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(57) An electronic device is disclosed. According to
an embodiment disclosed herein, an electronic device
may include a PPG sensor including a light emitter that
applies a current in a specified range and emits a light
signal corresponding to the current and a light detector
that amplifies a received light signal by applying one of
a plurality of gain values, a memory that stores a plurality
of sets of PPG models corresponding to the plurality of
gain values and including a current value and PPG level
data corresponding to the current value, and at least one
processor electrically connected to the PPG sensor and
the memory, wherein the at least one processor may ac-
quire a first PPG signal from the PPG sensor set with a
first current value satisfying the specified range and a
first gain value of the plurality of gain values when a user’s

contact is detected by the PPG sensor, generate a first
PPG model corresponding to the user based on a first
PPG model set corresponding to the first gain value
among the plurality of sets of PPG models, the first cur-
rent value and the first PPG signal, determine a second
gain value and a second current value for acquiring a
PPG signal with a specified PPG level, based at least on
the first PPG model set, and acquire a second PPG signal
with the specified PPG level using the PPG sensor set
with the second gain value and the second current value.
In addition, various embodiments understood from the
specification are possible.
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Description

[Technical Field]

[0001] Embodiments disclosed herein relate to a tech-
nique for acquiring bio information based on a PPG sig-
nal.

[Background Art]

[0002] An electronic device capable of monitoring a
user’s bio information in real time has been provided as
one form of health care. The user may measure bio in-
formation of the user by using a portable device such as
a smart phone or a wearable device worn on the user’s
body.
[0003] For example, a photoplethysmography (herein-
after referred to as PPG) sensor may measure a PPG
signal from a user. An electronic device including a PPG
sensor may acquire bio information including at least one
of the heart rate, oxygen saturation (SPO2), stress, ar-
rhythmia, or blood pressure of the user by analyzing the
PPG signal.
[0004] The PPG sensor may include a light emitter
(e.g., LED) that emits light and a light detector (e.g., photo
diode). The light emitter may emit light to tissues or blood
vessels in the user’s skin, and the light detector may col-
lect the reflected light. The light collected by the light de-
tector may be transformed into an electrical signal. The
electrical signal may be referred to as a PPG signal. The
electronic device may acquire bio information such as a
heart rate and a blood pressure by analyzing the wave-
form of the PPG signal.

[Disclosure]

[Technical Problem]

[0005] To obtain bio information from the PPG signal,
the PPG signal needs to have an appropriate level. For
example, when the PPG signal is saturated or a signal
to noise ratio (SNR) is low, it may be difficult to extract
bio information from the PPG signal.
[0006] The level of the PPG signal may be proportional
to the intensity of light emitted by the light emitter and
the intensity of light collected by the light detector. The
intensity of light emitted by the light emitter may be pro-
portional to the intensity of a current applied to the light
emitter. The light detector may amplify the collected light
according to a predetermined gain value.
[0007] The level of the acquired PPG signal may vary
depending on the user even through a PPG sensor in
which the current of the same intensity is applied and the
same gain value is set. For example, even when the same
amount of light is emitted from the light emitter, the darker
the color of the skin, the smaller the intensity of reflected
light may be. When the intensity of reflected light de-
creases, the level of the acquired PPG signal may de-

crease. Therefore, a current intensity and a gain value
for acquiring bio information from the PPG signal may
vary for different users. Therefore, the current intensity
and the gain value may be determined differently to reach
the same level of the PPG signal for different users,
[0008] The electronic device may control a current val-
ue and a gain value to acquire an appropriate level of
PPG signal for each user. The electronic device may per-
form multiple PPG measurements based on different cur-
rent values and gain values to acquire an appropriate
level of PPG signal. The electronic device may experi-
mentally determine a current value and a gain value
based on a plurality of pieces of PPG data acquired (au-
tomatic gain control (AGC)). However, when the AGC is
repeatedly performed, a PPG signal delay or a PPG dis-
continuity occurs, and the PPG signal may be distorted.
An error may occur in the bio information analyzed from
the distorted PPG signal.
[0009] Embodiments disclosed herein provides an
electronic device capable of controlling a current value
and a gain value of a PPG sensor with a minimum number
of times of performance to receive a PPG signal with an
appropriate level according to a user.

[Technical Solution]

[0010] According to an embodiment disclosed herein,
an electronic device may include a PPG sensor including
a light emitter that applies a current in a specified range
and emits a light signal corresponding to the current and
a light detector that amplifies a received light signal by
applying one of a plurality of gain values, a memory that
stores a plurality of sets of PPG models corresponding
to the plurality of gain values and including a current value
and PPG level data corresponding to the current value,
and at least one processor electrically connected to the
PPG sensor and the memory, wherein the at least one
processor may obtain a first PPG signal from the PPG
sensor set with a first current value satisfying the speci-
fied range and a first gain value of the plurality of gain
values when a user’s contact is detected by the PPG
sensor, generate a first PPG model corresponding to the
user based on a first PPG model set corresponding to
the first gain value among the plurality of sets of PPG
models, the first current value and the first PPG signal,
determine a second gain value and a second current val-
ue for obtaining a PPG signal with a specified PPG level,
based at least on the first PPG model set, and obtain a
second PPG signal with the specified PPG level using
the PPG sensor set with the second gain value and the
second current value.
[0011] Further, according to an embodiment disclosed
herein, a method performed by an electronic device may
include obtaining a first PPG signal from a PPG sensor
using a first current value less than or equal to a maximum
current value applicable to the PPG sensor and a first
gain value of a plurality of gain values set in the PPG
sensor when a user’s contact is detected by the PPG
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sensor included in the electronic device, generating a
first PPG model corresponding to the user based on a
first PPG model set corresponding to the first gain value,
the first current value, and the first PPG signal and ob-
taining a second PPG signal having a specified PPG level
from the PPG sensor using a second gain value and a
second current value determined based on a relationship
between a current value corresponding to the specified
PPG level specified in the first PPG level and a maximum
current value.
[0012] Further, according to an embodiment disclosed
herein, a computer recording medium storing computer
readable instructions when is executed by at least one
processor included in an electronic device, wherein the
instructions cause the processor to obtain a first PPG
signal from a PPG sensor using a first current value less
than or equal to a maximum current value applicable to
the PPG sensor, a first gain value of a plurality of gain
values set in the PPG sensor, and a PPG DC offset value
when a contact of a user is detected by the PPG sensor
included in the electronic device, generate a first PPG
model corresponding to the user based on a first PPG
model set corresponding to the first gain value, the first
current value, the first PPG signal, and the PPG DC offset
value and obtain a second PPG signal having a specified
PPG level from the PPG sensor using a second gain
value and a second current value determined based on
a relationship between a current value corresponding to
the specified PPG level specified in the first PPG level
and a maximum current value.

[Advantageous Effects]

[0013] According to the embodiments disclosed here-
in, the electronic device may control the PPG sensor dif-
ferently for different users, and acquire bio information
through one time of measurement of the PPG signal.
[0014] In addition, various effects may be provided that
are directly or indirectly understood through the disclo-
sure.

[Description of Drawings]

[0015]

FIG. 1 illustrates an operating environment of an
electronic device according to an embodiment.
FIG. 2 is a block diagram of an electronic device
according to an embodiment.
FIG. 3 is a flowchart of a method of acquiring a PPG
signal having a specified PPG level according to an
embodiment.
FIG. 4 is a diagram illustrating an example of a plu-
rality of sets of PPG models for a plurality of users
according to various embodiments.
FIG. 5 is a diagram for describing a method for gen-
erating a PPG model corresponding to an arbitrary
user according to an embodiment.

FIG. 6 shows experimental data of a PPG signal
measured according to an embodiment.
FIG. 7A is a flowchart of a method of correcting a
PPG signal according to an embodiment.
FIG. 7B is a diagram for describing a method of cor-
recting a PPG signal according to an embodiment.
FIG. 9 is a flowchart of a method for determining
whether to perform PPG measurement in consider-
ation of a wearing posture of a wearable device ac-
cording to various embodiments.
FIG. 10 is a block diagram of an electronic device in
a network environment, according to various embod-
iments.

[Mode for Invention]

[0016] Hereinafter , various embodiments of the dis-
closure may be described with reference to accompany-
ing drawings. Accordingly, those of ordinary skill in the
art will recognize that modification, equivalent, and/or al-
ternative on the various embodiments described herein
can be variously made without departing from the scope
and spirit of the disclosure. With regard to description of
drawings, similar components may be marked by similar
reference numerals.
[0017] In the disclosure, the expressions "have", "may
have", "include" and "comprise", or "may include" and
"may comprise" used herein indicate existence of corre-
sponding features (e.g., components such as numeric
values, functions, operations, or parts) but do not exclude
presence of additional features.
[0018] In the disclosure, the expressions "A or B", "at
least one of A or/and B", or "one or more of A or/and B",
and the like may include any and all combinations of one
or more of the associated listed items. For example, the
term "A or B", "at least one of A and B", or "at least one
of A or B" may refer to all of the case (1) where at least
one A is included, the case (2) where at least one B is
included, or the case (3) where both of at least one A and
at least one B are included.
[0019] The terms, such as "first", "second", and the like
used in the disclosure may be used to refer to various
components regardless of the order and/or the priority
and to distinguish the relevant components from other
components, but do not limit the components. For exam-
ple, "a first user device" and "a second user device" in-
dicate different user devices regardless of the order or
priority. For example, without departing the scope of the
disclosure, a first component may be referred to as a
second component, and similarly, a second component
may be referred to as a first component.
[0020] It will be understood that when an component
(e.g., a first component) is referred to as being "(opera-
tively or communicatively) coupled with/to" or "connected
to" another component (e.g., a second component), it
may be directly coupled with/to or connected to the other
component or an intervening component (e.g., a third
component) may be present. In contrast, when an com-

3 4 



EP 3 721 795 A1

5

5

10

15

20

25

30

35

40

45

50

55

ponent (e.g., a first component) is referred to as being
"directly coupled with/to" or "directly connected to" an-
other component (e.g., a second component), it should
be understood that there are no intervening component
(e.g., a third component).
[0021] According to the situation, the expression "con-
figured to" used in the disclosure may be used as, for
example, the expression "suitable for", "having the ca-
pacity to", "designed to", "adapted to", "made to", or "ca-
pable of’. The term "configured to" must not mean
only "specifically designed to" in hardware. Instead, the
expression "a device configured to" may mean that the
device is "capable of’ operating together with another de-
vice or other parts. For example, a "processor configured
to (or set to) perform A, B, and C" may mean a dedicated
processor (e.g., an embedded processor) for performing
a corresponding operation or a generic-purpose proces-
sor (e.g., a central processing unit (CPU) or an applica-
tion processor) which performs corresponding opera-
tions by executing one or more software programs which
are stored in a memory device.
[0022] Terms used in the disclosure are used to de-
scribe specified embodiments and are not intended to
limit the scope of the disclosure. The terms of a singular
form may include plural forms unless otherwise specified.
All the terms used herein, which include technical or sci-
entific terms, may have the same meaning that is gen-
erally understood by a person skilled in the art. It will be
further understood that terms, which are defined in a dic-
tionary and commonly used, should also be interpreted
as is customary in the relevant related art and not in an
idealized or overly formal unless expressly so defined in
various embodiments of the disclosure. In some cases,
even if terms are terms which are defined in the disclo-
sure, they may not be interpreted to exclude embodi-
ments of the disclosure.
[0023] An electronic device according to various em-
bodiments of the disclosure may include at least one of,
for example, smartphones, tablet personal computers
(PCs), mobile phones, video telephones, electronic book
readers, desktop PCs, laptop PCs, netbook computers,
workstations, servers, personal digital assistants
(PDAs), portable multimedia players (PMPs), Motion Pic-
ture Experts Group (MPEG-1 or MPEG-2) Audio Layer
3 (MP3) players, mobile medical devices, cameras, or
wearable devices. According to various embodiments,
the wearable device may include at least one of an ac-
cessory type (e.g., watches, rings, bracelets, anklets,
necklaces, glasses, contact lens, or head-mounted-de-
vices (HMDs), a fabric or garment-integrated type (e.g.,
an electronic apparel), a body-attached type (e.g., a skin
pad or tattoos), or a bio-implantable type (e.g., an im-
plantable circuit).
[0024] According to various embodiments, the elec-
tronic device may be a home appliance. The home ap-
pliances may include at least one of, for example, tele-
visions (TVs), digital versatile disc (DVD) players, audios,
refrigerators, air conditioners, cleaners, ovens, micro-

wave ovens, washing machines, air cleaners, set-top
boxes, home automation control panels, security control
panels, TV boxes (e.g., Samsung HomeSync™, Apple
TV™, or Google TV™), game consoles (e.g., Xbox™ or
PlayStation™), electronic dictionaries, electronic keys,
camcorders, electronic picture frames, and the like.
[0025] According to another embodiment, an electron-
ic device may include at least one of various medical
devices (e.g., various portable medical measurement de-
vices (e.g., a blood glucose monitoring device, a heart-
beat measuring device, a blood pressure measuring de-
vice, a body temperature measuring device, and the like),
a magnetic resonance angiography (MRA), a magnetic
resonance imaging (MRI), a computed tomography (CT),
scanners, and ultrasonic devices), navigation devices,
Global Navigation Satellite System (GNSS), event data
recorders (EDRs), flight data recorders (FDRs), vehicle
infotainment devices, electronic equipment for vessels
(e.g., navigation systems and gyrocompasses), avionics,
security devices, head units for vehicles, industrial or
home robots, automated teller machines (ATMs), points
of sales (POSs) of stores, or internet of things (e.g., light
bulbs, various sensors, electric or gas meters, sprinkler
devices, fire alarms, thermostats, street lamps, toasters,
exercise equipment, hot water tanks, heaters, boilers,
and the like).
[0026] According to an embodiment, the electronic de-
vice may include at least one of parts of furniture or build-
ings/structures, electronic boards, electronic signature
receiving devices, projectors, or various measuring in-
struments (e.g., water meters, electricity meters, gas me-
ters, or wave meters, and the like). According to various
embodiments, the electronic device may be one of the
above-described devices or a combination thereof. An
electronic device according to an embodiment may be a
flexible electronic device. Furthermore, an electronic de-
vice according to an embodiment of the disclosure may
not be limited to the above-described electronic devices
and may include other electronic devices and new elec-
tronic devices according to the development of technol-
ogies.
[0027] Hereinafter, electronic devices according to
various embodiments will be described with reference to
the accompanying drawings. In the disclosure, the term
"user" may refer to a person who uses an electronic de-
vice or may refer to a device (e.g., an artificial intelligence
electronic device) that uses the electronic device.
[0028] FIG. 1 illustrates an operating environment of
an electronic device according to an embodiment.
[0029] Referring to FIG. 1, an electronic device 100
and a PPG sensor included in the electronic device 100
(e.g., a PPG sensor 200 of FIG. 2) may be included.
[0030] In one embodiment, the electronic device 100
may be referred to as a portable device such as a smart
phone or a wearable device such as a smart watch or
smart band. A user may estimate bio information such
as heart rate, oxygen saturation (SPO2), stress, and
blood pressure using the PPG sensor included in the
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electronic device 100. The electronic device 100 may be
referred to as a user terminal.
[0031] The electronic device 100 may analyze a PPG
signal acquired and acquire bio information. Therefore,
the PPG signal may need to have an appropriate level
to extract bio information. For example, the higher the
level of the PPG signal, the greater the signal to noise
ratio (SNR) of the PPG signal. However, when power
consumed by the PPG sensor increases and the PPG
signal is out of a reception range of a photo detector, the
PPG signal may be saturated. When the PPG signal is
saturated, it may be difficult to determine information re-
lated to bio information in a waveform of the PPG signal.
On the other hand, as the level of the PPG signal de-
creases, the information related to the bio information
may fall below a noise level of the sensor, and the SNR
may decrease. The appropriate level of the PPG signal,
which is able to include bio information, may vary for dif-
ferent users. For example, the appropriate level may be
specified for each user in advance.
[0032] In various embodiments, an appropriate PPG
level for each user (target PPG level) may be specified
in advance in consideration of the SNR of the PPG signal
or the power consumption of the PPG sensor. The target
PPG level may be specified for each user according to
statistical data. For example, the target PPG level may
be specified to be a value in a range between a low limit
threshold and a high limit threshold. For example, when
it is determined that the user’s movement is not large
(e.g., sleep), the electronic device 100 may specify the
low limit threshold, at which an SNR is guaranteed, as a
target level to lower power consumption. For example,
when it is determined that the user’s movement is large
(e.g., exercise), the electronic device 100 may specify
the high limit threshold as a target level to increase the
SNR. Hereinafter, it is assumed that appropriate PPG
levels are specified in advance for different users.
[0033] Hereinafter, the bio information will be de-
scribed by taking a heart rate as an example. However,
the disclosure is not limited thereto, and may include all
types of bio information that may be extracted from the
PPG signal.
[0034] FIG. 2 is a block diagram of an electronic device
according to an embodiment.
[0035] Referring to FIG. 2, the electronic device 100
according to an embodiment may include a processor
110, a memory 120, and the PPG sensor 200. The proc-
essor 110 may be electrically connected to the memory
120 and the PPG sensor 200. The processor 110 may
directly or indirectly control the memory 120 and the PPG
sensor 200. For example, the processor 110 may be re-
ferred to as an application processor.
[0036] In one embodiment, the PPG sensor 200 may
include a light emitter 220 and a light detector 240. When
a current is applied, the light emitter 220 may emit a light
signal having an intensity corresponding to the intensity
of the applied current. For example, the light emitter 200
may include a light emitting diode (LED). The maximum

current of capable of being applied to the light emitter
220 may be determined according to hardware specifi-
cations of the light emitter 200. The light detector 240
may receive a light signal reflected in such a manner that
the light signal emitted from the light emitter 220 is re-
flected on an external object. The light detector 240 may
amplify the received light signal according to a set gain
value. For example, a plurality of gain values that may
be set in the light detector 240 may be predetermined in
advance. The light detector 240 may be set to amplify
the received light signal according to one of the plurality
of predetermined gain values.
[0037] For example, the processor 110 may apply a
current smaller than the maximum current to the light
emitter 220 and allow the light emitter to emit a light signal
according to the applied current. For example, the mag-
nitude of a current that may be applied to the light emitter
220 may be specified in a predetermined range in ad-
vance. The processor 110 may perform control to amplify
the light signal received through the light detector 240
using one of the plurality of preset gain values.
[0038] In one embodiment, the memory 120 may in-
clude a plurality of sets of PPG models. The plurality of
sets of PPG models may include a plurality of PPG mod-
els corresponding to a plurality of users. Depending on
users, the level of the PPG signal acquired may vary
according to a current value applied to the PPG sensor
200 and a gain value. Each PPG model may include PPG
data corresponding to any one user. The PPG data may
be referred to as the level of the PPG signal according
to the current value and the gain value.
[0039] For example, the plurality of sets of PPG models
may include a set of PPG models corresponding to each
of a plurality of gain values determined in advance for
the light detector 240 of the PPG sensor 200. The plurality
of sets of PPG models may include a level value of a
PPG signal corresponding to a current value for one gain
value.
[0040] In one embodiment, when it is detected that an
arbitrary user wears the electronic device 100, the elec-
tronic device 100 may acquire a first PPG signal from the
PPG sensor 200 set with a first current value and a first
gain value. For example, the first current value may be
specified to be a value less than the maximum current
that may be applied to the light emitter 220. The first gain
value may be set to one of a plurality of gain values.
[0041] In one embodiment, the electronic device 100
may generate a first PPG model corresponding to the
arbitrary user based on a first PPG model set correspond-
ing to the first gain value, the first current value, and the
first PPG signal. For example, the first PPG model may
include a PPG level value according to a gain value and
a current value for the arbitrary user.
[0042] In one embodiment, the electronic device 100
may determine a second current value and a second gain
value for acquiring a PPG signal with a specified PPG
level, based at least on the first PPG model set. For ex-
ample, the electronic device 100 may determine a sec-
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ond gain value based on a relationship between a current
value corresponding to the PPG level specified in the
generated first PPG model set and the maximum current
value that may be applied to the light emitter 220. The
electronic device 100 may acquire a first PPG signal (e.g.,
a final PPG signal) having a specified PPG level from the
PPG sensor 200 using the second gain value and a cur-
rent value corresponding to the specified PPG level.
[0043] In various embodiments, the electronic device
100 may extract bio information from the first PPG signal.
[0044] FIG. 3 is a flowchart of a method of acquiring a
PPG signal having a specified PPG level according to an
embodiment. FIG. 4 is a diagram illustrating an example
of a plurality of sets of PPG models according to various
embodiments. FIG. 5 is a diagram for describing a meth-
od for generating a PPG model corresponding to an ar-
bitrary user according to an embodiment. Hereinafter, a
method of acquiring a PPG signal having a specified PPG
level will be described with reference to FIGS. 3 to 5.
[0045] Referring to FIG. 3, a method of acquiring a PPG
signal having a specified PPG level according to an em-
bodiment may include operations 310 to 330. The oper-
ations 310 to 330 may be performed, for example, by the
electronic device 100 illustrated in FIG. 2. Each of the
operations 310 to 330 may be implemented as instruc-
tions (commands) that may be performed (or executed)
by the processor 110 of the electronic device 100, for
example. The instructions may be stored in, for example,
a computer recording medium or the memory 120 of the
electronic device 100 shown in FIG. 2. Hereinafter, a de-
scription overlapping with the description with reference
to FIG. 2 may be omitted.
[0046] The electronic device 100 according to an ex-
ample cited in the description with reference to FIG. 3
may be assumed to have the following setting values.
For example, the light emitter 220 of the PPG sensor 200
may receive a current of about 20 mA to about 70 mA,
and the maximum current value may be set to about 70
mA. For example, the gain value of the light detector 240
may be set in four phases (e.g., ’11’, ’10’, ’01’, and ’00’).
For example, the light detector 240 may amplify the re-
ceived light signal by 1 time, 2 times, 4 times, and 8 times
respectively when the gain value is ’00’, ’01’, ’10’, and
’11’.
[0047] In one embodiment, the plurality of sets of PPG
models may include a set of PPG models corresponding
to each of a plurality of gain values predetermined for the
light detector 220. For example, each PPG model may
be stored in the memory 120 as data including a gain
value and a current value, and a PPG level value. Ac-
cording to an embodiment, at least a part of the sets of
PPG models may be received or updated from an exter-
nal electronic device (e.g., a server 1008 of FIG. 10) using
a communication module (e.g., a communication module
1090 of FIG. 10).
[0048] Referring to FIG. 4, each PPG model may be
expressed by a graph. For example, each of the PPG
models may be referred to as a first-order function having

a current value on an x-axis and a level value of the ac-
quired PPG signal on a y-axis. The PPG model may be
expressed by a straight line graph. For example, each
PPG model may be stored in the memory 120 of the
electronic device 100 as a y-intercept value and a slope
value corresponding to the PPG model.
[0049] For example, a first graph 410 may represent a
plurality of PPG models including PPG data measured
according to the current value when the gain value is ’00’
(e.g., phase 1). A plurality of PPG models corresponding
to one gain value may be referred to as one set of PPG
models. The first graph 410 may represent a set of PPG
models corresponding to the gain value ’00’. A second
graph 420 may represent a plurality of PPG models in-
cluding PPG data measured according to the current val-
ue when the gain value is ’01’ (e.g., phase 2). A third
graph 430 may represent a plurality of PPG models in-
cluding PPG data measured according to the current val-
ue when the gain value is ’10’ (e.g., phase 3). A fourth
graph 440 may represent a plurality of PPG models in-
cluding PPG data measured according to the current val-
ue when the gain value is ’11’ (e.g., phase 4).
[0050] In operation 310, when the electronic device
100 detects a user’s contact, the electronic device 100
may acquire a first PPG signal from the PPG sensor 200
set with the first current value and the first gain value.
[0051] In various embodiments, the electronic device
100 may perform PPG measurement when detecting the
user’s contact. For example, when the electronic device
100 is a smart phone, PPG measurement may be per-
formed when an approach of a part of the user’s body,
such as a finger, to the PPG sensor 200 of the smart
phone is detected. For example, when the electronic de-
vice 100 is a wearable device, PPG measurement may
be performed when it is detected that the wearable device
is worn on the user’s body. The PPG sensor 200 included
in the wearable device may be configured to contact the
user’s body when the wearable device is worn on the
user’s body.
[0052] In various embodiments, the wearable device
may not perform PPG measurement according to the
wearing posture even when wearing is detected. Related
embodiments will be described later with reference to
FIG. 10.
[0053] For example, when the first current value is
about 30 mA and the first gain value is ’00’ (e.g., phase
1), the level of the first PPG signal acquired may be 0.5.
[0054] In operation 320, the electronic device 100 may
generate a first PPG model corresponding to the user
based on the first PPG model set corresponding to the
first gain value, the first current value, and the first PPG
signal.
[0055] For example, when the first current value is
about 30 mA and the first gain value is ’00’ (e.g., phase
1), the electronic device 100 may refer to a first graph
410 corresponding to the first gain value ’00’. The elec-
tronic device 100 may select two closest models from
among a plurality of models included in the first graph
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410 based on the first current value and the first PPG
signal.
[0056] For example, referring to FIG. 5, the level Pa of
the first PPG signal measured with respect to the first
current value (a) is illustrated. Among the plurality of mod-
els included in a graph 500, two models closest to point
(a, Pa) may be selected. For example, a second PPG
model 501 and a third PPG model 503 having the closest
vertical distances h1 and h2 from point (a, Pa) may be
selected.
[0057] In one embodiment, the electronic device 100
may generate a first PPG model corresponding to the
user with reference to the second PPG model 501 and
the third PPG model 503. For example, a slope (m) of
the first PPG model 505 may be calculated by substituting
the slope (m1) of the second PPG model 501, the slope
(m2) of the third PPG model 503, the vertical distance
(h1) from point (a, Pa) to the second PPG model 501 and
the vertical distance (h2) from point (a, Pa) to the third
PPG model 503 to the internally dividing point. That is,
the slope (m) may be determined to be a result value of
(h1 * m2 + h2 * m1)/(h1 + h2) that divides the slope (m1)
of the second PPG model 501 and the slope (m2) of the
third PPG model 503 into h1 and h2. The first PPG model
505 may be referred to as a straight line function passing
through point (a, Pa) with the slope (m). The first PPG
model 505 may be expressed as a first-order function y
= m (x-a) + Pa. This model interpolation may be very
useful to express a relationship between a current and a
PPG for each gain value. When the relationship between
the current and the PPG is expressed as a table for a
specific gain value, it is inefficient in terms of computa-
tional amount because it requires not only a lot of memory
when implementing it with real codes, but also a separate
search algorithm to find out solutions. The proposed
model interpolation ensures the uniqueness of the solu-
tion from the experimental conclusion that the PPG value
according to the current is approximated to the first-order
equation within the specified current section and the two
different first-order equations do not intersect each other.
That is, the current value corresponding to the specified
PPG level may always be mathematically calculated us-
ing the inverse function of the first-order function without
a separate search algorithm.
[0058] In operation 330, the electronic device 100 may
determine a second gain value and a second current val-
ue based on a relationship between a current value cor-
responding to the PPG level specified according to the
generated first PPG model and the maximum current val-
ue that may be applied to the light emitter 220.
[0059] In one embodiment, the electronic device 100
may determine a current value corresponding to a PPG
level specified from the first PPG model 505. For exam-
ple, referring to FIG. 5, the electronic device 100 may
determine the current value corresponding to the speci-
fied PPG level Pb as "b" using the first PPG model 505.
[0060] In operation 330, for example, the electronic de-
vice 100 may compare a current value corresponding to

the specified PPG level with the maximum current value
that may be applied to the light emitter 220.
[0061] In one embodiment, when the current value cor-
responding to the specified PPG level is determined to
be a value less than or equal to the maximum current
value, the electronic device 100 may maintain the first
gain value. In this case, the first gain value may be de-
termined to be the second gain value, and the current
value corresponding to the specified PPG level may be
determined to be the second current value. The electron-
ic device 100 may set the second gain value to the first
gain value, and may set the second current value to the
first current value.
[0062] In one embodiment, when the current value cor-
responding to the specified PPG level is determined to
be a value exceeding the maximum current value, the
electronic device 100 may increase the gain value of the
light detector 240. The electronic device 100 cannot ap-
ply a current exceeding the maximum current value to
the light emitter 220. The reason for this is that the light
emitter 220 has the maximum current value capable of
being applied due to the characteristics of hardware.
Since the current value, the gain value and the PPG level
are proportional to one another, the electronic device 100
may lower the current value by increasing the gain value.
The electronic device 100 may set the second gain value
to a value greater than the first gain value, and may set
the second current value to a value less than the maxi-
mum current value and corresponding to the second gain
value. For example, when the gain value is set from 1
times to 2 times, 4 times, or 8 times, current values cor-
responding to 1/2 times, 1/4 times, and 1/8 times the
specified PPG level may need to be set. The relationship
between the current and the PPG may be approximated
to a linear equation within a specific current section
through statistical analysis of experimental data. The val-
ue corresponding to the second gain value may be re-
ferred to as a current value capable of acquiring a PPG
signal correspond to a changed second gain value and
having a specified PPG level. The current value may be
experimentally determined by referring to statistical data
on a change in the level of the PPG signal according to
a change in the gain value and the current value. The
electronic device 100 may refer to, for example, a data
set including a level value of a PPG signal acquired cor-
responding to a specific gain value predetermined for
each type of the PPG sensor 200 and a specific current
value. The data set may be stored in the electronic device
100 in advance or may be acquired from or updated by
an external device (e.g., server). The electronic device
100 may determine a current value to be set correspond-
ing to the gain value changed by referring to the data set.
[0063] In one embodiment, when the current value cor-
responding to the specified PPG level is less than a pre-
specified value associated with the maximum current val-
ue, the electronic device 100 may set the second gain
value to a value less than the first gain value, and the
second current value to a value greater than a current
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value corresponding to the specified PPG level and cor-
responding to the second gain value. For example, the
electronic device 100 may be configured to lower the
second gain value when the current value corresponding
to the specified PPG level is less than 1/2 of the maximum
current value. The electronic device 100 may set the sec-
ond current value to a current value corresponding to the
lowered second gain value. For example, when the gain
value is set from 8 times to 4 times, 2 times, or 1 times,
the current values corresponding to 2 times, 4 times, and
8 times of the specified PPG level may need to be set
and may need not to exceed the maximum current sup-
ported by the electronic device 100. The relationship be-
tween the current and the PPG may be approximated to
a linear equation within a specific current section through
statistical analysis of experimental data.
[0064] Referring to graph (2) of FIG. 5, the generated
first PPG model 550 is illustrated. The generated first
PPG model 550 was illustrated as a first-order function
with a slope of 1/100 and a y-intercept of 0.2. When the
first current value is 30 mA and the first gain value is 00,
that is, 1 times, it may be assumed that the level of the
acquired PPG signal is 0.5 and the specified PPG level
is 1.2.
[0065] For example, the electronic device 100 may de-
termine a current value corresponding to 1.2, which is
the PPG level specified according to the first PPG model
550, as 100 mA. However, when the maximum current
value is assumed to be 70 mA, the second current value
may need to be set to be less than 100 mA. For example,
the electronic device 100 may change the gain value of
the light detector 240 to ’01’, that is, 2 times. The elec-
tronic device 100 may set a value corresponding to the
changed gain value and less than the maximum current
value of 70 mA as the second current value.
[0066] In one embodiment, when the current value cor-
responding to the PPG level 1.2 specified in the first PPG
model 550 is specified to be 100 mA and the value is out
of the maximum current value, the gain value may be
specified to be 2 times the gain value and a current value
40 mA corresponding to 0.6 that is 1/2 times the specified
PPG level may be specified.
[0067] In one embodiment, when the current value cor-
responding to the PPG level 2.8 specified in the first PPG
model 550 is specified to be 260 mA and the value is out
of the maximum current value, the gain value may be
specified to be 4 times the gain value and a current value
50 mA corresponding to 0.7 that is 1/4 times the specified
PPG level may be specified.
[0068] In operation 340, the electronic device 100 may
acquire a second PPG signal having the specified PPG
level from the PPG sensor 200 using the second gain
value and the second current value which are deter-
mined. The electronic device 100 may determine a final
gain value (e.g., the second gain value) and a final current
value (e.g., the second current value) corresponding to
a specific user by measuring the PPG signal once, and
acquire a final PPG signal (e.g., the second PPG signal)

including bio information. The electronic device 100 may
extract heart rate information from the final PPG signal
having the specified PPG level.
[0069] In various embodiments, there may occur a
case in which two similar models cannot be selected from
among a plurality of PPG models included in a set of PPG
models corresponding to the first gain value, based on
the first current value and the first PPG signal. For ex-
ample, there may occur a case in which the level of the
first PPG signal measured initially is not located between
the plurality of models and has a higher level or a lower
level than the plurality of models. In this case, the elec-
tronic device 100 may add the PPG data of a correspond-
ing user to the set of PPG models as a new model.
[0070] For example, PPG measurement may be fur-
ther performed on the user using the first gain value and
another current value different from the first current value.
The electronic device 100 may calculate a first-order
function corresponding to the PPG model based on the
data of the first current value and the first PPG signal,
and the other current value and the PPG signal addition-
ally acquired. The newly calculated first-order function
may be added to the set of PPG models.
[0071] In various embodiments, to improve the accu-
racy of the heart rate estimated from the measured PPG,
it is possible to increase a current and a gain within a
range in which the PPG signal is not saturated. For ex-
ample, in a situation in which a time for measuring the
PPG signal is not long and power consumption is not
required to be considered, raising the current rather than
raising the gain may be advantageous in maximizing the
SNR of a heart rate signal included in the PPG signal.
[0072] Referring to (3) of FIG. 5, a graph showing a
change in the level value of the PPG signal when the
current intensity increases is illustrated. As the magni-
tude of the current applied to the light emitter 220 increas-
es, the increase width in the level of the PPG signal de-
creases and therefore, the graph of the level of the PPG
signal with respect to the current may be drawn non-
linearly. However, the entire current section may be rep-
resented by several linear sections. For example, the
graph (3) may be divided into sections "a" to "d", and
each section may be approximated to a linear graph.
[0073] For example, "a" section in which the current
changes from about 10 mA to about 70 mA may be ap-
proximated to a linear graph because the rate of the
amount of increase in the PPG level according to the
amount of increase in the current is similar regardless of
the current values. For the entire current section of graph
(3), uniqueness for the value of the PPG level corre-
sponding to a specific current value may be ensured. The
curve graphs of sections "a" to "d" of graph (3) each may
be approximated to a linear graph.
[0074] In various embodiments, each model included
in the PPG model set may be referred to as one linear
graph summing sections each approximated to the linear
graph. For example, the linear graphs approximated in
sections "a" to "d" of the graph (3) may be summed, and
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a linear graph of the entire current section from the sec-
tion "a" to the section "d" may be derived.
[0075] FIG. 6 shows experimental data of a PPG signal
measured according to an embodiment. Referring to FIG.
6, experimental data 600 acquired by collecting PPG sig-
nals according to a method of acquiring a PPG signal
having a specified PPG level according to an embodi-
ment of the disclosure is illustrated.
[0076] It is represented that the PPG signals acquired
from the experimental data 600 mostly have levels adja-
cent to a specified PPG level. In a relevant experimental
example, the error rate was measured to be about
1.848%, and the maximum error rate was measured to
be about 4.414%.
[0077] FIG. 7A is a flowchart of a method of correcting
a PPG signal according to an embodiment. FIG. 7B is a
diagram for describing a method of correcting a PPG
signal according to an embodiment. Hereinafter, a meth-
od of correcting a PPG signal will be described with ref-
erence to FIGS. 7A and 7B.
[0078] Referring to FIG. 7A, a method of acquiring a
PPG signal having a specified PPG level according to an
embodiment may include operations 710 to 740. The op-
erations 710 to 740 may be performed, for example, by
the electronic device 100 illustrated in FIG. 2. Each of
the operations 710 to 740 may be implemented as in-
structions (commands) that may be performed (or exe-
cuted) by the processor 110 of the electronic device 100,
for example. The instructions may be stored in, for ex-
ample, a computer recording medium or the memory 120
of the electronic device 100 shown in FIG. 2. Operations
710 to 730 may correspond to operations 310 to 330 of
FIG. 3. Hereinafter, reference numerals of FIG. 2 are
used to describe operations 710 to 740, and descriptions
overlapping with those with reference to FIG. 2 may be
omitted.
[0079] In operation 710, when the electronic device
100 detects that a user wears the electronic device 100,
the electronic device 100 may acquire a first PPG signal
from the PPG sensor 200 set with the first current value
and the first gain value.
[0080] In various embodiments, even when the PPG
signal is acquired based on the same current value and
gain value, the PPG level value of the PPG signal ac-
quired may vary according to the user wearing state (e.g.,
the user’s operating state, the user’s posture). Therefore,
the electronic device 100 may acquire a temporary PPG
signal based on the first current value and the first gain
value after it is detected that user wears the electronic
device. The electronic device 100 may determine the ac-
quired PPG signal as a first PPG signal within a stabili-
zation section in which a change width of the acceleration
of the electronic device 100 is less than or equal to a
specific threshold value and a change width of the tem-
porary PPG level is less than or equal to a specific thresh-
old value. For example, the specific threshold value for
the change width of the acceleration and the specific
threshold value for the change width of the PPG level

may be determined in advance by experiment. For ex-
ample, the change in acceleration may be measured by
an acceleration sensor included in the electronic device
100.
[0081] In operation 720, the electronic device 100 may
generate a first PPG model corresponding to the user
based on the first PPG model set corresponding to the
first gain value, the first current value, and the first PPG
signal.
[0082] In operation 730, the electronic device 100 may
determine a second gain value and a second current val-
ue based on a relationship between a current value cor-
responding to the PPG level specified according to the
generated first PPG model and the maximum current val-
ue that may be applied to the light emitter 220. The elec-
tronic device 100 may acquire the second PPG signal
from the PPG sensor 200 using the second gain value
and the second current value which are determined.
[0083] For example, the second gain value and the
second current value may be referred to as the second
gain value and the second current value in operation 330
of FIG. 3. The electronic device 100 may acquire the
second PPG signal using the second gain value and the
second current value determined in operation 730. In var-
ious embodiments, an error rate may be improved by
correcting the acquired PPG signal.
[0084] In operation 740, the electronic device 100 may
acquire a third PPG signal having a specified PPG level
from the PPG sensor using a third current value obtained
by correcting the second current value and the second
gain value.
[0085] In one embodiment, the electronic device 100
may correct a current value using the first current value,
the first PPG signal, the second current value, and the
second PPG signal.
[0086] Referring to FIG. 7B, an example is illustrated
in which a level of the first PPG signal corresponding to
the first current value "a" is Pa and a level of the second
PPG signal corresponding to the second current value
"b" is Pb. It may be assumed that the specified PPG level
is Pt, and a difference between Pb-Pt occurs as an error.
[0087] For example, the amount of increase in the level
of the PPG signal corresponding to the increased current
value may be different for different users. Through two
points (a, Pa) and (b, Pb), the ratio of the amount of in-
crease in the current to the amount of increase in the
PPG level may be determined for a specific user. In graph
750 of FIG. 7B, it is illustrated that the amount of increase
in the current is (b-a) and the amount of increase in the
PPG level is (Pb-Pa). Therefore, the ratio may be referred
to as (b-a)/(Pb-Pa).
[0088] For example, the electronic device 100 may de-
termine a third current value for acquiring a signal with
the specified PPG level using the ratio. Assuming that
the ratio is unique for each user, a value "t" may be cal-
culated using the formula (b-a)/(Pb-Pa) = (b-t)/(Pb-Pt).
[0089] For another example, the electronic device 100
may generate a corrected first PPG model corresponding
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to the user using two points (a, Pa), and (b, Pb). For
example, a first-order function passing through the two
points may be referred to as a corrected first PPG model.
The electronic device 100 may determine a current value
"t" for acquiring the third PPG signal having a level Pt,
which is the specified PPG level, from the corrected first
PPG model.
[0090] In various embodiments, when there are no a
plurality of sets of PPG models (e.g., PPG models 501
and 503 of FIG. 5) by statistical analysis, a PPG model
corresponding to a user may be generated with reference
to FIG. 7B. For example, there may be a case where the
first PPG model 505 cannot be generated because there
are no a plurality of PPG models in FIG. 5.
[0091] In this case, the electronic device 100 may gen-
erate an approximate first-order function having a slope
of Pa/a and passing through the origin as a PPG model
corresponding to a specific user (e.g., the first PPG model
505 of FIG. 5). When the current "b" corresponding to
the level Pt, which is the PPG level specified from the
PPG model, is specified and the actually-measured level
of the PPG signal is Pb, the electronic device 100 may
generate a PPG model corresponding to the user using
two points (a, Pa) and (b, Pb). It is possible to determine
the current "t" corresponding to the level Pt, which is the
PPG level specified from the generated PPG model. For
comparison, according to the method using the model
interpolation described above with reference to FIG. 5,
it is possible to acquire a PPG signal having a specified
PPG level even when the AGC is performed only once,
and according to the method according to various em-
bodiments, it is possible to acquire the PPG signal having
the PPG level specified through two AGCs.
[0092] In one embodiment for FIG. 7B, the specified
PPG level, Pt, may be specified to be various values, and
it is possible to increase the specified PPG level to in-
crease the SNR of the heart rate signal included in the
PPG value, and decrease the specified PPG level to low
power consumption when motion artifacts due to move-
ment is small as in sleep situations. When the PPG value
falls within a specific range around the specified PPG
level after the initial AGC is performed, it is possible to
widen the range to prevent the AGC from being frequently
performed according to a change in the user’s posture
or the user’s wearing state. For example, the PPG level
specified in the initial AGC operation may be specified
to be 70% of the maximum PPG level, and when the PPG
value falls within the range of 68% around the specified
PPG level immediately after the AGC is performed, the
initial AGC is finished. Thereafter, when the PPG value
is out of the range of 628% around the specified PPG
level according to a change in posture or the wearing
state, AGC may be performed to acquire the specified
PPG level by changing the current value or the gain value.
[0093] In various embodiments, when the corrected
third current value is greater than the maximum current
value, the electronic device 100 may determine a third
gain value that is a value greater than the second gain

value, and determine the third current value to be a fourth
current value less than the maximum current value and
corresponding to the third gain value. The electronic de-
vice 100 may acquire a third PPG signal having the spec-
ified PPG level from the PPG sensor using the third gain
value and the fourth current value.
[0094] FIG. 8 is a flowchart of a method for correcting
a PPG signal according to various embodiments.
[0095] In operation 810, when the electronic device
100 detects that a user wears the electronic device, the
electronic device 100 may acquire a PPG signal based
on a current value, a gain value, and a PPG DC offset
value set to initial values. For example, the electronic
device 100 may acquire a first PPG signal based on the
first current value, the first gain value, and the PPG DC
offset value which are the initial values.
[0096] In various embodiments, the PPG DC offset val-
ue may have a value for acquiring a PPG signal having
a level value in a range between the minimum value and
the maximum value of the PPG level. The light detector
240 may subtract the set PPG DC offset value from a
level of the acquired PPG signal. The PPG DC offset
value may be preset in the light detector 240.
[0097] For example, it may be assumed that the level
of the PPG signal measured based on the initial current
value and the initial gain value is 200,000, and the max-
imum level of the PPG signal is 262,143. In this case,
when the PPG DC offset value of the light detector 240
is set to 160,000, the level of the measured PPG signal
may be 40,000. When the current value or gain value is
increased two times to increase the SNR, the level of the
PPG signal may be 80,000, which falls within the maxi-
mum level of the PPG signal. In a case in which the PPG
DC offset value is 0, when the current value or the gain
value is increased two times, the level of the PPG signal
may be 400,000, resulting in saturation of the PPG signal.
[0098] In various embodiments, when the PPG DC off-
set value is not 0, the PPG level from which the PPG DC
offset value is removed may be acquired. When the elec-
tronic device 100 is configured to have the PPG DC off-
set, the PPG DC offset value should be additionally con-
sidered in the above-described contents with reference
to FIGS. 1 to 7B.
[0099] For example, when using the model interpola-
tion scheme to generate the first PPG model 505 corre-
sponding to the user in graph (1) of FIG. 5, when the PPG
level value (Pa) for the initial current value (a) is meas-
ured, the model interpolation may be used based on (a,
Pa + PPG DC offset value) rather than (a, Pa). The reason
for this is that a plurality of PPG models by the statistical
analysis presented in FIGS. 4 and 5 were created when
the PPG DC offset value is 0.
[0100] As an additional example, in a case in which
the first-order function is calculated by using two points
(a, Pa) and (b, Pb) in FIG. 7B, when the PPG DC offset
value is not 0, the first-order function may be calculated
using (a, Pa + PPG DC offset value) and (b , Pb + PPG
DC offset value), and it may be necessary to calculate
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the current value "t" corresponding to the Pt + PPG DC
offset value, rather than the specified PPG level pt.
[0101] In operation 820, the electronic device 100 may
generate a first PPG model corresponding to the user
based on a first PPG model set corresponding to the first
gain value, the first current value, and the first PPG signal
considering the PPG DC offset value.
[0102] In operation 830, the electronic device 100 may
determine a second gain value and a second current val-
ue based on a relationship between a current value cor-
responding to a level specified in the first PPG model set
and a maximum current value, and acquire a second PPG
signal.
[0103] In operation 840, the electronic device 100 may
determine whether a difference between the level of the
second PPG measured by the light detector 240 and the
specified PPG level falls within a predetermined error
range. When the difference falls within the predetermined
error range, the electronic device 100 may finish the AGC
operation.
[0104] When the difference is out of the predetermined
error range, the electronic device 100 may update the
first PPG model and acquire the PPG signal corrected
based on the current value and gain value corrected ac-
cording to the updated first PPG model in operation 850.
The electronic device 100 may again determine whether
the difference between the level of the PPG signal cor-
rected and the specified PPG level falls within the pre-
determined error range in operation 840.
[0105] The electronic device 100 according to various
embodiments may perform one or more correction oper-
ations to acquire a PPG signal having a specified level.
[0106] For example, in operation 850, the electronic
device 100 may update the first PPG model based on
the first data acquired in operation 810 and the second
data obtained in operation 830. The first data may include
the first current value, the first gain value, and the first
PPG data and the second data may include the second
current value, the second gain value, and the second
PPG signal. The electronic device 100 may update the
first PPG model based on the relationship between the
amount of increase/decrease in the current value and
the gain value and the amount of increase/decrease in
the level of the PPG signal. For example, the first-order
function of the PPG level value according to the current
value may be derived from the first data and the second
data (the first-order function may be derived from two
points on a graph). The first PPG model may be updated
with the derived first-order function. The electronic device
100 may determine a third current value obtained by cor-
recting the second current value and a third gain value
obtained by correcting the second gain value based on
the updated first PPG model, and acquire a third PPG
signal. The third current value, the third gain value, and
the third PPG signal may be referred to as third data.
[0107] The electronic device 100 may perform opera-
tion 840 on the third PPG signal. The electronic device
100 may again determine whether the difference be-

tween the level of the third PPG signal and the specified
PPG level falls within the predetermined error range.
When the difference falls within the predetermined error
range, the electronic device 100 may finish the AGC op-
eration. When the difference is out of a predetermined
error range, the electronic device 100 may update the
first PPG model based on the second data and the third
data again. For example, the electronic device 100 may
update the first model with a first-order function of a PPG
level value according to a current value based on the
second data and the third data.
[0108] The electronic device 100 may determine a
fourth current value obtained by correcting the third cur-
rent value and a fourth gain value obtained by correcting
the third gain value based on the updated first model,
and acquire a fourth PPG signal. The electronic device
100 may perform operation 840 again on the fourth PPG
signal.
[0109] In various embodiments, the number of times
of performance of AGC may vary according to a specified
error range. For example, when the error range is spec-
ified to be within 5 to 10% of the maximum value of the
PPG level, performance of AGC may be completed within
one to three times of performance.
[0110] FIG. 9 is a flowchart of a method for determining
whether to perform PPG measurement in consideration
of a wearing posture of a wearable device according to
various embodiments.
[0111] Referring to FIG. 9, a method for determining
whether to perform PPG measurement in consideration
of a wearing posture of a wearable device (e.g., the elec-
tronic device 100 of FIG. 2) according to various embod-
iments may include operations 910 to 950. The opera-
tions 910 to 950 may be performed, for example, by the
electronic device 100 illustrated in FIG. 2. Each of the
operations 910 to 950 may be implemented as instruc-
tions (commands) that may be performed (or executed)
by the processor 110 of the electronic device 100, for
example. The instructions may be stored in, for example,
a computer recording medium or the memory 120 of the
electronic device 100 shown in FIG. 2. Hereinafter, a de-
scription overlapping with the description with reference
to FIG. 2 may be omitted.
[0112] In various embodiments, the electronic device
100 may be referred to as a wearable device. The elec-
tronic device 100 may not change a current value and a
gain value although the AGC satisfies conditions for a
change in the current value and the gain value in consid-
eration of signal distortion even when the user’s wearing
is detected. For example, the PPG signal may be satu-
rated depending on a wearing posture although the user
wears the wearable device. For example, when the elec-
tronic device 100 worn on the user’s wrist, such as a
smart watch, is loosely worn, the PPG signal may be
saturated although wearing is detected because the PPG
sensor 200 touches the user’s wrist.
[0113] In operation 910, the electronic device 100 may
detect whether the user wears the electronic device 100.
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For example, the wearable device may detect whether
the wearable device is worn using at least one of an in-
frared sensor (IR sensor) or the PPG sensor 200. When
wearing is not detected, AGC may not be performed or
PPG signal measurement may not be performed.
[0114] When it is detected that the electronic device
100 is worn, in operation 920, the electronic device 100
may determine whether a posture in which the electronic
device 100 is worn is a predetermined abnormal posture.
When an abnormal posture is not detected, the electronic
device 100 may measure the PPG signal in operation
950.
[0115] When the electronic device 100 detects the ab-
normal posture, the electronic device 100 may determine
whether the PPG signal is saturated in operation 930.
When the PPG signal is saturated, the electronic device
100 may not change the current value or gain value al-
though an AGC performance condition is satisfied in op-
eration 940.
[0116] In various embodiments, the electronic device
100 may reduce the number of times of excessive per-
formance of AGC by not performing the AGC operation
in a situation in which the electronic device 100 is not
worn or in a situation in which the electronic device 100
is worn in a posture that is not suitable for measuring a
PPG signal.
[0117] In one embodiment, the electronic device 100
(e.g., the electronic device 100 of FIG. 2) may include an
acceleration sensor. The electronic device 100 may es-
timate the posture of the electronic device 100 using an
acceleration sensor. For example, when the user wears
the electronic device 100 loosely on the user’s wrist and
poses with his arms down, the measured PPG signal
may be saturated. The state in which the electronic de-
vice 100 is worn loosely on the wrist may be determined
to be a case where the change in PPG is very large be-
cause the posture and operation state change within a
short time. In this case, the electronic device 100 may
not change the current value or the gain value even when
the AGC performance condition is satisfied.
[0118] Fig. 10 is a block diagram illustrating an elec-
tronic device 1001 in a network environment 1000 ac-
cording to various embodiments. Referring to Fig. 10, the
electronic device 1001 in the network environment 1000
may communicate with an electronic device 1002 via a
first network 1098 (e.g., a short-range wireless commu-
nication network), or an electronic device 1004 or a server
1008 via a second network 1099 (e.g., a long-range wire-
less communication network). According to an embodi-
ment, the electronic device 1001 may communicate with
the electronic device 1004 via the server 1008. According
to an embodiment, the electronic device 1001 may in-
clude a processor 1020, memory 1030, an input device
1050, a sound output device 1055, a display device 1060,
an audio module 1070, a sensor module 1076, an inter-
face 1077, a haptic module 1079, a camera module 1080,
a power management module 1088, a battery 1089, a
communication module 1090, a subscriber identification

module(SIM) 1096, or an antenna module 1097. In some
embodiments, at least one (e.g., the display device 1060
or the camera module 1080) of the components may be
omitted from the electronic device 1001, or one or more
other components may be added in the electronic device
1001. In some embodiments, some of the components
may be implemented as single integrated circuitry. For
example, the sensor module 1076 (e.g., a fingerprint sen-
sor, an iris sensor, or an illuminance sensor) may be im-
plemented as embedded in the display device 1060 (e.g.,
a display).
[0119] The processor 1020 may execute, for example,
software (e.g., a program 1040) to control at least one
other component (e.g., a hardware or software compo-
nent) of the electronic device 1001 coupled with the proc-
essor 1020, and may perform various data processing
or computation. According to one embodiment, as at
least part of the data processing or computation, the proc-
essor 1020 may load a command or data received from
another component (e.g., the sensor module 1076 or the
communication module 1090) in volatile memory 1032,
process the command or the data stored in the volatile
memory 1032, and store resulting data in non-volatile
memory 1034. According to an embodiment, the proces-
sor 1020 may include a main processor 1021 (e.g., a
central processing unit (CPU) or an application processor
(AP)), and an auxiliary processor 1023 (e.g., a graphics
processing unit (GPU), an image signal processor (ISP),
a sensor hub processor, or a communication processor
(CP)) that is operable independently from, or in conjunc-
tion with, the main processor 1021. Additionally or alter-
natively, the auxiliary processor 1023 may be adapted
to consume less power than the main processor 1021,
or to be specific to a specified function. The auxiliary proc-
essor 1023 may be implemented as separate from, or as
part of the main processor 1021.
[0120] The auxiliary processor 1023 may control at
least some of functions or states related to at least one
component (e.g., the display device 1060, the sensor
module 1076, or the communication module 1090)
among the components of the electronic device 1001,
instead of the main processor 1021 while the main proc-
essor 1021 is in an inactive (e.g., sleep) state, or together
with the main processor 1021 while the main processor
1021 is in an active state (e.g., executing an application).
According to an embodiment, the auxiliary processor
1023 (e.g., an image signal processor or a communica-
tion processor) may be implemented as part of another
component (e.g., the camera module 1080 or the com-
munication module 1090) functionally related to the aux-
iliary processor 1023.
[0121] The memory 1030 may store various data used
by at least one component (e.g., the processor 1020 or
the sensor module 1076) of the electronic device 1001.
The various data may include, for example, software
(e.g., the program 1040) and input data or output data
for a command related thereto. The memory 1030 may
include the volatile memory 1032 or the non-volatile
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memory 1034.
[0122] The program 1040 may be stored in the memory
1030 as software, and may include, for example, an op-
erating system (OS) 1042, middleware 1044, or an ap-
plication 1046.
[0123] The input device 1050 may receive a command
or data to be used by other component (e.g., the proc-
essor 1020) of the electronic device 1001, from the out-
side (e.g., a user) of the electronic device 1001. The input
device 1050 may include, for example, a microphone, a
mouse, a keyboard, or a digital pen (e.g., a stylus pen).
[0124] The sound output device 1055 may output
sound signals to the outside of the electronic device 1001.
The sound output device 1055 may include, for example,
a speaker or a receiver. The speaker may be used for
general purposes, such as playing multimedia or playing
record, and the receiver may be used for an incoming
calls. According to an embodiment, the receiver may be
implemented as separate from, or as part of the speaker.
[0125] The display device 1060 may visually provide
information to the outside (e.g., a user) of the electronic
device 1001. The display device 1060 may include, for
example, a display, a hologram device, or a projector and
control circuitry to control a corresponding one of the dis-
play, hologram device, and projector. According to an
embodiment, the display device 1060 may include touch
circuitry adapted to detect a touch, or sensor circuitry
(e.g., a pressure sensor) adapted to measure the inten-
sity of force incurred by the touch.
[0126] The audio module 1070 may convert a sound
into an electrical signal and vice versa. According to an
embodiment, the audio module 1070 may obtain the
sound via the input device 1050, or output the sound via
the sound output device 1055 or a headphone of an ex-
ternal electronic device (e.g., an electronic device 1002)
directly (e.g., wiredly) or wirelessly coupled with the elec-
tronic device 1001.
[0127] The sensor module 1076 may detect an oper-
ational state (e.g., power or temperature) of the electronic
device 1001 or an environmental state (e.g., a state of a
user) external to the electronic device 1001, and then
generate an electrical signal or data value corresponding
to the detected state. According to an embodiment, the
sensor module 1076 may include, for example, a gesture
sensor, a gyro sensor, an atmospheric pressure sensor,
a magnetic sensor, an acceleration sensor, a grip sensor,
a proximity sensor, a color sensor, an infrared (IR) sen-
sor, a biometric sensor, a temperature sensor, a humidity
sensor, or an illuminance sensor.
[0128] The interface 1077 may support one or more
specified protocols to be used for the electronic device
1001 to be coupled with the external electronic device
(e.g., the electronic device 1002) directly (e.g., wiredly)
or wirelessly. According to an embodiment, the interface
1077 may include, for example, a high definition multi-
media interface (HDMI), a universal serial bus (USB) in-
terface, a secure digital (SD) card interface, or an audio
interface.

[0129] A connecting terminal 1078 may include a con-
nector via which the electronic device 1001 may be phys-
ically connected with the external electronic device (e.g.,
the electronic device 1002). According to an embodi-
ment, the connecting terminal 1078 may include, for ex-
ample, a HDMI connector, a USB connector, a SD card
connector, or an audio connector (e.g., a headphone con-
nector).
[0130] The haptic module 1079 may convert an elec-
trical signal into a mechanical stimulus (e.g., a vibration
or a movement) or electrical stimulus which may be rec-
ognized by a user via his tactile sensation or kinesthetic
sensation. According to an embodiment, the haptic mod-
ule 1079 may include, for example, a motor, a piezoe-
lectric element, or an electric stimulator.
[0131] The camera module 1080 may capture a still
image or moving images. According to an embodiment,
the camera module 1080 may include one or more lens-
es, image sensors, image signal processors, or flashes.
[0132] The power management module 1088 may
manage power supplied to the electronic device 1001.
According to one embodiment, the power management
module 1088 may be implemented as at least part of, for
example, a power management integrated circuit
(PMIC).
[0133] The battery 1089 may supply power to at least
one component of the electronic device 1001. According
to an embodiment, the battery 1089 may include, for ex-
ample, a primary cell which is not rechargeable, a sec-
ondary cell which is rechargeable, or a fuel cell.
[0134] The communication module 1090 may support
establishing a direct (e.g., wired) communication channel
or a wireless communication channel between the elec-
tronic device 1001 and the external electronic device
(e.g., the electronic device 1002, the electronic device
1004, or the server 1008) and performing communication
via the established communication channel. The com-
munication module 1090 may include one or more com-
munication processors that are operable independently
from the processor 1020 (e.g., the application processor
(AP)) and supports a direct (e.g., wired) communication
or a wireless communication. According to an embodi-
ment, the communication module 1090 may include a
wireless communication module 1092 (e.g., a cellular
communication module, a short-range wireless commu-
nication module, or a global navigation satellite system
(GNSS) communication module) or a wired communica-
tion module 1094 (e.g., a local area network (LAN) com-
munication module or a power line communication (PLC)
module). A corresponding one of these communication
modules may communicate with the external electronic
device via the first network 1098 (e.g., a short-range com-
munication network, such as Bluetooth™, wireless-fidel-
ity (Wi-Fi) direct, or infrared data association (IrDA)) or
the second network 1099 (e.g., a long-range communi-
cation network, such as a cellular network, the Internet,
or a computer network (e.g., LAN or wide area network
(WAN)). These various types of communication modules
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may be implemented as a single component (e.g., a sin-
gle chip), or may be implemented as multi components
(e.g., multi chips) separate from each other. The wireless
communication module 1092 may identify and authenti-
cate the electronic device 1001 in a communication net-
work, such as the first network 1098 or the second net-
work 1099, using subscriber information (e.g., interna-
tional mobile subscriber identity (IMSI)) stored in the sub-
scriber identification module 1096.
[0135] The antenna module 1097 may transmit or re-
ceive a signal or power to or from the outside (e.g., the
external electronic device) of the electronic device 1001.
According to an embodiment, the antenna module 1097
may include an antenna including a radiating element
composed of a conductive material or a conductive pat-
tern formed in or on a substrate (e.g., PCB). According
to an embodiment, the antenna module 1097 may include
a plurality of antennas. In such a case, at least one an-
tenna appropriate for a communication scheme used in
the communication network, such as the first network
1098 or the second network 1099, may be selected, for
example, by the communication module 1090 (e.g., the
wireless communication module 1092) from the plurality
of antennas. The signal or the power may then be trans-
mitted or received between the communication module
1090 and the external electronic device via the selected
at least one antenna. According to an embodiment, an-
other component (e.g., a radio frequency integrated cir-
cuit (RFIC)) other than the radiating element may be ad-
ditionally formed as part of the antenna module 1097.
[0136] At least some of the above-described compo-
nents may be coupled mutually and communicate signals
(e.g., commands or data) therebetween via an inter-pe-
ripheral communication scheme (e.g., a bus, general pur-
pose input and output (GPIO), serial peripheral interface
(SPI), or mobile industry processor interface (MIPI)).
[0137] According to an embodiment, commands or da-
ta may be transmitted or received between the electronic
device 1001 and the external electronic device 1004 via
the server 1008 coupled with the second network 1099.
Each of the electronic devices 1002 and 1004 may be a
device of a same type as, or a different type, from the
electronic device 1001. According to an embodiment, all
or some of operations to be executed at the electronic
device 1001 may be executed at one or more of the ex-
ternal electronic devices 1002, 1004, or 1008. For exam-
ple, if the electronic device 1001 should perform a func-
tion or a service automatically, or in response to a request
from a user or another device, the electronic device 1001,
instead of, or in addition to, executing the function or the
service, may request the one or more external electronic
devices to perform at least part of the function or the
service. The one or more external electronic devices re-
ceiving the request may perform the at least part of the
function or the service requested, or an additional func-
tion or an additional service related to the request, and
transfer an outcome of the performing to the electronic
device 1001. The electronic device 1001 may provide

the outcome, with or without further processing of the
outcome, as at least part of a reply to the request. To that
end, a cloud computing, distributed computing, or client-
server computing technology may be used, for example.
[0138] The electronic device according to various em-
bodiments may be one of various types of electronic de-
vices. The electronic devices may include, for example,
a portable communication device (e.g., a smartphone),
a computer device, a portable multimedia device, a port-
able medical device, a camera, a wearable device, or a
home appliance. According to an embodiment of the dis-
closure, the electronic devices are not limited to those
described above.
[0139] It should be appreciated that various embodi-
ments of the present disclosure and the terms used there-
in are not intended to limit the technological features set
forth herein to particular embodiments and include vari-
ous changes, equivalents, or replacements for a corre-
sponding embodiment. With regard to the description of
the drawings, similar reference numerals may be used
to refer to similar or related elements. It is to be under-
stood that a singular form of a noun corresponding to an
item may include one or more of the things, unless the
relevant context clearly indicates otherwise. As used
herein, each of such phrases as "A or B," "at least one
of A and B," "at least one of A or B," "A, B, or C," "at least
one of A, B, and C," and "at least one of A, B, or C," may
include any one of, or all possible combinations of the
items enumerated together in a corresponding one of the
phrases. As used herein, such terms as "1st" and "2nd,"
or "first" and "second" may be used to simply distinguish
a corresponding component from another, and does not
limit the components in other aspect (e.g., importance or
order). It is to be understood that if an element (e.g., a
first element) is referred to, with or without the term "op-
eratively" or "communicatively", as "coupled with," "cou-
pled to," "connected with," or "connected to" another el-
ement (e.g., a second element), it means that the element
may be coupled with the other element directly (e.g.,
wiredly), wirelessly, or via a third element.
[0140] As used herein, the term "module" may include
a unit implemented in hardware, software, or firmware,
and may interchangeably be used with other terms, for
example, "logic," "logic block," "part," or "circuitry". A
module may be a single integral component, or a mini-
mum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the
module may be implemented in a form of an application-
specific integrated circuit (ASIC).
[0141] Various embodiments as set forth herein may
be implemented as software (e.g., the program 1040)
including one or more instructions that are stored in a
storage medium (e.g., internal memory 1036 or external
memory 1038) that is readable by a machine (e.g., the
electronic device 1001). For example, a processor(e.g.,
the processor 1020) of the machine (e.g., the electronic
device 1001) may invoke at least one of the one or more
instructions stored in the storage medium, and execute
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it, with or without using one or more other components
under the control of the processor. This allows the ma-
chine to be operated to perform at least one function ac-
cording to the at least one instruction invoked. The one
or more instructions may include a code generated by a
compiler or a code executable by an interpreter. The ma-
chine-readable storage medium may be provided in the
form of a non-transitory storage medium. Wherein, the
term "non-transitory" simply means that the storage me-
dium is a tangible device, and does not include a signal
(e.g., an electromagnetic wave), but this term does not
differentiate between where data is semi-permanently
stored in the storage medium and where the data is tem-
porarily stored in the storage medium.
[0142] According to an embodiment, a method accord-
ing to various embodiments of the disclosure may be
included and provided in a computer program product.
The computer program product may be traded as a prod-
uct between a seller and a buyer. The computer program
product may be distributed in the form of a machine-read-
able storage medium (e.g., compact disc read only mem-
ory (CD-ROM)), or be distributed (e.g., downloaded or
uploaded) online via an application store (e.g., Play-
Store™), or between two user devices (e.g., smart
phones) directly. If distributed online, at least part of the
computer program product may be temporarily generat-
ed or at least temporarily stored in the machine-readable
storage medium, such as memory of the manufacturer’s
server, a server of the application store, or a relay server.
[0143] According to various embodiments, each com-
ponent (e.g., a module or a program) of the above-de-
scribed components may include a single entity or mul-
tiple entities. According to various embodiments, one or
more of the above-described components may be omit-
ted, or one or more other components may be added.
Alternatively or additionally, a plurality of components
(e.g., modules or programs) may be integrated into a
single component. In such a case, according to various
embodiments, the integrated component may still per-
form one or more functions of each of the plurality of
components in the same or similar manner as they are
performed by a corresponding one of the plurality of com-
ponents before the integration. According to various em-
bodiments, operations performed by the module, the pro-
gram, or another component may be carried out sequen-
tially, in parallel, repeatedly, or heuristically, or one or
more of the operations may be executed in a different
order or omitted, or one or more other operations may
be added.

Claims

1. An electronic device comprising:

a PPG sensor including a light emitter config-
ured to apply a current in a specified range and
emit a light signal corresponding to the current

and a light detector configured to amplify a re-
ceived light signal by applying one of a plurality
of gain values;
a memory configured to store a plurality of sets
of PPG models corresponding to the plurality of
gain values and including a current value and
PPG level data corresponding to the current val-
ue; and
at least one processor electrically connected to
the PPG sensor and the memory,
wherein the at least one processor is configured
to
acquire a first PPG signal from the PPG sensor
set with a first current value satisfying the spec-
ified range and a first gain value of the plurality
of gain values when a contact of a user is de-
tected by the PPG sensor,
generate a first PPG model corresponding to the
user based on a first PPG model set correspond-
ing to the first gain value among the plurality of
sets of PPG models, the first current value and
the first PPG signal,
determine a second gain value and a second
current value for acquiring a PPG signal with a
specified PPG level, based at least on the first
PPG model set, and
obtain a second PPG signal with the specified
PPG level using the PPG sensor set with the
second gain value and the second current value.

2. The electronic device of claim 1, wherein the at least
one processor is configured to generate bio informa-
tion for the user based at least on the second PPG
signal.

3. The electronic device of claim 1, wherein the at least
one processor is configured to identify a current val-
ue for acquiring the PPG signal with the specified
PPG level based at least on the first PPG model,
when the current value satisfies the specified range,
determine the second gain value to be the first gain
value and determine the second current value to be
the first current value.

4. The electronic device of claim 1, wherein the at least
one processor is configured to identify a current val-
ue for acquiring the PPG signal with the specified
PPG level based at least on the first PPG model,
when the current value does not satisfy the specified
range, determine the second gain value to be a third
gain value greater or less than the first gain value
and determine the second current value to be a third
current value corresponding to the third gain value
and satisfying the specified range.

5. The electronic device of claim 1, wherein the at least
one processor is configured to:
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determine a third current value obtained by cor-
recting the second current value using the first
current value, the first PPG signal, the second
current value and the second PPG signal, and
obtain a third PPG signal satisfying the specified
PPG level using the PPG sensor set with the
second gain value and the third current value.

6. The electronic device of claim 5, wherein the at least
one processor is configured to:

update the first PPG model using the first current
value, the first PPG signal, the second current
value and the second PPG signal, and
determine the third current value based on the
updated first PPG model.

7. The electronic device of claim 5, wherein the at least
one processor is configured to:

determine the second gain value to be a fourth
gain value greater or less than the second gain
value and determine a fourth current value cor-
responding to the third gain value and satisfying
the specified range when the third current value
does not satisfy the specified range, and
obtain the third PPG signal from the PPG sensor
set with the third gain value and the fourth cur-
rent value.

8. The electronic device of claim 1, wherein the at least
one processor is configured to select a second PPG
model and a third PPG model corresponding to the
first gain value among the first PPG model set based
at least on the first current value and the first PPG
signal and generate the first PPG model using the
second PPG model and the third PPG model.

9. The electronic device of claim 1, wherein each of
PPG models included in the plurality of sets of PPG
models corresponds to a first-order function with a
current value applied to the light emitter on an x-axis
and a level value of a PPG signal acquired by the
PPG sensor on a y-axis.

10. The electronic device of claim 9, wherein the at least
one processor is configured to select two models
located closest from a point where a value of the x-
axis is the first current value and a value of the y-
axis is a level value of the first PPG signal, as a sec-
ond PPG model and a third PPG model, among the
first PPG model set.

11. The electronic device of claim 1, further comprising:

an acceleration sensor,
wherein the at least one processor is configured
to determine whether to perform an operation of

acquiring the first PPG signal using the PPG
sensor based at least on movement information
acquired using the acceleration sensor.

12. The electronic device of claim 11, wherein the at least
one processor is configured to:

obtain temporary PPG signals based on the first
current value and the first gain value after the
contact of the user is detected,
obtain acceleration values of the electronic de-
vice from the acceleration sensor, and
obtain the first PPG signal when a change width
in the acceleration values is less than a prede-
termined threshold value and a change width in
the temporary PPG signals is less than a pre-
determined threshold value.

13. A method performed by an electronic device, com-
prising:

obtaining a first PPG signal from a PPG sensor
using a first current value less than or equal to
a maximum current value applicable to the PPG
sensor and a first gain value of a plurality of gain
values set in the PPG sensor when a contact of
a user is detected by the PPG sensor included
in the electronic device;
generating a first PPG model corresponding to
the user based on a first PPG model set corre-
sponding to the first gain value, the first current
value, and the first PPG signal; and
obtaining a second PPG signal having a speci-
fied PPG level from the PPG sensor using a sec-
ond gain value and a second current value de-
termined based on a relationship between a cur-
rent value corresponding to the specified PPG
level specified in the first PPG level and a max-
imum current value.

14. The method of claim 13, further comprising:

determining a third current value obtained by
correcting the second current value using the
first current value, the first PPG signal, the sec-
ond current value and the second PPG signal;
and
obtaining a third PPG signal having the specified
PPG level from the PPG sensor using the sec-
ond gain value and the third current value.

15. The method of claim 14, further comprising:

determining a third gain value that is a value
greater than the second gain value and deter-
mine a fourth current value less than the maxi-
mum current value and corresponding to the
third gain value when the corrected third current
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value is greater than the maximum current val-
ue; and
obtaining the third PPG signal from the PPG
sensor set with the third gain value and the fourth
current value.
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