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(7) ABSTRACT

According to an embodiment of the present disclosure, a
vehicular electrocardiogram measurement device includes
an electrocardiographic sensor which is installed in a seat of
a vehicle and obtains a patch signal, and a controller, which,
on the basis of the patch signal obtained by the electrocar-
diographic sensor, generates a first request signal for
requesting contact of a user’s body with a patch of the
electrocardiographic sensor. At least one among an autono-
mous vehicle, a user terminal, or a server according to
embodiments of the present disclosure may be combined or
associated with an artificial intelligence module, an
unmanned aerial vehicle (UAV), a robot, an augmented
reality (AR) device, and a device related to virtual reality
(VR) or 5G service.
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VEHICULAR ELECTROCARDIOGRAM
MEASUREMENT DEVICE AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This present application claims benefit of priority
to Korean Patent Application No. 10-2019-0101777, entitled
“VEHICULAR ELECTROCARDIOGRAM MEASURE-
MENT DEVICE AND METHOD,” filed on Aug. 20, 2019,
in the Korean Intellectual Property Office, the entire disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an electrocardio-
gram measurement technology, and more particularly, to a
vehicular electrocardiogram measurement device and
method for measuring an electrocardiogram in a limited
environment such as a vehicle.

2. Description of Related Art

[0003] An electrocardiograph (ECG) technology is widely
used in various fields to measure biometric signals of human
beings. An electrocardiographic sensor which uses an elec-
trocardiograph may be used to monitor a health condition of
a driver in a vehicle environment.

[0004] Korean Patent Registration No. 1679976 discloses
one of conventional methods for measuring an electrocar-
diogram of a driver in a vehicle environment. According to
this method, a plurality of sensor units for measuring an
electrocardiogram of a driver or occupant are provided, and
the electrocardiogram is measured after checking whether
the driver or occupant is in contact with the sensor units
using a reference voltage obtained from a non-contact
portion.

[0005] However, according to the conventional in-vehicle
electrocardiographic device disclosed in the above docu-
ment, only an error that occurs since a human body does not
contact can be compensated for, and an error caused by
movement or the thickness of clothes of a driver cannot be
resolved, and moreover, an additional non-contact sensor for
compensating for a non-contact error is required.

[0006] Therefore, an electrocardiogram cannot be accu-
rately measured when a driver or occupant wears thick
clothes or moves continuously.

[0007] Accordingly, a technology is required to be devel-
oped to accurately measure an electrocardiogram in consid-
eration of clothes worn by a driver or movement of the
driver.

SUMMARY OF THE INVENTION

[0008] An aspect of the present disclosure is to provide a
vehicular electrocardiogram measurement device and
method based on a scheme of compensating for various
errors such as an electrocardiogram measurement error due
to movement or wearing of clothes by measuring a peak-
to-peak voltage and a period thereof rather than based on a
scheme, which is a cause of the above problem, of only
compensating for an error due to faulty contact by using a
non-contact reference voltage.

[0009] Another aspect of the present disclosure is to
provide a vehicular electrocardiogram measurement device
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and method for addressing various error situations that may
occur in an environment in a vehicle by using a unique
characteristic of a signal, i.e., a peak-to-peak voltage, which
may be measured by an electrocardiographic sensor, without
installing an additional signal-compensating device.

[0010] The present disclosure is not limited to what has
been described above, and other aspects not mentioned
herein will be apparent from the following description to one
of ordinary skill in the art to which the present disclosure
pertains.

[0011] To resolve the above problems, a vehicular elec-
trocardiogram measurement device according to an embodi-
ment of the present disclosure may measure an electrocar-
diogram on the basis of the magnitude and period of a
peak-to-peak voltage of a signal obtained using an electro-
cardiographic sensor installed in a seat of a vehicle.
[0012] In detail, an embodiment of the present disclosure
may be a vehicular electrocardiogram measurement device
including an electrocardiographic sensor which is installed
in a seat of a vehicle and obtains a patch signal, and a
controller, which, on the basis of the patch signal obtained
by the electrocardiographic sensor, generates a first request
signal for requesting contact of a user’s body with a patch of
the electrocardiographic sensor if a first condition is not
satisfied, generates a second request signal for requesting to
take off clothes if a second condition is not satisfied,
generates a third request signal for requesting to stop mov-
ing if a third condition is not satisfied, and determines a
stress level on the basis of the patch signal as the first
condition, the second condition, and the third condition are
satisfied, wherein the first condition is that an absolute value
of a voltage of the patch signal exceeds a predetermined first
voltage value, the second condition is that a peak-to-peak
voltage value of the patch signal exceeds a predetermined
second voltage value, and the third condition is that the
peak-to-peak voltage value of the patch signal is measured
periodically.

[0013] In an embodiment of the present disclosure, the
electrocardiographic sensor may be activated in response to
starting of the vehicle, and the controller may obtain the
patch signal when a predetermined time has elapsed since a
seat belt of the seat of the vehicle was fastened.

[0014] In an embodiment of the present disclosure, the
controller may periodically calculate a heart rate on the basis
of the patch signal, and may determine the stress level on the
basis of the patch signal when an absolute value of a
difference between the heart rate of a current period and the
heart rate of a previous period is at least a predetermined
value.

[0015] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement device may fur-
ther include a communicator, wherein the communicator
may receive compensation data for setting the first voltage
value and second voltage value on the basis of a downlink
grant of a 5G network connected to drive in an automatic
driving mode.

[0016] In an embodiment of the present disclosure, the
driving mode may include a defensive automatic driving
mode and an aggressive automatic driving mode, the con-
troller may generate a control signal for requesting a switch
from the defensive automatic driving mode to the aggressive
automatic driving mode when the stress level determined
during driving in the defensive automatic driving mode is at
least a predetermined reference level, and the communicator
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may transmit the control signal on the basis of an uplink
grant of the 5G network connected to drive in the automatic
driving mode.

[0017] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement device may fur-
ther include a user interface, wherein the automatic driving
mode may include a defensive automatic driving mode and
an aggressive automatic driving mode, the controller may
generate a control signal for requesting a switch from the
defensive automatic driving mode to the aggressive auto-
matic driving mode when the stress level determined during
driving in the defensive automatic driving mode is at least a
predetermined reference level and a signal for requesting the
switch from the defensive automatic driving mode to the
aggressive automatic driving mode is received via the user
interface, and the communicator may transmit the control
signal on the basis of an uplink grant of the 5G network
connected to drive in the automatic driving mode.

[0018] An embodiment of the present disclosure may be a
vehicular electrocardiogram measurement device connected
to a vehicle including an electrocardiographic sensor which
is installed in a seat and is activated in response to starting
of the vehicle and obtains a patch signal, the vehicular
electrocardiographic measurement device including a con-
troller, which, on the basis of the patch signal obtained by
the electrocardiographic sensor, generates a first request
signal for requesting contact of a user’s body with a patch of
the electrocardiographic sensor if a first condition is not
satisfied, generates a second request signal for requesting to
take off clothes if a second condition is not satisfied,
generates a third request signal for requesting to stop mov-
ing if a third condition is not satisfied, and determines a
stress level on the basis of the patch signal as the first
condition, the second condition, and the third condition are
satisfied, wherein the first condition is that an absolute value
of a voltage of the patch signal is less than a predetermined
first voltage value, the second condition is that a peak-to-
peak voltage value of the patch signal is at least a prede-
termined second voltage value, and the third condition is that
the peak-to-peak voltage value of the patch signal is mea-
sured periodically.

[0019] In an embodiment of the present disclosure, the
controller may obtain the patch signal when elapse of a
predetermined time is recognized after a seat belt of the seat
of the vehicle is fastened.

[0020] In an embodiment of the present disclosure, the
controller may periodically calculate a heart rate on the basis
of the patch signal, and may determine the stress level on the
basis of the patch signal when an absolute value of a
difference between the heart rate of a current period and the
heart rate of a previous period is at least a predetermined
value.

[0021] An embodiment of the present disclosure may be a
vehicular electrocardiogram measurement method including
obtaining a patch signal through an electrocardiographic
sensor installed in a seat of a vehicle, and on the basis of the
patch signal obtained by the electrocardiographic sensor,
generating, a first request signal for requesting contact of a
user’s body with a patch of the electrocardiographic sensor
if a first condition is not satisfied, generating a second
request signal for requesting to take off clothes if a second
condition is not satisfied, generating a third request signal
for requesting to stop moving if a third condition is not
satisfied, and determining a stress level on the basis of the
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patch signal as the first condition, the second condition, and
the third condition are satisfied, wherein the first condition
is that an absolute value of a voltage of the patch signal
exceeds a predetermined first voltage value, the second
condition is that a peak-to-peak voltage value of the patch
signal exceeds a predetermined second voltage value, and
the third condition is that the peak-to-peak voltage value of
the patch signal is measured periodically.

[0022] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement method may fur-
ther include activating the electrocardiographic sensor in
response to starting of the vehicle, wherein the obtaining the
patch signal may include obtaining the patch signal through
the electrocardiographic sensor when a predetermined time
has elapsed since a seat belt of the seat of the vehicle was
fastened.

[0023] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement method may fur-
ther include periodically calculating a heart rate on the basis
of the patch signal, and determining the stress level on the
basis of the patch signal when an absolute value of a
difference between the heart rate of a current period and the
heart rate of a previous period is at least a predetermined
value.

[0024] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement method may fur-
ther include receiving compensation data for setting the first
voltage value and the second voltage value on the basis of
a downlink grant of a 5G network connected to drive in an
automatic driving mode.

[0025] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement method may fur-
ther include generating a control signal for requesting a
switch from a defensive automatic driving mode to an
aggressive automatic driving mode when the stress level
determined during driving in the defensive automatic driv-
ing mode is at least a predetermined reference level, and
transmitting the control signal on the basis of an uplink grant
of the 5G network connected to drive in the automatic
driving mode, wherein the automatic driving mode may
include the defensive automatic driving mode and the
aggressive automatic driving mode.

[0026] In an embodiment of the present disclosure, the
vehicular electrocardiogram measurement method may fur-
ther include generating a control signal for requesting a
switch from a defensive automatic driving mode to an
aggressive automatic driving mode when the stress level
determined during driving in the defensive automatic driv-
ing mode is at least a predetermined reference level and a
signal for requesting the switch from the defensive auto-
matic driving mode to the aggressive automatic driving
mode is received, and transmitting the control signal on the
basis of an uplink grant of the 5G network connected to
drive in the automatic driving mode, wherein the automatic
driving mode comprises the defensive automatic driving
mode and the aggressive automatic driving mode.

[0027] An embodiment of the present disclosure may be a
computer-readable recording medium in which a vehicular
electrocardiogram measurement program is recorded, the
computer-readable recording medium including a means for
obtaining a patch signal through an electrocardiographic
sensor installed in a seat of a vehicle, and a means for, on the
basis of the patch signal, generating a first request signal for
requesting contact of a user’s body with a patch of the
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electrocardiographic sensor if a first condition is not satis-
fied, generating a second request signal for requesting to
take off clothes if a second condition is not satisfied,
generating a third request signal for requesting to stop
moving if a third condition is not satisfied, and determining
a stress level on the basis of the patch signal as the first
condition, the second condition, and the third condition are
satisfied, wherein the first condition is that an absolute value
of a voltage of the patch signal exceeds a predetermined first
voltage value, the second condition is that a peak-to-peak
voltage value of the patch signal exceeds a predetermined
second voltage value, and the third condition is that the
peak-to-peak voltage value of the patch signal is measured
periodically.

[0028] Details about other embodiments are included in
the detailed description and the drawings.

[0029] Embodiments of the present disclosure are not
limited to the embodiments described above, and other
embodiments not mentioned above will be clearly under-
stood from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features, and advan-
tages of the present disclosure will become apparent from
the detailed description of the following aspects in conjunc-
tion with the accompanying drawings, in which:

[0031] FIG. 1is a diagram illustrating a system in which
a vehicular electrocardiogram measurement device accord-
ing to an embodiment of the present disclosure is applied;
[0032] FIGS. 2 to 4 are diagrams illustrating vehicular
electrocardiogram measurement devices according to
embodiments of the present disclosure;

[0033] FIG. 5 is a graph illustrating an operation principle
of a vehicular electrocardiogram measurement device
according to an embodiment of the present disclosure;
[0034] FIG. 6 is a diagram illustrating an example of basic
operations of an autonomous vehicle and a 5G network in a
5G communication system;

[0035] FIG. 7 is a diagram illustrating an example of
operations of an autonomous vehicle and a 5G network in a
5G communication system;

[0036] FIGS. 8 to 11 are diagrams illustrating operation of
an autonomous vehicle using 5G communication; and
[0037] FIG. 12 is an operation flowchart illustrating a
vehicular electrocardiogram measurement method accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0038] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the accompa-
nying drawings.

[0039] Like reference numerals refer to the like elements
throughout and a duplicate description thereof is omitted.
Suffixes “module” and “unit or portion” for elements used in
the following description are merely provided for facilitation
of preparing this specification, and thus they are not granted
a specific meaning or function. In the following description
of the embodiments disclosed herein, the detailed descrip-
tion of related known technology will be omitted when it
may obscure the subject matter of the embodiments accord-
ing to the present disclosure. The accompanying drawings
are merely used to help easily understand embodiments of
the present disclosure, and it should be understood that the
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technical idea of the present disclosure is not limited by the
accompanying drawings, and these embodiments include all
changes, equivalents or alternatives within the idea and the
technical scope of the present disclosure.

[0040] It will be understood that, although the terms
“first”, “second”, and the like may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are generally only used to distin-
guish one element from another.

[0041] When an element or layer is referred to as being
“on,” “engaged to,” “connected to,” or “coupled to”* another
element or layer, it may be directly on, engaged, connected,
or coupled to the other element or layer, or intervening
elements or layers may be present. The terms “connected”
and “coupled” are not restricted to physical or mechanical
connections or couplings, and can include electrical connec-

tions or couplings, whether direct or indirect.

[0042] The connection can be such that the objects are
permanently connected or releasably connected.

[0043] It must be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the”
include the plural references unless the context clearly

dictates otherwise.

[0044] It should be understood that the terms “comprises,”
“comprising,” “includes,” “including,” “containing,” “has,”
“having” or any other variation thereof specify the presence
of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,

operations, elements, and/or components.

[0045] A vehicle described in this specification refers to a
car, a motorcycle, and the like. Hereinafter, the vehicle will
be exemplified as a car.

[0046] The vehicle described in the specification may
include, but is not limited to, a vehicle having an internal
combustion engine as a power source, a hybrid vehicle
having an engine and an electric motor as a power source,
and an electric vehicle having an electric motor as a power
source.

[0047] FIG. 1 is a diagram illustrating a system in which
a vehicular electrocardiogram measurement device accord-
ing to an embodiment of the present disclosure is applied.

[0048] Referring to FIG. 1, vehicular electrocardiogram
measurement devices 1000,2000 may be a device 1000
installed in a vehicle or a device 2000 installed in a user
terminal.

[0049] The vehicular electrocardiogram measurement
device 1000 installed in a vehicle may determine a stress
level using a signal acquired from an electrocardiographic
sensor mounted on a vehicle seat, and may transmit the
determined stress level to the user terminal 2000 or a server
3000.

[0050] The vehicular electrocardiogram measurement
device 2000 installed in a user terminal may acquire an
electrocardiographic signal by communicating with the elec-
trocardiographic sensor mounted on the vehicle seat, may
determine a stress level using the acquired signal, and may
transmit the determined stress level to the server 3000.

[0051] The server 3000 may transfer, to an external server
4000 such as a medical institution server, the stress levels
received from the vehicular electrocardiogram measurement
devices 1000, 2000.
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[0052] The stress level information transferred to the
medical institution server may be used as analysis data when
an occupant visits a medical institution.

[0053] FIGS. 2 to 4 are diagrams illustrating vehicular
electrocardiogram measurement devices according to
embodiments of the present disclosure.

[0054] FIG. 5 is a graph illustrating an operation principle
of a vehicular electrocardiogram measurement device
according to an embodiment of the present disclosure.

[0055] Referring to FIG. 2, the vehicular electrocardio-
gram measurement device 1000 installed in a vehicle may
include a vehicle communicator 1100, a vehicle controller
1200, a vehicle user interface 1300, an object detector 1400,
a driving manipulator 1500, a vehicle driver 1600, an
operator 1700, a sensor 1800, and a vehicle storage 1900.

[0056] According to an embodiment, the vehicular elec-
trocardiogram measurement device may include other ele-
ments in addition to the elements illustrated in FIG. 2 and
described below, or may not include portion of the elements
illustrated in FIG. 2 and described below.

[0057] The vehicle communicator 1100 may be a module
for performing communication with an external device.
Herein, the external device may be the user terminal or the
server 3000.

[0058] The vehicle communicator 1100 may receive com-
pensation data for setting a threshold value, i.e., a first
voltage value and a second voltage value, which is a
criterion for normal measurement of an electrocardiographic
sensor 1310, on the basis of a downlink grant of a 5G
network connected to operate in an automatic driving mode.

[0059] The vehicle communicator 1100 may transmit a
control signal for requesting a switch from a defensive
automatic driving mode to an aggressive automatic driving
mode on the basis of an uplink grant of a 5G network
connected to operate in an automatic driving mode.

[0060] A vehicle in which the vehicular electrocardiogram
measurement device 1000 is installed may be switched from
the automatic driving mode to a manual mode or vice versa
according to a driving situation. Here, the driving situation
may be determined on the basis of information received by
the vehicle communicator 1100.

[0061] The vehicle communicator 1100 may include at
least one among a transmission antenna, a reception antenna,
a radio frequency (RF) circuit capable of implementing
various communication protocols, and an RF element in
order to perform communication.

[0062] The vehicle communicator 1100 may perform
short-range communication, GPS signal reception, V2X
communication, optical communication, broadcast trans-
mission/reception, and intelligent transport systems (ITS)
communication function.

[0063] The vehicle communicator 1100 may further sup-
port other functions than the functions described, or may not
support some of the functions described, depending on the
embodiment.

[0064] The vehicle communicator 1100 may support
short-range communication by using at least one among
Bluetooth™, Radio Frequency Identification (RFID), Infra-
red Data Association (IrDA), Ultra WideBand (UWB), Zig-
Bee, Near Field Communication (NFC), Wireless-Fidelity
(Wi-Fi), Wi-Fi Direct, and Wireless Universal Serial Bus
(Wireless USB) technologies.
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[0065] The vehicle communicator 1100 may form short-
range wireless communication networks so as to perform
short-range communication between the vehicle and at least
one external device.

[0066] The vehicle communicator 1100 may include a
Global Positioning System (GPS) module or a Differential
Global Positioning System (DGPS) module for obtaining
location information of the vehicle.

[0067] The vehicle communicator 1100 may include a
module for supporting wireless communication between the
vehicle and a server (V2I: vehicle to infrastructure), com-
munication with another vehicle (V2V: vehicle to vehicle) or
communication with a pedestrian (V2P: vehicle to pedes-
trian). That 1s, the vehicle communicator 1100 may include
a V2X communication module. The V2X communication
module may include an RF circuit capable of implementing
V21, V2V, and V2P communication protocols.

[0068] The vehicle communicator 1100 may receive a
danger information broadcast signal transmitted by another
vehicle through the V2X communication module, and may
transmit a danger information inquiry signal and receive a
danger information response signal in response thereto.
[0069] The vehicle communicator 1100 may include an
optical communication module for performing communica-
tion with an external device via light. The optical commu-
nication module may include both a light transmitting mod-
ule for converting electrical signals into optical signals and
transmitting the optical signals to the outside, and a light
receiving module for converting the received optical signals
into electrical signals.

[0070] According to an embodiment, the light transmitting
module may be integrally formed with a lamp included in
the vehicle.

[0071] The vehicle communicator 1100 may include a
broadcast communication module for receiving broadcast
signals from an external broadcast management server, or
transmitting broadcast signals to the broadcast management
server through broadcast channels. Examples of the broad-
cast channels may include a satellite channel and a terrestrial
channel. Example of the broadcast signal may include a TV
broadcast signal, a radio broadcast signal, and a data broad-
cast signal.

[0072] The vehicle communicator 1100 may include an
ITS communication module that exchanges information,
data or signals with a traffic system. The ITS communication
module may provide the obtained information and data to
the traffic system. The ITS communication module may
receive information, data, or signals from the traffic system.
For example, the ITS communication module may receive
road traffic information from the communication system and
provide the road traffic information to the vehicle controller
1200. For example, the ITS communication module may
receive control signals from the traffic system and provide
the control signals to the vehicle controller 1200 or a
processor provided in the vehicle.

[0073] Depending on the embodiment, the overall opera-
tion of each module of the vehicle communicator 1100 may
be controlled by a separate process provided in the vehicle
communicator 1100. The vehicle communicator 1100 may
include a plurality of processors, or may not include a
processor. When a processor is not included in the vehicle
communicator 1100, the vehicle communicator 1100 may be
operated by either a processor of another apparatus in the
vehicle or the vehicle controller 1200.
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[0074] The vehicle communicator 1100 may, together with
the vehicle user interface 1300, implement a vehicle-use
display device. In this case, the vehicle-use display device
may be referred to as a telematics device or an audio video
navigation (AVN) device.

[0075] FIG. 6 is a diagram showing an example of the
basic operation of an autonomous vehicle and a 5G network
in a 5G communication system.

[0076] The vehicle communicator 1100 may transmit spe-
cific information over a 5G network when the vehicle is
operated in the autonomous driving mode.

[0077] The specific information may include autonomous
driving related information.

[0078] The autonomous driving related information may
be information directly related to the driving control of the
vehicle. For example, the autonomous driving related infor-
mation may include at least one among object data indicat-
ing an object near the vehicle, map data, vehicle status data,
vehicle location data, and driving plan data.

[0079] The autonomous driving related information may
further include service information necessary for autono-
mous driving. For example, the specific information may
include information on a destination inputted through the
user terminal 1300 and a safety rating of the vehicle.
[0080] In addition, the 5G network may determine
whether a vehicle is to be remotely controlled (S2).

[0081] The 5G network may include a server or a module
for performing remote control related to autonomous driv-
ing.

[0082] The 5G network may transmit information (or a
signal) related to the remote control to an autonomous
driving vehicle (S3).

[0083] As described above, information related to the
remote control may be a signal directly applied to the
autonomous driving vehicle, and may further include service
information necessary for autonomous driving. The autono-
mous driving vehicle according to this embodiment may
receive service information such as insurance for each
interval selected on a driving route and risk interval infor-
mation, through a server connected to the 5G network to
provide services related to the autonomous driving.

[0084] An essential process for performing 5G communi-
cation between the autonomous driving vehicle and the 5G
network (for example, an initial access process between the
vehicle and the 5G network) will be briefly described with
reference to FIG. 7 to FIG. 11 below.

[0085] An example of operations through the autonomous
driving vehicle performed in the 5G communication system
and the 5G network is as follows.

[0086] The vehicle may perform an initial access process
with the 5G network (initial access step, S20). The initial
access process may include a cell search process for down-
link (DL) synchronization acquisition and a process for
obtaining system information.

[0087] The vehicle may perform a random access process
with the 5G network (random access step, S21). The random
access process may include a process for uplink (UL)
synchronization acquisition or a preamble transmission pro-
cess for UL data transmission, or a random access response
receiving process.

[0088] The 5G network may transmit an Uplink (UL)
grant for scheduling transmission of specific information to
the autonomous driving vehicle (UL grant receiving step,
S22).
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[0089] The process in which the vehicle receives the UL
grant may include a scheduling process for being assigned a
time/frequency resource for the transmission of the UL data
over the 5G network.

[0090] The autonomous driving vehicle may transmit spe-
cific information over the 5G network based on the UL grant
(specific information transmission step, S23).

[0091] The 5G network may determine whether the
vehicle is to be remotely controlled based on the specific
information transmitted from the vehicle (vehicle remote
control determination step, S24).

[0092] The autonomous driving vehicle may receive the
DL grant through a physical DL control channel for receiv-
ing a response on pre-transmitted specific information from
the 5G network (DL grant receiving step, S25).

[0093] The 5G network may transmit information (or a
signal) related to the remote control to the autonomous
driving vehicle based on the DL grant (remote control
related information transmission step, S26).

[0094] A process in which the initial access process and/or
the random access process between the 5G network and the
autonomous driving vehicle is combined with the DL grant
receiving process has been exemplified. However, the pres-
ent disclosure is not limited thereto.

[0095] For example, the initial access process and/or the
random access process may be performed through the initial
access step, the UL grant receiving step, the specific infor-
mation transmission step, the vehicle remote control deter-
mination step, and the remote control related information
transmission step. In addition, for example, the initial access
process and/or the random access process may be performed
through the random access step, the UL grant receiving step,
the specific information transmission step, the vehicle
remote control determination step, and the remote control
related information transmission step. The autonomous driv-
ing vehicle may be controlled by the combination of an Al
operation and the DL grant receiving process through the
specific information transmission step, the vehicle remote
control determination step, the DL grant receiving step, and
the remote control related information transmission step.

[0096] The operation of the autonomous driving vehicle
described above is merely exemplary, but the present dis-
closure is not limited thereto.

[0097] For example, the operation of the autonomous
driving vehicle may be performed by selectively combining
the initial access step, the random access step, the UL grant
receiving step, or the DL grant receiving step with the
specific information transmission step, or the remote control
related information transmission step. The operation of the
autonomous driving vehicle may include the random access
step, the UL grant receiving step, the specific information
transmission step, and the remote control related informa-
tion transmission step. The operation of the autonomous
driving vehicle may include the initial access step, the
random access step, the specific information transmission
step, and the remote control related information transmis-
sion step. The operation of the autonomous driving vehicle
may include the UL grant receiving step, the specific infor-
mation transmission step, the DL grant receiving step, and
the remote control related information transmission step.

[0098] As illustrated in FIG. 8, the vehicle including an
autonomous driving module may perform an initial access
process with the 5G network based on Synchronization
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Signal Block (SSB) in order to acquire DL synchronization
and system information (initial access step).

[0099] The autonomous driving vehicle may perform a
random access process with the 5G network for UL syn-
chronization acquisition and/or UL transmission (random
access step, S31).

[0100] The autonomous driving vehicle may receive the
UL grant from the 5G network for transmitting specific
information (UL grant receiving step, S32).

[0101] The autonomous driving vehicle may transmit the
specific information to the 5G network based on the UL
grant (specific information transmission step, S33).

[0102] The autonomous driving vehicle may receive the
DL grant from the 5G network for receiving a response to
the specific information (DL grant receiving step, S34).
[0103] The autonomous driving vehicle may receive
remote control related information (or a signal) from the 5G
network based on the DL grant (remote control related
information receiving step, S35).

[0104] A beam management (BM) process may be added
to the initial access step, and a beam failure recovery process
associated with Physical Random Access Channel (PRACH)
transmission may be added to the random access step. QCL
(Quasi Co-Located) relation may be added with respect to
the beam reception direction of a Physical Downlink Control
Channel (PDCCH) including the UL grant in the UL grant
receiving step, and QCL relation may be added with respect
to the beam transmission direction of the Physical Uplink
Control Channel (PUCCH)/Physical Uplink Shared Channel
(PUSCH) including specific information in the specific
information transmission step. In addition, QCL relation
may be added with respect to the beam reception direction
of the PDCCH including the DL grant in the DL grant
receiving step.

[0105] As illustrated in FIG. 9, the autonomous driving
vehicle may perform an initial access process with the 5G
network based on SSB for acquiring DL synchronization and
system information (initial access step, S40).

[0106] The autonomous driving vehicle may perform a
random access process with the 5G network for UL syn-
chromzation acquisition and/or UL transmission (random
access step, S41).

[0107] The autonomous driving vehicle may transmit spe-
cific information based on a configured grant to the 5G
network (UL grant receiving step, S42). In other words, the
autonomous driving vehicle 1000 may receive the config-
ured grant instead of receiving the UL grant from the 5G
network.

[0108] The autonomous driving vehicle may receive the
remote control related information (or a signal) from the 5G
network based on the configured grant (remote control
related information receiving step, S43).

[0109] As illustrated in FIG. 10, the autonomous driving
vehicle may perform an initial access process with the 5G
network based on SSB for acquiring DL synchronization and
system information (initial access step, S50).

[0110] The autonomous driving vehicle may perform a
random access process with the 5G network for UL syn-
chronization acquisition and/or UL transmission (random
access step, S51).

[0111] In addition, the autonomous driving vehicle may
receive Downlink Preemption (DL) and Information Ele-
ment (IE) from the 5G network (DL Preemption IE reception
step, S52).
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[0112] The autonomous driving vehicle may receive DCI
(Downlink Control Information) format 2_1 including pre-
emption indication based on the DL preemption IE from the
5G network (DCI format 2_1 receiving step, S53).

[0113] The autonomous driving vehicle may not perform
(or expect or assume) the reception of eMBB data in the
resource (PRB and/or OFDM symbol) indicated by the
pre-emption indication (step of not receiving eMBB data,
S54).

[0114] The autonomous driving vehicle may receive the
UL grant over the 5G network for transmitting specific
information (UL grant receiving step, S55).

[0115] The autonomous driving vehicle may transmit the
specific information to the 5G network based on the UL
grant (specific information transmission step, S56).

[0116] The autonomous driving vehicle may receive the
DL grant from the 5G network for receiving a response to
the specific information (DL grant receiving step, S57).
[0117] The autonomous driving vehicle may receive the
remote control related information (or signal) from the 5G
network based on the DL grant (remote control related
information receiving step, S58).

[0118] As illustrated in FIG. 11, the autonomous driving
vehicle may perform an initial access process with the 5G
network based on SSB for acquiring DL synchronization and
system information (initial access step, S60).

[0119] The autonomous driving vehicle may perform a
random access process with the 5G network for UL syn-
chronization acquisition and/or UL transmission (random
access step, S61).

[0120] The autonomous driving vehicle may receive the
UL grant over the 5G network for transmitting specific
information (UL grant receiving step, S62).

[0121] When specific information is transmitted repeat-
edly, the UL grant may include information on the number
of repetitions, and the specific information may be repeat-
edly transmitted based on information on the number of
repetitions (specific information repetition transmission
step, S63).

[0122] The autonomous driving vehicle may transmit the
specific information to the 5G network based on the UL
grant.

[0123] The repeated transmission of the specific informa-

tion may be performed by frequency hopping, and the first
transmission of the specific information may be performed
from a first frequency resource, and the second transmission
of the specific information may be performed from a second
frequency resource.

[0124] The specific information may be transmitted
through Narrowband of Resource Block (6RB) and
Resource Block (1RB).

[0125] The autonomous driving vehicle may receive the
DL grant from the 5G network for receiving a response to
the specific information (DL grant receiving step, S64).
[0126] The autonomous driving vehicle may receive the
remote control related information (or signal) from the 5G
network based on the DL grant (remote control related
information receiving step, S65).

[0127] The above-described 5G communication technique
can be applied in combination with the embodiment pro-
posed in this specification, which will be described in FIG.
1 to FIG. 12, or supplemented to specify or clarify the
technical feature of the embodiment proposed in this speci-
fication.
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[0128] The vehicle may be connected to an external server
through a communication network, and may be capable of
moving along a predetermined route without a driver’s
intervention by using an autonomous driving technique.
[0129] In the embodiment described below, a user may be
interpreted as a driver, a passenger, or an owner of a user
terminal.

[0130] While the vehicle is driving in the autonomous
driving mode, the type and frequency of accident occurrence
may depend on the capability of the vehicle of sensing
dangerous elements in the vicinity in real time. The route to
the destination may include intervals with different levels of
risk based on various causes, such as weather, terrain
characteristic, and traffic congestion.

[0131] At least one among an autonomous driving vehicle,
a user terminal, and a server according to embodiments of
the present disclosure may be associated or integrated with
an artificial intelligence module, a drone (unmanned aerial
vehicle (UAV)), a robot, an augmented reality (AR) device,
a virtual reality (VR) device, a 5G service related device,
and the like.

[0132] For example, the vehicle may operate in associa-
tion with at least one artificial intelligence module or robot
included in the vehicle in the autonomous driving mode.
[0133] For example, the vehicle may interact with at least
one robot. The robot may be an autonomous mobile robot
(AMR) capable of driving by itself. Being capable of driving
by itself, the AMR may freely move, and may include a
plurality of sensors so as to avoid obstacles during traveling.
The AMR may be a flying robot (such as a drone) equipped
with a flight device. The AMR may be a wheel-type robot
equipped with at least one wheel, and which is moved
through the rotation of the at least one wheel. The AMR may
be a leg-type robot equipped with at least one leg, and which
is moved using the at least one leg.

[0134] The robot may function as a device that enhances
the convenience of a user of a vehicle. For example, the
robot may move a load placed in the vehicle to a final
destination. For example, the robot may perform a function
of providing route guidance to a final destination to a user
who alights from the vehicle. For example, the robot may
perform a function of transporting the user who alights from
the vehicle to the final destination

[0135] At least one electronic apparatus included in the
vehicle may communicate with the robot through a com-
munication device.

[0136] At least one electronic apparatus included in the
vehicle may provide, to the robot, data processed by the at
least one electronic apparatus included in the vehicle. For
example, at least one electronic apparatus included in the
vehicle may provide, to the robot, at least one among object
data indicating an object near the vehicle, HD map data,
vehicle status data, vehicle position data, and driving plan
data.

[0137] At least one electronic apparatus included in the
vehicle may receive, from the robot, data processed by the
robot. At least one electronic apparatus included in the
vehicle may receive at least one of sensing data, object data,
robot status data, robot location data, or robot movement
plan data which is generated by the robot.

[0138] At least one electronic apparatus included in the
vehicle may generate a control signal further based on data
received from the robot. For example, at least one electronic
apparatus included in the vehicle may compare information
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on the object generated by an object detection device with
information on the object generated by the robot, and
generate a control signal based on the comparison result. At
least one electronic apparatus included in the vehicle may
generate a control signal so that interference between the
vehicle movement route and the robot movement route may
not occur.

[0139] At least one electronic apparatus included in the
vehicle may include a software module or a hardware
module for implementing an artificial intelligence (Al)
(hereinafter referred to as an artificial intelligence module).
At least one electronic apparatus included in the vehicle
1000 may input obtained data into the artificial intelligence
module, and use data outputted from the artificial intelli-
gence module.

[0140] The artificial intelligence module may perform
machine learning of input data by using at least one artificial
neural network (ANN). The artificial intelligence module
may output driving plan data through machine learning of
input data.

[0141] At least one electronic apparatus included in the
vehicle may generate a control signal based on the data
processed by the artificial intelligence.

[0142] According to the embodiment, at least one elec-
tronic apparatus included in the vehicle may receive data
processed by an artificial intelligence from an external
device through a communication device. At least one elec-
tronic apparatus included in the vehicle may generate a
control signal based on the data processed by the artificial
intelligence.

[0143] On the basis of a patch signal obtained by the
electrocardiographic sensor 1310, the vehicle controller
1200 may generate a first request signal for requesting
contact of a user’s body with a patch of the electrocardio-
graphic sensor 1310 if a first condition is not satisfied, may
generate a second request signal for requesting to take off
clothes if a second condition is not satisfied, may generate
a third request signal for requesting to stop moving if a third
condition is not satisfied, and may determine a stress level
on the basis of a patch signal as the first to third conditions
are satisfied.

[0144] Here, the first condition may be that an absolute
value of a voltage of the patch signal exceeds a predeter-
mined first voltage value, the second condition may be that
a peak-to-peak voltage value of the patch signal exceeds a
predetermined second voltage value, and the third condition
may be that the peak-to-peak voltage value of the patch
signal is measured periodically.

[0145] The vehicle controller 1200 may determine
whether a body of an occupant is in contact with the
electrocardiographic sensor 1310 on the basis of a threshold
value for differentiating on/off of current.

[0146] The vehicle controller 1200 may determine that
contact is faulty (current off) when an absolute value of a
voltage of a wave obtained through the electrocardiographic
sensor 1310 remains at a value equal to or smaller than a first
voltage value that is a predetermined threshold value for
determining on/of, for example, about 0.1 mV, during a
certain period of time, for example, about five seconds.
[0147] The vehicle controller 1200 may determine that
contact is established (current on) when there is a period in
which the absolute value of the voltage of the wave obtained
through the electrocardiographic sensor 1310 exceeds the
first voltage value that is a predetermined threshold value for
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determining on/of, for example, about 0.1 mV, during the
certain period of time, for example, about five seconds.
[0148] The vehicle controller 1200 may receive compen-
sation data for determining or updating the first voltage
value from the server 3000 via the vehicle communicator
1100, and may set the first voltage value using the received
compensation data.

[0149] When it is determined that contact is faulty, the
vehicle controller 1200 may generate the first request signal
for inducing contact of a body with the patch of the
electrocardiographic sensor 1310, and may provide the
generated first request signal to the user interface 1300.
[0150] The vehicle controller 1200 may determine, on the
basis of a magnitude of a peak-to-peak voltage Vpp of the
wave obtained through the electrocardiographic sensor
1310, whether normal signal acquisition of the electrocar-
diographic sensor 1310 is possible when the occupant wears
clothes, i.e., whether it is necessary to take off the clothes to
obtain an electrocardiographic signal due to the thickness of
the clothes of the occupant.

[0151] Referring to FIG. 5, the peak-to-peak voltage value
is a voltage value corresponding to a difference between an
R peak value (R-wave) and an S peak value (S-wave)
observed from a typical wave of an electrocardiographic
signal, wherein the S peak value may be measured within
about 0.1 second after occurrence of the R peak value.
[0152] The vehicle controller 1200 may determine that it
is necessary to take off clothes when the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 is equal to or smaller than a second
voltage value Vtpp (Vthreshold peak-to-peak), for example,
about 1.5 mV, that is a predetermined threshold value for
determining whether to request to take off clothes.

[0153] The vehicle controller 1200 may determine that it
is not necessary to take off clothes when the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 exceeds a second voltage value, for
example, about 1.5 mV, that is a predetermined threshold
value for determining whether to request to take off clothes.
[0154] The vehicle controller 1200 may receive compen-
sation data for determining or updating the second voltage
value from the server 3000 via the vehicle communicator
1100, and may set the second voltage value using the
received compensation data.

[0155] When it is determined that taking off clothes is
necessary, the vehicle controller 1200 may generate the
second request signal for inducing the occupant to take off
clothes, and may provide the generated second request
signal to the user interface 1300.

[0156] The vehicle controller 1200 may determine, on the
basis of a period of the peak-to-peak voltage value of the
wave obtained through the electrocardiographic sensor
1310, whether normal signal acquisition of the electrocar-
diographic sensor 1310 for measuring a stress level is
possible, i.e., whether it is necessary to stop movement of
the occupant.

[0157] Referring to FIG. 5, the peak-to-peak voltage value
Vpp which exceeds the second voltage value Vipp is
required to be generated at a predetermined period P in order
to measure an electrocardiogram normally using the patch
signal obtained by the electrocardiographic sensor 1310.
[0158] The vehicle controller 1200 may determine that
movement of the occupant is required to be stopped when
the period at which the peak-to-peak voltage value of the
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wave obtained through the electrocardiographic sensor 1310
is generated is not constant during a certain period of time,
such as about 30 seconds, for example when a 1-sigma
interval of a normal distribution curve obtained by measur-
ing and normalizing a generation time interval of the peak-
to-peak voltage value exceeds about 30%.

[0159] The vehicle controller 1200 may refer to a typical
period at which the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310 is
generated, so as to determine that movement of the occupant
is required to be stopped when the generation time interval
of the peak-to-peak voltage value exceeds about two sec-
onds or is equal to or shorter than about 0.3 seconds during
a certain period of time, such as about 30 seconds.

[0160] The vehicle controller 1200 may determine that
movement of the occupant is required to be stopped when
the number of occurrences of the peak-to-peak voltage value
of the wave obtained through the electrocardiographic sen-
sor 1310 is equal to or less than about 30 times or exceeds
about 200 times during a certain period of time, such as
about 30 seconds.

[0161] The vehicle controller 1200 may determine that
movement of the occupant is not required to be stopped
when the period at which the peak-to-peak voltage of the
wave obtained through the electrocardiographic sensor 1310
is generated is constant during a certain period of time, such
as about 30 seconds, for example when the 1-sigma interval
of the normal distribution curve obtained by measuring and
normalizing the generation time interval of the peak-to-peak
voltage value is about 30% or less.

[0162] The vehicle controller 1200 may refer to a typical
period at which the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310 is
generated, so as to determine that movement of the occupant
is not required to be stopped when the generation time
interval of the peak-to-peak voltage value exceeds about 0.3
seconds and is equal to or shorter than about two seconds
during a certain period of time, such as about 30 seconds.
[0163] The vehicle controller 1200 may determine that
movement of the occupant is not required to be stopped
when the number of occurrences of the peak-to-peak voltage
value of the wave obtained through the electrocardiographic
sensor 1310 exceeds about 30 times and is equal to or
smaller than about 200 times during a certain period of time,
such as about 30 seconds.

[0164] As the first condition, the second condition, and the
third condition are satisfied, the vehicle controller 1200 may
detect a peak value of a QRS wave composite signal through
the electrocardiographic sensor 1310, may calculate a heart
rate of the occupant on the basis of a time interval between
peak values, and may detect an autonomic nervous system
balance and a stress index (SI), described as below, of a
person being measured, i.e., may determine a stress level by
analyzing the heart rate calculated from the peak values of
an electrocardiogram by applying a heart rate variability
(HRV) analysis technology.

TABLE 1
Stress index
Level (ST Meaning
1 25 or less Almost no stress
2 25-35 Temporarily under stress
3 35-45 Initial stress
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TABLE 1-continued

Stress index
Level (ST) Meaning
4 45-60 Temporary stress repeats
and stress tolerance begins
to weaken
5 60 or more Progressing to chronic stress

[0165] The vehicle controller 1200 may detect whether a
seat belt of a vehicle is fastened, and may obtain the patch
signal from the electrocardiographic sensor 1310 when a
predetermined time, for example, about five seconds, has
elapsed since the seat belt was fastened, according to a result
of the detection. Here, the time between when the seat belt
is fastened and when the patch signal is obtained may be
determined in consideration of a time required for an auto-
matic vehicle function check and stabilization of the occu-
pant, who is the driver, after the seat belt is fastened.
[0166] After initially determining a stress level, the
vehicle controller 1200 may periodically calculate a heart
rate on the basis of the patch signal obtained from the
electrocardiographic sensor 1310, and may determine the
stress level again on the basis of the patch signal when an
absolute value of a difference between the heart rate of a
current period and the heart rate of a previous period is at
least a predetermined value, for example, about 10 times.
That is, the vehicle controller 1200 may determine the stress
level again to recognize an abnormal state of the occupant
when an abnormal change in the heart rate is detected while
driving the vehicle.

[0167] While driving the vehicle in the automatic driving
mode including the defensive automatic driving mode and
the aggressive automatic driving mode, the vehicle control-
ler 1200 may generate a control signal for requesting a
switch from the defensive automatic driving mode to the
aggressive automatic driving mode and may transmit the
generated control signal through the vehicle communicator
1100 when the current automatic driving mode is the defen-
sive automatic driving mode and a determined stress level is
at least a predetermined level, for example, level 3 (level 3
to level 5).

[0168] While driving the vehicle in the automatic driving
mode including the defensive automatic driving mode and
the aggressive automatic driving mode, the vehicle control-
ler 1200 may confirm whether the driver desires to switch
from the defensive automatic driving mode to the aggressive
automatic driving mode through the user interface 1300
when the current automatic driving mode is the defensive
automatic driving mode and a determined stress level is at
least a predetermined level, for example, level 3 (level 3 to
level 5). If the driver desires to switch from the defensive
automatic driving mode to the aggressive automatic driving
mode, the vehicle controller 1200 may generate a control
signal for requesting a switch from the defensive automatic
driving mode to the aggressive automatic driving mode, and
may transmit the generated control signal through the
vehicle communicator 1100.

[0169] The vehicle controller 1200 may recognize that the
stress level increases when a driver having an aggressive
driving tendency rides in a vehicle driven in the defensive
automatic driving mode, and may request a switch from the
defensive automatic driving mode to the aggressive auto-
matic driving mode on the basis of an uplink grant of a 5G
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network connected to drive in the automatic driving mode
via the vehicle communicator 1100.

[0170] The vehicle controller 1200 may generate a model
for a driving tendency of each driver who rides in a vehicle
using a machine learning algorithm on the basis of data
collected by the sensor 1800, and may obtain the driving
tendency of a driver who is currently riding based on the
generate model and the data collected by the sensor 1800.
Here, when the driver who is currently riding has an
aggressive driving tendency, the vehicle controller 1200
may request to drive in the aggressive automatic driving
mode via the vehicle communicator 1100.

[0171] Artificial intelligence (Al) is a field of computer
engineering and information technology that researches a
method for the computer to enable thinking, learning, self-
development, etc. which are possible by human’s intelli-
gence, and means that the computer can imitate human’s
intelligent behavior.

[0172] Inaddition, the Artificial Intelligence does not exist
in itself, but has many direct and indirect links with other
fields of computer science. In recent years, there have been
numerous attempts to introduce an element of Al into
various fields of information technology to solve problems
in the respective fields.

[0173] Machine Learning is a field of Artificial Intelli-
gence, and a field of research that gives the ability capable
of learning without an explicit program in the computer.

[0174] Specifically, the Machine Learning can be a tech-
nology for researching and constructing a system for learn-
ing, predicting, and improving its own performance based
on empirical data and an algorithm for the same. The
algorithms of the Machine Learning take a method of
constructing a specific model in order to obtain the predic-
tion or the determination based on the input data, rather than
performing the strictly defined static program instructions.

[0175] Many Machine Learning algorithms have been
developed on how to classify data in the Machine [ earning.
Decision Tree, Bayesian network, Support Vector Machine
(SVM), Artificial Neural Network (ANN), etc. are represen-
tative examples.

[0176] The Decision Tree is an analytical method that
performs classification and prediction by plotting a Decision
Rule in a tree structure.

[0177] The Bayesian network is a model of the probabi-
listic relationship (conditional independence) between mul-
tiple variables in a graphical structure. The Bayesian net-
work is suitable for data mining through Unsupervised
Learning.

[0178] The Support Vector Machine is a model of Super-
vised Learning for pattern recognition and data analysis, and
mainly used for classification and regression.

[0179] ANN is a data processing system modelled after
the mechanism of biological neurons and interneuron con-
nections, in which a number of neurons, referred to as nodes
or processing elements, are interconnected in layers.

[0180] ANNs are models used in machine learning and
may include statistical learning algorithms conceived from
biological neural networks (particularly of the brain in the
central nervous system of an animal) in machine learning
and cognitive science.

[0181] ANNs may refer generally to models that have
artificial neurons (nodes) forming a network through syn-
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aptic interconnections, and acquires problem-solving capa-
bility as the strengths of synaptic interconnections are
adjusted throughout training.

[0182] The terms ‘artificial neural network’ and ‘neural
network’ may be used interchangeably herein.

[0183] An ANN may include a number of layers, each
including a number of neurons. In addition, the Artificial
Neural Network can include the synapse for connecting
between neuron and neuron.

[0184] An ANN may be defined by the following three
factors: (1) a connection pattern between neurons on differ-
ent layers; (2) a learning process that updates synaptic
weights; and (3) an activation function generating an output
value from a weighted sum of inputs received from a lower
layer.

[0185] The Artificial Neural Network can include network
models of the method such as Deep Neural Network (DNN),
Recurrent Neural Network (RNN), Bidirectional Recurrent
Deep Neural Network (BRDNN), Multilayer Perceptron
(MLP), and Convolutional Neural Network (CNN), but is
not limited thereto.

[0186] The terms “layer” and “hierarchy” may be used
interchangeably herein.

[0187] An ANN may be classified as a single-layer neural
network or a multi-layer neural network, based on the
number of layers therein.

[0188] In general, a single-layer neural network may
include an input layer and an output layer.

[0189] In addition, a general Multi-Layer Neural Network
is composed of an Input layer, one or more Hidden layers,
and an Qutput layer.

[0190] The Input layer is a layer that accepts external data,
the number of neurons in the Input layer is equal to the
number of input variables, and the Hidden layer is disposed
between the Input layer and the Output layer and receives a
signal from the Input layer to extract the characteristics to
transfer it to the Output layer. The output layer receives a
signal from the hidden layer and outputs an output value
based on the received signal. The Input signal between
neurons is multiplied by each connection strength (weight)
and then summed, and if the sum is larger than the threshold
of the neuron, the neuron is activated to output the output
value obtained through the activation function.

[0191] Meanwhile, the Deep Neural Network including a
plurality of Hidden layers between the Input layer and the
Output layer can be a representative Artificial Neural Net-
work that implements Deep Learning, which is a type of
Machine [earning technology.

[0192] The Artificial Neural Network can be trained by
using training data. Here, the training may refer to the
process of determining parameters of the artificial neural
network by using the training data, to perform tasks such as
classification, regression analysis, and clustering of inputted
data. Such parameters of the artificial neural network may
include synaptic weights and biases applied to neurons.
[0193] An artificial neural network trained using training
data can classify or cluster inputted data according to a
pattern within the inputted data.

[0194] Throughout the present specification, an artificial
neural network trained using training data may be referred to
as a trained model.

[0195] Hereinbelow, learning paradigms of an artificial
neural network will be described in detail.

Jan. 23,2020

[0196] TLearning paradigms, in which an artificial neural
network operates, may be classified into supervised learning,
unsupervised learning, semi-supervised learning, and rein-
forcement learning.

[0197] Supervised learning is a machine learning method
that derives a single function from the training data.

[0198] Among the functions that may be thus derived, a
function that outputs a continuous range of values may be
referred to as a regressor, and a function that predicts and
outputs the class of an input vector may be referred to as a
classifier.

[0199] In supervised learning, an artificial neural network
can be trained with training data that has been given a label.

[0200] Here, the label may refer to a target answer (or a
result value) to be guessed by the artificial neural network
when the training data is inputted to the artificial neural
network.

[0201] Throughout the present specification, the target
answer (or a result value) to be guessed by the artificial
neural network when the training data is inputted may be
referred to as a label or labeling data.

[0202] Throughout the present specification, assigning
one or more labels to training data in order to train an
artificial neural network may be referred to as labeling the
training data with labeling data.

[0203] Training data and labels corresponding to the train-
ing data together may form a single training set, and as such,
they may be inputted to an artificial neural network as a
training set.

[0204] Meanwhile, the training data represents a plurality
of features, and the labeling the label on the training data can
mean that the feature represented by the training data is
labeled. In this case, the training data can represent the
feature of the input object in the form of a vector.

[0205] Using training data and labeling data together, the
artificial neural network may derive a correlation function
between the training data and the labeling data. Then,
through evaluation of the function derived from the artificial
neural network, a parameter of the artificial neural network
may be determined (optimized).

[0206] Unsupervised learning is a machine learning
method that learns from training data that has not been given
a label.

[0207] More specifically, unsupervised learning may be a
training scheme that trains an artificial neural network to
discover a pattern within given training data and perform
classification by using the discovered pattern, rather than by
using a correlation between given training data and labels
corresponding to the given training data.

[0208] Examples of unsupervised learning include, but are
not limited to, clustering and independent component analy-
sis.

[0209] Examples of artificial neural networks using unsu-
pervised learning include, but are not limited to, a generative
adversarial network (GAN) and an autoencoder (AE).
[0210] GAN is a machine learning method in which two
different artificial intelligences, a generator and a discrimi-
nator, improve performance through competing with each
other.

[0211] The generator may be a model generating new data
that generates new data based on true data.
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[0212] The discriminator may be a model recognizing
patterns in data that determines whether inputted data is
from the true data or from the new data generated by the
generator.

[0213] Furthermore, the generator may receive and learn
from data that has failed to fool the discriminator, while the
discriminator may receive and learn from data that has
succeeded in fooling the discriminator. Accordingly, the
generator may evolve so as to fool the discriminator as
effectively as possible, while the discriminator evolves so as
to distinguish, as effectively as possible, between the true
data and the data generated by the generator.

[0214] An auto-encoder (AE) is a neural network which
aims to reconstruct its input as output.

[0215] More specifically, AE may include an input layer,
at least one hidden layer, and an output layer.

[0216] Since the number of nodes in the hidden layer is
smaller than the number of nodes in the input layer, the
dimensionality of data is reduced, thus leading to data
compression or encoding.

[0217] Furthermore, the data outputted from the hidden
layer may be inputted to the output layer. Given that the
number of nodes in the output layer is greater than the
number of nodes in the hidden layer, the dimensionality of
the data increases, thus leading to data decompression or
decoding.

[0218] Furthermore, in the AE, the inputted data is repre-
sented as hidden layer data as interneuron connection
strengths are adjusted through training. The fact that when
representing information, the hidden layer is able to recon-
struct the inputted data as output by using fewer neurons
than the input layer may indicate that the hidden layer has
discovered a hidden pattern in the inputted data and is using
the discovered hidden pattern to represent the information.
[0219] Semi-supervised learning is machine learning
method that makes use of both labeled training data and
unlabeled training data.

[0220] One semi-supervised learning technique involves
reasoning the label of unlabeled training data, and then using
this reasoned label for learning. This technique may be used
advantageously when the cost associated with the labeling
process is high.

[0221] Reinforcement learning may be based on a theory
that given the condition under which a reinforcement learn-
ing agent can determine what action to choose at each time
instance, the agent can find an optimal path to a solution
solely based on experience without reference to data.
[0222] The Reinforcement Learning can be mainly pet-
formed by a Markov Decision Process (MDP).

[0223] Explaining the Markov Decision Process, firstly,
the environment in which the agent has the necessary
information to do the following actions is given, secondly, it
is defined how the agent behaves in the environment, thirdly,
11t is defined how to give reward or penalty to the agent, and
fourthly, the best policy is obtained by repeatedly experi-
encing until the future reward reaches its peak.

[0224] An artificial neural network is characterized by
features of its model, the features including an activation
function, a loss function or cost function, a learning algo-
rithm, an optimization algorithm, and so forth. Also, the
hyperparameters are set before learning, and model param-
eters can be set through learning to specify the architecture
of the artificial neural network.
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[0225] For instance, the structure of an artificial neural
network may be determined by a number of factors, includ-
ing the number of hidden layers, the number of hidden nodes
included in each hidden layer, input feature vectors, target
feature vectors, and so forth.

[0226] Hyperparameters may include various parameters
which need to be initially set for learning, much like the
initial values of model parameters. Also, the model param-
eters may include various parameters sought to be deter-
mined through learning.

[0227] For instance, the hyperparameters may include
initial values of weights and biases between nodes, mini-
batch size, iteration number, learning rate, and so forth.
Furthermore, the model parameters may include a weight
between nodes, a bias between nodes, and so forth.

[0228] Loss function may be used as an index (reference)
in determining an optimal model parameter during the
learning process of an artificial neural network. Learning in
the artificial neural network involves a process of adjusting
model parameters so as to reduce the loss function, and the
purpose of learning may be to determine the model param-
eters that minimize the loss function.

[0229] Loss functions typically use means squared error
(MSE) or cross entropy error (CEE), but the present disclo-
sure is not limited thereto.

[0230] Cross-entropy error may be used when a true label
is one-hot encoded. One-hot encoding may include an
encoding method in which among given neurons, only those
corresponding to a target answer are given 1 as a true label
value, while those neurons that do not correspond to the
target answer are given 0 as a true label value.

[0231] In machine learning or deep learning, learning
optimization algorithms may be deployed to minimize a cost
function, and examples of such learning optimization algo-
rithms include gradient descent (GD), stochastic gradient
descent (SGD), momentum, Nesterov accelerate gradient
(NAG), Adagrad, AdaDelta, RMSProp, Adam, and Nadam.
GD includes a method that adjusts model parameters in a
direction that decreases the output of a cost function by
using a current slope of the cost function.

[0232] The direction in which the model parameters are to
be adjusted may be referred to as a step direction, and a size
by which the model parameters are to be adjusted may be
referred to as a step size.

[0233] Here, the step size may mean a learning rate.
[0234] GD obtains a slope of the cost function through use
of partial differential equations, using each of model param-
eters, and updates the model parameters by adjusting the
model parameters by a learning rate in the direction of the
slope.

[0235] SGD may include a method that separates the
training dataset into mini batches, and by performing gra-
dient descent for each of these mini batches, increases the
frequency of gradient descent.

[0236] Adagrad, AdaDelta and RMSProp may include
methods that increase optimization accuracy in SGD by
adjusting the step size, and may also include methods that
increase optimization accuracy in SGD by adjusting the
momentum and step direction. Adam may include a method
that combines momentum and RMSProp and increases
optimization accuracy in SGD by adjusting the step size and
step direction. Nadam may include a method that combines
NAG and RMSProp and increases optimization accuracy by
adjusting the step size and step direction.
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[0237] Learning rate and accuracy of an artificial neural
network rely not only on the structure and learning optimi-
zation algorithms of the artificial neural network but also on
the hyperparameters thereof. Therefore, in order to obtain a
good learning model, it is important to choose a proper
structure and leaming algorithms for the artificial neural
network, but also to choose proper hyperparameters.

[0238] In general, the artificial neural network is first
trained by experimentally setting hyperparameters to vari-
ous values, and based on the results of training, the hyper-
parameters can be set to optimal values that provide a stable
learning rate and accuracy.

[0239] The vehicle controller 1200 may be implemented
using at least one among application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field [programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors,
and other electronic units for performing other functions.

[0240] The vehicle user interface 1300, which serves for
communication between a vehicle and a vehicle user, may
receive an input signal from the user, may transfer the
received input signal to the vehicle controller 1200, and may
be controlled by the vehicle controller 1200 to provide the
user with information the vehicle has. The vehicle user
interface 1300 may include, but is not limited to, an input
module, an internal camera, a biometric detection module,
and an output module.

[0241] The biometric detection module of the vehicle user
interface 1300 may include a plurality of electrocardio-
graphic sensors 1310 as illustrated in FIG. 3.

[0242] The electrocardiographic sensor 1310 may be
mounted on a vehicle seat and obtain the patch signal, and
may provide the obtained patch signal to the vehicle con-
troller 1200 or the vehicle communicator 1100,

[0243] The electrocardiographic sensor 1310 may be acti-
vated in response to starting of a vehicle, and may be
activated by the vehicle controller 1200 when the vehicle is
started.

[0244] The input module is for receiving information from
a user. The data collected by the input module may be
analyzed by the vehicle controller 1200 and processed by
user’s control command.

[0245] The input module of the vehicle user interface 1300
may receive, from the driver, a signal for requesting a switch
from the defensive automatic driving mode to the aggressive
automatic driving mode and may provide the received signal
to the vehicle controller 1200.

[0246] The input module may receive an input of a vehicle
destination from the user, and may provide the destination to
the vehicle controller 1200.

[0247] The input module may input, to the vehicle con-
troller 1200, a signal for designating and deactivating at least
one sensor module among a plurality of sensor modules of
the object detector 1400 according to an input from the user.

[0248] The input module may be disposed inside the
vehicle. For example, the input module may be disposed in
one area of a steering wheel, one area of an instrument panel,
one area of a seat, one area of each pillar, one area of a door,
one area of a center console, one area of a head lining, one
area of a sun visor, one area of a windshield, or one area of
a window.
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[0249] The output module serves to generate a visual,
auditory, or tactile output. The output unit may output a
sound or an image.

[0250] The output module may include at least one among
a display module, a sound output module, and a haptic
output module.

[0251] The display module may display graphic objects
corresponding to various information.

[0252] The display module may include at least one of a
liquid crystal display (LCD), a thin film transistor liquid
crystal display (TFT LCD), an organic light emitting diode
(OLED), a flexible display, a 3D display, or an e-ink display.
[0253] The display module may form an interactive layer
structure with a touch input module, or may be integrally
formed with the touch input module to implement a touch
screen.

[0254] The display module may be implemented as a head
up display (HUD). When the display module is implemented
as an HUD, the display module may include a project
module, and output information through an image projected
onto a windshield or a window.

[0255] The display module may include a transparent
display. The transparent display may be attached to a win-
dow shield or a window.

[0256] The transparent display may display a predeter-
mined screen with a predetermined transparency. In order to
be transparent, the transparent display may include, for
example, at least one among a transparent thin film elec-
troluminescent (TFEL), a transparent organic light-emitting
diode (OLED), a transparent liquid crystal display (LCD), a
transmissive transparent display, and a transparent light
emitting diode (LED). The transparency of the transparent
display may be adjusted.

[0257] The vehicle user interface 1300 may include a
plurality of display modules.

[0258] The display module may be disposed in one area of
the steering wheel, one area of the instrument panel, one area
of the seat, one area of each pillar, one area of the door, one
area of the center console, one area of the head lining, or one
area of the sun visor, or may be implemented on one area of
the windshield or one area of the window.

[0259] The sound output module may convert an electrical
signal provided from the vehicle controller 1200 into an
audio signal. The sound output module may include at least
one speaker.

[0260] The haptic output module may generate a tactile
output. For example, the haptic output module may operate
to vibrate a steering wheel, a seatbelt, and a seat so that the
user may recognize an output.

[0261] The object detector 1400, which serves to detect an
object positioned outside a vehicle, may generate object
information on the basis of sensing data, and may transfer
the generated object information to the vehicle controller
1200. Examples of the object may include various objects
related to the driving of the vehicle, such as a lane, another
vehicle, a pedestrian, a motorcycle, a traffic signal, light, a
road, a structure, a speed bump, a landmark, and an animal.
[0262] The object detector 1400 may include, as the
plurality of sensor modules, a camera module, light imaging
detection and ranging (LIDAR), an ultrasonic sensor, radio
detection and ranging (RADAR), and an infrared sensor.
[0263] The object detector 1400 may generate information
about an environment around the vehicle using the plurality
of sensor modules.
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[0264] According to an embodiment, the object detector
1400 may further include other elements in addition to the
described elements, or may not include portion of the
described elements.

[0265] The radar may include an electromagnetic wave
transmitting module and an electromagnetic wave receiving
module. The radar may be implemented using a pulse radar
method or a continuous wave radar method in terms of radio
wave emission principle. The radar may be implemented
using a frequency modulated continuous wave (FMCW)
method or a frequency shift keying (FSK) method according
to a signal waveform in a continuous wave radar method.
[0266] The radar may detect an object based on a time-
of-flight (TOF) method or a phase-shift method via an
electromagnetic wave, and detect the location of the detected
object, the distance to the detected object, and the relative
speed of the detected object.

[0267] The radar may be disposed at an appropriate posi-
tion outside the vehicle for sensing an object disposed at the
front, back, or side of the vehicle.

[0268] The lidar may include a laser transmitting module,
and a laser receiving module. The lidar may be embodied
using the time of flight (TOF) method or in the phase-shift
method.

[0269] The lidar may be implemented using a driving
method or a non-driving method.

[0270] When the lidar is embodied in the driving method,
the lidar may rotate by means of a motor, and detect an
object near the vehicle. When the lidar is implemented in the
non-driving method, the lidar may detect an object within a
predetermined range with respect to the vehicle by means of
light steering. The vehicle may include a plurality of non-
driving lidars.

[0271] The lidar may detect an object using the time of
flight (TOF) method or the phase-shift method via laser
light, and detect the location of the detected object, the
distance from the detected object and the relative speed of
the detected object.

[0272] The lidar may be disposed at an appropriate posi-
tion outside the vehicle for sensing an object disposed at the
front, back, or side of the vehicle.

[0273] An imaging unit may be positioned in an appro-
priate location outside the vehicle, for example, a front
portion, rear portion, right side mirror, or left side mirror of
the vehicle. The imaging unit may be a mono camera, but is
not limited thereto, and may be a stereo camera, an around
view monitoring (AVM) camera, or a 360-degree camera.
[0274] The imaging unit may be disposed adjacent to a
front wind shield inside the vehicle to obtain an image of an
environment in front of the vehicle. Alternatively, the imag-
ing unit may be disposed near a front bumper or radiator
grill.

[0275] The imaging unit may be disposed adjacent to a
rear glass inside the vehicle to obtain an image of an
environment in a rear of the vehicle. Alternatively, the
imaging unit may be disposed near a rear bumper, a trunk,
or a tail gate.

[0276] The imaging unit may be disposed adjacent to at
least one among side windows inside the vehicle to obtain an
image of an environment on a side of the vehicle. Further-
more, the imaging unit may be disposed near a fender or a
door.

[0277] The ultrasonic sensor may include an ultrasonic
transmitting module, and an ultrasonic receiving module.
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The ultrasonic sensor may detect an object based on ultra-
sonic waves, and detect the location of the detected object,
the distance from the detected object, and the relative speed
of the detected object.

[0278] The ultrasonic sensor may be disposed at an appro-
priate position outside the vehicle for sensing an object at the
front, back, or side of the vehicle.

[0279] The infrared sensor may include an infrared trans-
mitting module, and an infrared receiving module. The
infrared sensor may detect an object based on infrared light,
and detect the location of the detected object, the distance
from the detected object, and the relative speed of the
detected object.

[0280] The infrared sensor may be disposed at an appro-
priate position outside the vehicle for sensing an object at the
front, back, or side of the vehicle.

[0281] The vehicle controller 1200 may control the overall
operation of the object detector 1400.

[0282] The vehicle controller 1200 may compare data
sensed by the radar, the lidar, the ultrasonic sensor, and the
infrared sensor with pre-stored data so as to detect or classify
an object.

[0283] The vehicle controller 1200 may detect an object
and perform tracking of the object based on the obtained
image. The vehicle controller 1200 may perform the calcu-
lation of the distance to the object and the calculation of the
speed relative to the object by using an image processing
algorithm.

[0284] For example, the vehicle controller 1200 may
obtain the distance information from the object and the
relative speed information of the object from the obtained
image based on the change of size of the object over time.
[0285] For example, the vehicle controller 1200 may
obtain the distance information from the object and the
relative speed information of the object through, for
example, a pin hole model and road surface profiling.
[0286] The vehicle controller 1200 may detect an object
and perform tracking of the object based on the reflected
electromagnetic wave reflected back from the object. The
vehicle controller 1200 may perform operations such as
calculation of the distance to the object and calculation of
the relative speed of the object based on the electromagnetic
waves.

[0287] The vehicle controller 1200 may detect an object,
and perform tracking of the object based on the reflected
laser light reflected back from the object. Based on the laser
light, the vehicle controller 1200 may perform operations
such as calculation of the distance to the object and calcu-
lation of the relative speed of the object based on the laser
light.

[0288] The vehicle controller 1200 may detect an object
and perform tracking of the object based on the reflected
ultrasonic wave reflected back from the object. The vehicle
controller 1200 may perform operations such as calculation
of the distance to the object and calculation of the relative
speed of the object based on the reflected ultrasonic wave.
[0289] The vehicle controller 1200 may detect an object
and perform tracking of the object based on the reflected
infrared light reflected back from the object. The vehicle
controller 1200 may perform operations such as calculation
of the distance to the object and calculation of the relative
speed of the object based on the infrared light.

[0290] Depending on the embodiment, the object detector
1400 may include a separate processor from the vehicle
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processor 1200. In addition, the radar, the lidar, the ultra-
sonic sensor, and the infrared sensor may each include a
processor.

[0291] When a processor is included in the object detector
1400, the object detector 1400 may be operated under the
control of the processor controlled by the vehicle controller
1200.

[0292] The driving manipulator 1500 may receive a user
input for driving. In the case of a manual mode, the vehicle
may be driven on the basis of a signal provided by the
driving manipulator 1500.

[0293] The vehicle driver 1600 may electrically control
the driving of various apparatuses in the vehicle. The vehicle
driver 1600 may electrically control operation of a power
train, chassis, door/window, safety device, lamp, and air
conditioner in the vehicle.

[0294] The operator 1700 may control various operations
of the vehicle. The operator 1700 may operate in the
autonomous driving mode.

[0295] The operator 1700 may include a driving module,
an unparking module, and a parking module.

[0296] Depending on the embodiment, the operator 1700
may further include constituent elements other than the
constituent elements to be described, or may not include
some of the constitute elements.

[0297] The operator 1700 may include a processor under
the control of the vehicle controller 1200. Each module of
the operator 1700 may include a processor individually.
[0298] Depending on the embodiment, when the operator
1700 is implemented as software, it may be a sub-concept of
the vehicle controller 1200.

[0299] The driving module may perform driving of the
vehicle.
[0300] The driving module may receive object informa-

tion from the object detection unit 1400, and provide a
control signal to a vehicle driving module to perform the
driving of the vehicle.

[0301] The driving module may receive a signal from an
external device through the vehicle communicator 1100, and
provide a control signal to the vehicle driving module, so
that the driving of the vehicle 1000 is performed.

[0302] The unparking module may perform unparking of
the vehicle.
[0303] The unparking module may receive navigation

information from a navigation module to provide a control
signal to a vehicle driving module to perform the unparking
of the vehicle.

[0304] The unparking module may receive object infor-
mation from the object detector 1400 to provide a control
signal to the vehicle driving module to perform the unpark-
ing of the vehicle.

[0305] The unparking module may receive a signal from
an external device via the vehicle communicator 1100 to
provide a control signal to the vehicle driving module to
perform the unparking of the vehicle.

[0306] The parking module may perform parking of the
vehicle.
[0307] The parking module may receive navigation infor-

mation from the navigation module to provide a control
signal to the vehicle driving module to perform the parking
of the vehicle.
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[0308] The parking module may receive object informa-
tion from the object detector 1400 to provide a control signal
to the vehicle driving module to perform the parking of the
vehicle.

[0309] The parking module may receive a signal from an
external device via the vehicle communicator 1100 to pro-
vide a control signal to the vehicle driving module to
perform the parking of the vehicle.

[0310] The navigation module may provide navigation
information to the vehicle controller 1200. The navigation
information may include at least one among map informa-
tion, set destination information, route information accord-
ing to destination setting, information on various objects on
the route, lane information, and present location information
of the vehicle.

[0311] The navigation module may provide, to the vehicle
controller 1200, a map of a parking lot into which the vehicle
has come. When the vehicle has entered the parking lot, the
vehicle controller 1200 may receive the parking lot map
from the navigation module, and may generate map data by
projecting, onto the parking lot map, a calculated movement
route and fixed identification information.

[0312] The navigation module may include a memory. The
memory may store navigation information. The navigation
information may be updated by information received
through the vehicle communicator 1100. The navigation
module may be controlled by an internal processor, or may
operate by receiving an external signal, for example, a
control signal from the vehicle controller 1200, but the
present disclosure is not limited thereto.

[0313] The driving module of the operator 1700 may be
provided with the navigation information from the naviga-
tion module, and may provide a control signal to the vehicle
driving module so that driving of the vehicle is performed.

[0314] The sensor 1800 may sense the state of the vehicle
1000 using a sensor mounted on the vehicle, that is, a signal
related to the state of the vehicle, and obtain movement route
information of the vehicle according to the sensed signal.
The sensor 1800 may provide the obtained movement route
information to the vehicle controller 1200.

[0315] The sensor 1800 may include a posture sensor (for
example, a yaw sensor, a roll sensor, and a pitch sensor), a
collision sensor, a wheel sensor, a speed sensor, a tilt sensor,
a weight sensor, a heading sensor, a gyro sensor, a position
module, a vehicle forward/reverse movement sensor, a bat-
tery sensor, a fuel sensor, a tire sensor, a steering sensor by
rotation of a steering wheel, a vehicle interior temperature
sensor, a vehicle interior humidity sensor, an ultrasonic
sensor, an illuminance sensor, an accelerator pedal position
sensor, and a brake pedal position sensor, but is not limited
thereto.

[0316] The sensor 1800 may acquire sensing signals for
information such as vehicle posture information, vehicle
collision information, vehicle direction information, vehicle
position information (GPS information), vehicle angle infor-
mation, vehicle speed information, vehicle acceleration
information, vehicle tilt information, vehicle forward/re-
verse movement information, battery information, fuel
information, tire information, vehicle lamp information,
vehicle interior temperature information, vehicle interior
humidity information, a steering wheel rotation angle,
vehicle exterior illuminance, pressure on an acceleration
pedal, and pressure on a brake pedal.
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[0317] The sensor 1800 may further include an accelera-
tion pedal sensor, a pressure sensot, an engine speed sensor,
an air flow rate sensor (AFS), an air temperature sensor
(ATS), a water temperature sensor (WTS), a throttle position
sensor (TPS), a TDC sensor, a crank angle sensor (CAS).
[0318] The sensor 1800 may generate vehicle status infor-
mation based on sensing data. The vehicle status information
may be information generated based on data sensed by
various sensors included in the inside of the vehicle.
[0319] The vehicle status information may include at least
one among posture information of the vehicle, speed infor-
mation of the vehicle, tilt information of the vehicle, weight
information of the vehicle, direction information of the
vehicle, battery information of the vehicle, fuel information
of the vehicle, tire air pressure information of the vehicle,
steering information of the vehicle, vehicle interior tempera-
ture information, vehicle interior humidity information,
pedal position information, and vehicle engine temperature
information.

[0320] The vehicle storage 1900 may be electrically con-
nected to the vehicle controller 1200. The vehicle storage
1900 may store basic data for each part of a lane changing
device of an autonomous vehicle, control data for control-
ling operation of each part of the lane changing device of the
autonomous vehicle, and input/output data. The vehicle
storage 1900 may be various storage devices such as a
ROM, a RAM, an EPROM, a flash drive, and a hard drive,
in terms of hardware. The vehicle storage 1900 may store a
variety of data for overall operation of a vehicle, in particu-
lar, driver tendency information, such as a program or the
like for processing or controlling of the vehicle controller
1200. The vehicle storage 1900 may be integrally formed
with the vehicle controller 1200, or implemented as a
sub-component of the vehicle controller 1200.

[0321] Referring to FIG. 4, the vehicular electrocardio-
gram measurement device 2000 provided to the user termi-
nal may include a terminal communicator 2100, a terminal
controller 2200, and a terminal storage 2300.

[0322] According to an embodiment, the vehicular elec-
trocardiogram measurement device may include other ele-
ments in addition to the elements illustrated in FIG. 4 and
described below, or may not include portion of the elements
illustrated in FIG. 4 and described below.

[0323] The terminal communicator 2100 may be a module
for performing communication with an external device.
Here, the external device may be the electrocardiographic
sensor 1310 of the vehicle or the server 3000,

[0324] The terminal communicator 2100 may include at
least one among a transmission antenna, a reception antenna,
a radio frequency (RF) circuit capable of implementing
various communication protocols, and an RF element in
order to perform communication.

[0325] The terminal communicator 2100 may support
short-range communication using at least one among Blu-
etooth, RFID, infrared communication, UWB, ZigBee,
NFC, Wi-Fi, Wi-Fi Direct, and wireless USB.

[0326] The terminal controller 2200 may receive, via the
terminal communicator 2100, the patch signal obtained by
the electrocardiographic sensor 1310, and may, on the basis
of the input patch signal, generate a first request signal for
requesting contact of a user’s body with the patch of the
electrocardiographic sensor 1310 if a first condition is not
satisfied, generate a second request signal for requesting to
take off clothes if a second condition is not satisfied,
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generate a third request signal for requesting to stop moving
if a third condition is not satisfied, and may determine a
stress level on the basis of the patch signal as the first to third
conditions are satisfied.

[0327] Here, the first condition may be that an absolute
value of a voltage of the patch signal exceeds a predeter-
mined first voltage value, the second condition may be that
a peak-to-peak voltage value of the patch signal exceeds a
predetermined second voltage value, and the third condition
may be that the peak-to-peak voltage of the patch signal is
measured periodically.

[0328] The terminal controller 2200 may determine
whether a body of an occupant is in contact with the
electrocardiographic sensor 1310 on the basis of a threshold
value for differentiating on/off of current.

[0329] The terminal controller 2200 may determine that
contact is faulty (current off) when the absolute value of the
voltage of the wave obtained through the electrocardio-
graphic sensor 1310 remains at a value equal to or smaller
than a first voltage value that is a predetermined threshold
value for determining on/of, for example, about 0.1 mV,
during a certain period of time, for example, about five
seconds.

[0330] The terminal controller 2200 may determine that
contact is established (current on) when there is a period in
which the absolute value of the voltage of the wave obtained
through the electrocardiographic sensor 1310 exceeds the
first voltage value that is a predetermined threshold value for
determining on/of, for example, about 0.1 mV, during the
certain period of time, for example, about five seconds.
[0331] When it is determined that contact is faulty, the
terminal controller 2200 may generate the first request signal
for inducing contact of a body with the patch of the
electrocardiographic sensor 1310, and may provide the
generated first request signal via an interface of the user
terminal.

[0332] The terminal controller 2200 may determine, on
the basis of the magnitude of the peak-to-peak voltage of the
wave obtained through the electrocardiographic sensor
1310, whether normal signal acquisition of the electrocar-
diographic sensor 1310 is possible when the occupant wears
clothes, i.e., whether it is necessary to take off the clothes to
obtain a signal due to the thickness of the clothes of the
occupant.

[0333] The terminal controller 2200 may determine that it
is necessary to take off clothes when the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 is equal to or smaller than a second
voltage value, for example, about 1.5 mV, that is a prede-
termined threshold value for determining whether to request
to take off clothes.

[0334] The vehicle controller 1200 may determine that it
is not necessary to take off clothes when the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 exceeds a second voltage value, for
example, about 1.5 mV, that is a predetermined threshold
value for determining whether to request to take off clothes.
[0335] When it is determined that taking off clothes is
necessary, the terminal controller 2200 may generate the
second request signal for inducing the occupant to take off
clothes, and may provide the generated second request
signal via the interface of the user terminal.

[0336] The terminal controller 2200 may determine, on
the basis of a period of the peak-to-peak voltage value of the
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wave obtained through the electrocardiographic sensor
1310, whether normal signal acquisition of the electrocar-
diographic sensor 1310 for measuring a stress level is
possible, i.e., whether it is necessary to stop movement of
the occupant.

[0337] The terminal controller 2200 may determine that
movement of the occupant is required to be stopped when
the period at which the peak-to-peak voltage value of the
wave obtained through the electrocardiographic sensor 1310
1s generated is not constant during a certain period of time,
such as about 30 seconds, for example when a 1-sigma
interval of a normal distribution curve obtained by measur-
ing and normalizing a generation time interval of the peak-
to-peak voltage value exceeds about 30%.

[0338] The terminal controller 2200 may refer to a typical
period at which the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310 is
generated, so as to determine that movement of the occupant
is required to be stopped when the generation time interval
of the peak-to-peak voltage value exceeds about two sec-
onds or is equal to or shorter than about 0.3 seconds during
a certain period of time, such as about 30 seconds.

[0339] The terminal controller 2200 may determine that
movement of the occupant is required to be stopped when
the number of occurrences of the peak-to-peak voltage value
of the wave obtained through the electrocardiographic sen-
sor 1310 is equal to or less than about 30 times or exceeds
about 200 times during a certain period of time, such as
about 30 seconds.

[0340] The terminal controller 2200 may determine that
movement of the occupant is not required to be stopped
when the period at which the peak-to-peak voltage of the
wave obtained through the electrocardiographic sensor 1310
is generated is constant during a certain period of time, such
as about 30 seconds, for example when the 1-sigma interval
of the normal distribution curve obtained by measuring and
normalizing the generation time interval of the peak-to-peak
voltage value is about 30% or less.

[0341] The terminal controller 2200 may refer to a typical
period at which the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310 is
generated, so as to determine that movement of the occupant
is not required to be stopped when the generation time
interval of the peak-to-peak voltage value exceeds about 0.3
seconds and is equal to or shorter than about two seconds
during a certain period of time, such as about 30 seconds.
[0342] The terminal controller 2200 may determine that
movement of the occupant is not required to be stopped
when the number of occurrences of the peak-to-peak voltage
value of the wave obtained through the electrocardiographic
sensor 1310 exceeds about 30 times and is equal to or
smaller than about 200 times during a certain period of time,
such as about 30 seconds.

[0343] As the first condition, the second condition, and the
third condition are satisfied, the terminal controller 2200
may detect a peak value of a QRS wave composite signal
through the electrocardiographic sensor 1310, may calculate
a heart rate of the occupant on the basis of a time interval
between peak values, and may detect an autonomic nervous
system balance and a stress index (SI), as described in Table
1, of a person being measured, i.e., may determine a stress
level by analyzing the heart rate calculated from the peak
values of an electrocardiogram by applying a heart rate
variability (HRV) analysis technology.
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[0344] The terminal controller 2200 may detect whether a
seat belt of a vehicle is fastened via the terminal commu-
nicator 2100, and may obtain the patch signal from the
electrocardiographic sensor 1310 when a predetermined
time, for example, about five seconds, has elapsed since the
seat belt was fastened, according to a result of the detection.
Here, the time between when the seat belt is fastened and
when the patch signal is obtained may be determined in
consideration of a time required for an automatic vehicle
function check and stabilization of the occupant, who is the
driver, after the seat belt is fastened.

[0345] After initially determining the stress level, the
terminal controller 2200 may periodically calculate a heart
rate on the basis of the patch signal obtained from the
electrocardiographic sensor 1310, and may determine the
stress level again on the basis of the patch signal when an
absolute value of a difference between the heart rate of a
current period and the heart rate of a previous period is at
least a predetermined value, for example, about 10 times.
That is, the terminal controller 2200 may determine the
stress level again to recognize an abnormal state of the
occupant when an abnormal change in the heart rate is
detected while driving the vehicle.

[0346] The terminal storage 2300 is electrically connected
to the terminal controller 2200. The terminal storage 2300
may be various storage devices such as a ROM, a RAM, an
EPROM, a flash drive, and a hard drive, in terms of
hardware. The terminal storage 2300 may be integrally
formed with the terminal controller 2200, or implemented as
a sub-component of the vehicle controller 2200.

[0347] FIG. 12 is an operation flowchart illustrating a
vehicular electrocardiogram measurement method accord-
ing to an embodiment of the present disclosure.

[0348] When an occupant of a vehicle sits on a vehicle
seat, the occupant may be in contact with the patch of the
electrocardiographic sensor 1310 disposed in a back portion
of the vehicle seat (§100).

[0349] The vehicle controller 1200 or the terminal con-
troller 2200 may obtain the patch signal generated by the
electrocardiographic sensor 1310 mounted on the vehicle
seat.

[0350] Indetail, the vehicle controller 1200 or the terminal
controller 2200 may check on/off of current for each patch
of the plurality of electrocardiographic sensors 1310 after
about five seconds have elapsed since a seat belt was
fastened (S200).

[0351] The vehicle controller 1200 or the terminal con-
troller 2200 may determine whether the body of the occu-
pant is in contact with the electrocardiographic sensor 1310
according to whether the absolute values of voltage magni-
tudes of all of patch signals obtained through the electro-
cardiographic sensor 1310 exceed a first threshold value that
is a predetermined voltage value for determining on/off
during a certain period of time, for example, about five
seconds (S300).

[0352] When there is a patch which provides a patch
signal having a voltage magnitude, the absolute value of
which remains equal to or less than the first threshold value
during the certain period of time, the vehicle controller 1200
or the terminal controller 2200 may provide, via an inter-
face, a guidance for requesting contact of the patch with the
body (S400). Thereafter, the vehicle controller 1200 or the
terminal controller 2200 may re-perform an operation of
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checking on/off of current for each patch of the plurality of
electrocardiographic sensors 1310.

[0353] When there is no patch which provides a patch
signal having a voltage magnitude, the absolute value of
which remains equal to or less than the first threshold value
during the certain period of time, the vehicle controller 1200
or the terminal controller 2200 may determine whether it is
necessary to take off clothes to obtain an electrocardio-
graphic signal due to the thickness of clothes of the occupant
according to whether the magnitude of the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 exceeds a second threshold value
(S500).

[0354] Here, the certain period of time for checking on/off
of current may be initially set to about five seconds and may
be reduced to about one second when the checking is
performed again.

[0355] When the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310 is
equal to or less than a second threshold value that is a
voltage value for determining whether to request to take off
clothes, the vehicle controller 1200 or the terminal controller
2200 may provide, via an interface, a guidance for request-
ing to take off clothes (S600). Thereafter, the vehicle con-
troller 1200 or the terminal controller 2200 may re-perform
an operation of checking on/off of current for each patch of
the plurality of electrocardiographic sensors 1310.

[0356] When the peak-to-peak voltage value of the wave
obtained through the electrocardiographic sensor 1310
exceeds the second threshold value that is a voltage value for
determining whether to request to take off clothes, the
vehicle controller 1200 or the terminal controller 2200 may
determine whether movement of the occupant is required to
be stopped after a certain period of time, for example, about
10 seconds, has elapsed considering a time for taking off
clothes according to predetermined conditions, for example,
regularity of the period and the magnitude of the peak-to-
peak voltage value of the wave obtained through the elec-
trocardiographic sensor 1310 (S700).

[0357] Here, the vehicle controller 1200 or the terminal
controller 2200 may determine whether the peak-to-peak
voltage value of the wave obtained through the electrocar-
diographic sensor 1310 exceeds the second threshold value
that is a predetermined voltage value for determining
whether to request to take off clothes by analyzing signals
provided during a time during which the peak-to-peak
voltage value may be measured about four to six times, for
example, during about five seconds.

[0358] When the peak-to-peak voltage value, which
exceeds the second threshold value, of the wave obtained
through the electrocardiographic sensor 1310 is not gener-
ated periodically, the vehicle controller 1200 or the terminal
controller 2200 may provide, via an interface, a guidance for
requesting to stop movement (S800). Thereafter, the vehicle
controller 1200 or the terminal controller 2200 may re-
perform an operation of checking on/off of current for each
patch of the plurality of electrocardiographic sensors 1310.
[0359] When the peak-to-peak voltage value, which
exceeds the second threshold value, of the wave obtained
through the electrocardiographic sensor 1310 is generated
periodically, the vehicle controller 1200 or the terminal
controller 2200 may calculate a stress level as described in
Table 1 after elapse of a certain period of time, for example,
about 30 seconds (S900).
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[0360] The vehicle controller 1200 or the terminal con-
troller 2200 may determine whether vehicle driving contin-
ues after calculating the stress level (S1200).
[0361] When vehicle driving is stopped, the vehicle con-
troller 1200 or the terminal controller 2200 may end opera-
tion, and when the vehicle is being driven, the vehicle
controller 1200 or the terminal controller 2200 may peri-
odically calculate a heart rate on the basis of the patch signal
obtained from the electrocardiographic sensor 1310
(51000), and may determine whether an absolute value of a
difference between the heart rate of a current period and the
heart rate of a previous period exceeds a predetermined
value, for example, about 10 times (S1100).
[0362] When the absolute value of the difference between
the heart rate of a current period and the heart rate of a
previous period is equal to or less than the predetermined
value, the vehicle controller 1200 or the terminal controller
2200 may re-perform an operation of periodically calculat-
ing the heart rate on the basis of the patch signal obtained
from the electrocardiographic sensor 1310.
[0363] When the absolute value of the difference between
the heart rate of a current period and the heart rate of a
previous period exceeds the predetermined value, the
vehicle controller 1200 or the terminal controller 2200 may
re-perform an operation of checking on/off for each patch of
the plurality of electrocardiographic sensors 1310.
[0364] According to an embodiment of the present disclo-
sure, an error situation that may occur when measuring an
electrocardiogram of a driver or occupant is recognized by
using unique characteristics of a wave of an electrocardio-
graphic signal and notifies the error state to the driver or
occupant so as to compensate for the error state, and thus the
electrocardiogram may be measured accurately.
[0365] According to an embodiment of the present disclo-
sure, an electrocardiogram may be prevented from being
measured in a situation in which an electrocardiogram
measurement error may occur due to movement of a driver
or occupant or thick clothes of the driver or occupant,
without installing an additional device other than an elec-
trocardiographic sensor disposed in a seat of a vehicle.
[0366] The above-mentioned embodiments can be imple-
mented as computer-readable codes in a program-recorded
medium. The computer readable medium includes all types
of recording devices in which data readable by a computer
system readable can be stored. Examples of the computer
readable medium include a hard disk drive (HDD), a solid
state disk (SSD), a silicon disk drive (SDD), a read-only
memory (ROM), a random-access memory (RAM), CD-
ROM, a magnetic tape, a floppy disk, an optical data storage
device, and the like, and it may also be implemented in the
form of a carrier wave (for example, transmission over the
Internet). In addition, the computer may include a processor
or a controller. Therefore, the above description should not
be construed as limiting and should be considered illustra-
tive. The scope of the present disclosure should be deter-
mined by rational interpretation of the appended claims, and
all changes within the scope of equivalents of the present
disclosure are included in the scope of the present disclo-
sure.

What is claimed is:

1. A vehicular electrocardiogram measurement device
comprising:

an electrocardiographic sensor which is installed in a seat

of a vehicle and obtains a patch signal; and
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a controller configured to, on the basis of the patch signal
obtained by the electrocardiographic sensor, generate a
first request signal for requesting contact of a user’s
body with a patch of the electrocardiographic sensor if
a first condition is not satisfied, generate a second
request signal for requesting to take off clothes if a
second condition is not satisfied, generate a third
request signal for requesting to stop moving if a third
condition is not satisfied, and determine a stress level
on the basis of the patch signal as the first condition, the
second condition, and the third condition are satisfied,

wherein the first condition is that an absolute value of a
voltage of the patch signal exceeds a predetermined
first voltage value,

the second condition is that a peak-to-peak voltage value
of the patch signal exceeds a predetermined second
voltage value, and

the third condition is that the peak-to-peak voltage value
of the patch signal is measured periodically.

2. The vehicular electrocardiogram measurement device

of claim 1,

wherein the electrocardiographic sensor is activated in
response to starting of the vehicle, and

the controller obtains the patch signal when a predeter-
mined time has elapsed since a seat belt of the seat of
the vehicle was fastened.

3. The vehicular electrocardiogram measurement device
of claim 1, wherein the controller periodically calculates a
heart rate on the basis of the patch signal, and determines the
stress level on the basis of the patch signal when an absolute
value of a difference between the heart rate of a current
period and the heart rate of a previous period is at least a
predetermined value.

4. The vehicular electrocardiogram measurement device
of claim 1, further comprising:

a communicator,

wherein the communicator receives compensation data
for setting the first voltage value and the second voltage
value on the basis of a downlink grant of a 5G network
connected to drive in an automatic driving mode.

5. The vehicular electrocardiogram measurement device

of claim 4,

wherein the automatic driving mode comprises a defen-
sive automatic driving mode and an aggressive auto-
matic driving mode,

the controller generates a control signal for requesting a
switch from the defensive automatic driving mode to
the aggressive automatic driving mode when the stress
level determined during driving in the defensive auto-
matic driving mode is at least a predetermined refer-
ence level, and

the communicator transmits the control signal on the basis
of an uplink grant of the 5G network connected to drive
in the automatic driving mode.

6. The vehicular electrocardiogram measurement device

of claim 4, further comprising:

a user interface,

wherein the automatic driving mode comprises a defen-
sive automatic driving mode and an aggressive auto-
matic driving mode,

the controller generates a control signal for requesting a
switch from the defensive automatic driving mode to
the aggressive automatic driving mode when the stress
level determined during driving in the defensive auto-

Jan. 23,2020

matic driving mode is at least a predetermined refer-
ence level and a signal for requesting the switch from
the defensive automatic driving mode to the aggressive
automatic driving mode is received via the user inter-
face, and

the communicator transmits the control signal on the basis
of an uplink grant of the 5G network connected to drive
in the automatic driving mode.

7. A vehicular electrocardiogram measurement device
connected to a vehicle comprising an electrocardiographic
sensor which is installed in a seat and is activated in
response to starting of the vehicle and obtains a patch signal,
the vehicular electrocardiographic measurement device
comprising:

a controller configured to, on the basis of the patch signal
obtained by the electrocardiographic sensor, generate a
first request signal for requesting contact of a user’s
body with a patch of the electrocardiographic sensor if
a first condition is not satisfied, generate a second
request signal for requesting to take off clothes if a
second condition is not satisfied, generate a third
request signal for requesting to stop moving if a third
condition is not satisfied, and determine a stress level
on the basis of the patch signal as the first condition, the
second condition, and the third condition are satisfied,

wherein the first condition is that an absolute value of a
voltage of the patch signal is less than a predetermined
first voltage value,

the second condition is that a peak-to-peak voltage value
of the patch signal is at least a predetermined second
voltage value, and

the third condition is that the peak-to-peak voltage value
of the patch signal is measured periodically.

8. The vehicular electrocardiogram measurement device
of claim 7, wherein the controller obtains the patch signal
when elapse of a predetermined time is recognized after a
seat belt of the seat of the vehicle is fastened.

9. The vehicular electrocardiogram measurement device
of claim 7, wherein the controller periodically calculates a
heart rate on the basis of the patch signal, and determines the
stress level on the basis of the patch signal when an absolute
value of a difference between the heart rate of a current
period and the heart rate of a previous period is at least a
predetermined value.

10. A vehicular electrocardiogram measurement method
comprising:
obtaining a patch signal through an electrocardiographic
sensor installed in a seat of a vehicle; and

on the basis of the patch signal obtained by the electro-
cardiographic sensor, generating a first request signal
for requesting contact of a user’s body with a patch of
the electrocardiographic sensor if a first condition is not
satisfied, generating a second request signal for
requesting to take off clothes if a second condition is
not satisfied, generating a third request signal for
requesting to stop moving if a third condition is not
satisfied, and determining a stress level on the basis of
the patch signal as the first condition, the second
condition, and the third condition are satisfied,

wherein the first condition is that an absolute value of a
voltage of the patch signal exceeds a predetermined
first voltage value,
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the second condition is that a peak-to-peak voltage value
of the patch signal exceeds a predetermined second
voltage value, and

the third condition is that the peak-to-peak voltage value

of the patch signal is measured periodically.

11. The vehicular electrocardiogram measurement
method of claim 10, further comprising:

activating the electrocardiographic sensor in response to

starting of the vehicle,

wherein the obtaining the patch signal comprises obtain-

ing the patch signal through the electrocardiographic
sensor when a predetermined time has elapsed since a
seat belt of the seat of the vehicle was fastened.

12. The vehicular electrocardiogram measurement
method of claim 10, further comprising periodically calcu-
lating a heart rate on the basis of the patch signal, and
determining the stress level on the basis of the patch signal
when an absolute value of a difference between the heart rate
of a current period and the heart rate of a previous period is
at least a predetermined value.

13. The vehicular electrocardiogram measurement
method of claim 10, further comprising receiving compen-
sation data for setting the first voltage value and the second
voltage value on the basis of a downlink grant of a 5G
network connected to drive in an automatic driving mode.

14. The wvehicular electrocardiogram measurement
method of claim 13, further comprising:

generating a control signal for requesting a switch from a

defensive automatic driving mode to an aggressive
automatic driving mode when the stress level deter-
mined during driving in the defensive automatic driv-
ing mode is at least a predetermined reference level,
and

transmitting the control signal on the basis of an uplink

grant of the 5G network connected to drive in the
automatic driving mode,

wherein the automatic driving mode comprises the defen-

sive automatic driving mode and the aggressive auto-
matic driving mode.
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15. The vehicular electrocardiogram measurement
method of claim 13, further comprising:

generating a control signal for requesting a switch from a

defensive automatic driving mode to an aggressive
automatic driving mode when the stress level deter-
mined during driving in the defensive automatic driv-
ing mode is at least a predetermined reference level and
a signal for requesting the switch from the defensive
automatic driving mode to the aggressive automatic
driving mode is received; and

transmitting the control signal on the basis of an uplink

grant of the 5G network connected to drive in the
automatic driving mode,

wherein the automatic driving mode comprises the defen-

sive automatic driving mode and the aggressive auto-
matic driving mode.

16. A computer-readable recording medium in which a
vehicular electrocardiogram measurement program is
recorded, the program causing a computer to perform:

obtaining a patch signal through an electrocardiographic

sensor installed in a seat of a vehicle; and

on the basis of the patch signal, generating a first request

signal for requesting contact of a user’s body with a
patch of the electrocardiographic sensor if a first con-
dition is not satisfied, generating a second request
signal for requesting to take off clothes if a second
condition is not satisfied, generating a third request
signal for requesting to stop moving if a third condition
is not satisfied, and determining a stress level on the
basis of the patch signal as the first condition, the
second condition, and the third condition are satisfied,
wherein the first condition is that an absolute value of a
voltage of the patch signal exceeds a predetermined
first voltage value,

the second condition is that a peak-to-peak voltage value

of the patch signal exceeds a predetermined second
voltage value, and

the third condition is that the peak-to-peak voltage value

of the patch signal is measured periodically.
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