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ABSTRACT

A method of monitoring a blood pressure includes: emitting a
laser to ablood vessel in a body part; detecting, from the body
part, laser speckles caused by scattering of the emitted laser;
obtaining a bio-signal indicating a change in a volume of the
blood vessel by using the detected laser speckles; and esti-
mating a blood pressure based on the obtained bio-signal.
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APPARATUS FOR AND METHOD OF
MONITORING BLOOD PRESSURE AND
WEARABLE DEVICE HAVING FUNCTION
OF MONITORING BLOOD PRESSURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0117254, filed on Sep. 3, 2014, 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 apparatuses for and methods of
monitoring blood pressure and wearable devices having func-
tions of monitoring blood pressure.

[0004] 2. Description of the Related Art

[0005] Blood pressure is used as a measure of health.
Sphygmomanometers are commonly used in medical institu-
tions and homes for measuring blood pressure. The Food and
Drug Administration (FDA) of the United States requires that
sphygmomanometers meet standards required by the Asso-
ciation for the Advancement of Medical Instrumentation
(AAMI). The ANSI/AAMI SP10 Report issued by the AAMI
suggests standards for labeling, safety, and performance
requirements of a sphygmomanometer. When a cuff-type
sphygmomanometer is used, a systolic blood pressure and a
diastolic blood pressure are measured by placing a cuff
around a body part through which arterial blood flows, inflat-
ing the cuff until the artery is occluded, and then slowly
releasing the pressure in the cuff. However, the cuff-type
sphygmomanometer is quite large to carry, and thus it is quite
inconvenient to continuously monitor a change in the blood
pressure of a person in real time by using the cuff-type sphyg-
momanometer. Accordingly, a great deal of research on cuf-
fless sphygmomanometers for measuring blood pressure has
recently been made.

SUMMARY

[0006] Exemplary embodiments of the present application
relate to of monitoring blood pressure and wearable devices
having functions of monitoring blood pressure. Additional
aspects of the exemplary embodiments will be set forth in part
in the description which follows and, in part, will be apparent
from the description, or may be learned by practice of the
presented exemplary embodiments.

[0007] According to an aspect of an exemplary embodi-
ment, there is provided an apparatus for monitoring a blood
pressure including: a laser emitter configured to emit a laser
towards a blood vessel in a body part; a speckle detector
configured to detect, from the body part, laser speckles
caused by scattering of the emitted laser and reflected from
the body part; and a controller configured to obtain a bio-
signal indicating a change in a volume of the blood vessel
from the laser speckles and estimate the blood pressure based
on the obtained bio-signal.

[0008] The controller may be configured to obtain the bio-
signal by analyzing a speckle fluctuation ofthe laser speckles,
the speckle fluctuation corresponding to the change in the
volume of the blood vessel.
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[0009] The obtained bio-signal may include a photopl-
ethysmogram (PPG) signal obtained based on a correlation
between the analyzed speckle fluctuation and the change in
the volume of the blood vessel.

[0010] The controller may be configured to obtain the bio-
signal based on a relationship between an intensity of an
optical signal received by the speckle detector and time.
[0011] The speckle detector may include at least one pho-
todetecting device for detecting the laser speckles.

[0012] The speckle detector may include a plurality of the
photodetecting devices, and the controller may be configured
to estimate the blood pressure based on laser speckles that is
detected by at least one of the plurality of photodetecting
devices.

[0013] Thecontroller may include: a selector configured to
select at least one photodetecting device from among the
plurality of photodetecting devices based on a detection sen-
sitivity of each of the plurality of photodetecting devices; and
a blood pressure estimator configured to estimate the blood
pressure based on the laser speckles that is detected by the
selected at least one photodetecting device.

[0014] The controller may include: a bio-signal analyzer
configured to convert a change in an intensity of an optical
signal corresponding to the speckle fluctuation of the laser
speckles which is detected for a predetermined period of time
after the laser is emitted into a photoplethysmogram (PPG)
signal; and a blood pressure estimator configured to estimate
a systolic blood pressure and a diastolic blood pressure based
on waveform characteristics of the PPG signal.

[0015] The laser emitter may include at least one laser
diode device configured to oscillate the laser, and the speckle
detector may include a plurality of photodetecting devices
configured to detect the laser speckles, wherein the at least
one laser diode device and the plurality of photodetecting
devices are packaged on a common substrate.

[0016] Each of the plurality of photodetecting devices may
be packaged on the common substrate and at a same distance
from the at least one laser diode device.

[0017] The plurality of photodetecting devices may be
symmetrically spaced from the at least one laser diode device.
[0018] A second substrate stacked on the common sub-
strate may include at least one selected from a first lens
through which the emitted laser passes and a second lens
through which alaser reflected from the laser speckles passes,
and a surface into which the first lens and the second lens are
not inserted and which is anti-reflection (AR) coated.

[0019] Each of the first lens and the second lens may
include at least one selected from a cylindrical lens and a flat
lens.

[0020] Theemitted laser and the reflected laser correspond-
ing to the laser speckles may be in a same wavelength band.
[0021] According to an aspect of an exemplary embodi-
ment, a wearable device configured to monitor a blood pres-
sure may include: at least one blood pressure monitoring
module configured to measure a blood pressure of a user; a
user interface module configured to provide information
about the blood pressure; and a processor that controls the at
least one blood pressuring monitoring module and the user
interface module, wherein each of the at least one blood
pressure monitoring module includes: a laser emitter config-
ured to emit a laser towards a blood vessel in a body part; a
speckle detector configured to detect laser speckles caused by
scattering of the emitted laser and reflected from the body
part; and a controller configured to obtain a bio-signal indi-
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cating a change in a volume of the blood vessel from the
detected laser speckles and estimate the blood pressure based
on the obtained bio-signal.

[0022] The controller may be further configured to obtain
the bio-signal by analyzing a speckle fluctuation of the laser
speckles, the speckle fluctuation corresponding to the change
in the volume of the blood vessel and being analyzed based on
arelationship between an intensity of an optical signal that is
received by the speckle detector and time.

[0023] The wearable device may include a wristwatch-type
device that is configured to be worn on a wrist of the user, and
the blood vessel may be a radial artery in the wrist.

[0024] The wearable device may include a plurality of the
blood pressure monitoring modules, and may be configured
to estimate the blood pressure by using all or some of the
plurality of blood pressure monitoring modules according to
a monitoring sensitivity of each of the plurality of blood
pressure monitoring modules.

[0025] According to an aspect of another exemplary
embodiment, a method of monitoring a blood pressure
includes: emitting a laser towards a blood vessel in a body
part; detecting, from the body part, laser speckles caused by
scattering of the emitted laser and reflected from the body
part; obtaining a bio-signal indicating a change in a volume of
the blood vessel from the detected laser speckles; and esti-
mating the blood pressure based on the obtained bio-signal.
[0026] Thestep of obtaining a bio-signal may be performed
by analyzing a speckle fluctuation of the laser speckles, the
speckle fluctuation corresponding to the change in the vol-
ume of the blood vessel and analyzed based on a relationship
between an intensity of an optical signal that is received by a
speckle detector and time.

[0027] The method may further include selecting at least
one photodetecting device from a plurality of photodetecting
devices of a speckle detector based on a detection sensitivity
of each of the plurality of photodetecting devices, wherein the
step of estimating a blood pressure is performed based on
laser speckles that is detected by the selected at least one
photodetecting device.

[0028] Thestep of obtaining a bio-signal may be performed
by converting a change in an intensity of an optical signal
corresponding to a speckle fluctuation of the laser speckles
which is detected for a predetermined period of time afier the
laser is emitted into a photoplethysmogram (PPG) signal, and
the step of estimating a blood pressure may include estimat-
ing a systolic blood pressure and a diastolic blood pressure
based on waveform characteristics of the PPG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects of the exemplary
embodiments will become apparent and more readily appre-
ciated from the following description of the exemplary
embodiments, taken in conjunction with the accompanying
drawings in which:

[0030] FIGS. 1A and 1B illustrate a wearable device that
may be worn ona wrist to monitor a blood pressure, according
to an exemplary embodiment;

[0031] FIG. 2 illustrates using the wearable device of a
wristwatch-type or wristband-type to measure a blood pres-
sure, according to an exemplary embodiment;

[0032] FIG. 3 illustrates a position at which a blood pres-
sure monitoring module is embedded in the wearable device
of a wristwatch-type or wristband-type, according to an
exemplary embodiment;
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[0033] FIG. 4 is a block diagram illustrating a hardware
configuration of the wearable device having a function of
monitoring a blood pressure, according to an exemplary
embodiment;

[0034] FIG. 5A is a block diagram illustrating a hardware
configuration of the blood pressure monitoring module
mounted in the wearable device, according to an exemplary
embodiment;

[0035] FIG. 5B illustrates images of a body part to which a
laser is emitted and a laser speckle, according to an exemplary
embodiment;

[0036] FIG. 6 is a block diagram illustrating a detailed
hardware configuration of a controller, according to an exem-
plary embodiment;

[0037] FIG. 7illustrates a packaging structure of the blood
pressure monitoring module including a laser diode device of
a laser emitter and a photodiode device of a speckle detector,
according to an exemplary embodiment;

[0038] FIG. 8illustrates a packaging structure of the blood
pressure monitoring module in which a transparent substrate
is stacked on a circuit board including a laser diode device and
aphotodiode device, according to an exemplary embodiment;

[0039] FIG. 9 illustrates a process performed by a laser
diode device to emit a laser to a radial artery and a process
performed by a photodiode device to detect a reflected laser,
according to an exemplary embodiment;

[0040] FIGS.10A,10B, and 10C are plan views illustrating
various packaging structures of laser diode devices and pho-
todiode devices, according to an exemplary embodiment;
[0041] FIGS.11A-A, 11A-B, 11A-C and 11A-D illustrate
various examples of a transparent substrate that may be
stacked on a circuit board, according to an exemplary
embodiment;

[0042] FIGS.11B-A, 11B-B,11B-C, 11B-D, 11B-E, 11B-
F, and 11B-G illustrate various examples of a transparent
substrate that may be stacked on a circuit board, according to
an exemplary embodiment;

[0043] FIG. 12A illustrates a shape of an emitted laser
when a cylindrical convex lens is used as a first lens, accord-
ing to an exemplary embodiment;

[0044] FIG. 12Billustrates a shape of an emitted laser when
a cylindrical concave lens is used as a first lens, according to
an exemplary embodiment;

[0045] FIGS. 13A, 13B, 13C and 13D illustrate various
emissions of a laser according to a type of a first lens, accord-
ing to an exemplary embodiment;

[0046] FIG. 14 illustrates a phenomenon in which an inten-
sity of an optical signal that is detected by a photodiode
device changes as a volume of'a radial artery changes, accord-
ing to an exemplary embodiment;

[0047] FIG. 15 illustrates optical signals that are detected
by a plurality of photodiode devices, according to an exem-
plary embodiment;

[0048] FIG. 16 is a diagram illustrating a process of pro-
cessing data about a change in intensities of optical signals
that are detected by four photodiode devices, according to an
exemplary embodiment;

[0049] FIG. 17 is a diagram illustrating a bio-signal that is
obtained from achangein an intensity of'an optical signal that
is detected by the speckle detector, according to an exemplary
embodiment;
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[0050] FIG. 18 is a diagram illustrating points of time of a
systole and a diastole of the heart shown in a photoplethys-
mogram (PPG) signal, according to an exemplary embodi-
ment;

[0051] FIG. 19 is a flowchart illustrating a method per-
formed by the blood pressure monitoring module to monitor
a blood pressure, according to an exemplary embodiment;
[0052] FIG. 20 illustrates a process performed by the wear-
able device in which a plurality of blood pressure monitoring
modules are embedded to monitor a blood pressure, accord-
ing to an exemplary embodiment;

[0053] FIG. 21 illustrates a process of providing informa-
tion about a blood pressure that is monitored by the wearable
device, according to an exemplary embodiment;

[0054] FIG. 22 illustrates a process of providing informa-
tion about a blood pressure that is monitored by the wearable
device, according to an exemplary embodiment;

[0055] FIGS. 23A and 23B are diagrams illustrating a
blood pressure monitoring module using a laser, instead of a
light-emitting diode (LED), as a light source, according to an
exemplary embodiment; and

[0056] FIG. 24 is a flowchart illustrating a method of moni-
toring a blood pressure, according to an exemplary embodi-
ment.

DETAILED DESCRIPTION

[0057] Most of the terms used herein are general terms that
have been widely used in the technical art to which the inven-
tive concept pertains. However, some of the terms used herein
may be created reflecting intentions of technicians in this art,
precedents, or new technologies. Also, some of the terms used
herein may be arbitrarily chosen by the present applicant. In
this case, these terms are defined in detail below. Accordingly,
the specific terms used herein should be understood based on
the unique meanings thereof and the whole context of the
inventive concept.

[0058] Throughout the specification, it will be understood
that when an element is referred to as being “connected” to
another element, it may be “directly connected” to the other
element or “electrically connected” to the other element with
intervening elements therebetween. It will be further under-
stood that when a part “includes” or “comprises” an element,
unless otherwise defined, the part may further include other
elements, not excluding the other elements. Also, the terms,
such as ‘unit’ or ‘module’, should be understood as a unit that
processes at least one function or operation and that may be
embodied in a hardware manner, a software manner, or a
combination of the hardware manner and the software man-
nefr.

[0059] The terms “configured” or “included” used herein
should not be construed to include all of various elements or
steps described in the specification, and should be construed
to not include some of the various elements or steps or to
further include additional elements or steps.

[0060] Also, 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 elements are only used to distinguish one ele-
ment from another.

[0061] Aspects ofthe present application will become more
apparent to one of ordinary skill in the art by describing in
detail exemplary embodiments thereof with reference to the
accompanying drawings. The exemplary embodiments may
have different forms and should not be construed as being
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limited to the descriptions set forth herein. Accordingly, any
feature which may be easily derived by one of ordinary skill
in the art from the detailed description and the embodiments
is construed as being included in the scope of the present
disclosure.

[0062] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0063] FIGS.1A and 1B illustrate a wearable device 10 that
may be worn on a wrist and may monitor a blood pressure,
according to an exemplary embodiment.

[0064] Referring to FIGS. 1A and 1B, examples of the
wearable device 10 may include a wristwatch-type device, a
bracelet-type device, a ring-type device, a glasses-type
device, and a headband-type device each having a communi-
cation function and a data processing function. Although the
wearable device 10 is described as a wristwatch-type device
or a wristband-type device, the exemplary embodiments are
not limited thereto.

[0065] Referring to FIG. 1A, the wearable device 10 may
be worn on a wrist of a user and may monitor or measure a
blood pressure of the user by emitting a laser to the skin of the
wrist. In detail, a blood pressure monitoring module 100 is
embedded in the wearable device 10. The blood pressure
monitoring module 100 that is embedded in the wearable
device 10 may monitor the blood pressure of the user by
emitting a laser to the skin of the wrist of the user and ana-
lyzing an optical signal corresponding to the reflection of the
laser from the skin. That is, the blood pressure monitoring
module 100 of the wearable device 10 may measure the blood
pressure of the user by using the linearity of a laser when the
blood pressure monitoring module 100 contacts the skin of
the user or even when the blood pressure monitoring module
100 is slightly spaced apart from the skin of the user.

[0066] Referringto FIG. 1B, the user may receive informa-
tion about the blood pressure of the user on a display screen of
a user interface module 101 of the wearable device 10 that is
worn on the user’s wrist. Examples of the information about
the blood pressure may include numerical information about
a minimum blood pressure and a maximum blood pressure,
numerical information about a systolic blood pressure and a
diastolic blood pressure of the user, and information about
whether a current blood pressure state is normal or abnormal.
[0067] FIG. 2 illustrates using the wearable device 10 that
is a wristwatch-type or wristband-type device to measure a
blood pressure, according to an exemplary embodiment.
[0068] Blood pressure refers to pressure that is exerted onto
awall of a blood vessel when blood sent from the heart flows
in the blood vessel. Blood pressure is classified into an arterial
blood pressure, a capillary blood pressure, and a venous blood
pressure. An arterial blood pressure fluctuates according to a
heartbeat. Also, blood pressure includes a systolic blood pres-
sure that is a pressure when ventricles contract and blood is
pushed out into an artery and a diastolic blood pressure that is
apressure when the ventricle expands and blood is not pushed
out.

[0069] Referring to FIG. 2, the wearable device 10 may
measure a blood pressure by emitting a laser in a contact or
non-contact manner with the surface of the skin close to a
radial artery 200. That is, the wearable device 10 may mea-
sure a blood pressure by emitting a laser to the radial artery
200. When a blood pressure is measured on a surface of the
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skin of the wrist through which the radial artery 200 passes,
external factors that may cause an error in blood pressure
measurement, such as the thickness of the skin tissue in the
wrist, may be minimized. Also, it is known that the radial
artery 200 is a blood vessel that allows a blood pressure to be
more accurately measured than other blood vessels in the
wrist. Accordingly, the blood pressure monitoring module
100 may be embedded in the wearable device 10 at a position
at which the blood pressure monitoring module 100 may emit
alaser to the radial artery 200 when the user wears the weat-
able device 10. However, the wearable device 101is not limited
thereto, and may measure a blood pressure by using blood
vessels other than the radial artery 200, including but not
limited to the brachial artery.

[0070] FIG. 3 illustrates a position at which the blood pres-
sure monitoring module 100 is embedded in the wearable
device 10 that is a wristwatch-type or wristband-type device,
according to an exemplary embodiment.

[0071] Referring to FIG. 3, in order to measure a blood
pressure from the radial artery 200, the blood pressure moni-
toring module 100 may be embedded at a specific position
300 to be close to the radial artery 200 when the wearable
device 10 is worn, as described above with reference to FIG.
2. However, the position at which the blood pressure moni-
toring module 100 is embedded in the wearable device 10
may vary according to, for example, whether the wearable
device 10 is configured to be worn on the left arm or the right
arm. Alternatively. the blood pressure monitoring module 100
that is embedded in the wearable device 10 may be located on
a rear surface of a user interface module 101, That is, the
position at which the blood pressure monitoring module 100
is embedded in the wearable device 10 is not limited to one
position and may be other positions.

[0072] FIG. 4 is a block diagram illustrating a hardware
configuration of the wearable device 10 having a function of
monitoring a blood pressure, according to an exemplary
embodiment.

[0073] Referring to FIG. 4, the wearable device 10 may
include the blood pressure monitoring module 100, the user
interface module 101, and a processor 102. For clarity, only
certain elements of the wearable device 10 are shown in FIG.
4. Accordingly, it will be understood by one of ordinary skill
in the art that the wearable device 10 may further include
additional general-purpose elements other than the elements
shown in FIG. 4. Although the wearable device 10 may be a
wristwatch-type or wristband-type device as described
above, the exemplary embodiments are not limited thereto.
[0074] The blood pressure monitoring module 100 is hard-
ware that measures a blood pressure from a body part of the
user, for example, the radial artery 200 (see FIG. 2) of the
wrist. Although the blood pressure monitoring module 100
may be embedded in the wearable device 10 at the specific
position 300 (see FIG. 3) of the wearable device 10 as
described above, the exemplary embodiments are not limited
thereto.

[0075] While the user wears the wearable device 10, the
blood pressure monitoring module 100 may measure a blood
pressure of the user at a specific or an arbitrary point of time,
or the blood pressure monitoring module 100 may continu-
ously monitor a blood pressure of the user.

[0076] The blood pressure monitoring module 100 may
monitor a blood pressure by emitting a laser to a body part of
the user and analyzing an optical signal corresponding to the
reflection of the laser from the body part. The laser reflected
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from the body part may be an optical signal indicating laser
speckles. A detailed hardware configuration, a physical struc-
ture, and an operation of the blood pressure monitoring mod-
ule 100 will be explained below with reference to the draw-
ings.

[0077] Because the blood pressure monitoring module 100
may measure a blood pressure of a body part by using a laser,
the blood pressure monitoring module 100 may be classified
as a sphygmomanometer using a contactless method in which
the blood pressure monitoring module 100 is spaced slightly
apart from the skin of the body part and measures a blood
pressure by emitting a laser. Also, the blood pressure moni-
toringmodule 100 may be classified as a sphygmomanometer
using a contact method in which the blood pressure monitor-
ing module 100 is in direct contact with the skin of the body
part and measures a blood pressure by emitting a laser.

[0078] Although the wearable device 10 illustrated in FIG.
4 includes only one blood pressure monitoring module 100,
the exemplary embodiments are not limited thereto and the
wearable device 10 may include a plurality of blood pressure
monitoring modules 2001, 2002, and 2003, as shown in FIG.
20.

[0079] The userinterface module 101 is hardware that pro-
vides information about a blood pressure that is monitored by
the blood pressure monitoring module 100. That is, the user
interface module 101 may provide to the user numerical
information about a minimum blood pressure and a maxi-
mum blood pressure of the user, numerical information about
asystolic blood pressure and a diastolic blood pressure of the
user, or information about whether a current blood pressure
state is normal or abnormal, on a display screen of the user
interface module 101. Alternatively, the user interface mod-
ule 101 may provide such information through an audio sig-
nal, a voice, a buzzer, or a vibration signal.

[0080] In addition to blood pressure information, the user
interface module 101 may display various pieces of informa-
tion that are processed by the wearable device 10. For
example, when the wearable device 10 is a wristwatch-type
device, the user interface module 101 may display time infor-
mation. That is, the user interface module 101 may include a
display unit that displays information. Also, the user interface
module 101 may include an input unit that performs the
function of receiving various pieces of information from the
user. Although the user interface module 101 may be realized
as atouch screen-type module in which a display function and
an input function are combined with each other, the exem-
plary embodiments are not limited thereto and the user inter-
face module 101 may be realized as a module in which a
keypad and a display screen are separately provided such that
the display function and the input function are separately
performed.

[0081] In addition, the user interface module 101 may
include various interfacing units for providing information
that is processed by the wearable device 10 to the user, for
example, a speaker that outputs an audio signal or a voice
signal, a buzzer, or a vibration motor that outputs a vibration
signal.

[0082] Theprocessor 102 for controlling the blood pressure
monitoring module 100 and the user interface module 101
may also control the overall function and operation of the
wearable device 10. The processor 102 is hardware and may
be realized as a single microprocessor module or a combina-
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tion of two or more microprocessor modules. That is, in the
exemplary embodiments, the processor 102 is not limited to
one type.

[0083] According to an exemplary embodiment, when a
separate microprocessor module is not included in the blood
pressure monitoring module 100, the processor 102 that is
provided external to the blood pressure monitoring module
100 may estimate a blood pressure by analyzing an optical
signal of a laser that is detected by the blood pressure moni-
toring module 100. Alternatively, when a separate micropro-
cessor module (for example, a controller 130 (see FIG. 5A))
1s included in the blood pressure monitoring module 100, the
blood pressure monitoring module 100 itself may estimate a
blood pressure, and the microprocessor module that is
included in the processor 102 that is provided external to the
blood pressure monitoring module 100 may perform a control
function of transmitting data about the blood pressure esti-
mated by the blood pressure monitoring module 100 to the
user interface module 101.

[0084] FIG. 5A is a block diagram illustrating a hardware
configuration of the blood pressure monitoring module 100
that is mounted in the wearable device 10, according to an
exemplary embodiment.

[0085] Referring to FIG. 5A, the blood pressure monitoring
module 100 may include a laser emitter 110, a speckle detec-
tor 120, and the controller 130. For clarity, only certain ele-
ments of the blood pressure monitoring module 100 are
shown in FIG. 5A. Accordingly, it will be understood by one
of ordinary skill in the art that the blood pressure monitoring
module 100 may further include additional general-purpose
elements other than the elements shown in FIG. 5A. Although
the controller 130 may be realized as a microprocessor mod-
ule of the processor 102 described with reference to FIG. 4,
the exemplary embodiments are not limited thereto.

[0086] Although the blood pressure monitoring module
100 may be embedded in the wearable device 10 at the spe-
cific position 300 (see FIG. 3) of the wearable device 10 as
described above, the exemplary embodiments are not limited
thereto and the blood pressure monitoring module 100 may
be embedded at any other position of the wearable device 10.
[0087] Thelaser emitter 110 emits a laser to a blood vessel
(for example, a radial artery) in a body part (for example, a
wrist). The laser emitter 110 may include at least one laser
diode device that oscillates a laser. In addition to the laser
diode device, the laser emitter 110 may include a laser diode
driver that controls laser oscillation.

[0088] The speckle detector 120 detects laser speckles
caused by scattering of the reflected laser from the body part
(for example, the wrist). The term “laser speckles™ refers to
the irregular pattern that is produced due to interference or
scattering when a coherent laser is reflected from a surface.
The laser speckles may be observed as scattered points in an
image of the body part to which the laser is emitted.

[0089] FIG. 5B illustrates images of a body part to which a
laser is emitted and the laser speckles.

[0090] Referring to FIG. 5B, an area 511 where a laser
having linearity is intensively emitted and a laser speckle area
513 caused by scattering or interference may be separately
shown in an original image 510 of the body part to which the
laser is emitted. Referring to an image 520 including only
laser speckles to more clearly show the laser speckle area 513,
the laser speckles may be observed as a pattern of points that
are irregularly scattered in the laser speckle area 513 of the
image 520.
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[0091] Referring back to FIG. 5A, the speckle detector 120
may detect an optical signal corresponding to the laser speck-
les. In detail, the speckle detector 120 may not directly pho-
tograph the laser speckles of FIG. 5B, but may detect an
optical signal corresponding to the reflection of the laser from
the laser speckles and may detect a relationship between an
intensity of the optical signal and time. That is, the speckle
detector 120 may detect a fluctuation in the intensity of the
laser speckles.

[0092] The amount of blood flowing in a blood vessel (for
example, a radial artery) may change with time as the heart
contracts or expands, and thus the volume of the blood vessel
may also change with time. Accordingly, when a laser is
emitted to the blood vessel, the position of the laser speckle
area 513 or 521 (see FIG. 5B) may change as the volume of
the blood vessel changes. As such, a phenomenon in which a
position of a laser speckles changes may be referred to as a
speckle fluctuation.

[0093] When the speckle detector 120 continuously
receives an optical signal corresponding to the reflection of
the laser from the laser speckles, the optical signal may con-
tinuously change as the volume of the radial artery changes.
[0094] The speckle detector 120 may include at least one
photodetecting device. The photodetecting device may
include a device, for example, a photodiode device or a pho-
totransistor, which converts the optical signal into an electri-
cal signal. Accordingly, the speckle detector 120 may receive
the optical signal corresponding to the laser speckle by using
the photodetecting device and may detect a change in the
intensity of the optical signal.

[0095] The controller 130 obtains a bio-signal indicating
the change in the volume of the blood vessel (for example, the
radial artery) by using the detected laser speckles, and esti-
mates a blood pressure based on the obtained bio-signal.
[0096] The controller 130 may obtain the bio-signal based
on the relationship between the intensity of the optical signal
that is received by the speckle detector 120 and time. That is,
the controller 130 may obtain the bio-signal by analyzing the
speckle fluctuation of the laser speckles, which may corre-
spond to the change in the volume of the blood vessel (for
example, the radial artery). The obtained bio-signal may be a
photoplethysmogram (PPG) signal that is obtained based on
a correlation between the analyzed speckle fluctuation and
the change in volume. Because the laser speckles detected by
the speckle detector 120 are detected as the change in the
intensity of the optical signal, and because the change in the
intensity of the optical signal is caused by the change in the
volume of the blood vessel, the change in the intensity of the
optical signal that is detected by the speckle detector 120 may
correspond to the PPG signal.

[0097] The controller 130 may estimate a systolic blood
pressure and a diastolic blood pressure of the user by analyz-
ing waveform characteristics of the PPG signal by using
predetermined algorithms for calculating a blood pressure
from the PPG signal.

[0098] The controller 130 may correspond to a micropro-
cessor module of the processor 102 (see FIG. 4) as described
above.

[0099] FIG. 6 is a block diagram illustrating a detailed
hardware configuration of the controller 130, according to an
exemplary embodiment.

[0100] Referring to FIG. 6, the controller 130 may include
aselector 131, abio-signal analyzer 132, and a blood pressure
estimator 133. For clarity, only certain elements of the con-
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troller 130 are shown in FIG. 6. Accordingly, it will be under-
stood by one of ordinary skill in the art that the controller 130
may further include additional general-purpose elements
other than the elements shown in FIG. 6, or that some of the
elements shown in FIG. 6 may be omitted.

[0101] When the speckle detector 120 includes a plurality
of photodetecting devices, the selector 131 may select at least
one from among the plurality of photodetecting devices based
on a detection sensitivity of each of the plurality of photode-
tecting devices. That is, when the speckle detector 120
includes a plurality of photodetecting devices, the selector
131 may select some photodetecting devices having higher
detection sensitivities from among the plurality of photode-
tecting devices. However, the controller 130 may optionally
activate this operation of the selector 131. That is, the con-
troller 130 may deactivate the operation of the selector 131 to
select only some photodetecting devices, and thus the con-
troller 130 may set results that are detected by all of the
photodetecting devices to be used to estimate a blood pres-
sure.

[0102] The bio-signal analyzer 132 converts a change in an
intensity of an optical signal corresponding to a speckle fluc-
tuation of the laser speckles detected for a predetermined
period of time after a laser is emitted into a PPG signal. When
an operation of the selector 131 is activated, the bio-signal
analyzer 132 may convert only an optical signal that is
detected by a photodetecting device that is selected by the
selector 131 into a PPG signal. However, when an operation
of the selector 131 is deactivated, the bio-signal analyzer 132
may convert optical signals that are detected by all photode-
tecting devices into PPG signals.

[0103] The blood pressure estimator 133 estimates a sys-
tolic blood pressure and a diastolic blood pressure based on
waveform characteristics of a PPG signal. When an operation
of the selector 131 is activated, the blood pressure estimator
133 may estimate a blood pressure based on the laser speckles
detected by a photodetecting device that is selected by the
selector 131.

[0104] FIG. 7 illustrates a packaging structure of the blood
pressure monitoring module 100 including a laser diode
device of the laser emitter 110 and a photodiode device of the
speckle detector 120, according to an exemplary embodi-
ment.

[0105] Referring to FIG. 7, the blood pressure monitoring
module 100 may include one laser diode LD 710 and four
photodiodes PDs 721, 722, 723, and 724. However, the quan-
tity of the laser diodes LD 710 and the quantity of the photo-
diodes PDs 721,722, 723, and 724 of F1G. 7 are illustrated as
an exemplary embodiment, and thus various modifications
may be made with regard to the quantity of devices. Also, in
the blood pressure monitoring module 100, other devices
configured to oscillate a laser, instead of the laser diode LD
710, may be used, and other devices configured to detect a
reflected laser, instead of the photodiodes PDs 721, 722, 723,
and 724, may be used.

[0106] The laser diode LD 710 and the photodiodes PDs
721,722,723, and 724 may be packaged on the same circuit
board 730. Although the laser diode LD 710 may be provided
at the center and the four photodiodes PDs 721, 722, 723, and
724 may be arranged to surround the laser diode LD 710 as
shown in FIG. 7, the exemplary embodiments are not limited
thereto.

[0107] Eachofthe photodiodes PDs 721, 722, 723, and 724
may be packaged to be located within a predetermined dis-
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tance from the laser diode LD 710. For example, the photo-
diodes PDs 721, 722, 723, and 724 may be packaged to be
spaced apart by the same distance from the laser diode LD
710. However, the exemplary embodiments are not limited
thereto.

[0108] Forexample, the blood pressure monitoring module
100 having the packaging structure of FIG. 7 may be embed-
ded at the position 300 (see FIG. 3) of the wearable device 10.
[0109] FIG. 8illustrates a packaging structure of the blood
pressure monitoring module 100 in which a transparent sub-
strate 840 is stacked on a circuit board 830 including a laser
diode device and a photodiode device, according to an exem-
plary embodiment.

[0110] Referring to FIG. 8, like in FIG. 7, a laser diode LD
810 and four photodiodes PDs 821, 822, 823, and 824 may be
packaged on the circuit board 830. However, in the blood
pressure monitoring module 100, other devices configured to
oscillate a laser, instead of the laser diode LD 810, may be
used and other devices configured to detect a reflected laser,
instead of the photodiodes PDs 821, 822, 823, and 824, may
be used.

[0111] Thetransparent substrate 840 may be stacked on the
circuit board 830. The transparent substrate 840, through
which light may pass, may be formed of other materials, such
as a glass material, a plastic material, or polydimethylsilox-
ane (PDMS). A surface of the transparent substrate 840 may
be anti-reflection (AR) coated. The transparent substrate 840
is AR coated to prevent the reflection of the laser from the
laser speckles from being further reflected. Also, the trans-
parent substrate 840 may be manufactured to perform a band-
pass (BP) filter function. The BP filter function of the trans-
parent substrate 840 is to block light other than the reflection
of the laser that is reflected from laser speckles. A lens 850
may be inserted into a portion of the transparent substrate 840
through which the laser from the laser diode 810 passes, and
asurface of the portion into which the lens 850 is inserted may
be free of AR coating. Other lenses, such as a cylindrical lens,
a flat lens, a convex lens, a concave lens, a cylindrical convex
lens, or a cylindrical concave lens, may be used as the lens
850.

[0112] A lens that is separately manufactured may not be
able to be inserted into the transparent substrate 840. There-
fore, the transparent substrate 840 may be manufactured
through injection molding so that a surface of the transparent
substrate 840 functions as a lens. However, the exemplary
embodiments are not limited thereto, and the lens 850 may be
separately manufactured and inserted into the transparent
substrate 840 ora portion ofthe transparent substrate 840 may
be manufactured to function as a lens.

[0113] Alternatively, a surface of the transparent substrate
840 may be free of AR coating or the transparent substrate
840 may be manufactured without a BP filter function. Sur-
faces of the photodiodes PDs 821, 822, 823, and 824 may be
AR coated or the photodiodes PDs 821, 822, 823, and 824
may be manufactured to perform a BP filter function.

[0114] The blood pressure monitoring module 100 having
the packaging structure of FIG. 8 may be embedded at posi-
tion 300 (see FIG. 3) of the wearable device 10.

[0115] FIG. 9 illustrates a process performed by a laser
diode device to emit a laser to a radial artery and a process
performed by a photodiode device to detect a reflected laser,
according to an exemplary embodiment.

[0116] Referring to FIG. 9, a laser diode LD 910 emits a
laser 970 to a radial artery 961 in a wrist 960. In this case, the
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laser 970 may be emitted to the radial artery 961 after passing
through a lens 950 that is inserted into a transparent substrate
940.

[0117] When the laser 970 is emitted to the radial artery
961, laser speckles 975 may be produced by scattering or
interference around a portion of the radial artery 961 on which
the laser 970 is incident. Lasers 981, 982, 983, and 984 having
the same wavelength band as the laser 970 may be reflected
from the laser speckles 975.

[0118] The lasers 981, 982, 983, and 984 that are reflected
from the laser speckles 975 may pass through the transparent
substrate 940 and may be detected by photodiodes PDs 921,
922, 923, and 924.

[0119] The lasers 981, 982, 983, and 984 may be detected
as optical signals by the photodiodes PDs 921, 922,923, and
924. An intensity of each of the detected optical signals may
change as a volume of the radial artery 961 changes. In detail,
when the volume of the radial artery 961 changes, a position
of the laser speckles 975 may change. Accordingly, an inten-
sity of each of the optical signals (that is, an intensity of each
of the lasers 981, 982, 983, and 984) detected by the photo-
diodes PDs 921, 922, 923, and 924 may also change.

[0120] Laseremission and laser detection of the blood pres-
sure monitoring module 100 of FIG. 9 may be provided using
any of the packaging structures of the blood pressure moni-
toring module 100 of the previous exemplary embodiments.
[0121] FIGS. 10A through 10C are plan views illustrating
various packaging structures of laser diode devices and pho-
todiode devices, according to an exemplary embodiment.
[0122] Referring to FIGS. 10A through 10C, although two
laser diodes LDs 1011, 1021, or 1031 and four photodiodes
PDs 1012, 1022, or 1032 are included in each of the packag-
ing structures, various modifications may be made with
respect to the number of each.

[0123] As shown in FIGS. 10A, 10B, and 10C, two laser
devices LDs 1011, 1021, or 1031 and four photodiodes PDs
1012, 1022, or 1032 may be packaged on the same circuit
board1010, 1020, or 1030. The laser diodes LDs 1011, 1021,
or 1031 may be provided at the center of the circuit board
1010, 1020, or 1030 and the photodiodes PDs 1012, 1022, or
1032 may be arranged to surround the laser diodes LDs 1011,
1021, or 1031.

[0124] Each of the photodiodes PDs 1012, 1022, or 1032
may be packaged to be located within a predetermined dis-
tance from the laser diodes LDs 1011, 1021, or 1031. For
example, the photodiodes PDs 1012, 1022, or 1032 may be
packaged to be spaced apart by the same distance from the
laser diodes LDs 1011, 1021, or 1031. However, the exem-
plary embodiments are not limited thereto and the photo-
diodes PDs 1012, 1022, or 1032 may be packaged to be
spaced apart by different distances from the laser diodes LDs
1011, 1021, or 1031.

[0125] FIGS. 11A-A through 11A-D illustrate various
examples of a transparent substrate that may be stacked on a
circuit board, according to an exemplary embodiment.
[0126] Hereinafter, a lens through which a laser that is
emitted from a laser diode LD passes is defined as a first lens
and a lens through which a laser that is reflected from the laser
speckles passes is defined as a second lens.

[0127] Referring to FIG. 11A-A, a cylindrical lens 1111
may be inserted as a first lens and a flat lens 1112 may be
inserted as a second lens into a transparent substrate. Refer-
ring to FIG. 11A-B, a convex lens 1121 may be inserted as a
first lens into a transparent substrate and a second lens may
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not be provided. That is, the structure of the transparent
substrate of FIG. 11A-B may be similar to that of the trans-
parent substrate 840 of FIG. 8. Referring to FIG. 11A-C, a
cylindrical lens 1131 may be inserted as a first lens and
cylindrical lenses 1132 may be inserted as second lenses into
a transparent substrate. Referring to FIG. 11A-D, a convex
lens 1141 may be inserted as a first lens and convex lenses
1142 may be inserted as second lenses into a transparent
substrate. That is, as shown in FIGS. 11A-A through 11A-D,
various types of first lenses and second lenses may be inserted
into a transparent substrate. A transparent substrate may also
be manufactured to have any combination of FIGS. 11A-A
through 11A-D.

[0128] FIGS. 11B-A through 11B-D illustrate various
examples of a transparent substrate that may be stacked on a
circuit board, according to another exemplary embodiment.
[0129] Referring to FIGS. 11B-A through 11B-D, unlike in
FIGS. 11A-A through 11A-D, a first lens may be a concave
lens, a cylindrical concave lens, or a wedge concave lens.
[0130] Referring to FIG. 11B-A, a cylindrical concave lens
1115 may be inserted as a first lens and flat lenses 1116 may
be inserted as second lenses into a transparent substrate.
Referring to FIG. 11B-B, a wedge concave lens 1125 may be
inserted as a first lens and flat lenses 1126 may be inserted as
second lenses into a transparent substrate. Referring to FIG.
11B-C, a wedge concave lens 1135 may be inserted as a first
lens into a transparent substrate and a second lens may not be
provided. Referring to FIG. 11B-D, a cross-wedge concave
lens 1145 may be inserted as a first lens and a flat lens 1146
may be inserted as a second lens into a transparent substrate.
Referring to FIG. 11B-E, a concave lens 1155 may be inserted
as a first lens into a transparent substrate and a second lens
may not be provided. Referring to FIG. 11B-F, a cross-wedge
concave lens 1165 may be inserted as a first lens and convex
lenses 1166 may be inserted as second lenses into a transpar-
ent substrate. Referring to FIG. 11B-G, a cylindrical concave
lens 1175 may be inserted as a first lens and cylindrical
convex lenses 1176 may be inserted as second lenses into a
transparent substrate. That is, as shown in FIGS. 11B-A
through 11B-G, various types of first lenses and second lenses
may be inserted into a transparent substrate. A transparent
substrate may also be manufactured to have any combination
of FIGS. 11B-A through 11B-G.

[0131] FIG. 12A illustrates a shape of an emitted laser
when a cylindrical lens is used as a first lens, according to an
exemplary embodiment.

[0132] Referring to FIG. 12A, when a laser 1213 that is
emitted from a laser diode 1210 passes through a cylindrical
convex lens 1220 that is inserted into a transparent substrate,
alaser 1223 has a narrow elongated pattern. Accordingly, the
laser 1223 having the narrow elongated pattern may be emit-
ted towards a radial artery 1233 in a wrist 1230. Accordingly,
laser speckles 1240 having a narrow elongated pattern may be
produced. That is, a shape of the laser speckles 1240 may vary
according to a shape of the laser 1223 that is emitted to the
radial artery 1233, and thus an arrangement of photodiodes
PDs may change accordingly.

[0133] FIG.12Billustrates a shape of an emitted laser when
a cylindrical concave lens is used as a first lens, according to
another exemplary embodiment.

[0134] Referring to FIG. 12B, when a laser 1213 that is
emitted from a laser diode 1210 passes through a cylindrical
concave lens 1225 that is inserted into a transparent substrate,
the laser 1227 has a narrow elongated pattern that is perpen-
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dicular to a longitudinal direction of the cylindrical concave
lens 1225, unlike in FIG. 12A. Accordingly, the laser 1227
having a narrow elongated pattern may be emitted towards a
radial artery 1233 in a wrist 1230. Accordingly, laser speckles
1241 having a narrow elongated pattern may be produced.
That is, a shape of the laser speckle 1241 may vary according
to a shape of the laser 1227 that is emitted to the radial artery
1233, and thus an arrangement of photodiodes PDs may also
change accordingly.

[0135] FIGS. 13A through 13D illustrate various emissions
of a laser according to a type of a first lens, according to an
exemplary embodiment.

[0136] Referring to FIG. 13A, when a laser that is emitted
from a laser diode LD 1310 passes through a first lens that is
a flat lens 1320, the laser may spread gradually. Referring to
FIG. 13B, when a laser that is emitted from the laser diode LD
1310 passes through a first lens that is a cylindrical lens 1330,
the laser may be emitted to be concentrated on the center.
Even when a first lens is a convex lens, a laser may be emitted
to be concentrated on the center, as in the case of the cylin-
drical lens 1330. Referring to FIG. 13C, when a laser that is
emitted from the laser diode LD 1310 passes through a first
lens that is a flat lens 1340 formed of a metamaterial, the laser
may be emitted to be concentrated on the center. Referring to
FIG. 13D, when a laser that is emitted from the laser diode LD
1310 passes through a first lens that is a concave lens 1350,
the laser may be emitted to spread gradually.

[0137] Although the type of first lens that may be inserted
into a transparent substrate may vary according to the position
at which the blood pressure monitoring module 100 is embed-
ded in the wearable device 10, the exemplary embodiments
are not limited thereto. For example, when the blood pressure
monitoring module 100 is close to a radial artery when a user
wears the wearable device 10, the first lens may be the flat lens
1320 or the concave lens 1350. However, when the blood
pressure monitoring module 100 is far away from the radial
artery when the user wears the wearable device 10, if the first
lens is the flat lens 1320 or the concave lens 1350, a laser may
not be concentrated (or focused) and may spread in all direc-
tions, thereby failing to produce laser speckles having a
desired range. Accordingly, when the blood pressure moni-
toring module 100 is far away from the radial artery when the
user wears the wearable device 10, the cylindrical lens 1330
may be used as a first lens in order to prevent a laser from
spreading irregularly. That is, whether a laser focused by the
cylindrical lens 1330 is appropriate or whether a laser that
spreads due to the flat lens 1320 or the concave lens 1350 is
appropriate may be determined according to the distance
between the blood pressure monitoring module 100 and the
radial artery when the user wears the wearable device 10.
However, even when the distance between the blood pressure
monitoring module 100 and the radial artery is fixed, whether
a focused laser is appropriate or a spreading laser is appro-
priate may vary according to various factors, such as the
environment in which the wearable device 10 is worn, the
type of the laser diode LD 1310, or the type of the photodiode
PD. In other words, when the blood pressure monitoring
module 100 and the radial artery are spaced apart from each
other by a predetermined distance, a focused laser or a spread-
ing laser may not be absolutely useful, and thus the preferred
laser may vary according an environment in which the wear-
able device 10 is worn and an environment in which the
wearable device 10 is manufactured.
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[0138] FIG. 14 illustrates a phenomenon in which an inten-
sity of an optical signal that is detected by a photodiode
device changes as a volume of'a radial artery changes, accord-
ing to an exemplary embodiment.

[0139] FIG. 14 shows cross-sectional views illustrating a
radial artery state 1401 and a radial artery state 1405 of the
same blood vessel in a wrist at different points of time t. For
example, the radial artery state 1401 may represent the state
oftheradial artery at points of time't,, t5, . . ., 1, and the radial
artery state 1405 may represent the state of the radial artery at
pointsoftimet ,, t,,...,t,, . Alaser ofa laser diode LD may
be emitted to a point 1403 in the radial artery state 1401, and
a laser of the laser diode LD may be emitted to a point 1407
in the radial artery state 1405.

[0140] The laser that is emitted to the point 1403 in the
radial artery state 1401 at the points of time t,, t, .. ., t, may
produce laser speckles 1430 circularly distributed about the
point 1403. The reflection of the laser from the laser speckles
1430 may be detected by a photodiode PD 1410.

[0141] The laser that is emitted to the point 1407 in the
radial artery state 1405 at the points of timet,, t,,. . .., t,,, may
produce laser speckles 1435 circularly distributed about a
point slightly spaced apart rightward from the point 1407.
The reflection of the laser from the laser speckles 1435 may
be detected by the photodiode PD 1410.

[0142] That is, when the amount of blood in the radial
artery changes as the heart contracts and expands, because a
volume (cross-sectional area) at the point 1403 in the radial
artery state 1401 at the points of time t, t5, . . . , t, is different
from a volume at the point 1407 in the radial artery state 1405
at the points of time t,, 1, . . ., t,,, the position of the laser
speckles 1430 may be different from the position of the laser
speckles 1435. Accordingly, the intensity of an optical signal
(laser) that is detected by the photodiode PD 1410 may be
vary over time. That is, a speckle fluctuation may occur.
[0143] Indetail, a graph 1420 of FIG. 14 shows a relation-
ship between an intensity of an optical signal that is detected
by the photodiode PD 1410 and time. For example, when an
intensity of an optical signal detected by photodiode PD 1410
atthe pointoftimet, is “PD1@t, ” volts (V), an intensity of an
optical signal detected by photodiode PD 1410 at the point of
timet, “PD1@t,”V may be less than the intensity “PD1@t,”
V. Also, when an intensity of an optical signal detected by
photodiode PD 1410 at the point of time t, is “PD1@t;” V, an
intensity “PD1@t,” V of an optical signal detected by pho-
todiode PD 1410 at the point of time t, may be less than the
intensity “PD1@t,;” V. That is, because the intensity of an
optical signal detected by the photodiode PD 1410 may vary
according to a speckle fluctuation, and the speckle fluctuation
is caused by a change in a volume in the radial artery state
1401 or 1405, it may be determined that the change in the
volume in the radial artery state 1401 or 1405 is reflected on
(mapped to) the change in the intensity of the optical signal
that is detected by the photodiode PD 1410. The controller
130 of the blood pressure monitoring module 100 of FIG. 5A,
etc. may convert the change in the intensity of the optical
signal into a PPG signal.

[0144] Although one photodiode PD 1410 provided in FIG.
14, the exemplary embodiments are not limited thereto and an
optical signal may be detected by a plurality of photodiodes
PDs as provided in the previous embodiments.

[0145] FIG. 15 illustrates optical signals that are detected
by a plurality of photodiode devices, according to an exem-
plary embodiment.
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[0146] FIG. 15 shows cross-sectional views illustrating a
radial artery state 1501 and a radial artery state 1505 of the
same blood vessel in a wrist at different points of time. For
example, the radial artery state 1501 may represent a state of
the radial artery at points of time t, ts, . . ., t,, and the radial
artery state 1505 may represent a state of the radial artery at
points of time t,, t,, .. ., t,,,. Alaser of a laser diode LD may
be emitted to a point 1503 in the radial artery state 1501 and
a laser of the laser diode LD may be emitted to a point 1507
in the radial artery state 1505.

[0147] Unlike in FIG. 14, laser speckles produced by the
laser that is emitted to the point 1503 or 1507 may be detected
by four photodiodes PDs 1511, 1512, 1513, and 1514.

[0148] Referring to graphs 1521, 1522, 1523, and 1524 of
FIG. 15, even at the same point of time, intensities of optical
signals that are detected by the photodiodes PDs 1511, 1512,
1513, and 1514 may be different from one another. Also,
changes in the intensities of the optical signals that are
detected by the photodiodes PDs 1511, 1512, 1513, and 1514
may be different from one another. However, as described
with reference to FIG. 14, because intensities at the points of
time t, and t, are greater than intensities at the points of time
t, and t,, the change in the intensities of the optical signals that
are detected by the photodiodes PDs 1511, 1512, 1513, and
1514 may be similar to one another. That s, it may be inter-
preted that a change in a volume in the radial artery state 1501
or 1505 is reflected on (mapped to) the changes in the inten-
sities of the optical signals that are detected by the photo-
diodes PDs 1511, 1512, 1513, and 1514.

[0149] FIG. 16 is a diagram illustrating a process of pro-
cessing data about changes in intensities of optical signals
that are detected by four photodiode devices, according to an
exemplary embodiment.

[0150] Referring to FIG. 16, graphs 1521, 1522, 1523, and
1524 may correspond to the graphs 1521, 1522, 1523, and
1524 of FIG. 15.

[0151] As shown in a diagram 1601 of FIG. 16, the con-
troller 130 of FIG. 5A may obtain one graph 1611 that cor-
responds to the graphs 1521, 1522, 1523, and 1524 showing
changes in intensities of optical signals that are detected by
the photodiodes PDs 1511, 1512, 1513, and 1514. The con-
troller 130 may obtain the graph 1611 by calculating an
average value of the intensities of the graphs 1521, 1522,
1523, and 1524. Alternatively, the controller 130 may obtain
the graph 1611 by using other methods for obtaining a rep-
resentative value, instead of the average value.

[0152] As shown in a diagram 1602 of FIG. 16, the con-
troller 130 may select any one from among the graphs 1521,
1522, 1523, and 1524 showing changes in intensities of opti-
cal signals that are detected by the photodiodes PDs 1511,
1512, 1513, and 1514. The selection may be performed by the
selector 131 of FIG. 6. The selector 131 may select a graph
1612 corresponding to at least one graph (for example, a
graph corresponding to the photodiode PD2 1512) that is
determined to have the highest detection sensitivity from
among the graphs 1521, 1522, 1523, and 1524.

[0153] Furthermore, the controller 130 may process the
data of graphs 1521, 1522, 1523, and 1524 by combining
methods described with reference to FIG. 16.

[0154] FIG. 17 is a diagram illustrating a bio-signal that is
obtained from a change in an intensity of'an optical signal that
is detected by the speckle detector 120, according to an exem-
plary embodiment.
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[0155] Referring to FIG. 17, the bio-signal that is obtained
from the change in the intensity of the optical signal that is
detected by the speckle detector 120 may be a PPG signal
1710. As described above, the controller 130 may convert the
change in the intensity of the optical signal that is detected by
the speckle detector 120 into the PPG signal 1710. In detail,
the bio-signal analyzer 132 of the controller 130 may obtain
the PPG signal 1710 by applying digital signal processing
(DSP) algorithms, such as a motion artifact reduction algo-
rithm, a baseline stabilization algorithm, and/or a differential
signal extraction algorithm to graph data (for example, data of
the graph 1611 or 1612 of FIG. 16) showing the change in the
intensity of the optical signal that is detected by the speckle
detector 120.

[0156] The controller 130, including the blood pressure
estimator 133, may estimate a systolic blood pressure and a
diastolic blood pressure by using various parameters At,, At,,
At_, At,, and At, that are included in the obtained PPG signal
1710. A method of estimating the systolic blood pressure and
the diastolic blood pressure from the PPG signal 1710 is well
known to one of ordinary skill in the art, and thus a detailed
explanation thereof will not be given.

[0157] FIG. 18 is a diagram illustrating points of time of a
systole and a diastole of the heart in a PPG signal, according
to an exemplary embodiment.

[0158] Referring to a diagram 1800 of FIG. 18, a systole
and a diastole of the heart may be divided by a point of time
1801 that is in a waveform of a certain cycle that is included
in a PPG signal. Also, a systole and a diastole of the heart may
be divided by an inflection point, which is similar to the point
of time 1801, in another cycle. Accordingly, the controller
130, including the blood pressure estimator 133, may esti-
mate a systolic blood pressure and a diastolic blood pressure
by using information about the parameters At,, At,, At_, At,,
and At, of FIG. 17 and information about the points of time
1801 and 1803 of FIG. 18.

[0159] A diagram 1810 of FIG. 18 is a detailed graph for
explaining bio-information indicated by a waveform 1802 of
a certain cycle in the diagram 1800 of FIG. 18. As described
above, a systole and a diastole of the heart may be divided by
the point 1803 in the waveform 1802. For example, a maxi-
mum value of the waveform 1802 may correspond to a sys-
tolic blood pressure and a minimum value may correspond to
a diastolic blood pressure.

[0160] FIG. 19 is a flowchart illustrating a method per-
formed by the blood pressure monitoring module 100 to
monitor a blood pressure, according to an exemplary embodi-
ment. Referring to FIG. 19, because the method includes
processes that are sequentially processed in the wearable
device 10 and the blood pressure monitoring module 100,
although omitted herein, the description with regard to the
wearable device 10 and the blood pressure monitoring mod-
ule 100 may also apply to the method of FIG. 19.

[0161] Inoperation 1901, the controller 130 controls oscil-
lation of a laser diode LD of the laser emitter 110 to emit a
laser to a radial artery.

[0162] In operation 1902, the controller 130 measures a
change in an intensity of an optical signal corresponding to
laser speckles detected by the speckle detector 120 by con-
trolling the speckle detector 120.

[0163] In operation 1903, the controller 130, including the
bio-signal analyzer 132, analyzes a graph of the measured
change in the intensity by applying DSP algorithms, such as
amotion artifact reduction algorithm, a baseline stabilization
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algorithm, and/or a differential signal extraction algorithm to
the graph of the measured change in the intensity.

[0164] In operation 1904, the controller 130, including the
bio-signal analyzer 132, converts the analyzed graph into a
PPG signal based on the results of the analysis.

[0165] In operation 1905, the controller 130, including the
bio-signal analyzer 132, extracts parameters from a wave-
form of the PPG signal. For example, the parameters may
include information about the parameters At,, At,, At At
and At, of FIG. 17 and the points of time 1801 and 1803 of
FIG. 18.

[0166] In operation 1906, the controller 130, including the
bio-signal analyzer 132, applies the extracted parameters to a
blood pressure estimation model. The blood pressure estima-
tion model may be, for example, a linear or non-linear model.
Examples of the non-linear model may include a neural net-
work learning model and a model that compares a blood
pressure with a blood pressure that is measured by a cuff-type
sphygmomanometer.

[0167] For example, the controller 130, including the bio-
signal analyzer 132, may apply the parameters that are
extracted from the waveform of the PPG signal to the neural
network learning model. In detail, the term “neural network
learning model for blood pressure estimation” is a model that,
when specific parameters are input to a query, outputs a final
blood pressure that matches the parameters that are input to
the query by using a previously learned neural network data
set. The term “neural network data set” may correspond to a
previously learned database through data mining about a
correlation between a blood pressure and parameters in a
waveform of a PPG signal. Accordingly, the controller 130,
including the bio-signal analyzer 132, may input, for
example, the parameters At_, At,, At At,, and At of FIG. 17,
to a query of a neural network learning model in order to
obtain a final blood pressure from a previously learned neural
network data set.

[0168] Alternatively, the controller 130, including the bio-
signal analyzer 132, may apply the parameters that are
extracted from the waveform of the PPG signal to a linear
model. For example, a linear model may be “SBP=ag; ,*T2+
bsgp, DBP=a,;:%12+b,z,". SBP may denote a systolic
blood pressure or a maximum blood pressure, DBP may
denote a diastolic blood pressure or a minimum blood pres-
sure, aggp and b, may denote constants for calculating a
systolic blood pressure, and a, -, and b, may denote con-
stants for calculating a diastolic blood pressure. Also, T2 may
denote a diastolic time and may correspond to, for example,
At, of FIG. 17. That is, in order to obtain a final blood pres-
sure, the controller 130, including the bio-signal analyzer
132, may input the parameters that are extracted from the
waveform of the PPG signal as a variable of the linear model.
[0169] As described above, to estimate a blood pressure,
parameters that are extracted from a waveform of a PPG
signal are used in a neural network learning model or a linear
model. Also, various other linear models or non-linear models
for estimating a blood pressure are well known, and thus a
detailed explanation thereof will not be given.

[0170] In operation 1906, the controller 130, including the
blood pressure estimator 133, estimates a systolic blood pres-
sure and a diastolic blood pressure based on a result obtained
by applying the extracted parameters to the blood pressure
estimation model.

[0171] FIG. 20 illustrates a process performed by the wear-
able device 10 in which the plurality of blood pressure moni-
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toring modules 2001, 2002, and 2003 are embedded to moni-
tor a blood pressure, according to an exemplary embodiment.
[0172] Referring to FIG. 20, the plurality of blood pressure
monitoring modules 2001, 2002, and 2003 may be embedded
in the wearable device 10. Each of the blood pressure moni-
toring modules 2001, 2002, and 2003 may correspond to the
blood pressure monitoring module 100. Accordingly, each of
the blood pressure monitoring modules 2001, 2002, and 2003
may independently measure a blood pressure.

[0173] As shown in Table 2010 of FIG. 20, the processor
102 (see FIG. 4) of the wearable device 10 may select a blood
pressure that is measured by any one blood pressure moni-
toring module, for example, the blood pressure monitoring
module 2002, from among blood pressures that are measured
by the blood pressure monitoring modules 2001, 2002, and
2003 as a final blood pressure. Accordingly, the processor 102
may select any one blood pressure monitoring module, for
example, the blood pressure monitoring module 2002, based
on accuracies of blood pressure measurement of the blood
pressure monitoring modules 2001, 2002, and 2003.

[0174] As shown in Table 2020 of FIG. 20, the processor
102 of the wearable device 10 may estimate a final blood
pressure by calculating a blood pressure that represents the
blood pressures that are measured by the blood pressure
monitoring modules 2001, 2002, and 2003. In this case, the
processor 102 may estimate a final blood pressure by calcu-
lating an average value of the blood pressures that are mea-
sured by the blood pressure monitoring modules 2001, 2002,
and 2003. Alternatively, the processor 102 may estimate a
final blood pressure by using various other methods for
obtaining a representative value, instead of the average value.
[0175] Furthermore, the processor 102 may estimate a final
blood pressure by combining methods described with refer-
ence to Table 2010 and Table 2020.

[0176] FIG. 21 illustrates a process of providing informa-
tion about a blood pressure that is monitored by the wearable
device 10, according to an exemplary embodiment.

[0177] Referring to FIG. 21, the wearable device 10 may
provide blood pressure information 2101 to a user including
a pulse rate, a minimum blood pressure, and a maximum
blood pressure on a display screen of the user interface mod-
ule 140.

[0178] FIG. 22 illustrates a process of providing informa-
tion about a blood pressure that is monitored by the wearable
device 10, according to another exemplary embodiment.
[0179] Referring to FIG. 22, when the wearable device 10
has a wireless communication function such as BLUE-
TOOTH® or WI-FI®, the wearable device 10 may transmit
monitored blood pressure information 2203 to a smart phone
2201 of a user by using the wireless communication function.
Accordingly, the user may receive the monitored blood pres-
sure information 2203 on a display screen of the smart phone
2201, instead of the wearable device 10.

[0180] FIGS. 23A and 23B are diagrams illustrating a
blood pressure monitoring module 100 using a laser instead
ofalight-emitting diode (LED) as alight source, according to
an exemplary embodiment.

[0181] FIG. 23A is a graph showing a result obtained when
speckles are detected by using a laser as a light source. FIG.
23B is a graph showing a result obtained when speckles are
detected by using an LED as a light source.

[0182] Referring to FIG. 23A, an average of waveform
amplitudes in cycles of an optical signal corresponding to the
speckle that is detected by using the laser may be 0.01 V.
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Referring to FIG. 23B, an average of waveform amplitudes in
cycles of an optical signal corresponding to the speckle that is
detected by using the LED may be 0.0002 V. That is, it is
found that a speckle detection sensitivity when a speckle is
detected by using an LED as a light source is lower than a
speckle detection sensitivity when a speckle is detected by
using a laser as a light source. This is because the LED has
poor linearity compared to the laser. Accordingly, when the
blood pressure monitoring module 100 uses an LED as a light
source, the accuracy of the blood pressure measurement may
be greatly reduced. Accordingly, it is not preferred to replace
the laser of the blood pressure monitoring module 100,
including the laser emitter 110, with an LED.

[0183] FIG. 24 is a flowchart illustrating a method of moni-
toring a blood pressure, according to an exemplary embodi-
ment. Referring to FIG. 24, because the method includes
processes that are sequentially processed in the wearable
device 10 and the blood pressure monitoring module 100,
although omitted herein, the description with respect to the
wearable device 10 and the blood pressure monitoring mod-
ule 100 may also apply to the method of FIG. 24.

[0184] Inoperation 2401, the laser emitter 110 emits a laser
to a blood vessel (for example, a radial artery) in a body part
(for example, a wrist).

[0185] In operation 2402, the speckle detector 120 detects
from the body part laser speckles caused by scattering of the
emitted laser.

[0186] In operation 2403, the controller 130 obtains a bio-
signal indicating a change in a volume of the blood vessel by
using the detected laser speckles.

[0187] In operation 2404, the controller 130 estimates a
blood pressure based on the obtained bio-signal.

[0188] As described above, according to one or more of the
above exemplary embodiments, because a user’s blood pres-
sure may be measured by using a cuffless method, the user’s
blood pressure may be continuously monitored. Also,
because the user’s blood pressure may be measured in a
non-contact manner or a contact manner by using a sphyg-
momanometer that is embedded in a wearable device, the
user’s blood pressure may be conveniently monitored.
[0189] The above-described exemplary embodiments may
be implemented as an executable program, and may be
executed by a general-purpose digital computer that runs the
program by using a computer-readable recording medium.
Also, the data used in the exemplary method may be recorded
by using various units on a computer-readable medium.
Examples of the computer-readable medium include storage
media such as magnetic storage media (e.g., read only memo-
ries (ROMs), floppy discs, or hard discs), optically readable
media (e.g., compact disk-read only memories (CD-ROMs),
or digital versatile disks (DVDs)), etc.

[0190] While the exemplary embodiments have been par-
ticularly shown and described with reference to specific
terms, the embodiments and terms should not be construed as
limiting the scope of the claims. The exemplary embodiments
should be considered in a descriptive sense only and not for
purposes of limitation. Therefore, the scope of the exemplary
embodiments is defined not by the detailed description but by
the appended claims, and all differences within the scope will
be construed as being included.

What is claimed is:

1. An apparatus for monitoring a blood pressure, the appa-
ratus comprising:

Mar. 3, 2016

a laser emitter configured to emit a laser towards a blood
vessel in a body part;

a speckle detector configured to detect, from the body part,
laser speckles caused by scattering of the emitted laser
and reflected from the body part; and

a controller configured to obtain a bio-signal indicating a
change in a volume of the blood vessel from the laser
speckles and estimate the blood pressure based on the
obtained bio-signal.

2. The apparatus of claim 1, wherein the controller is fur-
ther configured to obtain the bio-signal by analyzing a
speckle fluctuation of the laser speckles, the speckle fluctua-
tion corresponding to the change in the volume of the blood
vessel.

3. The apparatus of claim 2, wherein the obtained bio-
signal comprises a photoplethysmogram (PPG) signal that is
obtained based on a correlation between the analyzed speckle
fluctuation and the change in the volume of the blood vessel.

4. The apparatus of claim 1, wherein the controller is fur-
ther configured to obtain the bio-signal based on a relation-
ship between an intensity of an optical signal that is received
by the speckle detector and time.

5. The apparatus of claim 1, wherein the speckle detector
comprises at least one photodetecting device for detecting the
laser speckles.

6. The apparatus of claim 5, wherein the speckle detector
comprises a plurality of the photodetecting devices, and
wherein the controller is further configured to estimate the
blood pressure based on laser speckles detected by at least one
of the plurality of photodetecting devices.

7. The apparatus of claim 6, wherein the controller com-
prises:

a selector configured to select at least one photodetecting
device from among the plurality of photodetecting
devices based on a detection sensitivity of each of the
plurality of photodetecting devices; and

ablood pressure estimator configured to estimate the blood
pressure based on the laser speckles detected by the
selected at least one photodetecting device.

8. The apparatus of claim 2, wherein the controller com-

prises:

a bio-signal analyzer configured to convert a change in an
intensity of an optical signal corresponding to the
speckle fluctuation of the laser speckles detected for a
predetermined period of time after the laser is emitted
into a photoplethysmogram (PPG) signal; and

ablood pressure estimator configured to estimate a systolic
blood pressure and a diastolic blood pressure based on
waveform characteristics of the PPG signal.

9. The apparatus of claim 1, wherein the laser emitter
comprises at least one laser diode device configured to oscil-
late the laser, and the speckle detector comprises a plurality of
photodetecting devices configured to detect the laser speck-
les,

wherein the at least one laser diode device and the plurality
of photodetecting devices are packaged on a common
substrate.

10. The apparatus of claim 9, wherein each of the plurality
of photodetecting devices is packaged on the common sub-
strate at a same distance from the at least one laser diode
device.

11. The apparatus of claim 10, wherein the plurality of
photodetecting devices are symmetrically spaced from the at
least one laser diode device.
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12. The apparatus of claim 9, further comprising a second
substrate stacked on the common substrate, wherein the sec-
ond substrate includes at least one selected from a first lens
through which the emitted laser passes and a second lens
through which alaser reflected from the laser speckles passes,
and a surface into which the first lens and the second lens are
not inserted and which is anti-reflection (AR) coated.

13. The apparatus of claim 12, wherein each of the first lens
and the second lens comprises at least one selected from a
cylindrical lens and a flat lens.

14. The apparatus of claim 12, wherein the emitted laser
and the reflected laser corresponding to the laser speckles are
in a same wavelength band.

15. A wearable device configured to monitor a blood pres-
sure, the wearable device comprising:

at least one blood pressure monitoring module configured

to measure a blood pressure of a user;

a user interface module configured to provide information

about the blood pressure; and

a processor that controls the at least one blood pressuring

monitoring module and the user interface module,

wherein each of the at least one blood pressure monitoring
module comprises:

alaser emitter configured to emit a laser towards a blood
vessel in a body part;

a speckle detector configured to detect. from the body
part, laser speckles caused by scattering of the emitted
laser and reflected from the body part; and

a controller configured to obtain a bio-signal indicating
a change in a volume of the blood vessel from the
detected laser speckles and estimate the blood pres-
sure based on the obtained bio-signal.

16. The wearable device of claim 15, wherein the controller
is further configured to obtain the bio-signal by analyzing a
speckle fluctuation of the laser speckles, the speckle fluctua-
tion corresponding to the change in the volume of the blood
vessel,

wherein the speckle fluctuation is analyzed based on a

relationship between an intensity of an optical signal

that is received by the speckle detector and time.

17. The wearable device of claim 15, wherein the wearable
device comprises a wristwatch-type device configured to be
worn on a wrist of the user, and

wherein the blood vessel is a radial artery in the wrist.
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18. The wearable device of claim 15, wherein the wearable
device comprises a plurality of blood pressure monitoring
modules, and wherein the wearable device is further config-
ured to estimate the blood pressure by using all or some of the
plurality of blood pressure monitoring modules according to
a monitoring sensitivity of each of the plurality of blood
pressure monitoring modules.

19. A method of monitoring a blood pressure, the method
comprising:

emitting a laser towards a blood vessel in a body part;

detecting, from the body part, laser speckles caused by

scattering of the emitted laser and reflected from the
body part;

obtaining a bio-signal indicating a change in a volume of

the blood vessel from the detected laser speckles; and
estimating the blood pressure based on the obtained bio-
signal.

20. The method of claim 19, wherein the step of obtaining
a bio-signal is performed by analyzing a speckle fluctuation
of the laser speckles, the speckle fluctuation corresponding to
the change in the volume of the blood vessel,

wherein the speckle fluctuation is analyzed based on a

relationship between an intensity of an optical signal
that is received by a speckle detector and time.

21. The method of claim 19, further comprising selecting at
least one photodetecting device from a plurality of photode-
tecting devices of a speckle detector based on a detection
sensitivity of each of the plurality of photodetecting devices,

wherein the step of estimating a blood pressure is per-

formed based on laser speckles detected by the selected
at least one photodetecting device.

22. The method of claim 19, wherein the step of obtaining
a bio-signal is performed by converting a change in an inten-
sity of an optical signal corresponding to a speckle fluctuation
of the laser speckles detected for a predetermined period of
time after the laser is emitted into a photoplethysmogram
(PPG) signal, and

the step of estimating a blood pressure comprises estimat-

ing a systolic blood pressure and a diastolic blood pres-
sure based on waveform characteristics of the PPG sig-
nal.
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