exemplary
embodiment. The blood pressure measuring apparatus 100
includes a light source unit 110, a photo-plethysmography
(PPG) signal acquirer 120, and a blood pressure measurer
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130. The light source unit 110 and the PPG signal acquirer
120 may be implemented by a light emitter and a light
receiver (or a light detector), respectively, The light source
unit 110 and the PPG signal acquire 120 may be integrated
into a single light emitter/receiver, or may be provided with
two separate devices. Further, the blood pressure measuring
apparatus 100 may include a pressure sensor and a tempera-
ture sensor.

[0055] The light source unit 110 emits one or more lights
having different characteristics of penetration into a user’s
body part, for exaniple, a finger. Referring to FIG. 3, the
light source unit 110 emits, onto a finger, a first light S1 and
a second light S2 which have different penetration charac-
teristics (e.g., penetration depth) from each other.

[0056] For example, light of different wavelengths may be
transmitted to the body at different pulse wave velocities. In
this case, the light source unit 110 includes a first light
source, which emits the first light in a range of an infrared
wavelength (e.g., 700 nm-1 mm) to a red wavelength (e.g.,
620-750 nm), and the second light source, which emits the
second light in a range of a blue wavelength (e.g., 450-495
nm) to an ultraviolet wavelength (e.g., 10 nm-400 nm).
Further, the light source unit 110 may include a third light
source that emits a third light in a range of a green wave-
length (e.g., 495-570 nm). For example, the first light of a
long wavelength, which is in a range of a red wavelength,
may penetrate the skin and may reach, for example, blood
vessels deep inside the skin, while the second light of a short
wavelength may penetrate the skin to a shallow depth, to
capillaries.

[0057] FIG. 4 is a diagram illustrating an example of light,
emitted from a light source, passing through a user’s body
part to be received by a light receiver. Referring to FIG. 4,
the first light source and the second light source each emit
light on a user’s body part, and the first light and the second
light are transmitted through different paths in the body to
the light receiver (e.g., PPG signal acquirer 120). Inside the
body, the first light and the second light are spaced apart
from each other at a distance (1). In this case, pulse wave
velocities may vary depending on wavelength characteris-
tics, and the first light and the second light, after passing
through the body, may be received by the light receiver (e.g.,
PPG single acquirer 120) with a predetermined phase dif-
ference (PPT).

[0058] The first light is in a range of an infrared wave-
length to a red wavelength, and has a long wavelength and
a high pulse wave velocity. The second light is in a range of
a blue wavelength to an ultraviolet wavelength, and has a
lower pulse wave velocity than the first light. As the pulse
wave velocity varies depending on wavelengths, light is
received by the light receiver (e.g., PPG signal acquirer 120)
with a phase difference.

[0059] FIG. 5 is a diagram illustrating an example of light,
emitted from three light sources, passing through a user’s
body part to be received by a light receiver. Referring to
FIG. 5, a first light source, a second light source, and a third
light source each emit light on a finger, and three emitted
lights have different pulse wave velocities to penetrate into
the skin to be received by the light receiver (e.g., PPG signal
acquirer 120).

[0060] As an example of FIG. 5, the first light source of
the light source unit 110 may emit a first light in a range of
a red wavelength, the second light source of the light source
unit 110 may emit a second light in a range of a blue
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wavelength, and the third light source of the light source unit
110 may emit a third light in a range of a green wavelength.
[0061] In another example, the light source unit 110 may
include: as the first light source, a light source that emits
light having a small diffusion angle in the body; and as the
second light source, a light source that emits light having a
larger diffusion angle in the body than the first light source.
In this case, the light source, which emits light having a
small diffusion angle, may be a laser diode (LD), and the
light source, which emits light having a large diffusion
angle, may be a light emitting diode (LED). FIG. 6 is a
diagram illustrating an example of penetration paths in a
user’s body of lights having different penetration character-
istics. The characteristics of light penetration into the body
may include the length of a light wavelength, a diffusion
angle of light, constituents according to the depth of body
parts, light penetration speed, and the like.

[0062] The arrangement of the first light source, the sec-
ond light source, and the third light source in relation to the
light receiver may be determined based on the wavelength of
each of the light sources. For example, the shorter the
wavelength of the light source is, the closer the light source
is positioned in relation to the light receiver. With reference
to FIG. 5, the first light source, the second light source, and
the third light source may correspond to a red LED, a blue
LED, and a green LED, respectively. so that the blue LED,
the green LED, and the red LED is disposed in the order of
increasing their distance from the light receiver.

[0063] For example, the light source unit 110 may include
a first light source and a second light source that have
different diffusion angles in the body, in which a light source
having a large diffusion angle may penetrate a shallow and
wide part, while a light source having a small diffusion angle
may penetrate a deep and narrow part.

[0064] Referring to FIG. 6, the light source unit 110 may
include a laser diode (LD) and an LED as the first light
source and the second light source, respectively. The diffu-
sion angle of the LD is less than the diffusion angle of the
LED. Each light emitted by the light source unit 110
penetrates a user’s body through a different transmission
path at a different penetration velocity, to be received by the
light receiver (e.g., PPG signal acquirer 120). In another
example, the light source unit 110 may emit white light
including a multi-wavelength band. The white light is a
single light and may include a multi-wavelength band, in
which the PPG signal acquirer 120 may split the white light
into different wavelengths of light.

[0065] The PPG signal acquirer 120 receives light that has
passed through a user’s body part, and may acquire a PPG
signal from the received light. The PPG signal is a signal
obtained by emitting light of a specific wavelength band on
the body part and by detecting reflected or penetrated light,
and a signal that indicates pulsation component generated
according to a heartbeat rate.

[0066] For example, light emitted by the light source unit
110 is reflected from the body surface or passes through the
body part, and is received by the light receiver of the PPG
signal acquirer 120 with a phase difference. For example, a
first light, which is emitted from the first light source and is
in a range of a red wavelength, has a long transmission path
in the body but a high pulse wave velocity, while a second
light, which is emitted from the second light source and is
in a range of a blue wavelength, has a short transmission
path in the body but a low pulse wave velocity. The first light
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and the second light may be received by the PPG signal
acquirer 120 with a phase difference.

[0067] In another example, the PPG signal acquirer 120
may filter the single white light and pass only an allowed
wavelength band of the light. FIG. 7 is a diagram illustrating
an example of a filter layer of a PPG signal acquirer 120.
Referring to FIG. 7, the PPG signal acquirer 120 may
include an array of sensors, and a Red, Green and Blue
(R-G-B) filter layer (mosaic). The RGB filter may filter light
for red, green, and blue wavelengths. In this case, the PPG
signal acquirer 120 may filter white light of a multi-wave-
length band for each wavelength by using the RGB filter,
and may acquire a PPG signal from each filtered light.
[0068] By using a single white light, and a single PPG
signal acquirer 120, the blood pressure measuring apparatus
100 may be designed in a simple manner. The blood pressure
measuring apparatus 100 of a simple design may be used in
various applications, such as a smartphone. a tablet PC, a
digital camera, a camera module, a wearable device, and the
like.

[0069] The PPG signal acquirer 120 acquires a PPG signal
from each received light. For example, the PPG signal
acquirer 120 may receive a first PPG signal from the first
light, a second PPG signal from the second light, a third PPG
signal from the third light, and the like. The PPG signal
acquirer 120 may receive a plurality of lights, and the
number of which is not limited.

[0070] The PPG signal acquirer 120 may be a PPG sensor
or an image sensor, and may also be a processor having a
specific algorithm to acquire a PPG signal by processing a
signal of the received light.

[0071] The blood pressure measurer 130 measures a phase
difference (PPT) between feature points of acquired PPG
signals, and may measure a blood pressure based on the
measured phase difference. For example, the blood pressure
measurer 130 may calculate a pulse wave velocity by
extracting features points (e.g., peak points) by differenti-
ating each PPG signal, and by measuring a phase difference
(time difference) between the first PPG signal and the second
PPG signal. Upon calculating the pulse wave velocity, the
blood pressure measurer 130 may estimate a blood pressure
based on a relationship between the pulse wave velocity and
blood pressure. Blood pressure may be measured by such
operations.

[0072] FIG. 8 is a diagram illustrating a graph of a phase
difference between PPG signals. Referring to FIG. 8, a phase
of the first PPG signal is acquired from light of a red
wavelength and a phase of the second PPG signal is acquired
from light of a blue wavelength that has a shorter wave-
length than the red wavelength. The first PPG signal propa-
gates faster than the second PPG signal. In other words, the
phase velocity of the first PPG signal is greater than the
phase velocity of the second PPG signal. In this case, the
blood pressure measurer 130 may measure a phase differ-
ence between the first PPG signal and the second PPG
signal.

[0073] FIG. 9 is a diagram illustrating a graph of a phase
difference between three PPG signals. In the exemplary
embodiment, the blood pressure measurer 130 calculates a
first pulse wave velocity based on a first phase difference
between the first PPG signal and the second PPG signal,
calculates a second pulse wave velocity based on a second
phase difference between the first PPG signal and a third
PPG signal; and calculates a third pulse wave velocity based
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on a third phase difference between the second PPG signal
and the third PPG signal. The blood pressure measurer 130
may calculate an average of the three pulse wave velocities
and may estimate a blood pressure based on the calculated
average pulse wave velocity.

[0074] In addition, as the blood pressure measurer 130
may measure a phase difference among a plurality of PPG
signals, and may calculate an average pulse wave velocity
by using a plurality of phase differences, an error in mea-
surement of phase difference may be reduced. and a blood
pressure may be measured accurately.

[0075] Upon measuring a phase difference, the blood
pressure measurer 130 may calculate a pulse wave velocity
¢ by using the following Equation (1).

[ [Equation 1]

[0076] Here, length 1 is a distance between the first PPG
signal generator and the second PPG signal generator, and
AT is a phase difference (time difference) between the first
PPG signal and the second PPG signal. Since there is a direct
relationship between a pulse wave velocity and a blood
pressure, the blood pressure measurer 130 may estimate the
blood pressure by calculating the pulse wave velocity.

[0077] In another example, the pulse wave velocity may
be calculated by the following Equations (2) and (3).

E = Epe?
_ | Eh
€= 2pr

[0078] Here, E represents Young’s modulus; E represents
Young’s modulus at pressure 0; o represents a constant
according to blood vessel characteristics; p represents a
blood pressure; ¢ represents a pulse wave velocity; h rep-
resents a blood vessel thickness; p represents a density; and
r represents a parameter based on a blood vessel radius. The
pulse wave velocity ¢ may be calculated by calculating or
measuring these parameters.

[0079] Generally, when a blood pressure increases, the
Young’s modulus also increases, and the pulse wave veloc-
ity becomes faster. A PPG signal of the first light and a PPG
signal of the second light have different penetration depths
in the body, and when the PPG signals are measured at two
specific points, a phase difference is caused between the two
PPG signals.

[0080] Theblood pressure measurer 130 may calculate the
pulse wave velocity by using Equation (1) without applying
the parameters of p, h, p, and r in the calculation. Upon
calculating the pulse wave velocity, the blood pressure
measurer 130 may determine the blood pressure based on a
relationship between the pulse wave velocity and the blood
pressure.

[0081] Further, the blood pressure measuring apparatus
100 illustrated in FIG. 1 may further include at least one or
more of a pressure sensor and a temperature sensor.
[0082] FIG. 10 is a diagram illustrating an example of a
blood pressure measuring apparatus further including a
pressure sensor. Referring to FIG. 10, once a user contacts

[Equation 2]

[Equation 3]
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a light source with his/her finger, the weight of the finger
may be measured by a pressure sensor mounted at a lower
portion of the light source and a light receiver. In this case,
there may be a predetermined range of a tactile pressure that
is appropriate for measurement of blood pressure, and the
blood pressure measurer 130 may determine whether the
measured pressure is within the predetermined range of the
tactile pressure.

[0083] FIG. 11 is a diagram illustrating a graph showing a
recommended range of a finger tactile pressure. The finger
tactile pressure may be also referred to as a finger contact
pressure. Referring to FIG. 11, when the pressure increases
to reach a level that is below or above a predetermined
range, the pulse wave velocity may not be calculated accu-
rately. Generally, a pulse wave velocity graph and a blood
pressure graph have the same shape and peak, and a blood
pressure may be estimated by calculating a pulse wave
velocity from the graphs. Referring to FIG. 11, however, as
for levels of pressure that are not within the recommended
range of the finger tactile pressure, the pulse wave velocities
may show unstable peaks, rather than a predetermined shape
of graph. That is, in the case where the measured pressure is
not within the recommend range of the finger tactile pres-
sure, the pulse wave velocity may not be calculated accu-
rately, and a significant relationship between the pulse wave
velocity and blood pressure may not be formed.

[0084] The blood pressure measurer 130 may determine
whether a pressure, measured by the pressure sensor, is
within the recommended range of the finger tactile pressure.
When the measured pressure is beyond the recommended
range, the blood pressure measuring apparatus 100 may
generate a message that requests the user to adjust the finger
tactile pressure. Further, even when the measured pressure is
within the recommended range of the finger tactile pressure,
the a measurement error may be corrected according to an
appropriate reference pressure. For example, the blood pres-
sure measurer 130 may determine a reference pressure that
is in the recommended range of the finger tactile pressure,
and may calculate a correction factor for the measured
pressure based on the determined reference pressure. For
example, in the case where the measured pressure is greater
than the reference pressure, the blood pressure measurer 130
may calculate a correction factor to correct the pulse wave
velocity to be higher. By contrast, in the case where the
measured pressure is less than the reference pressure, the
blood pressure measurer 130 may calculate a correction
factor to correct the pulse wave velocity to be lower. In this
manner, the blood pressure measurer 130 may achieve an
accurate blood pressure measurement regardless of a pres-
sure exerted by a user. In the exemplary embodiment, a
finger is used as a body part that may be in contact with the
blood pressure measurer 130, but the present embodiment is
not limited thereto. The user may use a different part of
his/her body to contact the blood pressure measurer 130 and
the contact pressure may be compared with a predetermined
pressure range.

[0085] The blood pressure measuring apparatus 100 may
further include an interface or an application, which informs
a user of a finger tactile pressure measured by a pressure
sensor, and provides an alarm function to a user so that an
appropriate pressure may be input.

[0086] FIG. 12 is a diagram illustrating an example of a
blood pressure measuring apparatus 100 which further
includes a transparent temperature sensor that may measure
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the body temperature. Referring to FIG. 12, the transparent
temperature sensor is disposed on the upper portion of a light
source and a light receiver, to measure the body temperature
without blocking light emitted from the light source.
[0087] FIG. 13 is a diagram illustrating an example of a
phase difference change depending on a temperature change.
Referring to FIG. 13, the phase difference between the first
PPG signal and the second PPG signal at a high temperature
is greater than the phase difference at a low temperature.
Once the temperature of a finger is measured by a tempera-
ture sensor 150, the blood pressure measurer 130 may
correct an error of phase difference based on the measured
temperature.

[0088] By using at least one of a pressure sensor and a
temperature sensor, the blood pressure measuring apparatus
100 may check factors that affect a measurement result of a
blood pressure, and may correct an error in the measurement
result of the blood pressure.

[0089] The blood pressure measuring apparatus 100 may
be included in a digital camera, an image sensor of a camera
module, and the like, and may also be mounted in a
smartphone, a tablet PC, a wearable device, a healthcare
product, and the like.

[0090] FIG. 2 is a diagram illustrating an example of a
blood pressure measuring apparatus using a light source
selection process according to another exemplary embodi-
ment. The blood pressure measuring apparatus 200 using a
light source selection process includes a light source array
210, a PPG signal acquirer 220, a blood pressure measurer
230, and a processor 240. The blood pressure measurer 130
may be integrated with the processor 240, or another pro-
cessor separately provided from the processor 240. Further,
the blood pressure measuring apparatus 200 using a light
source selection process may further include a fingerprint
recognition sensor, a pressure sensor, and a temperature
sensor, in which elements that overlap with those illustrated
in FIG. 1 will be briefly described hereinafter.

[0091] The light source array 210 may include a plurality
of light sources, including a first light source, a second light
source, a third light source, and the like, which have
different wavelengths. Further, the light source array 210
may include a laser diode and a light emitting diode (LED)
which have different penetration characteristics in the body.
In addition, the light source array 210 may include a
plurality of single light sources, each emitting a single light
such as white light.

[0092] The light source array 210 may arrange a plurality
of light sources in a predetermined form or array. However,
the arrangement form or array of the plurality of light
sources in the light source array 210 is not limited, and there
may be various array forms.

[0093] A processor 240 selects one or more light sources
from among the plurality of light sources of the light source
array 210, and may control the selected one or more light
sources to be emitted on the body. Based on different
penetration characteristics, the processor 240 may select one
or more light sources by differing any one of a range of
wavelengths, a range of diffusion angles, types of light
sources, and locations of light sources.

[0094] For example, among the light sources of the light
source array 210, the processor 240 may select the first light
source located far from the PPG signal acquirer 220, or may
select the second light source located closer to the PPG
signal acquirer 220 than the first light source. The wave-
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length of the first light source may be greater than the
wavelength of the second light source.

[0095] FIG. 14 is a diagram illustrating an example of
light, emitted from light sources that are located at different
distances from a PPG signal acquirer 220, passing through
auser’s body to be received by a light receiver. Referring to
FIG. 14, the first light source, which is relatively farther
from the PPG signal acquirer 220 (e.g., a light receiver), has
a long transmission path in the body. Similarly, the second
light source, which is relatively closer to the PPG signal
acquirer 220, has a short transmission path. That is, depend-
ing on the location of light sources, there may be a phase
difference between the first light source and the second light
source that are received by the PPG signal acquirer 220 (e.g.,
the light receiver).

[0096] For example, the processor 240 may select the first
light source, which is far from the PPG signal acquirer 220,
and the second light source, which is close to the PPG signal
acquirer 220. Referring to FIG. 14, the distance between the
first light source and the PPG signal acquirer 220 is longer
than the distance between the second light source and the
PPG signal acquirer 220, which may delay time for the first
light source to reach the light receiver. In this case, consid-
ering the time delay caused by different distances from the
PPG signal acquirer 220, the processor 240 may correct a
phase difference between the PPG signals.

[0097] Further, the blood pressure measuring apparatus
200 using a light source selection process may further
include a fingerprint recognition sensor that recognizes
fingerprints, in which the processor 240 may select a light
source based on at least one of a contact shape, a contact
area, and a fingerprint pattern, which are identified by the
recognition of fingerprints.

[0098] For example, once the fingerprint recognition sen-
sor recognizes a user’s fingerprints, the processor 240 ana-
lyzes a contact shape, a contact area, and a fingerprint
pattern, which are identified by the fingerprint recognition,
and may identify a contact position of a finger.

[0099] In this case, the processor 240 may provide a user
with information on an appropriate contact position of a
finger, which is required to measure blood pressure. For
example, the processor 240 may provide a user with the
contact position of a finger, which is identified by fingerprint
recognition, and a pre-stored appropriate contact position of
a finger, which is required to measure blood pressure,
through an interface. Further, the processor 240 may provide
guide information to guide a user’s finger to an appropriate
position to measure blood pressure.

[0100] Among the light sources of the light source array
210, the processor 240 may select a light source that is
located at an optimal location to emit light on the identified
contact position of a finger.

[0101] For example, based on a finger pattern, the proces-
sor 240 may determine a position of a finger to be a light
emission position, and may select a light source to emit light
on the position from among the light sources of the light
source array 210. For example, the processor 240 may
determine a light emission position based on a location of a
light source that maximizes a phase difference, in which the
phase difference may be measured by experiments or by
repetition, or may be calculated based on a location of a light
source.

[0102] In another example, the processor 240 may select
a light source that is close to a contact area. FIG. 15 is a
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diagram illustrating an example of selecting a light source
located close to a contact area of a processor. Referring to
FIG. 15, the light source array 210 may select two or more
light sources having a wide contact area for a finger, and the
processor 240 may select two or more light sources appro-
priately from among the light sources of the light source
array 210.

[0103] In addition, the processor 240 may include a stor-
age that recognizes individual users by recognition of fin-
gerprints, and stores the measured blood pressure for each
individual user.

[0104] The PPG signal acquirer 220 may receive light that
has passed through the body part, and may acquire a
Photo-plethysmography (PPG) signal from the received
light.

[0105] The blood pressure measurer 230 may measure a
phase difference between feature points of the acquired PPG
signals, and may measure blood pressure based on the phase
difference. For example, the blood pressure measurer 230
may calculate a pulse wave velocity by extracting features
points (e.g., peak points) by differentiating each PPG signal,
and by measuring a phase difference (time difference)
between the first PPG signal and the second PPG signal.
Upon calculating the pulse wave velocity, the blood pressure
measurer 230 may estimate a blood pressure based on a
relationship between the pulse wave velocity and the blood
pressure. Blood pressure may be measured by such opera-
tions.

[0106] The blood pressure measuring apparatus 200 illus-
trated in FIG. 2 may identify states and conditions of blood
pressure measurement by checking one or more of a finger-
print recognition sensor, a pressure sensor, and a tempera-
ture sensor, and may guarantee objectivity of blood pressure
measurement.

[0107] FIG. 16 is a diagram illustrating an example of
measuring a phase difference between PPG signals. The
blood pressure measurers 130 and 230 illustrated in FIGS. 1
and 2 may extract feature points from PPG signals, and may
measure a phase difference between the feature points. For
example, the blood pressure measurers 130 and 230 perform
resampling of each PPG signal, for example, resampling of
a frequency of 250 Hz to 2500 Hz, and pass the PPG signal
through a low pass filter (LPF) to pass a frequency of lower
than 10 Hz.

[0108] Referring to FIG. 16, the blood pressure measurers
130 and 230 filter graphs of the first PPG signal and the
second PPG signal through the LPF, and may acquire the
first and second filtered PPG signals. The first and second
filtered PPG signals become graphs in a smoother shape than
graphs before filtering. Further, the blood pressure measur-
ers 130 and 230 extract feature points from graphs obtained
by differentiating the first filtered PPG signal and the second
filtered PPG signal. Upon extracting the feature points, the
blood pressure measurers 130 and 230 may measure a phase
difference between the first PPG signal and the second PPG
signal.

[0109] FIG. 17 is a diagram illustrating a graph showing
a phase difference at each wavelength. Referring to FIG. 17,
graphs show a phase difference between a red wavelength
and an infrared wavelength, a phase difference between a red
wavelength and a green wavelength, and a phase difference
between a red wavelength and a blue wavelength. The blood
pressure measurers 130 and 230 may extract feature points
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of each graph by differentiating each graph, and may mea-
sure a phase difference based on the feature points of each
graph.

[0110] Referring to the left portion of FIG. 17, a phase
difference between feature points of a differential graph
(dRed) of a red wavelength and a differential graph (dIR) of
an infrared wavelength is -0.0001 ms. In another example,
referring to the middle portion of FIG. 17, a phase difference
between feature points of a differential graph (dGreen) of a
green wavelength and a differential graph (dRed) of a red
wavelength is 0.0244 ms. In yet another example, referring
to the right portion of FIG. 17, a phase difference between
feature points of a differential graph (dBlue) of a blue
wavelength and a differential graph (dRed) of a red wave-
length is 0.0253 ms.

[0111] However, the above examples are merely illustra-
tive, and red, blue and green wavelengths are selected
randomly, and blood pressure may be measured by using
other ranges of wavelengths.

[0112] According to the foregoing exemplary embodi-
ment, a blood pressure measuring apparatus may have a
simple configuration, and may minimize errors in the mea-
surement of blood pressure in various circumstances.
[0113] The foregoing exemplary embodiments are merely
exemplary and are not to be construed as limiting. The
present teaching can be readily applied to other types of
apparatuses. Also, the description of the exemplary embodi-
ments is intended to be illustrative, and not to limit the scope
of the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.
[0114] While not restricted thereto, the operations or steps
of the methods or algorithms according to the above exem-
plary embodiments may be embodied as computer-readable
codes on a computer-readable recording medium. The com-
puter-readable recording medium may be any recording
apparatus capable of storing data that is read by a computer
system. Examples of the computer-readable recording
medium include read-only memories (ROMs), random-ac-
cess memories (RAMs), CD-ROMs, magnetic tapes, floppy
disks, and optical data storage devices. The computer-
readable recording medium may be a carrier wave that
transmits data via the Internet, for example. The computer-
readable medium may be distributed among computer sys-
tems that are interconnected through a network so that the
computer-readable code is stored and executed in a distrib-
uted fashion. Also, the operations or steps of the methods or
algorithms according to the above exemplary embodiments
may be written as a computer program transmitted over a
computer-readable transmission medium, such as a carrier
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 or implemented by circuitry, a proces-
sor, a microprocessor, etc., and may execute a computer
program stored in a computer-readable medium.

What is claimed is:

1. A blood pressure measuring apparatus comprising:

a light emitter configured to emit one or more lights
having different penetration characteristics toward a
user;

a light receiver configured to receive the lights that have
penetrated through the user, and acquire photo-plethys-
mography (PPG) signals from the received lights; and
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a blood pressure measurer configured to measure a phase
difference between the acquired PPG signals, and mea-
sure a blood pressure based on the measured phase
difference.

2. The apparatus of claim 1, wherein the light emitter

comprises:

a first light source configured to emit a first light in a range
of an infrared wavelength to a red wavelength; and

a second light source configured to emit a second light in
a range of a blue wavelength to an ultraviolet wave-
length.

3. The apparatus of claim 2, wherein the light emitter
comprises a third light source configured to emit a third light
in a range of a green wavelength.

4. The apparatus of claim 3, wherein:

the light receiver acquires a first PPG signal from the first
light, a second PPG signal from the second light, and a
third PPG signal from the third light;

the blood pressure measurer measures a first phase dif-
ference between the first PPG signal and the second
PPG signal, a second phase difference between the first
PPG signal and the third PPG signal, and a third phase
difference between the second PPG signal and the third
PPG signal,

wherein the blood pressure measuring apparatus calcu-
lates an average value of a first pulse wave velocity of
the first PPG signal, a second pulse wave velocity of the
second PPG signal, and a second pulse velocity of the
third PPG signal based on the first phase difference, the
second phase difference, and the third phase difference,
and estimates a blood pressure based on the calculated
average value.

5. The apparatus of claim 1, wherein the light emitter
comprises a single light source that emits a white light of a
multi-wavelength band.

6. The apparatus of claim 5, wherein the light receiver is
further configured to receive the white light penetrating
though the user, filter the received white light by using a
Red, Green and Blue (RGB) filter, and acquire the PPG
signal from the light filtered for each wavelength.

7. The apparatus of claim 1, wherein the light emitter
comprises, as the first light source, a light source that emits
alight having a first diffusion angle in a body of the user, and
comprises, as the second light source, a light source that
emits a light having a second diffusion angle in the body, the
second diffusion angle being greater than the first diffusion
angle.

8. The apparatus of claim 1, wherein the blood pressure
measurer calculates a pulse wave velocity of the PPG signals
based on a phase difference between the PPG signals, and
estimates the blood pressure based on a relationship between
the calculated pulse wave velocity and the blood pressure.

9. The apparatus of claim 1, further comprising a pressure
sensor configured to measure a tactile pressure input from
the body,

wherein the blood pressure measurer further determines
whether the measured tactile pressure is within a pre-
determined range of a tactile pressure.

10. The apparatus of claim 9, wherein the blood pressure
measurer determines a reference pressure within the prede-
termined range of the tactile pressure, and calculates a
correction coeflicient for the measured tactile pressure based
on the determined reference pressure.
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11. The apparatus of claim 1, further comprising a tem-
perature sensor configured to measure a temperature of the
body,

wherein the blood pressure measurer corrects an error of
the measured blood pressure based on the measured
temperature and a relationship between the body tem-
perature and the blood pressure.

12. A blood pressure measuring apparatus using a light

source selection process, the apparatus comprising:

a light source array comprising a plurality of light
sources;

a processor configured to selectively turn on one or more
light sources from among the plurality of light sources
to emit one or more lights toward a user;

a light receiver configured to receive the lights that have
penetrated through the user, and acquire photo-plethys-
mography (PPG) signals from the received lights; and

a blood pressure measurer configured to measure a phase
difference between the acquired PPG signals, and mea-
sure a blood pressure based on the measured phase
difference.

13. The apparatus of claim 12, wherein the processor is
further configured to select a first light source and a second
light receiver from among the plurality of lights sources of
the light source array,

wherein the second light source is disposed closer to the
light receiver than the first light source.

14. The apparatus of claim 13, wherein the processor is
further configured to correct the phase difference based on a
time delay between the PPG signals.

15. The apparatus of claim 12, further comprising a
fingerprint recognition sensor configured to recognize fin-
gerprints,

wherein the processor is further configured to selectively
turn on the one or more light sources based on at least
one of a contact shape, a contact area, and a fingerprint
pattern identified by the recognized fingerprints.

16. The apparatus of claim 15, wherein the processor is
further configured to provide the user with information
about an appropriate contact position in which a finger of the
user is to be placed to measure the blood pressure.

17. The apparatus of claim 15, wherein the processor is
further configured to:

determine a predetermined position of a finger as a light
emission position based on the fingerprint pattern; and

turn on the one or more light sources to emit the lights on
the light emission position from among the plurality of
light sources of the light source array.
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18. The apparatus of claim 17, wherein the processor is
further configured to determine the light emission position
based on a location of a light source that maximizes the
phase difference.

19. The apparatus of claim 15, wherein the processor is
further configured to turn on a light source that is closer to
the contact area than other light sources from among the
plurality of light sources.

20. The apparatus of claim 15, wherein the processor
comprises a storage configured to recognize individual users
based on the recognized fingerprints, and store the measured
blood pressure for the individual users.

21. The apparatus of claim 12, wherein the blood pressure
measurer calculates a pulse wave velocity based on the
phase difference, and estimates the blood pressure based on
a relationship between the calculated pulse wave velocity
and the blood pressure.

22. A blood pressure measuring device, comprising:

a first light emitter configured to emit a first light of a first

wavelength toward a subject;

a second light emitter configured to emit a second light of
a second wavelength that is shorter than the first
wavelength toward the subject;

a light detector configured to receive the first light passing
through the subject after being emitted from the first
light emitter and the second light passing through the
subject after being emitted from the second light emit-
ter; and

a processor configured to detect a first photo-plethysmog-
raphy (PPG) signal and a second PPG signal respec-
tively from the received first light and the received
second light, and determine a blood pressure of the
subject based on a phase difference between the first
PPG signal and the second PPG signal.

23. The blood pressure measuring device of claim 22,
further comprising a third light emitter configured to emit a
third light of a third wavelength that is shorter than the first
wavelength and longer than the second wavelength.

24. The blood pressure measuring device of claim 23,
wherein the second light emitter, the third light emitter, and
the first light emitter are respectively positioned in an order
of increasing distance from the light detector.

25. The blood pressure measuring device of claim 23,
wherein the first light emitter, the second light emitter, the
third light emitter correspond to a red light emitting diode
(LED), a blue LED, and a green LED, respectively.
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