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APPARATUS FOR AND METHOD OF MEASURING BLOOD PRESSURE

An apparatus for and a method of measuring

blood pressure are provided. The apparatus includes a
sensor configured to radiate light to a body part, and de-
tect a light signal that is changed due to the body part.

The apparatus further includes a signal processor con-
figured to determine a bio signal based on the light signal;
and a central processing unit configured to determine a
blood pressure based on the bio signal.
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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments relate to apparatuses for and
methods of measuring blood pressure.

2. Description of the Related Art

[0002] Blood pressure is used as a measure of health.
Sphygmomanometers are devices for measuring blood
pressure and are commonly used in medical institutions
and at home. In the case of a cuff-type sphygmomanom-
eter, a systolic blood pressure and a diastolic blood pres-
sure are measured by placing a cuff around a body part
through which arterial blood flows, inflating the cuff until
the artery is occluded, and then slowly releasing the pres-
sure in the cuff. However, the cuff-type sphygmomanom-
eter causes inconvenience to a user due to the applied
pressure, and is inconvenient to carry to continuously
monitor a change in the blood pressure of a person in
real time for a long time. Accordingly, much research on
cuffless sphygmomanometers for measuring blood pres-
sure has been made.

SUMMARY

[0003] Exemplary embodiments address at least the
above problems and/or disadvantages and other disad-
vantages not described above. Also, the exemplary em-
bodiments are not required to overcome the disadvan-
tages described above, and may not overcome any of
the problems described above.

[0004] Exemplary embodiments provide apparatuses
for and methods of measuring blood pressure based on
a light signal via a cuffless structure. The blood pressure
may be continuously monitored for a long time.

[0005] Accordingto anaspectofanexemplary embod-
iment, there is provided an apparatus configured to
measure blood pressure, the apparatus including a sen-
sor configured to radiate light to a body part, and detect
a light signal that is changed due to the body part. The
apparatus further includes a signal processor configured
to determine a bio signal based on the light signal, and
a central processing unit configured to determine a blood
pressure based on the bio signal and a blood pressure
estimation algorithm.

[0006] The signal processor may be further configured
to extract a cycle of the light signal, and sample data from
the cycle of the light signal at equidistant time intervals
or based on a user input.

[0007] The signal processor may be further configured
to compare power spectrums within a frequency range
of bio signals that are determined based on channels,
and select a channel having a maximum power spectrum
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from the channels.

[0008] The signal processor may be further configured
to, inresponse to the signal processor selecting the chan-
nel having the maximum power spectrum or using a sin-
gle channel, select a part of a bio signal that corresponds
to the selected channel or the single channel, in which a
power spectrum value within the frequency range is
greater than a value, as a valid part of the bio signal.
[0009] The apparatus may further include a display
configured to display the blood pressure.

[0010] The apparatus may further include a memory
configured to store the blood pressure estimation algo-
rithm.

[0011] The sensor may include a light emitter config-
ured to radiate the light to the body part, and a light re-
ceiver configured to detect the light signal that is changed
due to the body part. The light receiver may include a
photodiode or animage sensor, and the light emitter may
include a laser diode or a light emitting diode.

[0012] The sensor may include a light emitter config-
ured to radiate the light to the body part, and a light re-
ceiver configured to detect the light signal that is changed
due to the body part, the light emitter may include a laser
diode, and the central processing unit may be further
configured to determine the blood pressure based on the
bio signal in response to the sensor being spaced apart
from a skin of an examinee.

[0013] The bio signal may be periodically obtained at
predetermined time intervals.

[0014] The central processing unit may be further con-
figured to determine the blood pressure based on the bio
signal and one among a linear regression analysis algo-
rithm, a multiple regression analysis algorithm, and a
non-linear regression analysis algorithm.

[0015] The central processing unit may be further con-
figured to determine the blood pressure based on the bio
signal and one among an artificial neural network algo-
rithm, a k-nearest neighbor algorithm, a Bayesian net-
work algorithm, a support vector machine algorithm, and
a recurrent neural network algorithm.

[0016] The central processing unit may be further con-
figured to correct the blood pressure based on a blood
pressure that is determined by another device.

[0017] The apparatus may further include a body in-
formation interface configured to receive body informa-
tion of at least one among an age, a gender, a weight,
and a height of an examinee, and the central processing
unit may be further configured to determine the blood
pressure based on the bio signal and the body informa-
tion.

[0018] The apparatus may be portable, and may be
implemented in one among a wrist watch, a mobile smart
phone, a tablet computer, an earphone, a headset, and
glasses.

[0019] The apparatus may be implemented in a wrist
watch, and the sensor may be positioned on a back of a
main body or a strap of the wrist watch.

[0020] According to an aspect of another exemplary
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embodiment, there is provided a method of measuring
blood pressure, the method including radiating light to a
body part, detecting a light signal that is changed due to
the body part, and determining a bio signal based on the
light signal. The method further includes correcting the
bio signal, extracting feature points from the corrected
bio signal, and combining a matrix of a blood pressure
estimation algorithm with the feature points to determine
a blood pressure.

[0021] The extracting may include determining a max-
imum point of the corrected bio signal and a minimum
point adjacent to the maximum point, and extracting the
feature points from the corrected bio signal at equidistant
time intervals or based on a user input.

[0022] The matrix of the blood pressure estimation al-
gorithm may be determined by learning the blood pres-
sure estimation algorithm such that the blood pressure
that is determined by inputting the feature points in the
blood pressure estimation algorithm is closer to an actual
blood pressure.

[0023] The blood pressure estimation algorithm may
be one among an artificial neural network algorithm, a k-
nearest neighbor algorithm, a Bayesian network algo-
rithm, a support vector machine algorithm, and a recur-
rent neural network algorithm.

[0024] The correcting may include correcting a base-
line of a sequence of the bio signal, and removing high
frequency noise from the corrected sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and/or other aspects will be more
apparent by describing exemplary embodiments with ref-
erence to the accompanying drawings in which:

FIG. 1 is a block diagram of a blood pressure meas-
uring apparatus according to an exemplary embod-
iment;

FIGS. 2 through 5 are layouts of a light emitting de-
vice and a light receiving device of a sensor accord-
ing to exemplary embodiments;

FIG. 6 is a flowchart of an operation of a blood pres-
sure measuring apparatus according to an exempla-
ry embodiment;

FIG. 7 is a diagram illustrating a process of estimat-
ing blood pressure via a blood pressure estimation
algorithm according to an exemplary embodiment;
FIGS. 8 through 10 are perspective views of portable
devices, each including a blood pressure measuring
apparatus according to exemplary embodiments;
FIG. 11 is a graph of a waveform when a sensor of
a light emitting diode-photo diode (LED-PD) combi-
nation radiates light toward a finger and detects a
change in a blood stream as a signal change of light
according to an exemplary embodiment;

FIGS. 12 through 14 are graphs of waveforms when
a sensor of an LED-PD combination radiates light
toward a radial artery, to above a wrist, and to a fin-
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ger, respectively, and detects a change in a blood
stream as a signal change of light according to ex-
emplary embodiments;

FIG. 15A is a graph of a measured pulse waveform
according to an exemplary embodiment, and FIG.
15B is a graph of parameters that may be extracted
from one cycle of the waveform of FIG. 15A;

FIG. 16 is a diagram illustrating an artificial neural
network (ANN) algorithm according to an exemplary
embodiment;

FIG. 17 is a diagram illustrating a linear regression
analysis algorithm according to an exemplary em-
bodiment;

FIG. 18 is a diagram illustrating a data learning proc-
ess in an ANN algorithm used by a blood pressure
measuring apparatus according to an exemplary
embodiment;

FIG. 19 is a diagram illustrating a process of calcu-
lating blood pressure values by using a stored hidden
layer matrix after extracting feature points via an
ANN algorithm according to an exemplary embodi-
ment; and

FIGS. 20A through 20C are diagram illustrating a
process of collecting and predicting data that may
be used during the data learning process of FIG. 18
according to exemplary embodiments.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0026] Exemplary embodiments are described in
greater detail herein with reference to the accompanying
drawings.

[0027] In the following description, like drawing refer-
ence numerals are used for like elements, even in differ-
ent drawings. The matters defined in the description,
such as detailed construction and elements, are provided
to assistin a comprehensive understanding of the exem-
plary embodiments. However, it is apparent that the ex-
emplary embodiments can be practiced without those
specifically defined matters. Also, well-known functions
or constructions are not described in detail because they
would obscure the description with unnecessary detail.
[0028] It will be understood that although the terms
"first," "second," etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These elements are only used to distinguish
one element from another.

[0029] In addition, the terms such as "unit," "-er (-or),"
and "module" described in the specification refer to an
element for performing at least one function or operation,
and may be implemented in hardware, software, or the
combination of hardware and software.

[0030] FIG. 1 is a block diagram of a blood pressure
measuring apparatus 10 according to an exemplary em-
bodiment.

[0031] Referring to FIG. 1, the blood pressure meas-
uring apparatus 10 includes a sensor 100, a signal proc-
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essor 200 that obtains a bio signal from a signal detected
from the sensor 100, a memory 400 that stores a blood
pressure estimation algorithm, and a central processing
unit 300 that calculates blood pressure based on the ob-
tained bio signal by using the blood pressure estimation
algorithm. The blood pressure measuring apparatus 10
furtherincludes a display 330 that displays the calculated
blood pressure, a body information interface 310 that in-
puts body information to increase the accuracy of calcu-
lating the blood pressure, and a data transmitter 350 that
transmits information about the calculated blood pres-
sure to another device.

[0032] The sensor 100 radiates light towards an exam-
ined body part, and detects a signal change in the light
that is caused by the examined body part. The sensor
100 includes a light emitter 110 and a light receiver 150.
The light emitter 110 may include at least one light emit-
ting device, and the light receiver 150 may include at
least one light receiving device.

[0033] The light emitting device may be a light emitting
diode (LED) or a laser diode (LD). The light receiving
device may include a photodiode or an image sensor, for
example, a CMOS image sensor (CIS). A phototransistor
(PTr) may be used as the light receiving device. The light
receiving device may be configured to sense a signal
change according to a blood stream change of light scat-
tered or reflected from the examined body, i.e., skin of
an examinee or a blood vessel.

[0034] FIGS. 2 through 5 are layouts of a light emitting
device 111 and a light receiving device 151 of the sensor
100 according to exemplary embodiments. A case where
the lightemitting device 111 and the light receiving device
151 are disposed on a same substrate 101 will now be
described with reference to FIGS. 2 through 5 as exam-
ples.

[0035] Referringto FIGS. 2 through 4, the light emitting
device 111 is disposed in a center of the sensor 100, and
the light receiver 150 includes a plurality of light emitting
devices 151 surrounding the light emitting device 111.
[0036] Inanother example, referringto FIG. 5, the sen-
sor 100 has a structure in which an array of a plurality of
light emitting devices 111 and an array of the plurality of
light receiving devices 151 are disposed in parallel. In
this regard, the array of the plurality of light emitting de-
vices 111 is disposed in the center of the sensor 100,
and the array of the plurality of light receiving devices
151 is disposed along at least one side of the array of
the plurality of light emitting devices 111. FIG. 5illustrates
an example in which arrays of the plurality of light receiv-
ing devices 151 are respectively disposed along two
sides of the array of the plurality of light emitting devices
111.

[0037] As shown in FIGS. 2 through 5, when the light
emitting device 111 isdisposed inthe center of the sensor
100 and the light emitting devices 151 are disposed
around the light emitting device 111, a light receiving
amount of light scattered or reflected from an examined
body part, for example, a skin surface of an examinee or
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a blood vessel, may increase. The light emitting device
111 and the plurality of light receiving devices 151 that
configure the sensor 100 are not limited to those shown
in FIGS. 2 through 5, and may have various layouts. For
example, at least one of the light emitting devices 151
may be disposed in the center of the sensor 100, and
one or more light emitting devices 111 may be disposed
around the at least one of the light emitting devices 151.
[0038] Meanwhile, when a laser diode is used as the
light emitting device 111 of the light emitter 110, due to
the directional property of a laser beam emitted by the
laser diode, a signal may be measured although the sen-
sor 100 is spaced apart from the skin surface of the ex-
aminee. Thus, when a laser diode is used as the light
emitting device 111, and the blood pressure measuring
apparatus 10 is implemented as a wristwatch-type de-
vice, a device having a structure in which the sensor 100
is placed on the back side of a main body and the signal
is measured from the wrist or the back of a hand, may
be implemented. The wristwatch-type device includes a
main body and a strip being worn on the wrist. An adher-
ence of the strip to the wrist may be better than an ad-
herence of the main body to the wrist. The main body of
the wristwatch-type device may be spaced apart from a
skin surface of the wrist. When a laser diode is provided
as the light emitting device 111 and the sensor 100 is
placed on the back side of the main body, the blood pres-
sure may be measured irrespective of a state of wearing
the device, i.e., a contact state or a non-contact state
with respect to the wrist.

[0039] Inthisregard, when an LED is used as the light
emitting device 111, according to the spread character-
istics of light emitted by the LED, an operation of meas-
uring the blood pressure may be performed by more tight-
ly closing the sensor 100 to the skin of the examinee than
inthe case when a laser diode is used as the light emitting
device 111. However, when an LED is used as the light
emitting device 111, the blood pressure may be meas-
ured even when the sensor 100 and the skin surface of
the examinee are spaced apart from each other within a
range in which a signal is detectable.

[0040] Referring again to FIG. 1, the signal processor
200 obtains a bio signal from the signal detected from
the sensor 100, and removes a signal change component
of light due to external illumination or an external envi-
ronment. The signal processor 200 analyzes an intensity
change of the signal detected from the sensor 100 on a
time basis. The bio signal may be obtained by analyzing
a fluctuation of a light signal corresponding to a capacity
change of a blood vessel (for example, a blood vessel
on a finger, an upper side of a wrist or a radial artery on
a lower side of the wrist) of the examined body. In this
regard, the obtained bio signal may be a photoplethys-
mogram (PPG) signal converted based on a correlation
of the analyzed fluctuation of the light signal and the ca-
pacity change. A digital to analogue converter (DAC) or
an ADC may be applied as the signal processor 200.
[0041] The signal processor 200 may include a wave-
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form extracting unit that, forexample, extracts in real time
one cycle of a waveform of a signal that is input, and a
data extracting unit that samples data at equivalent time
intervals or by using a user-defined method from one
cycle of the waveform. The signal processor 200 may
further include a waveform selecting unit.

[0042] The signal processor 200 may be configured to
obtain the bio signal from each of a plurality of channels.
The signal processor 200 may compare power spec-
trums within a previously set frequency range (for exam-
ple, about 0. 66 Hz - about 3 Hz) with respect to a wave-
form of a bio signal obtained from each of the plurality of
channels, and select a channel having a largest power
spectrum. As another example, the signal processor 200
may be configured to use a single channel. According to
use of the selected channel or the single channel, the
waveform selecting unit may select a waveform part of
the bio signal in which a power spectrum value within a
predetermined frequency range is greater than a previ-
ously set value as a valid waveform part.

[0043] The memory 400 may store a blood pressure
estimation algorithm. The memory 400 may store a pro-
gram for processing and controlling the signal processor
200 and the central processing unit 300, and may also
store data that is input/output. That is, the memory 400
may store measurement results of the sensor 100 or a
bio signal obtained by the signal processor 200 via signal
processing. The memory 400 may be configured to store
a bio signal obtained in real time in a buffer memory, and
may be configured to call the blood pressure estimation
algorithm and calculate a blood pressure.

[0044] The memory 400 may include at last one type
of storage medium among, for example, a flash memory
type, a hard disk type, a multimedia card micro type, card
type memory (forexample, SD or XD memory, etc.), Ran-
dom Access Memory (RAM), Static Random Access
Memory (SRAM), Read-Only Memory (ROM), Electrical-
ly Erasable Programmable Read-Only Memory (EEP-
ROM), Programmable Read-Only Memory (PROM),
magnetic memory, a magnetic disk, and an optical disk.
[0045] The central processing unit 300 controls an op-
eration of the sensor 100, and calculates blood pressure
from the measured signal by using the blood pressure
estimation algorithm. That is, the central processing unit
300 calculates blood pressure from the bio signal ob-
tained by processing the signal measured by the sensor
100 in the signal processor 200 by using the blood pres-
sure estimation algorithm. The central processing unit
300 may control the memory 400, the display 330, the
signal processor 200, the body information interface 310,
etc.

[0046] The central processing unit 300 may analyze
various feature points of the bio single by analyzing a
waveform characteristic of the bio signal, for example, a
PPG pulse wave signal. The central processing unit 300
may also estimate blood pressure values by combining
data of the analyzed feature points and a matrix of the
blood pressure estimation algorithm. In this regard, the
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blood pressure values estimated by the central process-
ing unit 300 may include a systolic blood pressure (SBP),
a diastolic blood pressure (DBP), a heart rate (HR), etc.
[0047] The blood pressure values calculated by the
central processing unit 300 may be displayed on the dis-
play 330. The display 330 may be configured to display
the SBP and the DBP, and may be configured to display
the HR.

[0048] The bodyinformation interface 310 may be con-
figured to input at least one piece of body information
among an age, a gender, a weight, and a height of the
examinee to increase accuracy of calculating the blood
pressure. The central processing unit 300 may operate
to estimate the blood pressure for each of the body in-
formation input through the body information interface
310. In this regard, when the blood pressure estimation
algorithm is configured to collect data of a randomly ex-
tracted population, the blood pressure measuring appa-
ratus 10 may be configured by omitting the body infor-
mation interface 310.

[0049] The data transmitter 350 transmits a result an-
alyzed by the central processing unit 300 to an external
different device. The blood pressure values calculated
and estimated by the central processing unit 300 may be
output through the display 330. The data transmitter 350
may transmit the blood pressure values and a heat rate
value to an external device such as a smart phone or a
computer by using, for example, a communication pro-
tocol such as Bluetooth. The data transmitter 350 may
be used to connect devices or connect a device to a clinic
to allow the clinic to provide various services.

[0050] In this regard, the external device may be not
only the smart phone or the computer but also, for ex-
ample, medical equipment that uses information of an
analyzed blood pressure, a printer that prints a resultant,
or a display apparatus that displays an analysis result.
In addition, the external device may be various devices
such as a tablet PC, a personal digital assistant (PDA),
a laptop, PC, and another mobile or non-mobile comput-
ing apparatus.

[0051] The data transmitter 350 may be connected to
the external device by wire or wirelessly. For example,
the data transmitter 350 may be configured to commu-
nicate with the external device by using various commu-
nication methods such as Bluetooth communication,
Bluetooth Low Energy (BLE) communication, Near Field
Communication, WLAN (WiFi) communication, Zigbee
communication, infrared Data Association (IrDA) com-
munication, WFD (Wi-Fi Direct) communication, ultra
wideband (UWB) communication, Ant+ communication,
etc.

[0052] Meanwhile, the blood pressure measuring ap-
paratus 10 may further include a user interface. The user
interface may be for an interface of the user and/or the
external device, and may include an input unit and an
output unit. In this regard, although the user is an indi-
vidual of which blood pressure is to be measured, i.e.,
an examinee, the user may also be a person, such as a
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medical expert, who may use the blood pressure meas-
uring apparatus 10 . Thus, the term "user" may have wid-
er range than that of the term "examinee." The user in-
terface may be used to input information for operating
the blood pressure measuring apparatus 10, and output
an analyzed result. The user interface may include, for
example, a button, a connector, a keypad, a display, etc.,
and may further include an element such as a sound
output unit or a vibration motor.

[0053] The blood pressure measuring apparatus 10
may be configured to be mobile as a wearable device, a
mobile phone, for example, a mobile smart phone, or a
tablet device. That is, the blood pressure measuring ap-
paratus 10 may be mounted in a wearable device, a mo-
bile phone, for example, a mobile smart phone, or atablet
device. The blood pressure measuring apparatus 10 may
be configured as a device to be puton a fingerto measure
the blood pressure, forexample, a device of afingertongs
type.

[0054] Forexample, the blood pressure measuring ap-
paratus 10 may be implemented in a device that may be
worn on the examinee, i.e., in the wearable device. In
this regard, the wearable device may be implemented in
awrist watch type, a bracelet type, and a wrist band type,
and may be additionally implemented in various types
such as aring type, a glasses type, an earphone type, a
headset type, or a hair band type. Some elements of the
blood pressure measuring apparatus 10, for example,
the sensor 100 and the signal processor 200, may be
implemented in atype that may be worn by the examinee.
[0055] The blood pressure measuring apparatus 10
may be used as a device for estimating the blood pres-
sure of the examinee and measuring a heart rate of the
examinee by being applied instead of a sensor of a wrist
watch type wearable device that measures the heart rate
only, for example, by using the back of the main body
(corresponding to a watch in a wrist watch). The blood
pressure measuring apparatus 10 may be used as the
device for estimating the blood pressure of the examinee
and measuring the heart rate of the examinee by being
applied to a smart phone that uses a light emitting device
and a CIS.

[0056] FIG. 6 is aflowchart of an operation of the blood
pressure measuring apparatus 10 according to an exem-
plary embodiment.

[0057] Referring to FIG. 6, the light emitter 110 of the
sensor 100 radiates light to skin by contacting or ap-
proaching a body part of an examinee, for example, a
finger, a wrist, etc. (operation S100). In this regard, the
light receiver 150 receives light reflected or scattered
from the body part (operation S200), and the signal proc-
essor 200 measures a waveform by changing anintensity
of the received light into a current or voltage (operation
S300).

[0058] The signal processor 200 or the central
processing unit 300 determines whether a signal of the
measured waveform is present or the waveform is suit-
able (operation S400). If the waveform is a waveform
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including a heart rate, operation S500 is performed. If
not, operation S200 of receiving the reflected or scattered
light is again performed.

[0059] The central processing unit 300 estimates blood
pressure values using the measured waveform and a
blood pressure estimation algorithm (operation S500).
The display 330 displays the estimated blood pressure
values and the heart rate (operation S600). In the oper-
ation of estimating the blood pressure values, a blood
pressure value that is measured by another device may
be input in the blood pressure estimation algorithm. In
this case, the blood pressure estimation algorithm may
correct the blood pressure values by using the blood
pressure value that is measured by the other device.
[0060] The blood pressure measuring apparatus 10
according to the exemplary embodiment described
above may read a change in a blood stream in a finger
or an upper or lower side (a radial artery) of a wrist, as
an intensity change in light, may estimate maximum and
minimum points of the blood pressure, i.e., a SBP and a
DBP, by applying the blood pressure estimation algo-
rithm, and may also estimate an HR.

[0061] FIG. 7 is a diagram illustrating a process of es-
timating blood pressure via a blood pressure estimation
algorithm according to an exemplary embodiment.
[0062] Referring to FIG. 7(a), a bio signal is obtained
by radiating light to an examined body and detecting a
signal change of light by the examined body. In this re-
gard, a baseline with respect to the obtained bio signal
is analyzed. The graph of FIG. 7(a) shows an example
of measuring the bio signal for 4 seconds. The bio signal
may be obtained a plurality of number of times at a time
distance, for example, a predetermined time distance,
for processing data. As shown in the graph of the bio
signal of FIG. 7(a), the baseline may not be constant.
FIG. 7(a) shows an example of drawing a primary function
in which the baseline increases over time. The baseline
may be in a secondary function, a tertiary function, or a
function having a plurality of inflection points. In this re-
gard, the baseline may be a line connecting, for example,
intermediate points of a maximum point and a minimum
point, of each cycle waveform of the bio signal.

[0063] When the baseline is drawn in the primary, sec-
ondary, or tertiary function by analyzing the baseline de-
scribed above, a bio signal may be obtained as shown
in FIG. 7(b) by correcting the baseline.

[0064] Next, referring to FIG. 7(c), when a bio signal
includes high frequency HF noise, the high frequency HF
noise may be removed by processing the bio signal using,
for example, a smoothing function or filter. In this regard,
when the bio signal does not include the high frequency
HF noise, high frequency HF noise removing processing,
such as processing using the smoothing function or the
filter, may be omitted.

[0065] Next, a maximum point Max and a minimum
point Min of each cycle waveform of the bio signal from
which the high frequency HF noise is removed are ana-
lyzed as shown in FIG. 7(d), and feature points are ex-
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tracted as shown in FIG. 7(e). The feature points of each
cycle waveform may be extracted at equivalent or equi-
distant time intervals or may be extracted by determining
a point from which the feature points are to be extracted
by using a user-defined method.

[0066] When data of the extracted feature points is
combined with a blood pressure estimation algorithm, as
shown in FIG. 7(f), a blood pressure estimation value
calculation results may be obtained. The blood pressure
estimation value calculation result of FIG. 7(f) is obtained
by using a bio signal obtained for 4 seconds for each
calculation.

[0067] As shown in the blood pressure estimation val-
ue calculation result of FIG. 7(f), a SBP and a DBP may
be estimated and a HR estimation value may be obtained
through the process described above.

[0068] The blood pressure measuring apparatus 10
according to the exemplary embodiment may estimate a
blood pressure, and measure a HR, by being applied to
various existing devices that only measure the HR using
light.

[0069] FIGS. 8 through 10 are perspective views of
portable devices 500, 700, and 1000, each including the
blood pressure measuring apparatus 10 according to ex-
emplary embodiments. FIG. 8 illustrates an example of
the wrist watch type device 500 in which the sensor 100
is installed in the back of a main body MB, light is radiated
to the back of an arm or a hand, a change in a blood
stream is detected as a signal change of light, and no
sensor is installed in a strap ST. FIG. 9 illustrates an
example of the wrist watch type device 700 in which the
sensor 100 is provided in the strap ST, light is radiated
to aradial artery, and a change in a blood stream flowing
in the radial artery is detected as a signal change of light.
FIG. 10 illustrates an example of the smart phone 1000
in which an image sensor 1100, i.e., a CIS, and a light
source 1200 are provided on the back of the smart phone
1000, and are used to detect a change in a blood stream
flowing in a finger as a signal change of light. The image
sensor 1100 and the light source 1200 provided on the
back of the smart phone 1000 may be respectively used
as the light emitting device 111 of the light emitter 110
and the light receiving device 151 of the light receiver
150 of the blood pressure measuring apparatus 10.
[0070] FIG. 11is agraph of a waveform when a sensor
of a light emitting diode-photo diode (LED-PD) combina-
tion radiates light to a finger and detects a change in a
blood stream as a signal change of light according to an
exemplary embodiment. FIGS. 12 through 14 are graphs
of waveforms when a sensor of a laser diode-photo diode
(LD-PD) combination radiates light to a radial artery, to
above a wrist, and to a finger, respectively, and detects
a change in a blood stream as a signal change of light
according to exemplary embodiments.

[0071] As seen from a comparison of FIG. 11 and
FIGS. 12 through 14, when not only a LED but also a
laser diode is used as the light emitting device 111 of the
light emitter 110, a signal indicating the change in the
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blood stream may be measured. When the laser diode
is used, even though the sensor 100 is placed above the
wrist, the signal indicating the change in the blood stream
may also be measured. When the light emitting device
111 suitable for the light emitter 110is selected, the signal
indicating the change in the blood stream may be meas-
ured not only at the finger or the radial artery but also
above the wrist, and the signal may be analyzed to esti-
mate a value of a HR and calculate an estimation value
of ablood pressure value. In addition, when the light emit-
ting device 111 suitable for the light emitter 110 is select-
ed, the signal indicating the change in the blood stream
may be measured without a limitation to a position of a
body part, and the signal may be analyzed to calculate
estimation values of the blood pressure values and the
HR value.

[0072] The blood pressure measuring apparatus 10
according to the exemplary embodiment described
above may use one of a linear regression analysis, a
multiple regression analysis, a non-linear regression
analysis as a blood pressure estimation algorithm to cal-
culate the blood pressure estimation value by using a
plurality of pieces of feature point data extracted with
respect to each cycle waveform of a bio signal. As the
blood pressure estimation algorithm, one of machine
learning algorithms, for example, an artificial neural net-
work (ANN) algorithm, a K-nearest neighbor (KNN) al-
gorithm, a Bayesian network algorithm, a support vector
machine (SVM) algorithm, and a recurrent neural net-
work algorithm may be used. In this regard, the machine
learning algorithm may perform prediction based on an
already determined attribute through training data, for
example, may predict a blood pressure by training a pulse
waveform.

[0073] For example, the ANN algorithm is used to per-
form calculation with already learned data. The learned
data may be stored in the memory 400 in a hidden layer
matrix, the stored hidden layer matrix and newly meas-
ured data may be combined during an actual measure-
ment, and adesired blood pressure estimation value may
be calculated.

[0074] Although the blood pressure measuring appa-
ratus 10 may not use the body information interface 310
according to circumstances, a learned matrix may be
used as data collected from a population for each body
feature rather than data collected from a randomly ex-
tracted population to more accurately calculate the blood
pressure estimation value. Estimated data may be output
onthe display 330. The data transmitter 350 may transmit
the blood pressure values and the HR value to a smart
phone or a computer by using a communication protocol
such as Bluetooth. The data transmitter 350 may be used
to connect devices or connect a device to a clinic to allow
the clinic to provide various services.

[0075] FIG. 15Ais a graph of a measured pulse wave-
form according to an exemplary embodiment, and FIG.
15B is a graph of parameters that may be extracted from
one cycle of the waveform of FIG. 15A.
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[0076] Referring to FIGS. 15A and 15B, a waveform
corresponding to one cycle of a pulse waveform is ex-
tracted, and parameters, for example, t1, t2, t3, etc., that
may be estimated to be related to a blood pressure are
extracted. The waveform of FIGS. 15A and 15B may cor-
respond to, for example, a PPG pulse.

[0077] Referringto FIG. 15B, t1 denotes a systolic up-
stroke time, t2 denotes a diastolic time, and t3 denotes
a width of a waveform in a predetermined location. t3
data may be obtained in a plurality of locations. Data of
a width during a systolic time and a width during the di-
astolic time in the predetermined location or in the plu-
rality of locations may be obtained as the t3 data.
[0078] As described above, the parameters relating to
the blood pressure may be extracted from the pulse
waveform, and may be used to estimate a blood pressure
value.

[0079] FIG. 16 is a diagram illustrating an ANN algo-
rithm according to an exemplary embodiment.

[0080] ReferringtoFIG. 16, aplurality of hidden layers,
for example, two layers, which are hidden between a
maximum point and a minimum point of blood pressure
values corresponding to values of feature points of a bio
signal obtained as described above, may be set in an
inputlayer of the ANN algorithm. The values ofthe feature
points and blood pressure values may be used to form
a network such as a neural network. In such structure, a
pattern may be learned by repetitively using various piec-
es of data extracted from the population, and the blood
pressure values for a new input may be estimated by
calling a learned hidden layer matrix. FIG. 16 illustrates
the example of the ANN algorithm configured to form a
hidden layer matrix structure through machine learning
to output y1 (SBP) and y2 (DBP) in an output layer by
corresponding extracted various pieces of feature point
datax1,x2, ...,xNthatareinputinaninputlayerto hidden
layers, for example, Hidden Layer 1 and Hidden Layer
2. When the ANN algorithm is configured as shown in
FIG. 16, output data may be estimated by using a learned
hidden layer matrix with respect to arbitrarily input data.
[0081] FIG. 17 is a diagram illustrating a linear regres-
sion analysis algorithm according to an exemplary em-
bodiment.

[0082] When the linear regression analysis algorithm
is applied as shown in FIG. 17, coefficient values of a
linear relation equation between extracted feature point
data and blood pressure values are calculated by ana-
lyzing the linear relation equation using a plurality of piec-
es of data. The calculated coefficient values may be used
to calculate a linear relation equation, and a blood pres-
sure value with respect to a new input feature may be
estimated by using the linear relation equation. FIG. 17
illustrates a result of estimating SBP and DBP values
with a diastolic time t2 of a pulse waveform as a horizontal
axis. The extracted parameters may be used to calculate
the linear relation equation between the parameters and
the blood pressure. For example, a linear relation equa-
tion of the SBP may be obtained as Sys BP = a1t2 + b1,
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and alinear relation equation of the DBP may be obtained
as Dia BP = a2t2 + b2. In this regard, a1, b1, a2, and b2
are calculated fitting parameters. As another example, a
linear relation equation of the blood pressure may be
obtained as BP = a1t1 + a2t2 + a3t3 ... + C. The linear
relation equation may be used to estimate a blood pres-
sure value with respect to a new input.

[0083] A case where the ANN algorithm is applied as
a blood pressure estimation algorithm applied to the
blood pressure measuring apparatus 10 according to an
exemplary embodiment will be described below.

[0084] Whenthe ANN algorithm is applied as the blood
pressure estimation algorithm, a data learning process
is firstly performed. During the data learning process, a
hidden layer matrix is calculated by applying feature
points extracted with respect to a bio signal to the ANN
algorithm and then is stored in the memory 400. There-
after, when a blood pressure is actually measured, the
feature points with respect to a bio signal are extracted,
and blood pressure values, for example, a SBP, a DBP,
and a HR, are calculated by using a combination of data
of the feature points and the hidden layer matrix stored
in the memory 400.

[0085] FIG. 18 is a diagram illustrating a data learning
process of an ANN algorithm used by the blood pressure
measuring apparatus 10 according to an exemplary em-
bodiment.

[0086] Referring to FIG. 18, light is radiated to an ex-
amined body part, and a bio signal sequence obtained
by detecting a signal change in light due to the examined
body part is input (operation P1100). An input bio signal
is data obtained for a predetermined period of time, for
example, for 4 seconds, and from which a baseline is
corrected and high frequency HF noise is removed
through processing the bio signal by using, for example,
a smoothing function or a filter. An approximate HR es-
timation value may be determined by performing fast
Fourier transform (FFT) on the bio signal sequence (op-
eration P1200), and a maximum point of each cardiac
cycle waveform and a minimum point adjacent to the
maximum point are analyzed (operations P1300 and
P1400). Thereafter, one cardiac cycle waveform is ex-
tracted from the bio signal sequence (operation P1500),
and a plurality of feature points for the cardiac cycle wave-
form are extracted at equidistant intervals or by using a
user-defined method (operation S1600). The extracted
feature points are used to extract a hidden layer matrix
and blood pressure values corresponding to the hidden
layer matrix (operation S1700), and a result of a learned
hidden layer matrix is stored in the memory 400 (opera-
tion P1800).

[0087] FIG. 19 is a diagram illustrating a process of
calculating blood pressure values by using a stored hid-
denlayer matrix after extracting feature points viaan ANN
algorithm according to an exemplary embodiment.
[0088] Referring to FIG. 19, the process of estimating
and calculating blood pressure (BP) values may be large-
ly divided into a process (first operation) of extracting
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feature points from a bio signal and a process (second
operation) of calculating the blood pressure values as a
product between data of the extracted feature points and
a stored hidden layer matrix obtained through a data
learning process, for example, of the ANN algorithm.
[0089] To extract the data of feature points from the
bio signal, light is radiated towards an examined body
part, and a bio signal sequence obtained by detecting a
signal change in light due to the examined body part is
input (operation P2000). An input bio signal is data ob-
tained for a predetermined period of time, for example,
for 4 seconds, and from which a baseline is corrected
and high frequency HF noise is removed by processing
the bio signal using, for example, a smoothing function
or afilter. An approximate HR estimation value is deter-
mined by performing FFT on the bio signal sequence
(operation P2100), and a maximum point of each cardiac
cycle waveform and a minimum point adjacent to the
maximum point is analyzed (operations P2200 and
P2300). Thereafter, one cardiac cycle waveform is ex-
tracted from the bio signal sequence (operation P2400),
and a plurality of feature points are extracted for the car-
diac cycle waveform at equidistant intervals or by using
a user-defined method, for example, extracting the plu-
rality of feature points at non-equidistant intervals (oper-
ation S2500).

[0090] The blood pressure values may be calculated
by using data of the extracted feature points and a hidden
layer matrix stored in the memory 400. The blood pres-
sure values may be obtained from, for example, as a
product between the hidden layer matrix and a vector
formed as the data of the feature points. In this regard,
the blood pressure values obtained as a result of calcu-
lation may include a SBP, a DBP, and a HR. The meas-
ured blood pressure and the HR may be displayed on
the display 330 and/or may be output to an external de-
vice.

[0091] FIGS. 20A through 20C are diagrams illustrat-
ing a process of collecting and predicting data that may
be used during a data learning process of FIG. 18 ac-
cording to exemplary embodiments.

[0092] For example, as shown in FIG. 20A, a hidden
layer matrix may be obtained by collecting and learning
data by utilizing a randomly extracted population, and
blood pressure values of a subject that is not included in
the population may be estimated. As another example,
as shown in FIG. 20B, to more accurately estimate blood
pressure values, a hidden layer matrix may be obtained
by classifying populations according to body features,
and collecting and learning data according to the classi-
fied populations. The blood pressure values may be es-
timated by using data according to the classified popu-
lations corresponding to body features of subjects that
are not included in these populations. As another exam-
ple, as shown in FIG. 20C, a hidden layer matrix may be
obtained a plurality of number of times by collecting and
learning data according to individuals according to cir-
cumstances when individuals take a rest, work out, or
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are sick during 24 hours of a day. The hidden layer matrix
may be used to estimate the blood pressure values ac-
cording to individuals.

[0093] As described with reference to FIG. 7, when a
baseline of the collected data by using the blood pressure
estimation algorithm above moves, the baseline is cor-
rected by using a primary, secondary, or tertiary function,
and when high frequency HF noise is present, the data
is processed using, for example, a smoothing function,
to remove the noise. Thereafter, one cycle is subdivided
to determine minimum and maximum values for each
cycle and extract feature points for each cycle. In this
regard, equidistant intervals or a user-defined method is
used to extract the feature points. Data of the extracted
feature points may be applied to the blood pressure es-
timation algorithm to calculate and estimate the blood
pressure values and a HR value.

[0094] As described above, according to the above ex-
emplary embodiments, the blood pressure may be meas-
ured based on an optical signal, and thus the apparatus
for and method of measuring the blood pressure may be
implemented via a cuffless structure. The blood pressure
values may be estimated and calculated by using feature
point data of a bio signal in a blood pressure estimation
algorithm, and thus, the blood pressure may be contin-
uously monitored for a long time and the apparatus may
be implemented in a wearable device or portable device.
[0095] In addition, the exemplary embodiments may
also be implemented through computer-readable code
and/or instructions on a medium, e.g., a non-transitory
computer-readable medium, to control at least one
processing element to implement any above-described
embodiments. The medium may correspond to any me-
dium or media which may serve as a storage and/or per-
form transmission of the computer-readable code.
[0096] The computer-readable code may be recorded
and/or transferred on a medium in a variety of ways, and
examples of the medium include recording media, such
as magnetic storage media (e.g., ROM, floppy disks, hard
disks, etc.) and optical recording media (e.g., compact
disc read only memories (CD-ROMSs) or digital versatile
discs (DVDs)), and transmission media such as Internet
transmission media. Thus, the medium may have a struc-
ture suitable for storing or carrying a signal or information,
such as a device carrying a bitstream according to one
or more exemplary embodiments. The medium may also
be on a distributed network, so that the computer-read-
able code is stored and/or transferred on the medium
and executed in a distributed fashion. Furthermore, the
processing element may include a processor or a com-
puter processor, and the processing element may be dis-
tributed and/or included in a single device.

[0097] The foregoing exemplary embodiments and ad-
vantages are merely exemplary and are not to be con-
strued as limiting. The present teaching can be readily
applied to other types of apparatuses. Also, the descrip-
tion of the exemplary embodiments is intended to be il-
lustrative, and not to limit the scope of the claims, and



17 EP 3 072 441 A1 18

many alternatives, modifications, and variations will be
apparent to those skilled in the art.

Claims

1.

An apparatus configured to measure blood pressure,
the apparatus comprising:

a sensor configured to radiate light to a body
part, and detect a light signal that is changed
due to the body part;

a signal processor configured to determine a bio
signal based on the light signal; and

a central processing unit configured to deter-
mine a blood pressure based on the bio signal
and a blood pressure estimation algorithm.

The apparatus of claim 1, wherein the signal proc-
essor is further configured to extract a cycle of the
light signal; and sample data from the cycle of the
light signal at equidistant time intervals or based on
a user input, or

wherein the signal processor is further configured to
compare power spectrums within a frequency range
of bio signals that are determined based on chan-
nels; and select a channel having a maximum power
spectrum from the channels.

The apparatus of claim 2, wherein, the signal proc-
essor is further configured to, in response to the sig-
nal processor selecting the channel having the max-
imum power spectrum or using a single channel, se-
lect a part of a bio signal that corresponds to the
selected channel or the single channel, in which a
power spectrum value within the frequency range is
greater than a value, as a valid part of the bio signal.

The apparatus of one of claims 1 to 3, further com-
prising adisplay configured to display the blood pres-
sure.

The apparatus of one of claims 1 to 4, further com-
prising a memory configured to store the blood pres-
sure estimation algorithm and information of the bio
signal.

The apparatus of one of claims 1 to 5, wherein the
sensor comprises a light emitter configured to radiate
the light to the body part, and a light receiver config-
ured to detect the light signal that is changed due to
the body part, the light receiver comprises a photo-
diode or an image sensor, and the light emitter com-
prises a laser diode or a light emitting diode, or

wherein the sensor comprises a light emitter config-
ured to radiate the light to the body part, and a light
receiver configured to detect the light signal that is
changed due to the body part, the light emitter com-
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10

10.

1.

12.

prises a laser diode, and the central processing unit
is further configured to determine the blood pressure
based on the bio signal in response to the sensor
being spaced apart from a skin of an examinee.

The apparatus of one of claims 1 to 6, wherein the
bio signal is periodically obtained at predetermined
time intervals.

The apparatus of one of claims 1 to 7, wherein the
central processing unitis further configured to deter-
mine the blood pressure based on the bio signal and
one among a linear regression analysis algorithm, a
multiple regression analysis algorithm, and a non-
linear regression analysis algorithm, or

wherein the central processing unit is further config-
ured to determine the blood pressure based on the
bio signal and one among an artificial neural network
algorithm, a k-nearest neighbor algorithm, a Baye-
sian network algorithm, a support vector machine
algorithm, and a recurrent neural network algorithm,
or

wherein the central processing unit is further config-
ured to correct the blood pressure based on a blood
pressure that is determined by another device.

The apparatus of one of claims 1 to 8, further com-
prising a body information interface configured to re-
ceive body information of atleast one among an age,
a gender, a weight, and a height of an examinee,
wherein the central processing unit is further config-
ured to determine the blood pressure based on the
bio signal and the body information.

The apparatus of one of claims 1 to 9, wherein the
apparatus is portable, and is implemented in one
among a wrist watch, a mobile smart phone, a tablet
computer, an earphone, a headset, and glasses,
wherein if the apparatus is implemented in a wrist
watch, the sensor is positioned on a back of a main
body or a strap of the wrist watch.

A method of measuring blood pressure, the method
comprising:

radiating light to a body part;

detecting a light signal that is changed due to
the body part;

determining a bio signal based on the light sig-
nal;

correcting the bio signal;

extracting feature points from the corrected bio
signal; and

combining a matrix of a blood pressure estima-
tion algorithm with the feature points to deter-
mine a blood pressure.

The method of claim 11, wherein the extracting com-
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prises:

determining a maximum point of the corrected
bio signal and a minimum point adjacent to the
maximum point; and

extracting the feature points from the corrected
bio signal at equidistant time intervals or based
on a user input.

The method of claim 11 or 12, wherein the matrix of
the blood pressure estimation algorithm is deter-
mined by learning the blood pressure estimation al-
gorithm such that the blood pressure that is deter-
mined by inputting the feature points in the blood
pressure estimation algorithm is closer to an actual
blood pressure.

The method of one of claims 11 to 13, wherein the
blood pressure estimation algorithm is one among
an artificial neural network algorithm, a k-nearest
neighbor algorithm, a Bayesian network algorithm,
a support vector machine algorithm, and a recurrent
neural network algorithm.

The method of one of claims 11 to 14, wherein the
correcting comprises:

correcting a baseline of a sequence of the bio
signal; and

removing high frequency noise from the correct-
ed sequence.
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FIG. 20A
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FIG. 20B
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