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(54) APPARATUS AND METHOD FOR DETECTING CHARACTERISTIC POINT OF OSCILLOMETRIC 
ENVELOPE AND APPARATUS FOR ESTIMATING BIO-INFORMATION

(57) Provided is an apparatus for detecting a char-
acteristic point to non-invasively estimate bio-information
by analyzing a pulse waveform. The apparatus for de-
tecting a characteristic point may include a bio-signal
sensor that may obtain a bio-signal from an object, and
a processor configured to obtain a first envelope by re-
moving a first baseline change from an oscillometric

waveform envelope of the bio-signal; obtain a second
envelope by removing a second baseline change from
the oscillometric waveform envelope of the bio-signal;
obtain a third envelope based on the first envelope and
the second envelope; and detect the characteristic point
from the oscillometric waveform envelope based on the
third envelope.
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Description

BACKGROUND

1. Field

[0001] Example embodiments relate to technology for
detecting characteristic points from an oscillometric en-
velope of a bio-signal, and estimating bio-information by
using the detected characteristic points.

2. Description of Related Art

[0002] Recently, with the aging population, soaring
medical costs, and a lack of medical personnel for spe-
cialized medical services, research has been actively
conducted on information technology (IT)-medical con-
vergence technologies, in which IT and medical technol-
ogy are combined. Particularly, monitoring of the health
condition of the human body is not limited to places such
as hospitals, but is expanding to mobile healthcare fields
that may monitor a user’s health condition anytime and
anywhere in daily life at home or at the office. Typical
examples of bio-signals, which indicate the health con-
dition of individuals, include an electrocardiography
(ECG) signal, a photoplethysmogram (PPG) signal, an
electromyography (EMG) signal, or the like, and various
bio-signal sensors are being developed to measure these
signals in daily life. Particularly, a PPG sensor may esti-
mate blood pressure of a human body by analyzing the
shape of pulse waves which reflect a cardiovascular
state, and the like.

SUMMARY

[0003] According to an aspect of an example embod-
iment, an apparatus for detecting a characteristic point
may include a bio-signal sensor configured to obtain a
bio-signal from an object; and a processor configured to:
obtain a first envelope by removing a first baseline
change from an oscillometric waveform envelope of the
bio-signal; obtain a second envelope by removing a sec-
ond baseline change from the oscillometric waveform en-
velope of the bio-signal; obtain a third envelope based
on the first envelope and the second envelope; and detect
the characteristic point from the oscillometric waveform
envelope based on the third envelope.
[0004] The bio-signal may include at least one of a pho-
toplethysmogram (PPG) signal, an impedance plethys-
mogram (IPG) signal, pressure wave, and a video
plethysmogram (VPG) signal.
[0005] The processor may be further configured to:
generate the first envelope by applying a baseline
change function in a forward direction of the oscillometric
waveform envelope of the bio-signal; and generate the
second envelope by applying the baseline change func-
tion in a reverse direction of the oscillometric waveform
envelope of the bio-signal.

[0006] The baseline change function may be a function
which outputs a minimum value for each window of the
oscillometric waveform envelope of the bio-signal by slid-
ing the oscillometric waveform envelope in units of a pre-
determined window size.
[0007] The window size may be set based on at least
one of a user input, a user characteristic, a characteristic
of an external environment, and a type of bio-information
to be estimated.
[0008] The processor may be further configured to
combine the first envelope and the second envelope by
using at least one of a multiplication function, a weighted
sum function, and a weighted multiplication function.
[0009] The processor may be configured to detect the
characteristic point based on area information of the third
envelope.
[0010] The processor may be further configured to: se-
lect a maximum area point of the third envelope; and
detect, as the characteristic point, a maximum peak of
the oscillometric waveform envelope in a predetermined
time interval based on the selected maximum area point.
[0011] The maximum area point may include a time
point corresponding to a maximum amplitude in a max-
imum area region of the third envelope.
[0012] The processor may be further configured to ob-
tain the oscillometric waveform envelope from the ob-
tained bio-signal.
[0013] The processor may be further configured to:
perform preprocessing including at least one of equali-
zation of the oscillometric waveform envelope, and ob-
taining a differential signal of the oscillometric waveform
envelope.
[0014] The processor may be further configured to
equalize the oscillometric waveform envelope by using
at least one of a moving sum, a moving average, poly-
nomial fitting, and Gaussian fitting.
[0015] According to an aspect of an example embod-
iment, an apparatus for detecting a characteristic point
may include a communication interface configured to re-
ceive a bio-signal from an external device; and a proc-
essor configured to: obtain a first envelope by removing
a first baseline change from an oscillometric waveform
envelope of the received bio-signal; obtain a second en-
velope by removing a second baseline change from the
oscillometric waveform envelope of the received bio-sig-
nal; obtain a third envelope based on the first envelope
and the second envelope; and detect the characteristic
point from the oscillometric waveform envelope based
on the third envelope.
[0016] The processor may be configured to obtain the
first envelope by applying a baseline change function in
a forward direction of the oscillometric waveform enve-
lope of the received bio-signal; and obtain the second
envelope by applying the baseline change function in a
reverse direction of the oscillometric waveform envelope
of the received bio-signal.
[0017] The processor may be configured to detect a
peak of the oscillometric waveform envelope of the re-
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ceived bio-signal as the characteristic point based on ar-
ea information of the third envelope.
[0018] The communication interface may be further
configured to transmit the detected characteristic point
to the external device.
[0019] According to an aspect of an example embod-
iment, a method of detecting a characteristic point may
include obtaining an oscillometric waveform envelope of
a bio-signal; obtaining a first envelope by removing a first
baseline change from the oscillometric waveform enve-
lope; obtaining a second envelope by removing a second
baseline change from the oscillometric waveform enve-
lope; obtaining a third envelope based on the first enve-
lope and the second envelope; and detecting the char-
acteristic point from the oscillometric waveform envelope
based on the third envelope.
[0020] The method may include generating the first en-
velope by applying a baseline change function in a for-
ward direction of the oscillometric waveform envelope;
and generating the second envelope by applying the
baseline change function in a reverse direction of the
oscillometric waveform envelope.
[0021] The obtaining of the third envelope may include
combining the first envelope and the second envelope
by using at least one of a multiplication function, a weight-
ed sum function, and a weighted multiplication function.
[0022] The detecting of the characteristic point may
include detecting the characteristic point based on area
information of the third envelope.
[0023] The detecting of the characteristic point may
include selecting a maximum area point of the third en-
velope; and detecting, as the characteristic point, a max-
imum peak of the oscillometric waveform envelope in a
predetermined time interval based on the selected max-
imum area point.
[0024] The maximum area point may include a time
point corresponding to a maximum amplitude in a max-
imum area region of the third envelope.
[0025] The method may include performing preproc-
essing including at least one of equalization of the oscil-
lometric waveform envelope and obtaining a differential
signal of the oscillometric waveform envelope.
[0026] According to an aspect of an example embod-
iment, an apparatus for estimating bio-information may
include a pulse wave sensor configured to obtain a bio-
signal from an object; and a processor configured to: ob-
tain a first envelope by removing a first baseline change
from an oscillometric waveform envelope of the bio-sig-
nal; obtain a second envelope by removing a second
baseline change from the oscillometric waveform enve-
lope of the bio-signal; obtain a third envelope based on
the first envelope and the second envelope; detect a
characteristic point from the oscillometric waveform en-
velope based on a third; and estimate the bio-information
based on the detected characteristic point.
[0027] The processor may be configured to detect a
maximum peak of the oscillometric waveform envelope
as the characteristic point based on area information of

the third envelope.
[0028] The apparatus may include a pressure sensor
configured to measure pressure applied to the object
while the bio-signal is measured from the object. The
processor may be configured to estimate the bio-infor-
mation based on the detected maximum peak and the
measured pressure.
[0029] The bio-information may include at least one of
a blood pressure, a vascular age, an arterial stiffness, an
aortic pressure waveform, a vascular compliance, a
stress index, and a fatigue level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and/or other aspects of the present
disclosure will be more apparent from the following de-
scription of example embodiments taken in conjunction
with the accompanying drawings, in which:

FIGS. 1A and 1B are block diagrams illustrating an
apparatus for detecting a characteristic point accord-
ing to an example embodiment;
FIG. 2 is a block diagram illustrating a processor of
FIGS. 1A and 1B according to an example embodi-
ment;
FIGS. 3A to 3F are diagrams of detecting a peak of
an oscillometric waveform envelope according to an
example embodiment;
FIG. 4 is a flowchart illustrating a method of detecting
a characteristic point according to an example em-
bodiment;
FIGS. 5A and 5B are block diagrams illustrating an
apparatus for estimating bio-information according
to an example embodiment;
FIG. 6 is a diagram illustrating a wearable device
configured to be worn on a wrist according to an ex-
ample embodiment; and
FIG. 7 is a diagram illustrating a smart device ac-
cording to an example embodiment.

DETAILED DESCRIPTION

[0031] Details of example embodiments are included
in the following detailed description and drawings.
Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals may refer to the same elements, features, and
structures.
[0032] It should be understood that, although terms
such as "first," "second," etc., may be used herein to de-
scribe various elements, these elements might not be
limited by these terms. These terms may be used to dis-
tinguish one element from another. Any references to the
singular form of a term may include the plural form of the
term unless expressly stated otherwise. In addition, un-
less explicitly described to the contrary, an expression
such as "comprising" or "including" should be understood
to imply the inclusion of stated elements, but not the ex-
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clusion of any other elements. Also, terms such as "part,"
"module," etc., should be understood as a unit that is
configured to perform at least one function or operation,
and that may be implemented in hardware, software, or
a combination thereof.
[0033] Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and c,"
should be understood as including only a, only b, only c,
both a and b, both a and c, both b and c, all of a, b, and
c, or any variations of the aforementioned examples.
[0034] Hereinafter, example embodiments of an appa-
ratus and method for detecting a characteristic point will
be described in detail with reference to the accompanying
drawings. The example embodiments of the apparatus
for detecting a characteristic point may be implemented
in a portable device, such as a smart device, a wearable
device, or the like, as well as a device in a specialized
medical institution, a cuff manometer, or the like, but the
apparatus for detecting a characteristic point is not limited
thereto.
[0035] FIGS. 1A and 1B are block diagrams of an ap-
paratus for detecting a characteristic point according to
an example embodiment.
[0036] Referring to FIG. 1A, the apparatus 100a for
detecting a characteristic point includes a bio-signal ob-
tainer 110, and a processor 120.
[0037] The bio-signal obtainer 110 may be a sensor
configured to measure a bio-signal from an object. The
bio-signal may include a photoplethysmogram (PPG)
signal, an impedance plethysmogram (IPG) signal, a
pressure wave signal, a video plethysmogram (VPG), or
the like. The bio-signal obtainer 110 may include various
types of sensors such as an optics-based sensor, an im-
pedance-based sensor, a pressure-based sensor, etc.,
depending on the types of bio-signals to be obtained, but
is not limited thereto.
[0038] Hereinafter, an example embodiment will be de-
scribed in detail, in which the bio-signal obtainer 110 in-
cludes an optics-based sensor (hereinafter referred to
as a "pulse wave sensor") configured to measure a PPG
signal (hereinafter referred to as a "pulse wave signal"),
and obtain a pulse wave signal by using the pulse wave
sensor and an oscillometric waveform envelope from the
pulse wave signal. However, this is merely for conven-
ience of explanation, and it will be evident to those skilled
in the art that the example embodiments are not limited
to the PPG signal.
[0039] The pulse wave sensor includes a light source
which emits light onto an object and a detector which
detects light scattered or reflected from the object. In this
case, the light source may include a light emitting diode
(LED), a laser diode, a phosphor, or the like. Further, the
detector may include a photo diode, an image sensor, or
the like, but is not limited thereto. The light source and/or
the detector may be formed as an array of two or more
light sources and/or detectors, and each of the light

sources may emit light of different wavelengths.
[0040] The processor 120 may be configured to control
various functions of the apparatus 100a for detecting a
characteristic point. The processor 120 may be electri-
cally connected to the bio-signal obtainer 110, and may
control the pulse wave sensor to obtain the pulse wave
signal from the object. In this case, the object may be
skin tissue of the human body and may be, for example,
a body part such as the back of the hand, the wrist, fin-
gers, or the like, at which veins or capillaries are located.
However, the object is not limited thereto, and may be a
body part at which arteries, such as the radial artery, are
located.
[0041] Based on receiving the pulse wave signal of the
object, the processor 120 may remove noise from the
pulse wave signal by performing, for example, band-pass
filtering between 0.4 hertz (Hz) to 10 Hz, or the like. Al-
ternatively, the processor 120 may correct the pulse
wave signal by reconstructing the pulse wave signal us-
ing Fast Fourier Transform (FFT), but is not limited there-
to.
[0042] The processor 120 may obtain an oscillometric
waveform envelope from the pulse wave signal of the
object, and detect characteristic points for estimating bio-
information from the oscillometric waveform envelope.
For example, the characteristic points for estimating bio-
information may include a maximum peak of the oscillo-
metric waveform envelope. In this case, bio-information
may include blood pressure, vascular compliance, car-
diac output, total peripheral resistance, vascular age, or
the like, but is not limited thereto.
[0043] Generally, the maximum peak of the oscillom-
etric waveform envelope may be detected, and blood
pressure may be estimated by using the detected max-
imum peak. For example, the processor 120 may esti-
mate systolic blood pressure and/or diastolic blood pres-
sure by using time and/or amplitude values located at
the right and left points of the maximum peak point and
having a predetermined ratio (e.g., 0.5 to 0.7) to an am-
plitude at the detected maximum peak point, or time
and/or amplitude values located at the right and left points
of the maximum peak point and corresponding to points,
at which a slope is maximum or minimum. In this case,
the maximum peak indicates a maximum amplitude point
in the oscillometric waveform envelope. However, if im-
pulsive noise, which is caused when an object in contact
with the pulse wave sensor increases or decreases pres-
sure, is included in the pulse wave signal, or if an abnor-
mal pulse due to arrhythmia, or the like, is included in the
pulse wave signal, a maximum peak of the oscillometric
waveform envelope may be inaccurately detected.
[0044] In an example embodiment of the present dis-
closure, in order to minimize (or reduce) inaccurate de-
tection of the maximum peak of the oscillometric wave-
form envelope due to various noise included in the pulse
wave signal, the maximum peak of the oscillometric
waveform envelope may be detected based on area in-
formation of the oscillometric waveform envelope.
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[0045] Based on a peak point being detected as a char-
acteristic point based on the area information of the os-
cillometric waveform envelope, the processor 120 may
be configured to provide a user with information regard-
ing the detected characteristic point via an output com-
ponent (e.g., a display, a speaker, etc.) of the apparatus
100a for detecting a characteristic point, or via an external
device.
[0046] Referring to FIG. 1B, the apparatus 100b for
detecting a characteristic point includes the processor
120, and a communication interface 130. The apparatus
100b for detecting a characteristic point according to an
example embodiment of the present disclosure may fur-
ther include the bio-signal obtainer 110 described above
with reference to FIG. 1A.
[0047] The communication interface 130 may commu-
nicate with an external device under the control of the
processor 120, and receive information from the external
device. Additionally, the communication interface 130
may transmit information, processed by the processor
120, to the external device. Examples of the external de-
vice may include a separate sensor for measuring bio-
signals from an object, a server of a medical institution
for managing bio-signals, a smartphone, a tablet person-
al computer (PC), a laptop computer, a desktop compu-
ter, a wearable device worn by the user, or the like.
[0048] For example, the communication interface 130
may receive a bio-signal or an oscillometric waveform
envelope of the bio-signal from an external device, and
transmit a characteristic point, which is detected by the
processor 120 by using the received bio-signal or oscil-
lometric waveform envelope, to an external device based
on a request for the characteristic point.
[0049] The communication interface 130 may commu-
nicate with an external device by using various wired or
wireless communication techniques such as Bluetooth
communication, Bluetooth Low Energy (BLE) communi-
cation, Near Field Communication (NFC), wireless local
area network (WLAN) communication, Zigbee commu-
nication, Infrared Data Association (IrDA) communica-
tion, wireless fidelity (Wi-Fi) Direct (WFD) communica-
tion, Ultra-Wideband (UWB) communication, Ant+ com-
munication, Wi-Fi communication, Radio Frequency
Identification (RFID) communication, third generation
(3G), fourth generation (4G), and fifth generation (5G)
telecommunications, or the like. However, the foregoing
communication techniques are merely examples and are
not intended to be limiting.
[0050] Based on receiving the bio-signal or the oscil-
lometric waveform envelope of the bio-signal from an ex-
ternal device via the communication interface 130, the
processor 120 may detect a characteristic point, such as
a maximum peak of the oscillometric waveform envelope,
by using the bio-signal or the oscillometric waveform en-
velope of the bio-signal, as described above.
[0051] Based on the bio-signal obtainer 110 and the
communication interface 130 being included in the ap-
paratus 100b for detecting a characteristic point, the

processor 120 may selectively control the bio-signal ob-
tainer 110 and the communication interface 130 based
on receiving a request for detecting a characteristic point
from a user.
[0052] FIG. 2 is a block diagram of a processor of FIGS.
1A and 1B according to an example embodiment. FIGS.
3A to 3F are diagrams of detecting a peak of an oscillo-
metric waveform envelope according to an example em-
bodiment.
[0053] Referring to FIG. 2, a processor 200 according
to an example embodiment of the present disclosure in-
cludes an oscillometric waveform envelope obtainer 210,
a first envelope obtainer 220, a second envelope obtainer
230, a third envelope obtainer 240, and a characteristic
point detector 250.
[0054] Based on a bio-signal being obtained by the bio-
signal obtainer 110 or via the communication interface
130, the oscillometric waveform envelope obtainer 210
may obtain an oscillometric waveform envelope from the
bio-signal.
[0055] FIG. 3A is a diagram illustrating a PPG signal
measured by the pulse wave sensor based on a user
gradually increasing contact pressure while touching the
pulse wave sensor with an object according to an exam-
ple embodiment. As shown in FIG. 3A, based on the user
gradually increasing a pressing force applied by the ob-
ject to the pulse wave sensor, the amplitude of the pulse
wave signal exhibits a gradually increasing trend during
a predetermined period of time.
[0056] For example, by detecting a pulse peak and a
pulse onset at each time point of the pulse wave signal,
and by extracting a peak-to-peak point of the pulse wave
signal waveform by subtracting an amplitude value at the
pulse onset from an amplitude value at the detected pulse
peak, the oscillometric waveform envelope obtainer 210
may obtain the oscillometric waveform envelope OMW
However, the oscillometric waveform envelope is not lim-
ited thereto, and may be obtained using various other
methods.
[0057] In addition, based on obtaining the oscillometric
waveform envelope from the pulse wave signal, the os-
cillometric waveform envelope obtainer 210 may perform
preprocessing on the obtained oscillometric waveform
envelope. For example, the preprocessing may include
equalization of the oscillometric waveform envelope.
FIG. 3B is a diagram illustrating an oscillometric wave-
form envelope sOMW after equalization of the oscillom-
etric waveform envelope OMW obtained in FIG. 3A ac-
cording to an example embodiment. In this case, the os-
cillometric waveform envelope obtainer 210 may equal-
ize the oscillometric waveform envelope by using a mov-
ing sum, a moving average, polynomial fitting, Gaussian
fitting, or the like. Further, the preprocessing may include
obtaining a differential signal by differentiating the ob-
tained oscillometric waveform envelope or the equalized
oscillometric waveform envelope.
[0058] The first envelope obtainer 220 may obtain a
first envelope by removing a baseline change in a forward
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direction of the oscillometric waveform envelope of the
pulse wave signal. The first envelope obtainer 220 may
remove the baseline change in a forward direction by
applying a baseline change function in a forward direction
on a time axis of the oscillometric waveform envelope.
In this case, the baseline change function may be a func-
tion which outputs a minimum value for each window by
sliding the oscillometric waveform envelope in units of a
predetermined window size (e.g., 30 seconds). In this
case, the window size may be set to various values based
on a measurement time of the pulse wave signal, a user
input, user characteristics, characteristics of an external
environment, types of bio-information to be estimated, or
the like.
[0059] For example, referring to FIG. 3C, by sliding in
a forward direction of the oscillometric waveform enve-
lope sOMW, the baseline change function may output a
baseline change MM for each window. Referring to FIG.
3E, the first envelope obtainer 220 may obtain a first en-
velope fOMW by removing the baseline change by sub-
tracting the baseline change, output by the baseline
change function, from the original oscillometric waveform
envelope sOMW
[0060] The second envelope obtainer 230 may obtain
a second envelope by removing the baseline change in
a reverse direction of the oscillometric waveform enve-
lope of the pulse wave signal. The second envelope ob-
tainer 230 may remove the baseline change in a reverse
direction by applying the baseline change function in a
reverse direction on a time axis of the oscillometric wave-
form envelope.
[0061] For example, referring to FIG. 3D, the baseline
change function may output the baseline change MM in
a reverse direction of the oscillometric waveform enve-
lope sOMW Referring to FIG. 3E, the second envelope
obtainer 230 may obtain a second envelope bOMW by
removing the baseline change in a reverse direction of
the oscillometric waveform envelope by subtracting the
baseline change, output by the baseline change function,
from the original oscillometric waveform envelope
sOMW.
[0062] The third envelope obtainer 240 may obtain a
third envelope by combining the first envelope and the
second envelope. For example, the third envelope ob-
tainer 240 may combine the first envelope and the second
envelope by applying a combination function including a
multiplication function, a weighted sum function, a
weighted multiplication function, or the like, but the com-
bination function is not limited thereto. FIG. 3E illustrates
an example of obtaining the third envelope cOMW by
combining the first envelope fOMW and the second en-
velope bOMW
[0063] The characteristic point detector 250 may de-
tect a peak of the oscillometric waveform envelope as a
characteristic point by using the third envelope. Referring
to FIG. 3F, based on obtaining the third envelope cOMW
by combining the first envelope fOMW and the second
envelope bOMW, the characteristic point detector 250

may detect the peak of the oscillometric waveform enve-
lope based on area information of the third envelope
cOMW.
[0064] For example, the characteristic point detector
250 may select a maximum area point Pm of the third
envelope, and may detect, as the peak of the oscillom-
etric waveform envelope, a maximum amplitude point of
the original oscillometric waveform envelope sOMW in a
predetermined interval based on a time Tm of the select-
ed maximum area point. In this case, the maximum area
point Pm of the third envelope may include a point cor-
responding to a maximum amplitude in a maximum area
region MA of the third envelope cOMW. Further, the pre-
determined interval may be a certain interval before and
after the time Tm of the maximum area point and may
be, for example, five seconds before and after the time
Tm of the selected maximum area point, but is not limited
thereto.
[0065] FIG. 4 is a flowchart illustrating a method of de-
tecting a characteristic point according to an example
embodiment. The method of detecting a characteristic
point of FIG. 4 may be performed by the apparatuses
100a and/or 100b for detecting a characteristic point ac-
cording to the example embodiments of FIGS. 1A and 1B.
[0066] The apparatuses 100a and/or 100b for detect-
ing a characteristic point may receive an input of an os-
cillometric waveform envelope in operation 410. For ex-
ample, based on obtaining a bio-signal from an object,
the apparatuses 100a and/or 100b for detecting a char-
acteristic point may be configured to obtain an oscillom-
etric waveform envelope from the bio-signal. Alternative-
ly, the apparatuses 100a and/or 100b for detecting a
characteristic point may receive a bio-signal or an oscil-
lometric waveform envelope from an external device.
[0067] Based on obtaining the oscillometric waveform
envelope, the apparatuses 100a and/or 100b for detect-
ing a characteristic point may perform preprocessing,
such as equalization of the oscillometric waveform en-
velope and/or obtaining of a differential signal of the os-
cillometric waveform envelope, or the like.
[0068] The apparatuses 100a and/or 100b for detect-
ing a characteristic point may obtain a first envelope by
removing a baseline change from the input oscillometric
waveform envelope in operation 420. For example, the
apparatuses 100a and/or 100b for detecting a character-
istic point may obtain a baseline change in a forward
direction by applying a pre-defined baseline change func-
tion in a forward direction on a time axis of the oscillom-
etric waveform envelope, and obtain a first envelope by
subtracting the baseline change in the forward direction
from the original oscillometric waveform envelope.
[0069] Further, the apparatuses 100a and/or 100b for
detecting a characteristic point may obtain a second en-
velope in operation 430 by removing the baseline change
from the oscillometric waveform envelope received in op-
eration 410. For example, the apparatuses 100a and/or
100b for detecting a characteristic point may obtain a
baseline change in a reverse direction by applying a pre-
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defined baseline change function in a reverse direction
on a time axis of the oscillometric waveform envelope,
and obtain a second envelope by subtracting the baseline
change in the reverse direction from the original oscillo-
metric waveform envelope.
[0070] The apparatuses 100a and/or 100b for detect-
ing a characteristic point may obtain a third envelope by
combining the first envelope and the second envelope in
operation 440. For example, the apparatuses 100a and
100b for detecting a characteristic point may combine
the first envelope and the second envelope by applying
a combination function including a multiplication function,
a weighted sum function, a weighted multiplication func-
tion, or the like.
[0071] The apparatuses 100a and/or 100b for detect-
ing a characteristic point may detect a characteristic point
based on area information of the third envelope in oper-
ation 450. For example, the apparatuses 100a and 100b
for detecting a characteristic point may detect a maxi-
mum area point from the third envelope, and detect a
maximum peak of the oscillometric waveform envelope,
obtained in operation 410, as a characteristic point in a
predetermined interval based on a time of the maximum
area point. In this case, the maximum area point may
indicate a maximum amplitude point of the third enve-
lope.
[0072] FIGS. 5A and 5B are block diagrams illustrating
an apparatus for estimating bio-information according to
an example embodiment.
[0073] Referring to FIGS. 5A and 5B, the apparatuses
500a and 500b for estimating bio-information include a
bio-signal obtainer 510, a processor 520, an output in-
terface 540, a storage 550, and a communication inter-
face 560.
[0074] The bio-signal obtainer 510 may obtain a pulse
wave signal from an object based on a user gradually
increasing or decreasing pressure applied to the bio-sig-
nal obtainer 510. In this case, the pulse wave sensor
includes a light source configured to emit light onto the
object, and a detector configured to detect scattered or
reflected light based on light emitted onto the object being
scattered or reflected from a component of the object,
and generate an electric signal based on the detected
light.
[0075] The processor 520 may estimate bio-informa-
tion based on the bio-signal obtained by the bio-signal
obtainer 510. In this case, bio-information may include
blood pressure, vascular compliance, cardiac output, to-
tal peripheral resistance, vascular age, or the like. The
following description will be made using blood pressure
as an example.
[0076] Based on the bio-signal being obtained, the
processor 520 may obtain an oscillometric waveform en-
velope from the obtained bio-signal. For example, as de-
scribed above, the processor 520 may detect a pulse
peak and a pulse onset at each time point of the bio-
signal, and obtain an oscillometric waveform envelope
based on a difference between an amplitude at the pulse

peak and an amplitude at the pulse onset. However, the
oscillometric waveform envelope is not limited thereto.
[0077] Based on obtaining the oscillometric waveform
envelope, the processor 520 may detect a characteristic
point, including a peak of the oscillometric waveform en-
velope, by using area information of the oscillometric
waveform envelope. For example, as described above,
the processor 520 may obtain envelopes, from which
baselines changes in a forward direction and a reverse
direction are removed, by applying a baseline change
function in a forward direction and a reverse direction of
the oscillometric waveform envelope, respectively. Fur-
ther, by combining the obtained envelopes and by using
a maximum area point of one envelope obtained as a
result of the combination, the processor 520 may detect
a peak of the oscillometric waveform envelope, detailed
description of which will be omitted.
[0078] Based on detecting the peak of the oscillometric
waveform envelope, the processor 520 may estimate bio-
information by using time and/or amplitude values of the
peak of the oscillometric waveform envelope.
[0079] For example, the processor 520 may obtain, as
additional features, a time point corresponding to an am-
plitude value having a predetermined ratio (e.g., 0.5 to
0.7) to an amplitude value before or after the peak point,
or a time point, at which a slope is maximum/minimum,
before and after the peak point. The processor 520 may
estimate diastolic blood pressure based on contact pres-
sure applied by the object to the bio-signal obtainer 510
which corresponds to a time point before the detected
peak point, and estimate systolic blood pressure based
on a contact pressure corresponding to a time point after
the detected peak point.
[0080] For example, based on a correlation between
an amplitude value at each time point of the oscillometric
waveform envelope and a contact pressure, a contact
pressure may be estimated from the amplitude value at
each time point. In this case, a contact pressure conver-
sion model may be pre-defined, and define a correlation
between the amplitude value at each time point, or a val-
ue obtained by converting the amplitude value, and a
corresponding contact pressure.
[0081] In another example, as shown in FIG. 5B, the
apparatus 500b for estimating bio-information may fur-
ther include a pressure sensor 530. The pressure sensor
530 may measure a change in pressure applied to an
object while a bio-signal is measured from the object. For
example, the pressure sensor 530 may measure a
change in contact pressure applied to the pulse wave
sensor while the object is in contact with the pulse wave
sensor. Based on receiving the contact pressure meas-
ured by the pressure sensor 530, and obtaining time
points before and after the peak point, the processor 520
may estimate systolic blood pressure and diastolic blood
pressure based on contact pressure values correspond-
ing to the time points.
[0082] Further, in addition to the peak of the oscillom-
etric waveform envelope, the processor 520 may detect,
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as additional characteristic points, time and/or amplitude
components related to a propagation wave and/or a re-
flection wave of the pulse waves, or an area in a prede-
termined interval of the oscillometric waveform envelope,
or the like. The processor 520 may obtain features for
estimating bio-information by combining the detected
characteristic points, and estimate bio-information by us-
ing a pre-defined bio-information estimation model.
[0083] The output interface 540 may provide a variety
of information, related to the estimated bio-information,
for a user by using various output components. In this
case, the output components may include a visual output
components such as a display, or the like, a voice output
component such as a speaker, or the like, or a haptic
component, or the like, using vibration, tactile sensation,
or the like, but is not limited thereto.
[0084] For example, the output interface 540 may out-
put information, such as an estimated blood pressure
value and/or a user’s health condition determined based
on the estimated blood pressure value, an action in re-
sponse to the determined health condition, or the like.
Further, the output interface 540 may output a blood pres-
sure estimation history in the form of a graph, and provide
detailed information related to estimating blood pressure
at a corresponding time point selected by a user.
[0085] The storage 550 may store reference informa-
tion related to estimating bio-information, the pulse wave
signal, the estimated bio-information value, the detected
characteristic point, or the like. In this case, the reference
information may include information such as user char-
acteristic information including a user’s age, sex, health
condition, or the like, a baseline change function, a bio-
information estimation model, a contact pressure con-
version model, or the like.
[0086] The storage 550 may include at least one stor-
age medium of a flash memory type memory, a hard disk
type memory, a multimedia card micro type memory, a
card type memory (e.g., a secure digital (SD) memory,
an extreme digital (XD) memory, etc.), a Random Access
Memory (RAM), a Static RAM (SRAM), a Read-Only
Memory (ROM), an Electrically Erasable Programmable
ROM (EEPROM), a Programmable ROM (PROM), a
magnetic memory, a magnetic disk, and an optical disk,
or the like, but is not limited thereto.
[0087] The communication interface 560 may commu-
nicate with an external device via the communication
techniques described above, and transmit and receive a
variety of information to and from the connected external
device. In this case, examples of the external device may
include a blood pressure measuring device such as a
cuff manometer, a medical device related to measuring
other types of bio-information, and an information
processing device such as a smartphone, a tablet PC, a
desktop computer, a laptop computer, or the like. For
example, the communication interface 560 may receive
a cuff blood pressure value, a bio-information estimation
model, a contact pressure conversion model, or the like,
from the external device. Further, the communication in-

terface 560 may transmit information, such as the pulse
wave signal measured by the bio-signal obtainer 510,
the characteristic point detected by the processor 520,
the estimated bio-information value, or the like, to the
external device.
[0088] FIG. 6 is a diagram illustrating a wearable de-
vice configured to be worn on a wrist according to an
example embodiment. Example embodiments of the ap-
paratuses 500a and/or 500b for estimating bio-informa-
tion described above may be included in a smart watch
configured to be worn on a wrist or a smart band-type
wearable device, but are not limited thereto.
[0089] Referring to FIG. 6, the wearable device 600
includes a main body 610, and a strap 630.
[0090] The main body 610 may be formed to have var-
ious shapes, and may include various components which
are mounted inside or outside of the main body 610 and
that are configured to perform the aforementioned func-
tions of detecting a characteristic point or estimating bio-
information, as well as various other functions (e.g., a
time function, an alarm function, etc.). A battery may be
embedded in the main body 610 or the strap 630 to supply
power to the various components of the wearable device
600.
[0091] The strap 630 may be connected to the main
body 610. The strap 630 may be flexible, and configured
to be wrapped around a user’s wrist. The strap 630 may
be bent in a manner that allows the strap 630 to be de-
tached from the user’s wrist or may be formed as a band
that is not detachable. Air may be injected into the strap
630, or an airbag may be included in the strap 630, to
provide the strap 630 with elasticity according to a change
in pressure applied to the wrist, and the change in pres-
sure of the wrist may be transmitted to the main body 610.
[0092] The main body 610 may include a sensor 620
for measuring a bio-signal. The sensor 620 may be
mounted on one surface of the main body 610 that con-
tacts the user’s wrist based on the main body 610 being
worn on a user’s wrist. For example, the sensor 620 may
include a light source configured to emit light onto the
wrist, and a detector configured to detect light scattered
or reflected from body tissue such as a skin surface, blood
vessels, or the like. However, the sensor 620 is not limited
thereto, and may include an impedance-based sensor,
a pressure-based sensor, or the like.
[0093] In addition, a processor may be mounted in the
main body 610, and may be electrically connected to var-
ious components of the wearable device 600 to control
operations thereof.
[0094] The processor may control the sensor 620
based on an occurrence of a bio-information estimation
event. The bio-information estimation event may be gen-
erated based on a user’s command input via a touch
screen, a button 640, a display, or the like, at predeter-
mined bio-information estimation intervals, by monitoring
a bio-information estimation result, or the like.
[0095] Based on the sensor 620 measuring the bio-
signal, the processor may obtain an oscillometric wave-
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form envelope, and remove baseline changes in a for-
ward direction and a reverse direction of the oscillometric
waveform envelope. Further, the processor may com-
bine envelopes, from each of which the baseline changes
are removed in the forward direction and the reverse di-
rection, and detect a peak of the oscillometric waveform
envelope based on area information of the combined os-
cillometric waveform envelope generated as a result of
the combination. By using the peak of the oscillometric
waveform envelope, the processor may estimate bio-in-
formation related to cardiovascular conditions, such as
blood pressure.
[0096] The display may be mounted on a front surface
of the main body 610, and may be a touch panel having
a touch screen configured to sense a touch input. The
display may receive a touch input from a user, transmit
the received touch input to the processor, and display a
processing result of the processor. For example, the dis-
play may display a bio-information estimation result, and
display additional information such as a bio-information
estimation history, a change in health condition, warning
information, or the like, along with the estimation result.
[0097] A storage, that is configured to store the
processing result of the processor and a variety of infor-
mation, may be mounted in the main body 610. In this
case, the variety of information may include information
related to estimating bio-information, as well as informa-
tion related to other functions of the wearable device 600.
[0098] In addition, the main body 610 may include a
button 640 that is configured to receive a user’s com-
mand, and transmit the received command to the proc-
essor. The button 640 may include a power button to
input a command to turn on/off the wearable device 600.
[0099] A communication interface, that is configured
to communicate with an external device, may be mounted
in the main body 610. The communication interface may
transmit a bio-information estimation result to an external
device to permit the external device (e.g., a mobile ter-
minal) to output the estimation result or store the estima-
tion result in a storage module of the external device.
Further, the communication interface may receive infor-
mation for supporting various other functions of the wear-
able device 600, or the like, from the external device.
[0100] FIG. 7 is a diagram illustrating a smart device,
to which embodiments of the apparatuses 500a and/or
500b for estimating bio-information described above are
applied according to an example embodiment. In this
case, the smart device may be a smartphone, a tablet
PC, or the like, but is not limited thereto.
[0101] Referring to FIG. 7, the smart device 700 may
include a main body 710 and a sensor 730 mounted on
one surface of the main body 710. The sensor 730 may
include one or more light sources 731, and a detector
732. However, the sensor 730 is not limited thereto, and
may include an impedance-based sensor, a pressure-
based sensor, or the like. As shown in FIG. 7, the sensor
730 may be mounted on a rear surface of the main body
710, but is not limited thereto, and may be configured in

combination with a fingerprint sensor or a touch panel
mounted on a front surface of the main body 710.
[0102] A display may be mounted on a front surface of
the main body 710. The display may visually display a
bio-information estimation result, or the like. The display
may include a touch panel, and may receive information
input via the touch panel, and transmit the received in-
formation to the processor.
[0103] An image sensor 720 may be mounted in the
main body 710. Based on a user’s finger approaching
the sensor 730 to measure a bio-signal, the image sensor
720 may capture an image of the finger, and transmit the
captured image to the processor. In this case, based on
the image of the finger, the processor may identify a rel-
ative position of the finger with respect to an actual po-
sition of the sensor 730, and provide the relative position
of the finger for the user via the display, so as to guide
the user to accurately contact the sensor 730 with the
finger.
[0104] The processor may detect a peak of an oscillo-
metric waveform envelope by using a bio-signal meas-
ured by the sensor 730. As described above in detail, the
processor may remove baseline changes in a forward
direction and a reverse direction of the oscillometric
waveform envelope, combine envelopes, from each of
which the baseline changes are removed in the forward
direction and the reverse direction, and detect a peak of
the oscillometric waveform envelope based on area in-
formation of the combined oscillometric waveform enve-
lope. By using the peak of the oscillometric waveform
envelope, the processor may estimate bio-information,
and output the estimation result via the display.
[0105] The example embodiments of the present dis-
closure may be implemented by computer-readable code
written on a non-transitory computer-readable medium
and executed by a processor. The non-transitory com-
puter-readable medium may be any type of recording
device in which data is stored in a computer-readable
manner.
[0106] Examples of the non-transitory computer-read-
able recording medium include a ROM, a RAM, a CD-
ROM, a magnetic tape, a floppy disc, an optical data stor-
age, and a carrier wave (e.g., data transmission via the
Internet). The computer-readable medium may be dis-
tributed over a plurality of computer systems connected
to a network so that computer-readable code is written
thereto and executed therefrom in a decentralized man-
ner. Functional programs, code, and code segments for
implementing the example embodiments may be de-
duced by one of ordinary skill in the art.
[0107] Although example embodiments have been de-
scribed herein, it will be understood by those skilled in
the art that various changes and modifications may be
made without changing technical ideas and features of
the present disclosure. Thus, it is clear that the above-
described example embodiments are illustrative in all as-
pects and are not intended to limit the present disclosure.
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The following is a list of further preferred embodi-
ments of the invention:

[0108]

Embodiment 1. An apparatus for detecting a char-
acteristic point, the apparatus comprising:

a bio-signal obtainer configured to obtain a bio-
signal from an object; and
a processor configured to:

obtain a first envelope by removing a first
baseline change from an oscillometric
waveform envelope of the bio-signal;
obtain a second envelope by removing a
second baseline change from the oscillom-
etric waveform envelope of the bio-signal;
obtain a third envelope based on the first
envelope and the second envelope; and
detect the characteristic point from the os-
cillometric waveform envelope based on the
third envelope.

Embodiment 2. The apparatus of embodiment 1,
wherein the bio-signal comprises at least one of a
photoplethysmogram, PPG, signal, an impedance
plethysmogram, IPG, signal, pressure wave, and a
video plethysmogram, VPG, signal.

Embodiment 3. The apparatus of embodiment 1,
wherein the processor is further configured to:

generate the first envelope by applying a base-
line change function in a forward direction of the
oscillometric waveform envelope of the bio-sig-
nal; and
generate the second envelope by applying the
baseline change function in a reverse direction
of the oscillometric waveform envelope of the
bio-signal.

Embodiment 4. The apparatus of embodiment 3,
wherein the baseline change function is a function
which outputs a minimum value for each window of
the oscillometric waveform envelope of the bio-sig-
nal by sliding the oscillometric waveform envelope
in units of a predetermined window size.

Embodiment 5. The apparatus of embodiment 4,
wherein the predetermined window size is set based
on at least one of a user input, a user characteristic,
a characteristic of an external environment, and a
type of bio-information to be estimated.

Embodiment 6. The apparatus of embodiment 1,
wherein the processor is further configured to com-
bine the first envelope and the second envelope by

using at least one of a multiplication function, a
weighted sum function, and a weighted multiplication
function.

Embodiment 7. The apparatus of embodiment 1,
wherein the processor is configured to detect the
characteristic point based on area information of the
third envelope.

Embodiment 8. The apparatus of embodiment 7,
wherein the processor is further configured to:

select a maximum area point of the third enve-
lope; and
detect, as the characteristic point, a maximum
peak of the oscillometric waveform envelope in
a predetermined time interval based on the se-
lected maximum area point.

Embodiment 9. The apparatus of embodiment 8,
wherein the maximum area point comprises a time
point corresponding to a maximum amplitude in a
maximum area region of the third envelope.

Embodiment 10. The apparatus of embodiment 1,
wherein the processor is further configured to obtain
the oscillometric waveform envelope from the ob-
tained bio-signal.

Embodiment 11. The apparatus of embodiment 10,
wherein the processor is further configured to per-
form preprocessing including at least one of equali-
zation of the oscillometric waveform envelope, and
obtaining a differential signal of the oscillometric
waveform envelope.

Embodiment 12. The apparatus of embodiment 11,
wherein the processor is further configured to equal-
ize the oscillometric waveform envelope by using at
least one of a moving sum, a moving average, pol-
ynomial fitting, and Gaussian fitting.

Embodiment 13. An apparatus for detecting a char-
acteristic point, the apparatus comprising:

a communication interface configured to receive
a bio-signal from an external device; and
a processor configured to:

obtain a first envelope by removing a first
baseline change from an oscillometric
waveform envelope of the received bio-sig-
nal;
obtain a second envelope by removing a
second baseline change from the oscillom-
etric waveform envelope of the received
bio-signal;
obtain a third envelope based on the first
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envelope and the second envelope; and
detect the characteristic point from the os-
cillometric waveform envelope based on the
third envelope.

Embodiment 14. The apparatus of embodiment 13,
wherein the processor is configured to:

obtain the first envelope by applying a baseline
change function in a forward direction of the os-
cillometric waveform envelope of the received
bio-signal; and
obtain the second envelope by applying the
baseline change function in a reverse direction
of the oscillometric waveform envelope of the
received bio-signal.

Embodiment 15. The apparatus of embodiment 13,
wherein the processor is configured to detect a peak
of the oscillometric waveform envelope of the re-
ceived bio-signal as the characteristic point based
on area information of the third envelope.

Embodiment 16. The apparatus of embodiment 13,
wherein the communication interface is further con-
figured to transmit the detected characteristic point
to the external device.

Embodiment 17. A method of detecting a character-
istic point, the method comprising:

obtaining an oscillometric waveform envelope
of a bio-signal;
obtaining a first envelope by removing a first
baseline change from the oscillometric wave-
form envelope;
obtaining a second envelope by removing a sec-
ond baseline change from the oscillometric
waveform envelope;
obtaining a third envelope based on the first en-
velope and the second envelope; and
detecting the characteristic point from the oscil-
lometric waveform envelope based on the third
envelope.

Embodiment 18. The method of embodiment 17, fur-
ther comprising:

generating the first envelope by applying a base-
line change function in a forward direction of the
oscillometric waveform envelope; and
generating the second envelope by applying the
baseline change function in a reverse direction
of the oscillometric waveform envelope.

Embodiment 19. The method of embodiment 17,
wherein the obtaining of the third envelope compris-
es combining the first envelope and the second en-

velope by using at least one of a multiplication func-
tion, a weighted sum function, and a weighted mul-
tiplication function.

Embodiment 20. The method of embodiment 17,
wherein the detecting of the characteristic point com-
prises detecting the characteristic point based on ar-
ea information of the third envelope.

Embodiment 21. The method of embodiment 20,
wherein the detecting of the characteristic point com-
prises:

selecting a maximum area point of the third en-
velope; and
detecting, as the characteristic point, a maxi-
mum peak of the oscillometric waveform enve-
lope in a predetermined time interval based on
the selected maximum area point.

Embodiment 22. The method of embodiment 21,
wherein the maximum area point comprises a time
point corresponding to a maximum amplitude in a
maximum area region of the third envelope.

Embodiment 23. The method of embodiment 17, fur-
ther comprising performing preprocessing including
at least one of equalization of the oscillometric wave-
form envelope and obtaining a differential signal of
the oscillometric waveform envelope.

Embodiment 24. An apparatus for estimating bio-
information, the apparatus comprising:

a pulse wave sensor configured to obtain a bio-
signal from an object; and
a processor configured to:

obtain a first envelope by removing a first
baseline change from an oscillometric
waveform envelope of the bio-signal;
obtain a second envelope by removing a
second baseline change from the oscillom-
etric waveform envelope of the bio-signal;
obtain a third envelope based on the first
envelope and the second envelope;
detect a characteristic point from the oscil-
lometric waveform envelope based on a
third; and
estimate the bio-information based on the
detected characteristic point.

Embodiment 25. The apparatus of embodiment 24,
wherein the processor is configured to detect a max-
imum peak of the oscillometric waveform envelope
as the characteristic point based on area information
of the third envelope.
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Embodiment 26. The apparatus of embodiment 25,
further comprising:

a pressure sensor configured to measure pres-
sure applied to the object while the bio-signal is
measured from the object,
wherein the processor is configured to estimate
the bio-information based on the detected max-
imum peak and the measured pressure.

Embodiment 27. The apparatus of embodiment 24,
wherein the bio-information comprises at least one
of a blood pressure, a vascular age, an arterial stiff-
ness, an aortic pressure waveform, a vascular com-
pliance, a stress index, and a fatigue level.

Embodiment 28. A method comprising:

obtaining an oscillometric waveform envelope
of a bio-signal of a user;
obtaining a first envelope by removing a set of
first baseline changes of a set of windows of the
oscillometric waveform envelope in a forward di-
rection of a time axis of the oscillometric wave-
form envelope of the bio-signal;
obtaining a second envelope by removing a set
of second baseline changes of the set of win-
dows of the oscillometric waveform envelope in
a reverse direction of the time axis of the oscil-
lometric waveform envelope of the bio-signal;
obtaining a third envelope based on the first en-
velope and the second envelope;
detecting a characteristic point of the oscillom-
etric waveform envelope based on the third en-
velope; and
estimate bio-information of the user based on
the characteristic point.

Claims

1. An apparatus for detecting a characteristic point, the
apparatus comprising:
a processor configured to:

obtain a first envelope by removing a first base-
line change from an oscillometric waveform en-
velope of a bio-signal;
obtain a second envelope by removing a second
baseline change from the oscillometric wave-
form envelope of the bio-signal;
obtain a third envelope based on the first enve-
lope and the second envelope; and
detect the characteristic point from the oscillo-
metric waveform envelope based on the third
envelope.

2. The apparatus of claim 1 further comprising one of

a bio-signal obtainer configured to obtain the bio-
signal from an object, and a communication interface
configured to receive the bio-signal from an external
device.

3. The apparatus of claim 2, wherein the bio-signal
comprises at least one of a photoplethysmogram,
PPG, signal, an impedance plethysmogram, IPG,
signal, pressure wave, and a video plethysmogram,
VPG, signal, or
wherein the processor is further configured to gen-
erate the first envelope by applying a baseline
change function in a forward direction of the oscillo-
metric waveform envelope of the bio-signal; and gen-
erate the second envelope by applying the baseline
change function in a reverse direction of the oscillo-
metric waveform envelope of the bio-signal.

4. The apparatus of claim 3, wherein the baseline
change function is a function which outputs a mini-
mum value for each window of the oscillometric
waveform envelope of the bio-signal by sliding the
oscillometric waveform envelope in units of a prede-
termined window size.

5. The apparatus of claim 4, wherein the predetermined
window size is set based on at least one of a user
input, a user characteristic, a characteristic of an ex-
ternal environment, and a type of bio-information to
be estimated.

6. The apparatus of one of claims 1 to 5, wherein the
processor is further configured to combine the first
envelope and the second envelope by using at least
one of a multiplication function, a weighted sum func-
tion, and a weighted multiplication function, or
wherein the processor is configured to detect the
characteristic point based on area information of the
third envelope.

7. The apparatus of claim 6, wherein the processor is
further configured to:

select a maximum area point of the third enve-
lope; and
detect, as the characteristic point, a maximum
peak of the oscillometric waveform envelope in
a predetermined time interval based on the se-
lected maximum area point.

8. The apparatus of claim 7, wherein the maximum area
point comprises a time point corresponding to a max-
imum amplitude in a maximum area region of the
third envelope.

9. The apparatus of one of claims 1 to 8, wherein the
processor is further configured to obtain the oscillo-
metric waveform envelope from the obtained bio-sig-
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nal, and/or
wherein the processor is further configured to per-
form preprocessing including at least one of equali-
zation of the oscillometric waveform envelope, and
obtaining a differential signal of the oscillometric
waveform envelope, and/or
wherein the processor is further configured to equal-
ize the oscillometric waveform envelope by using at
least one of a moving sum, a moving average, pol-
ynomial fitting, and Gaussian fitting.

10. The apparatus of claim 2, wherein the processor is
configured to:

obtain the first envelope by applying a baseline
change function in a forward direction of the os-
cillometric waveform envelope of the received
bio-signal; and
obtain the second envelope by applying the
baseline change function in a reverse direction
of the oscillometric waveform envelope of the
received bio-signal.

11. The apparatus of claim 2, wherein the processor is
configured to detect a peak of the oscillometric wave-
form envelope of the received bio-signal as the char-
acteristic point based on area information of the third
envelope.

12. The apparatus of claim 2, wherein the communica-
tion interface is further configured to transmit the de-
tected characteristic point to the external device.

13. A computer-readable storage medium having in-
structions that, when executed by a processor of an
apparatus for estimating bio-information comprising
a pulse wave sensor configured to obtain a bio-signal
from an object, cause the processor to:

obtain a first envelope by removing a first base-
line change from an oscillometric waveform en-
velope of the bio-signal;
obtain a second envelope by removing a second
baseline change from the oscillometric wave-
form envelope of the bio-signal;
obtain a third envelope based on the first enve-
lope and the second envelope;
detect a characteristic point from the oscillom-
etric waveform envelope based on the third en-
velope; and
estimate the bio-information based on the de-
tected characteristic point.

14. The computer-readable storage medium of claim 13,
wherein the processor is configured to detect a max-
imum peak of the oscillometric waveform envelope
as the characteristic point based on area information
of the third envelope, or

wherein the bio-information comprises at least one
of a blood pressure, a vascular age, an arterial stiff-
ness, an aortic pressure waveform, a vascular com-
pliance, a stress index, and a fatigue level.

15. A method comprising:

obtaining an oscillometric waveform envelope
of a bio-signal of a user;
obtaining a first envelope by removing a set of
first baseline changes of a set of windows of the
oscillometric waveform envelope in a forward di-
rection of a time axis of the oscillometric wave-
form envelope of the bio-signal;
obtaining a second envelope by removing a set
of second baseline changes of the set of win-
dows of the oscillometric waveform envelope in
a reverse direction of the time axis of the oscil-
lometric waveform envelope of the bio-signal;
obtaining a third envelope based on the first en-
velope and the second envelope;
detecting a characteristic point of the oscillom-
etric waveform envelope based on the third en-
velope; and
estimate bio-information of the user based on
the characteristic point.
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