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(57) ABSTRACT
Provided are an electronic device, a signal processing
method thereof, a biological signal measurement system,
and a non-transitory computer readable recording medium.
The electronic device, according to one embodiment of the
present disclosure, comprises: a sensor for measuring a
biological signal of a user; and a processor for determining
the periodicity of the measured biological signal, and selec-
tively compressing the measured biological signal according

to the determined periodicity.
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ELECTRONIC DEVICE, SIGNAL
PROCESSING METHOD THEREOF,
BIOLOGICAL SIGNAL MEASUREMENT
SYSTEM, AND NON-TRANSITORY
COMPUTER READABLE RECORDING
MEDIUM

TECHNICAL FIELD

[0001] Apparatuses and methods consistent with the pres-
ent disclosure relates to an electronic device, a signal
processing method thereof, a biological signal measurement
system, and a non-transitory computer readable recording
medium, and more particularly to an electronic device
whose efficiency is improved by compressing a measured
biological signal, a signal processing method thereof, a
biological signal measurement system, and a non-transitory
computer readable recording medium.

BACKGROUND ART

[0002] Technology for measuring biological signals in
accordance with the development of electronic technology
has been also developing. In particular, technology for
continuously measuring a biological signal of a user through
an electronic device worn by the user on a daily basis, such
as a wearable device, has been developed.

[0003] However, as a biological signal measurement
device routinely measures the biological signal of the user,
an amount of biological signal data is explosively increas-
ing. Also, problems of data security also arise when bio-
logical signals are stored or transmitted to external devices.
[0004] Accordingly, a method of compressing a biological
signal has been studied. However, the conventional biologi-
cal signal compression method has a limitation that it merely
suggests a compression algorithm. Therefore, pre-conditions
for the implementation of the compression algorithm may
not be determined, which rather caused a problem of an
increase in the capacity of data due to the application of the
compression algorithm.

DISCLOSURE

Technical Problem

[0005] The present disclosure provides an electronic
device that selectively compresses a biological signal by
determining whether to compress the biological signal
according to the biological signal and a motion of a user, a
signal processing method thereof, a biological signal mea-
surement system, and a non-transitory computer readable
recording medium.

Technical Solution

[0006] According to an aspect of the present disclosure, an
electronic device includes: a sensor configured to measure a
biological signal of a user; and a processor configured to
determine a periodicity of the measured biological signal
and selectively compress the measured biological signal
according to the determined periodicity.

[0007] The electronic device may further include a motion
sensor configured to sense a degree of motion of the user,
wherein when the detected degree of motion is less than or
equal to a predetermined threshold value and the measured
biological signal has the periodicity, the processor is con-
figured to compresses the measured biological signal.
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[0008] The processor may be configured to detect a plu-
rality of peaks from the measured biological signal and
determine the periodicity of the biological signal based on
intervals between the detected plurality of peaks.

[0009] The processor may be configured to generate a
differential signal by using an average value of the measured
biological signals and compress the biological signals by
using the generated differential signal and a number of bits
for representing the generated differential signal.

[0010] When a predetermined number of biological sig-
nals are measured, the processor may be configured to
determine a periodicity of the measured predetermined
number of biological signals.

[0011] The processor may be configured to monitor com-
pression efliciency using the compressed biological signal
and stop compressing the measured biological signal when
the compression efficiency is less than or equal to a prede-
termined level.

[0012] The electronic device may further include a com-
municator configured to communicate with an external
device, wherein the processor is configured to control the
communicator to transmit the compressed biological signal.
[0013] The electronic device may further include a storage
configured to store the compressed biological signal.
[0014] The biological signal may be at least one of an
ECG, an EEG, an EMG, an EOG, and a PPG.

[0015] The sensor may be configured to measure a plu-
rality of kinds of biological signals of the user, and wherein
the processor is configured to compress the measured plu-
rality of kinds of biological signals together.

[0016] According to another aspect of the present disclo-
sure, an electronic device includes a sensor configured to
measure a biological signal of a user; a motion sensor
configured to sense a degree of motion of the user; and a
processor configured to compress the measured biological
signal when the sensed degree of motion is less than or equal
to a predetermined threshold value.

[0017] The motion sensor may include an acceleration
sensor and is configured to determine a state of the user as
one of a sleep state, a rest state, a walking state, and a
running state based on a value measured by the acceleration
Sensor.

[0018] According to another aspect of the present disclo-
sure, a biological signal measurement system includes a
biological signal measurement device configured to measure
a biological signal of a user and a state of motion of the user
and an analysis device configured to analyze the biological
signal, wherein the biological signal measurement device is
configured to selectively compress the measured biological
signal based on the measured biological signal and state of
motion and transmit the compressed biological signal to the
analysis device, and the analysis device is configured to
decompress the transmitted biological signal to analyze the
measured biological signal.

[0019] According to another aspect of the present disclo-
sure, a signal processing method of an electronic device
includes measuring a biological signal of a user; determining
a periodicity of the measured biological signal; and selec-
tively compressing the measured biological signal according
to the determined periodicity.

[0020] The signal processing method may further include:
sensing a degree of motion of the user, wherein the com-
pressing includes: when the sensed degree of motion is less
than or equal to a predetermined threshold value and the
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measured biological signal has the periodicity, compressing
the measured biological signal.

[0021] The determining of the periodicity may include:
detecting a plurality of peaks from the measured biological
signal; and determining the periodicity of the biological
signal based on intervals between the detected plurality of
peaks.

[0022] The selectively compressing may include generat-
ing a differential signal using the average value of the
measured biological signal and compressing the biological
signal using the generated differential signal and the number
of bits for representing the generated differential signal.
[0023] According to another aspect of the present disclo-
sure, a signal processing method of an electronic device
includes measuring a biological signal of a user; sensing a
degree of motion of the user; and compressing the measured
biological signal when the sensed degree of motion is less
than or equal to a predetermined threshold value.

[0024] The sensing of the degree of motion of the user
may include measuring the degree of motion of the user
using an acceleration sensor and determining a state of the
user as one of a sleep state, a rest state, a walking state, and
a running state based on a value measured by the accelera-
tion sensor.

[0025] According to another aspect of the present disclo-
sure, a non-transitory computer readable recording medium
including a program for executing a signal processing
method of an electronic device includes measuring a bio-
logical signal of a user; determining a periodicity of the
measured biological signal; and selectively compressing the
measured biological signal according to the determined
periodicity.

Advantageous Effects

[0026] According to the diverse exemplary embodiments
of the present disclosure, the compression efficiency of
biological signal data may be improved.

DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a conceptual diagram showing a biologi-
cal signal measurement system according to an exemplary
embodiment of the present disclosure;

[0028] FIG. 2is a block diagram schematically explaining
a configuration of an electronic device according to an
exemplary embodiment of the present disclosure;

[0029] FIG. 3 is a diagram for in detail explaining a
configuration of an electronic device according to an exem-
plary embodiment of the present disclosure;

[0030] FIGS. 4A to 4C are graphs for explaining the size
of data according to the compression of a biological signal,
[0031] FIG. 5 is an ECG graph showing an example of a
periodic biological signal;

[0032] FIG. 6 is a diagram for explaining a method of
determining a periodicity of a biological signal at intervals
between a plurality of peaks;

[0033] FIG. 7 is a conceptual diagram showing determin-
ing a motion of a user that may be determined through a
motion sensor;

[0034] FIG. 8 is a diagram for explaining a data compres-
sion method according to an exemplary embodiment of the
present disclosure;
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[0035] FIG. 9 is a block diagram for explaining a con-
figuration of an analysis device according to an exemplary
embodiment of the present disclosure;

[0036] FIG. 10 is a diagram for explaining an electronic
device monitoring compressed data according to an exem-
plary embodiment of the present disclosure; and

[0037] FIGS. 11 to 13 are flowcharts illustrating a signal
processing method of an electronic device according to
various embodiments of the present disclosure.

BEST MODE

[0038] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. In the following description of the
present disclosure, detailed description of known functions
and configurations incorporated herein will be omitted when
it may obscure the subject matter of the present disclosure.
The following terms are defined in consideration of the
functions of the present disclosure and may vary depending
on a user, an operator, or a custom. Therefore, the definition
should be based on the contents throughout the present
specification.

[0039] Terms including ordinals such as first, second, etc.
may be used to describe various elements, but the elements
are not limited by the terms. Terms are used only for the
purpose of distinguishing one element from another. For
example, without departing from the scope of the present
disclosure, a first element may be referred to as a second
element, and similarly, the second element may also be
referred to as the first element. The term “and/or” includes
any combination of a plurality of related items or any of a
plurality of related items.

[0040] The terms used herein are used to describe the
embodiments and are not intended to restrict and/or to limit
the disclosure. The singular forms “a,” “an,” and “the”
include plural expressions unless the context clearly dictates
otherwise. In the present specification, terms such as “com-
prise,” “include,” and the like are intended to specify the
presence of stated features, numbers, operations, elements,
components, or combinations thereof, but do not preclude
the presence or addition of one or more other features,
numbers, operations, elements, components, or combina-
tions thereof.

[0041] FIG. 1 is a diagram showing a biological signal
measurement system 1000 according to an exemplary
embodiment of the present disclosure. Referring to FIG. 1,
the biological signal measurement system 1000 may include
a biological signal measurement device 100 and an analysis
device 200. In the present specification, it is noted that the
biological signal measurement device 100 may be described
as the electronic device 100, and the analysis device 200
may be described as the external device 200.

[0042] The biological signal measurement device 100
according to an exemplary embodiment of the present
disclosure may continuously measure a biological signal of
a user. In the embodiment of FIG. 1, the biological signal
measurement device 100 is implemented in the form of a
smart watch, which is a kind of wearable device, but is not
limited thereto. For example, the biological signal measure-
ment device 100 may be implemented in various forms such
as a patch, a pair of glasses, a hat, a headband, earphones,
and a headset. Examples of biological signals that may be
measured by the biological signal measurement device 100
may include electrocardiogram (ECG), electroencephalog-
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raphy (EEG), electromyography (EMG), electrooculogra-
phy (EOG), and photoplethsmography (PPG). However, the
biological signals that may be measured by the biological
signal measurement device 100 are not limited to the above
examples.

[0043] The analysis device 200 according to an exemplary
embodiment of the present disclosure may analyze the
biological signal measured by the biological signal mea-
surement device 100. In the embodiment of FIG. 1, the
analysis device 200 is implemented as a smartphone, but is
not limited thereto. For example, the analysis device 200
may be implemented in various forms such as a tablet, a PC,
a laptop, and the like.

[0044] According to an exemplary embodiment of the
present disclosure, the biological signal measurement device
100 may measure the biological signal and a motion of the
user. The biological signal measurement device 100 may
determine whether to compress the measured biological
signal based on at least one of the measured biological signal
and a motion state. For example, when the measured bio-
logical signal is periodic or when the motion of the user is
small, the biological signal measurement device 100 may
compress the measured biological signal. When the mea-
sured biological signal is an aperiodic signal or when the
motion of the user is great, in the case where the biological
signal measurement device 100 performs data compression,
the compression efficiency is lowered. Even with a specific
compression algorithm, a problem has been found that an
amount of data increases due to the compression. A specific
reference for determination of the compression performance
of the biological signal measurement device 100 will be
described later. Then, the biological signal measurement
device 100 may store the compressed or uncompressed
biological signal data or may transmit the data to the analysis
device 200.

[0045] The analysis device 200 may receive the com-
pressed or uncompressed biological signal data from the
biological signal measurement device 100. For example, the
analysis device 200 may receive and decompress the com-
pressed biological signal data from the biological signal
measurement device 100. Then, the analysis device 200 may
post-process or analyze the decompressed biological signal
data.

[0046] According to the biological signal measurement
system 1000 according to an exemplary embodiment of the
present disclosure as described above, the storage of the data
or an amount of transmitted data may be reduced by increas-
ing the compression efficiency. Accordingly, this results in
reduction of power consumption, reduction of data transfer
time, and reduction of required memory capacity, etc.
[0047] FIG. 2is a block diagram schematically explaining
a configuration of the electronic device 100 according to an
exemplary embodiment of the present disclosure. Referring
to FIG. 2, the electronic device 100 may include a sensor 110
and a processor 120.

[0048] The sensor 110 may measure a biological signal of
a user. The sensor 110 may be implemented in various types
of analog front end (AFE). The electronic device 100 may be
implemented to be worn on various body parts of the user,
and thus the sensor 110 may measure various biological
signals in contact with the body of the user wearing the
electronic device 100.

[0049] The processor 120 may determine the periodicity
of the measured biological signal. The processor 120 may
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selectively compress the measured biological signal accord-
ing to the determined periodicity. For example, when the
measured biological signal has a periodic peak, the proces-
sor 120 may compress the measured biological signal. This
is because compressing a periodic signal is much higher in
the data compression efliciency than compressing an aperi-
odic signal.

[0050] In the case of a signal from which a peak may be
periodically detected among biological signals, the proces-
sor 120 may detect a plurality of peaks from the measured
biological signal to determine whether the measured bio-
logical signal is a periodic signal. When there is only a
fluctuation within a predetermined range of intervals
between the plurality of peaks, the processor 120 may
determine that the measured biological signal is the periodic
signal. To the contrary, when the peak is aperiodically
detected or the peak cannot be detected, the processor 120
may determine that the measured biological signal is the
aperiodic signal.

[0051] When it is determined that the measured biological
signal is the periodic signal, the processor 120 may com-
press the biological signal. The processor 120 may store the
compressed biological signal or transmit the compressed
biological signal to the external device 200. For example,
the processor 120 may generate a differential signal using an
average value of the measured biological signal. The pro-
cessor 120 may compress the biological signal using the
generated differential signal and the number of bits for
expressing the generated differential signal.

[0052] As described above, the electronic device 100
according to an exemplary embodiment of the present
disclosure may apply pre-conditions for the measured bio-
logical signal data compression. Accordingly, the electronic
device 100 may perform data compression only when the
data compression is more efficient, which produces an effect
of an increase in the compression efficiency.

[0053] FIG. 3 is a diagram for in detail explaining a
configuration of the electronic device 100 according to an
exemplary embodiment of the present disclosure. Referring
to FIG. 3, the electronic device 100 may include the sensor
110, the processor 120, a motion sensor 130, a communi-
cator 140, a storage 150, a display 160, and an alarm unit
170.

[0054] The sensor 110 may be implemented with various
types of AFE to measure a plurality of kinds of biological
signals. The sensor 110 may measure various biological
signals by contacting a user’s body wearing the electronic
device 100. For example, the sensor 110 may measure at
least one of an ECG, an EEG, an EMG, an EOG, and a PPG.
[0055] The motion sensor 130 may sense a degree of
motion of the user. For example, when the detected degree
of motion of the user is less than or equal to a predetermined
threshold value, the processor 120 may compress the bio-
logical signal measured by the sensor 110. To the contrary,
when the detected degree of motion of the user is equal to
or greater than the predetermined threshold value, the pro-
cessor 120 may not compress the biological signal measured
by the sensor 110 but transmit the measured biological
signal to the external device 200 or store the measured
biological signal in the storage 150.

[0056] The motion sensor 130 may determine a motion
state of the user. For example, the motion sensor 130 may
include an acceleration sensor. Due to the characteristic of
the biological signal, when the motion of the user is
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increased, the periodicity of the biological signal is
degraded. That is, even if the biological signal is determined
to be a periodic biological signal when the user remains in
a place, the periodicity of the biological signal is signifi-
cantly reduced when the motion of the user is increased.
[0057] The acceleration sensor senses a variation in speed
with respect to a unit time. The acceleration sensor may be
implemented in three axes. When the acceleration sensor is
implemented as a three-axis acceleration sensor, the accel-
eration sensor is provided with X, Y, and Z-axis acceleration
sensors arranged in different directions and orthogonal to
each other.

[0058] The acceleration sensor converts an output value of
each of the X, Y, and Z axis acceleration sensors into a
digital value and provides the digital value to a preprocessor.
At this time, the preprocessor may include a chopping
circuit, an amplification circuit, a filter, and an A/D con-
verter. Accordingly, an electric signal output from the three-
axis acceleration sensor is chopped, amplified, and filtered,
and then converted into a digital voltage value.

[0059] The motion sensor 130 may further include an
angular velocity sensor, a geomagnetic sensor, and the like
in addition to the acceleration sensor. By combining values
measured by a plurality of types of sensors, the motion
sensor 130 may more accurately determine the motion state
of the user.

[0060] The angular velocity sensor detects an angular
velocity by sensing a variation in a predetermined direction
of the electronic device 100 during the unit time. A gyro-
scope having three axes may be used as the angular velocity
Sensor.

[0061] The geomagnetic sensor is a sensor capable of
sensing an azimuth angle by sensing the flow of a magnetic
field. The geomagnetic sensor may detect azimuth coordi-
nates of the electronic device 100 and may detect a direction
in which the electronic device 100 is placed based on the
azimuth coordinates.

[0062] The geomagnetic sensor senses geomagnetism by
measuring a voltage value induced by geomagnetism using
a flux-gate or the like. The geomagnetic sensor may be
implemented in two or three axes. In this case, since a
geomagnetism output value calculated by each axis geo-
magnetic sensor varies according to the magnitude of a
surrounding magnetic field, it is general to perform normal-
ization to map the geomagnetism output value within a
predetermined range (for example, -1 to 1). Normalization
is performed using a normalization factor such as a scale
value or an offset value. In order to calculate the normal-
ization factor, an output value should be calculated by
rotating the geomagnetic sensor several times and then
detecting the maximum value and the minimum value of the
output value. The normalized value using the normalization
factor is used for an azimuth correction operation.

[0063] The communicator 140 may communicate with the
external device 200 by wired or wirelessly. For example, the
communicator 140 may transmit compressed biological sig-
nal data to the external device 200.

[0064] For example, the communicator 140 may use vari-
ous wireless communication methods such as NFC (Near
Field Communication), wireless LAN (Wireless LAN), IR
(InfraRed) communication, Zighee communication, WiFi,
Bluetooth, etc. The communicator 140 may use various
wired communication methods such as a high definition
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multimedia interface (HDMI), a low voltage differential
signaling (LVDS), a local area network (LAN), a universal
serial bus (USB), etc.

[0065] Also, the communicator 140 may transmit and
receive data to and from a hospital server connected through
the medical image information system (PACS) or other
medical devices in a hospital. Also, the communicator 140
may perform data communication according to the DICOM
(Digital Imaging and Communications in Medicine) stan-
dard.

[0066] The storage 150 may store the measured biological
signal or the compressed biological signal. Also, the storage
150 may store various data, programs, or applications that
drive and control the electronic device 100. The storage 150
is a storage medium storing various programs and the like
necessary for operating the electronic device 100 and may
be implemented as a flash memory, a hard disk, or the like.
For example, the storage 150 may be implemented in the
form of an SD card.

[0067] The storage 150 may include a ROM for storing a
program for performing an operation of the electronic device
100, a RAM for temporarily storing data according to the
operation of the electronic device 100, and the like. Also, the
storage 150 may further include an EEPROM (Electrically
Erasable and Programmable ROM) for storing various ref-
erence data.

[0068] The display 160 may display a screen about the
measured biological signal. For example, the display 160
may display measured electrocardiogram information on the
screen in the form of a graph with respect to time. Also, the
display 160 may display a Ul providing additional informa-
tion about the measured biological signal.

[0069] Also, the display 160 may display a screen capable
of monitoring compression efliciency using the compressed
biological signal. Also, the display 160 may display, in the
form of a GUI, a button capable of controlling to stop
compression of the measured biological signal when the
compression efficiency is less than or equal to a predeter-
mined level.

[0070] The display 160 may be implemented as a touch
screen having a mutual layer structure together with a touch
pad. The touch screen may receive user instructions through
a touch input location, an area, a pressure of a touch input,
and the like.

[0071] The alarm unit 170 may provide an alarm to the
user. For example, the alarm unit 170 may provide a
message to the user using a time signal, an auditory signal,
a tactile signal, or the like. The message provided by the
alarm unit 170 may include a message related to the opera-
tion of the electronic device 100, a message related to the
measurement progress of the biological signal, a message
regarding a result of analyzing the biological signal, and the
like.

[0072] In addition, the electronic device 100 may further
include a user input unit (not shown), a wireless charger (not
shown), and the like.

[0073] The user input unit may receive input for control-
ling the electronic device 100 from the user. For example,
the user input unit may be implemented as a key pad, a
mouse, a touch panel, a touch screen, a track ball, a jog
switch, or the like. The user input unit may be implemented
as a voice recognition sensor, a fingerprint recognition
sensor, a motion recognition sensor, or the like.
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[0074] The wireless charger may charge power of the
electronic device 100 using a magnetic induction method or
a magnetic resonance method. The magnetic induction
method is a technique of supplying a current by flowing the
current through electromagnetic induction and inducing a
magnetic field generated in a primary coil of a charging pad
to a secondary coil provided in a charging target object. The
magnetic resonance method is a technique of mounting a
resonance coil of the same frequency on a charging pad and
a charging target object, and applying power to a frequency
using resonance. In particular, when the electronic device
100 is implemented as a portable device, the electronic
device 100 may include the wireless charger. However, even
if the electronic device 100 is implemented as the portable
device, it may be implemented in various ways such as
wired charging, power supply using a battery, and thus a
power charging method of the electronic device 100 is not
limited to a wireless charging method.

[0075] The processor 120 may control the overall con-
figuration of the electronic device 100. The processor 120
may determine whether to compress the biological signal
based on information measured in at least one of the sensor
110 and the motion sensor 130.

[0076] For example, the processor 120 may detect a plu-
rality of peaks from the biological signal measured by the
sensor 110, and determine whether the plurality of peaks
occur at regular intervals. When it is determined that the
plurality of peaks have a periodicity occurred at regular
intervals, the processor 120 may compress the measured
biological signal.

[0077] As another example, the processor 120 may deter-
mine the motion state of the user using the information
measured by the motion sensor 130. When it is determined
that the motion of the user is low, the processor 120 may
compress the biological signal measured by the sensor 110.
[0078] As described above, the processor 120 may deter-
mine whether to perform compression based on at least one
of the quality of biological information and the motion of the
user, rather than compressing all of measured biological
information. This selective compression directly affects the
compression efficiency.

[0079] FIGS. 4A 10 4C are diagrams for explaining the
size of data according to the compression of a biological
signal. FIG. 4A is a diagram of a result of compressing data
when it is determined that the processor 120 compresses the
data. FIG. 4B is a diagram of a result of forcibly compress-
ing the data when it is determined that the processor 120
does not compress the data. FIG. 4C is a diagram of
uncompressed data. Referring to FIG. 4C, it may be seen
that the size of the uncompressed data is 16 bits.

[0080] For example, the processor 120 may compress a
biological signal when the measured biological signal is
determined to be periodic. Referring to FIG. 4A, the pro-
cessor 120 may compress 16-bit data to produce data having
a size of 5 to 16 bits.

[0081] FIG. 4B shows the result of forcibly compressing
data when the measured biological signal is not periodic or
when a motion of a user is large. Referring to FIG. 4B, it
may be confirmed that the size of the compressed data is 12
to 19 bits. That is, it may be seen that the compression
efficiency is remarkably low or the data size is rather
increased.

[0082] That is, it may be seen that the effect of compres-
sion is significantly reduced when the electronic device 100
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according to an exemplary embodiment of the present
disclosure does not selectively compress the biological
signal. Determining whether the processor 120 compresses
data and a compression method will be described in more
detail below.

[0083] Each of the above-described elements of the elec-
tronic device 100 according to various embodiments of the
present disclosure may be composed of one or more com-
ponents. Names of the elements may vary depending on a
type of a device. The electronic device 100 according to
various embodiments of the present disclosure may be
configured to include at least one of the elements described
above, with some elements omitted or further including
additional elements. Also, some of the elements of the
electronic device 100 according to various embodiments of
the present disclosure may be combined and configured as
an entity, thereby performing the same functions of the
elements before being combined.

[0084] According to an exemplary embodiment of the
present disclosure, in the case of a signal from which a peak
may be periodically detected among biological signals, the
processor 120 may determine whether to compress biologi-
cal signal data according to whether to detect a periodic
peak. Examples of the signal from which the peak may be
periodically detected among biological signals include ECG
and PPG.

[0085] FIG. 5 is a diagram showing an ECG signal which
is an example of a periodic biological signal. ECG is a
record of a cardiac electrical activity. Since a myocardium
depolarizes every heartbeat, the sensor 110 may detect and
amplify a fine electrical signal on the skin. Since a peak may
be detected every heartbeat cycle, ECG corresponds to a
typical periodic biological signal.

[0086] As shown in FIG. 5, the ECG signal is formed with
three wavelengths of a P wave, a QRS wave, and a T wave.
The P wave occurs when atrial depolarization occurs. The
QRS wave occurs when depolarization of ventricle occurs.
The T wave occurs when ventricle repolarizes. Since the
largest peak in the ECG signal corresponds to an R peak, a
cardiac cycle may be determined by an interval between R
peaks. The interval between the R peaks is referred to as an
RRI (R-R Interval).

[0087] According to an exemplary embodiment of the
present disclosure, the processor 120 may detect the R peaks
from a measured ECG signal. Then, the processor 120 may
determine whether the measured ECG signal is a periodic
biological signal based on an RRI value between the
detected R peaks.

[0088] When the R peak may not be detected from the
measured ECG signal, or when the R peaks occur aperiodi-
cally, the processor 120 may not compress the measured
ECG signal. To the contrary, when the measured ECG signal
is periodically generated as shown in FIG. 6, the processor
120 may compress the measured ECG signal.

[0089] Referring to FIG. 6, the processor 120 may detect
six peaks from the measured biological signal. The proces-
sor 120 may then measure intervals t1, t2, t3, t4, and t5
between the peaks. For example, the processor 120 may
determine that a periodic signal has been measured when the
intervals between the peaks is within a 15% range. As shown
in Equation 1, when t1 is different from a reference time t,
within 15%, the processor 120 may determine that the peaks
are periodic.

0.85t, stl=1.15t,¢ [Equation 1]
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[0090] For example, tref may be set to an average value of
the measured RRIs (t1, t2, t3, t4, and t5). As another
example, tref may be a value preset by the user.

[0091] According to an exemplary embodiment of the
present disclosure, when a predetermined number of bio-
logical signals are measured, the processor 120 may deter-
mine periodicity for each of the predetermined number of
measured biological signals. Referring to FIG. 6, when the
six peaks are detected, the processor 120 may determine the
periodicity of the biological signal through the five RRI
values between the six peaks. The processor 120 may
determine whether to compress data for each predetermined
number, and selectively perform compression. In another
embodiment, the processor 120 may continuously determine
the periodicity to perform data compression whenever the
compression/decompression determination is changed.
[0092] In addition to the ECG shown in FIG. 6, a PPG
corresponds to a typical periodic biological signal. The PPG
is a method of measuring blood flow by irradiating light to
a specific body part and measuring a degree of absorption or
reflection in or from the tissue. When the light is irradiated,
a degree of transmission of light changes due to hemoglobin
changes in the blood, and this change may be attributed to
blood flow.

[0093] For example, the sensor 110 may measure the PPG
using a green light of an LED. The sensor 110 may illumi-
nate the LED green light on a user’s specific part (e.g., when
the electronic device 100 is implemented as a smart watch
on a user’s wrist) and measure an amount of absorption of
the green light through a photodiode.

[0094] Alternatively, the sensor 110 may measure the PPG
using a red light or an infrared ray. The sensor 110 may
illuminate the red light or the infrared ray on the user’s
specific part and measure an amount of reflection of the red
light or the infrared ray through the photodiode.

[0095] In addition to the ECG and the PPG, the sensor 110
may measure various types of biological signals. Then, the
processor 120 may compress the plurality of measured
biological signals together.

[0096] According to an exemplary embodiment of the
present disclosure, the processor 120 may determine
whether to compress biological signal data according to a
motion of the user measured by the motion sensor 130, as
well as the characteristic of the biological signal itself
measured by the sensor 110. For example, when a degree of
motion of the user sensed by the motion sensor 130 is less
than or equal to a predetermined threshold value, the pro-
cessor 120 may compress biological signal data measured by
the sensor 110.

[0097] Due to the characteristic of the biological signal,
when the motion of the user is increased, the repeatability of
data is degraded. Using this characteristic, the electronic
device 100 according to an exemplary embodiment of the
present disclosure may measure the motion of the user using
the motion sensor 130 such as an acceleration sensor. The
processor 120 may determine a motion state of the user
using a value measured by the motion sensor 130. Various
kinds of algorithms may be used to determine the motion
state of the user, and are not limitedly described in the
present specification. As long as it is an algorithm capable of
distinguishing the motion state of the user using data of the
motion sensor 130, the algorithm may be applicable to the
electronic device 100 according to an exemplary embodi-
ment of the present disclosure without limitation.
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[0098] FIG. 7 is a conceptual diagram showing determin-
ing a motion of a user using an acceleration sensor. Accord-
ing to an exemplary embodiment of the present disclosure,
the motion sensor 130 may include an acceleration sensor.
The processor 120 may determine a state of the user based
on a value measured by the acceleration sensor. For
example, the processor 120 may determine the state of the
user as one of a sleep state, a rest state, a walking state, and
a running state.

[0099] When the state of the user is determined as the
sleep state and the rest state shown in the left side of FIG.
7, the processor 120 may compress a biological signal
measured by the sensor 110. When a degree of motion is
small, there is a high possibility that the repeatability of the
biological signal is maintained. For example, the processor
120 may determine whether to compress the biological
signal by comparing a predetermined threshold value with
the degree of motion of the user. The processor 120 may
compress the biological signal measured by the sensor 110
in the case of the sleep state and the rest state (when the
degree of motion of the user is smaller than the predeter-
mined threshold value).

[0100] To the contrary, when the state of the user is
determined as the walking state and the running state shown
in the right side of FIG. 7, the processor 120 may not
proceed to compress the biological signal measured by the
sensor 110. The processor 120 may store uncompressed data
itself in the storage 150 or may control the communicator
140 to transmit the uncompressed data to the external device
200. This is because when the degree of motion is large, the
repeatability of the biological signal is generally inferior,
and the sensor 110 is likely to measure motion noise
together.

[0101] The electronic device 100 according to another
embodiment of the present disclosure may determine
whether to compress the biological signal by determining
both the periodicity of the biological signal and the degree
of motion of the user.

[0102] The processor 120 may determine whether the
biological signal measured by the sensor 110 has periodicity.
The processor 120 may compare the degree of motion of the
user sensed by the motion sensor 130 with a predetermined
threshold value.

[0103] For example, when the measured biological signal
has periodicity and the degree of motion of the user is less
than or equal to the predetermined threshold value, the
processor 120 may compress the biological signal measured
by the sensor 110. In other cases, the processor 120 may not
proceed with compression of the measured biological signal.
[0104] As described above, the electronic device 100
according to various embodiments of the present disclosure
may determine whether to compress the measured biological
signal. Hereinafter, an example of a method of compressing
data when it is determined that the electronic device 100
compresses the biological signal is described.

[0105] FIG. 8 s a diagram for explaining a data compres-
sion method of the electronic device 100 according to an
exemplary embodiment of the present disclosure. In the
embodiment of FIG. 8, the electronic device 100 compresses
data and transmits the compressed data to the external
device 200, and the external device 200 restores the data.
However, an embodiment may be also possible that the
electronic device 100 compresses and stores the data therein
and restores the stored data again.
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[0106] Referring to FIG. 8, the processor 120 may control
the communicator 140 to calculate the number and an
average value of the measured biological signals 82, 85, 85,
and 88 and transmit the same to the external device 200. The
number of the biological signals is 4 and the average value
is 85, and thus the processor 120 may convert the same into
binary numbers and transmit [100] [01010101].

[0107] The reason why the processor 120 transmits the
number of the biological signals is that it is necessary to
know what biological signal is reflected to the average value.
The reason why the processor 120 transmits the average
value is to restore a differential value to be transmitted.
[0108] The processor 120 may generate the differential
signal using the average value of the measured biological
signals. In the example of FIG. 8, the processor 120 may
generate the differential signal of [82-85, 85-85, 85-85,
88-85]=[-3, 0, 0, 3].

[0109] The processor 120 may calculate the number of bits
used to represent the generated differential signal. This is to
transmit the differential signal ina FLC (Fixed Length Code)
method. As compared with the variable length code (VLC)
method, the FLC method has the advantage of knowing the
start and end of each data. In the example of FIG. 8, the
processor 120 may calculate the number of bits (FLC length)
used to represent the differential signal as 2.

[0110] The processor 120 may control the communicator
140 to transmit the FLC length, a magnitude of the differ-
ential signal, and a sign of the differential signal to the
external device 200. In the example of FIG. 8, the FLC
length is 2, the magnitude of the differential signal is [3, 0,
0, 3], and the sign of the differential signal is [-, 0, 0, +].
When the differential signal is 0, it is unnecessary to transmit
information corresponding to the sign. The processor 120
may convert each into a binary number and transmit [010]
[11000011] [10].

[0111] The processor 120 may compress and restore bio-
logical signal data through the above-described method.
However, the biological signal may not limitedly be com-
pressed or restored by the above-described algorithm, and
the algorithm shown in FIG. 8 corresponds to only one
example applicable to the electronic device 100 according to
an exemplary embodiment of the present disclosure. When
it is determined that the electronic device 100 according to
an exemplary embodiment of the present disclosure per-
forms compression according to the criteria described
above, the electronic device 100 may compress the biologi-
cal signal data using various compression algorithms.
[0112] The processor 120 may be implemented as a single
element such as one MCU, and an element determining
whether to perform compression and an element performing
compression may be implemented as separate chips.
[0113] FIG. 9 is a block diagram for explaining a configu-
ration of the external device 200 according to an exemplary
embodiment of the present disclosure. Referring to FIG. 9,
the external device 200 may include a communicator 210
and a processor 220.

[0114] The communicator 210 may receive compressed
biological signal data or non-compressed biological signal
data from the electronic device 100.

[0115] The processor 220 may post-process and analyze
the biological signal data received through the communica-
tor 210. When the communicator 210 receives the com-
pressed biological signal data, the processor 220 may
decompresses the biological signal data to restore biological
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signal data. Hereinafter, a process, performed by the pro-
cessor 220, of restoring the biological signal data will be
described with reference to FIG. 8.

[0116] The processor 220 may restore the biological signal
using received [100] [01010101] [010] [11000011] [10]. In
FIG. 8, it is described that the number of biological signals,
an average value, a FLC length, a magnitude of a differential
signal, and a sign of the differential signal are transmitted
sequentially, but the present disclosure is not limited to the
order.

[0117] The processor 220 may restore the number of
biological signals as 4 from [100]. Then, the processor 220
may restore the average value of the biological signals as 85
from [01010101].

[0118] Also, it may be seen that the processor 220 needs
to cut off and interpret the FLC lengths [010] to [11000011]
by two. The processor 220 may interpret the magnitude of
the differential signal by 2 bits to restore values [3, 0, 0, 3].
The processor 220 may further analyze 1 bit information
corresponding to the sign with respect to a value other than
0. Accordingly, the processor 220 may restore the differen-
tial signal as [-3, O, 0, 3]. Finally, the processor 220 may
restore the biological signals of [82, 85, 85, 88] using the
average value and the differential signal.

[0119] FIG. 10 is a diagram for explaining the electronic
device 100 monitoring compressed data according to an
exemplary embodiment of the present disclosure.

[0120] The processor 120 may monitor the size of bio-
logical signal data in real time. Thus, the processor 120 may
monitor the compression efficiency. For example, the pro-
cessor 120 may control the display 160 to display a GUI
provided with the size of the biological signal data, whether
to compress of the biological signal data, and the like as
shown in FIG. 10.

[0121] In an exemplary embodiment, the processor 120
may use the monitored compression efficiency to determine
whether to stop compression. The processor 120 may stop
the compression of a measured biological signal when the
compression efliciency is lower than or equal to a predeter-
mined level.

[0122] In another embodiment, the processor 120 may
perform feedback on criterion as to whether to compress a
biological signal using the monitored compression effi-
ciency. For example, the processor 120 may monitor the
compression efficiency and adjust a predetermined range
used to determine that intervals between a plurality of peaks
are constant.

[0123] Through the electronic device 100 according to
various embodiments as described above, a section in which
data compression of a biological signal is efficiently per-
formed may be determined. Therefore, the data compression
efficiency may be increased. As the data compression effi-
ciency increases, an amount of power consumption incurred
in data transmission and storage may be reduced, a trans-
mission time may be shortened, and the storage memory
capacity may reduced. Also, as the compressed data is stored
and transmitted, a security problem with respect to the
biological signal data may also be solved.

[0124] FIGS. 11 to 13 are flowcharts illustrating a signal
processing method of the electronic device 100 according to
various embodiments of the present disclosure.

[0125] Referring to FIG. 11, the electronic device 100 may
measure a biological signal of a user (S1110). For example,
the electronic device 100 may measure the biological signal
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of the user using various kinds of analog front ends (AFEs).
Examples of measurable biological signals include ECG,
EEG, EMG, EOG, and PPG.

[0126] Subsequently, the electronic device 100 may deter-
mine the periodicity of the measured biological signal
(S1120). For example, the electronic device 100 may detect
a plurality of peaks from the measured biological signal and
determine whether intervals between the detected peaks are
constant within a predetermined range. In the case of repeti-
tive data, since the compression efficiency is high, the
electronic device 100 may determine the periodicity of the
measured biological signal to determine whether the mea-
sured biological signal corresponds to the repetitive data.
[0127] The electronic device 100 may selectively com-
press the measured biological signal according to the deter-
mined periodicity (S1130). When it is determined that the
measured biological signal is a periodic signal, the elec-
tronic device 100 may perform a compression process on the
measured biological signal. To the contrary, when it is
determined that the measured biological signal is aperiodic,
the electronic device 100 may store the measured biological
signal in an uncompressed state, or may transmit the mea-
sured biological signal to the external device 200.

[0128] FIG. 12 is a flowchart for explaining a signal
processing method of the electronic device 100 according to
an exemplary embodiment of the present disclosure. The
embodiment of FIG. 12 shows a method of determining
whether to compress a biological signal by determining the
periodicity of a measured biological signal.

[0129] Referring to FIG. 12, the electronic device 100 may
measure the biological signal of a user (S1210). Then, the
electronic device 100 may detect a plurality of peaks from
the measured biological signal of the user (§1220). When it
is impossible to detect a peak, the electronic device 100 may
store the measured biological signal in an uncompressed
state or transmit the measured biological signal to the
external device 200,

[0130] Even when the plurality of peaks are detected, the
electronic device 100 may determine the periodicity of the
biological signal based on intervals between the detected
plurality of peaks. The electronic device 100 may determine
whether the intervals between the plurality of peaks are
within a predetermined range (S1230). For example, when
the intervals between the plurality of peaks differs by 15%
or less from a reference interval value, the electronic device
100 may determine that the measured biological signal is
periodic. The reference interval value may be an average
value of the intervals between the measured peaks or a
predetermined value. Then, the electronic device 100 may
adjust the predetermined reference value or the predeter-
mined range (for example, 15%) by monitoring the com-
pression efficiency.

[0131] When the intervals between the plurality of peaks
are within the predetermined range (S1230-Y), the elec-
tronic device 100 may compress the measured biological
signal (S1240). The electronic device 100 may compress the
measured biological signal using various compression algo-
rithms. Also, the electronic device 100 may perform com-
pression and additionally perform an encryption process.
Then, the electronic device 100 may store or transmit the
compressed biological signal data (S1250).

[0132] For example, the electronic device 100 may com-
press the measured biological signal using the number of
measured biological signals, an average value, and a differ-
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ential signal. The electronic device 100 may generate the
differential signal using the average value of the measured
biological signals. Then, the electronic device 100 may
compress the measured biological signal using the generated
differential signal and the number of bits for representing the
generated differential signal.

[0133] When the intervals between the plurality of peaks
exceed the predetermined range (S1230-N), the electronic
device 100 may store or transmit the measured biological
signal in an uncompressed state ($1250).

[0134] FIG. 13 is a flowchart for explaining a signal
processing method of the electronic device 100 according to
an exemplary embodiment of the present disclosure. The
embodiment of FIG. 13 illustrates a method of determining
a motion state of a user from a degree of motion of the
electronic device 100 and determining whether to compress
a biological signal based on the determined motion state.

[0135] Referring to FIG. 13, the electronic device 100 may
measure the biological signal of the user (S1310). Then, the
electronic device 100 may further measure the degree of
motion of the user (S1320). For example. the electronic
device 100 may measure the degree of motion of the user of
the electronic device 100 by measuring the degree of motion
of the electronic device 100 using an acceleration sensor.

[0136] The electronic device 100 may determine the
motion state of the user using various algorithms. The
electronic device 100 may determine the state of the user as
one of a sleep state, a rest state, a walking state, and a
running state based on a value measured by the acceleration
sensor. In addition to the acceleration sensor, the electronic
device 100 may also determine the state of the user by
combining measured biological signals. For example, the
electronic device 100 may determine that the user is in the
sleep state by combining the value measured by the accel-
eration sensor with a measurement value of an EEG.

[0137] In the embodiment of FIG. 13, the electronic
device 100 may determine whether to compress the biologi-
cal signal according to the measured degree of motion
(51330). When the measured degree of motion is equal to or
greater than a predetermined level (S1330-Y), the electronic
device 100 may store or transmit the measured biological
signal in a non-compression state (S1350). In general, when
the degree of motion is large, the biological signal has no
repetitive data form. When the data is not repetitive, the
compression efliciency is extremely low even if compres-
sion is performed, and in some cases, the data size rather
increases.

[0138] When the measured degree of motion is less than or
equal to the predetermined level (S1330-N), the electronic
device 100 may compress the measured biological signal
(51340). For example, the electronic device 100 may cal-
culate the number and an average value of the measured
biological signals. Then, the electronic device 100 may
generate a differential signal from the measured biological
signal using the average value. The electronic device 100
may calculate the number of bits for representing the dif-
ferential signal, magnitude of the differential signal, and a
sign of the differential signal. The electronic device 100 may
compress biological signal data by storing or transmitting
the number of the biological signals, the average value, the
number of bits for representing the differential signal, the
magnitude of the differential signal, and the sign of the
differential signal.
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[0139] Finally, the electronic device 100 may store the
compressed biological signal data or uncompressed biologi-
cal signal data or may transmit the compressed biological
signal data or the uncompressed biological signal data to the
external device 200 (S1350). At this time, the electronic
device 100 may additionally perform an encryption process
for security.

[0140] The electronic device 100 may restore and analyze
stored biological information as needed. Alternatively, the
electronic device 100 may restore, post-process, and analyze
the biological information received from the electronic
device 100.

[0141] According to the signal processing method of the
electronic device 100 according to various embodiments of
the present disclosure as described above, the biological
signal data may be selectively compressed. Such selective
compression results in an increase in the compression effi-
ciency.

[0142] The above-described methods may be imple-
mented in the form of program instructions that may be
executed through various computer means and recorded in a
computer-readable  medium. The computer-readable
medium may include program instructions, data files, data
structures, and the like, alone or in combination. The pro-
gram instructions recorded on the medium may be those
specially designed and constructed for the present disclosure
or may be available to those skilled in the art of computer
software. Examples of the computer-readable medium
include magnetic media such as hard disks, floppy disks, and
magnetic tape, optical media such as CD-ROMs and DVDs,
magneto-optical media such as floptical disks, and hardware
devices specifically configured to store and execute program
instructions such as ROM, RAM, flash memory, and the
like. Examples of program instructions include machine
language code such as those generated by a compiler, as well
as high-level language code that may be executed by a
computer using an interpreter or the like. The above hard-
ware devices may be configured to operate as one or more
software modules to perform the operations of the present
disclosure, and vice versa.

[0143] Although the present disclosure has been described
with reference to certain exemplary embodiments and draw-
ings, it should be understood that the present disclosure is
not limited to the above-described embodiments, and that
various modifications and changes may be made thereto by
those skilled in the art. Therefore, the scope of the present
disclosure should not be limited to the embodiments
described, but should be determined by equivalents to the
appended claims, as well as the appended claims.

1. An electronic device comprising:

a sensor configured to measure a biological signal of a

user; and

a processor configured to determine a periodicity of the

measured biological signal and selectively compress
the measured biological signal according to the deter-
mined periodicity.

2. The electronic device as claimed in claim 1, further
including a motion sensor configured to sense a degree of
motion of the user,

wherein when the detected degree of motion is less than

or equal to a predetermined threshold value and the
measured biological signal has the periodicity, the
processor is configured to compresses the measured
biological signal.
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3. The electronic device as claimed in claim 1, wherein
the processor is configured to detect a plurality of peaks
from the measured biological signal and determine the
periodicity of the biological signal based on intervals
between the detected plurality of peaks.

4. The electronic device as claimed in claim 1, wherein
the processor is configured to generate a differential signal
by using an average value of the measured biological signals
and compress the biological signal by using the generated
differential signal and a number of bits for representing the
generated differential signal.

5. The electronic device as claimed in claim 1, wherein
when a predetermined number of biological signals are
measured, the processor is configured to determine a peri-
odicity of the measured predetermined number of biological
signals.

6. The electronic device as claimed in claim 1, wherein
the processor is configured to monitor compression effi-
ciency using the compressed biological signal and stop
compressing the measured biological signal when the com-
pression efficiency is less than or equal to a predetermined
level.

7. The electronic device as claimed in claim 1, further
including a communicator configured to communicate with
an external device,

wherein the processor is configured to control the com-

municator to transmit the compressed biological signal.

8. The electronic device as claimed in claim 1, further
including a storage configured to store the compressed
biological signal.

9. The electronic device as claimed in claim 1, wherein
the biological signal is at least one of an ECG, an EEG, an
EMG, an EOG, and a PPG.

10. The electronic device as claimed in claim 1, wherein
the sensor is configured to measure a plurality of kinds of
biological signals of the user, and

wherein the processor is configured to compress the

measured plurality of kinds of biological signals
together.

11. An electronic device comprising:

a sensor configured to measure a biological signal of a

user;

a motion sensor configured to sense a degree of motion of

the user; and

a processor configured to compress the measured biologi-

cal signal when the sensed degree of motion is less than
or equal to a predetermined threshold value.

12. The electronic device as claimed in claim 11, wherein
the motion sensor includes an acceleration sensor and is
configured to determine a state of the user as one of a sleep
state, a rest state, a walking state, and a running state based
on a value measured by the acceleration sensor.

13. A signal processing method of an electronic device,
comprising:

measuring a biological signal of a user;

determining a periodicity of the measured biological

signal; and

selectively compressing the measured biological signal

according to the determined periodicity.

14. The signal processing method as claimed in claim 13,
further including: sensing a degree of motion of the user,

wherein the compressing includes: when the sensed

degree of motion is less than or equal to a predeter-
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mined threshold value and the measured biological
signal has the periodicity, compressing the measured
biological signal.

15. The signal processing method as claimed in claim 13,

wherein the determining of the periodicity includes:

detecting a plurality of peaks from the measured biologi-
cal signal; and

determining the periodicity of the biological signal based
on intervals between the detected plurality of peaks.
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