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DROWSY-DRIVING PREVENTION METHOD
AND DROWSY-DRIVING PREVENTION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. § 119(a), this application
claims the benefit of earlier filing date and right of priority
to Korean Patent Application No. 10-2019-0083903, filed on
Jul. 11, 2019, the contents of which are all hereby incorpo-
rated by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a drowsy-driving
prevention method and a drowsy-driving prevention system,
and more particularly to a drowsy-driving prevention
method and a drowsy-driving prevention system that are
capable of recognizing a drowsy state of a vehicle driver and
changing the state of the driver to an aroused state.

2. Description of Related Art

[0003] A representative problem caused due to an increase
in use of vehicles is a traffic accident. In particular, the major
cause of traffic accidents on large highways, which may lead
to heavy damage, is drowsy driving. For this reason, much
research to prevent drowsy driving has been conducted.
[0004] In connection therewith, Korean Patent Applica-
tion Publication No. 2007-0093201 (hereinafter referred to
as “Related Art 1”) discloses a device for sensing a biometric
signal of a driver. According to the disclosure in Related Art
1, the sensing device includes a detection unit, a data
processing unit, a data line, and a recording unit.

[0005] According to the disclosure in Related Art 1, a
galvanic skin response (GSR) sensor, a body temperature
sensor, a heart rate sensor, and a pressure sensor are installed
at the surface of a steering wheel in order to continuously
detect the biometric signal of the driver. The detected
biometric signal of the driver is recorded in the recording
unit. Data recorded in the recording unit are used for
research to prevent and warn the driver of drowsy driving,
to analyze a traffic accident, and to control the interior
environment of a vehicle. In the case in which it is suspected
that the driver is performing drowsy driving, as the result of
comparing the measured biometric signal with a predeter-
mined signal, the temperature in the vehicle may be adjusted
or a warning sound may be outputted.

[0006] Korean Patent Registration No. 1828067 (herein-
after referred to as “Related Art 2”) discloses a wrist band
for monitoring the state of a vehicle driver. According to the
disclosure in Related Art 2, the biometric state of the driver
during driving is monitored in real time through sensors
such as a GSR sensor, an electrocardiogram (ECG) sensor,
and a biometric impedance sensor installed at the wrist band.
Upon determining, as the result of monitoring, that the
driver is performing drowsy driving, the wrist band is
vibrated in order to prevent the occurrence of an accident.
[0007] However, body temperature, heart rate, and GSR
show deviation for each subject. In addition, for the same
subject, there is deviation depending on the ambient tem-
perature, the health state, and a change in the emotion of the
subject when measurement is performed. Furthermore, the
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body temperature, the heart rate, and the GSR are charac-
terized as gradually increasing at the boundary between an
aroused state and a drowsy state. In the case of Related Art
1 and Related Art 2, therefore, it is difficult to rapidly and
accurately distinguish between the aroused state and the
drowsy state merely through analysis of change patterns of
the body temperature, the heart rate, and the GSR.

[0008] Also, in the case in which the driver is in a shallow
sleep state, the driver may be awakened through adjustment
of interior temperature, outputting of a warning sound, or
generation of vibration. In the case in which the driver is in
a deep sleep state, however, there is a danger of the driver
continuing to be in a sleep state even though the interior
temperature has been adjusted, the warning sound has been
outputted, or the vibration has been generated.

RELATED ART DOCUMENTS

[0009] Korean Patent Application Publication No. 2007-
0093201 (Publication Date: Sep. 18, 2007)

[0010] Korean Patent Registration No. 1828067 (Regis-
tration Date: Feb. 5, 2018)

SUMMARY OF THE INVENTION

[0011] The present disclosure is directed to providing a
drowsy-driving prevention method and a drowsy-driving
prevention system that are capable of improving quickness
and accuracy in detecting drowsy-driving based on the
measurement of a biometric signal.

[0012] The present disclosure is further directed to pro-
viding a drowsy-driving prevention method and a drowsy-
driving prevention system that are capable of rapidly chang-
ing the state a driver to an aroused state, from a deep sleep
state as well as a shallow sleep state.

[0013] The present disclosure still further directed to pro-
viding a drowsy-driving prevention method and a drowsy-
driving prevention system that are capable of addressing the
issue in the related art described above in which there is
inaccuracy in detecting drowsy driving due to deviation in
biometric signals for each subject and deviation in biometric
signals depending on a change in an ambient environment
and an emotional state.

[0014] A drowsy-driving prevention system according to
an embodiment of the present disclosure may include a
stimulation unit, a measurement unit, and a controller.
[0015] The stimulation unit may output a stimulus in order
to stimulate a sensory organ of a driver.

[0016] The measurement unit may measure a biometric
signal of the driver from the time when the stimulus is
outputted.

[0017] The controller may control the stimulation unit and
the measurement unit, and may determine whether the
biometric signal of the driver is a response to the stimulus.
[0018] The stimulation unit may be a vibration device, and
the measurement unit may be a GSR measurement device.
[0019] The stimulation unit and the measurement unit may
be mounted to a steering wheel of a vehicle.

[0020] A drowsy-driving prevention method according to
another embodiment of the present disclosure may include a
stimulating step, a measuring step, and a determining step.
[0021] At the stimulating step, a stimulation unit may
output a stimulus in order to stimulate a sensory organ of a
driver.
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[0022] At the measuring step, a measurement unit may
measure a biometric signal of the driver from the time when
the stimulus is outputted.

[0023] At the determining step, it may be determined
whether the biometric signal of the driver is a response to the
stimulus.

[0024] Upon determining that the biometric signal of the
driver is not a response to the stimulus, the stimulating step
may be reperformed.

[0025] The controller may store determination reference
information used to determine whether the biometric signal
of the driver is a response to the stimulus.

[0026] When the determining step is completed, the deter-
mination reference information may be updated so as to
include information determined at the determining step.
[0027] A capture unit for capturing an image of the driver
may be further provided in a vehicle.

[0028] The drowsy-driving prevention method may fur-
ther include a step of recognizing the driver by analyzing the
image captured by the capture unit.

[0029] The determination reference information may be
updated for each driver.

[0030] At least one measurement sensor selected from
among an illuminance sensor, a temperature sensor, and a
carbon dioxide sensor may be provided in the interior of the
vehicle.

[0031] When the determining step is completed, the deter-
mination reference information may be updated so as to
include information determined at the determining step and
information measured by the measurement sensor.

[0032] A drowsy-driving prevention method according to
still another embodiment of the present disclosure may
include a stimulating step, a measuring step, a determining
step, and a confirming step.

[0033] At the stimulating step, a stimulation unit may
output a stimulus in order to stimulate a sensory organ of a
driver.

[0034] At the measuring step, a measurement unit may
measure a biometric signal of the driver from the time when
the stimulus is outputted.

[0035] At the determining step, it may be determined
whether the biometric signal of the driver is a response to the
stimulus.

[0036] At the confirming step, it may be confirmed
whether the driver is performing drowsy driving by analyz-
ing the image captured by the capture unit, upon determining
that the biometric signal of the driver is not a response to the
stimulus.

[0037] Upon determining that the driver is performing
drowsy driving, the stimulating step may be reperformed.
[0038] A drowsy-driving prevention method according to
a yet another embodiment of the present disclosure may
include a first stimulating step, a first measuring step, a first
determining step, a second stimulating step, a second mea-
suring step, and a second determining step.

[0039] At the first stimulating step, a stimulation unit may
output a first stimulus in order to stimulate a sensory organ
of a driver.

[0040] At the first measuring step, a measurement unit
may measure a biometric signal of the driver from the time
when the first stimulus is outputted.

[0041] At the first determining step, it may be determined
whether the biometric signal of the driver is a response to the
first stimulus.
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[0042] At the second stimulating step, the stimulation unit
may output a second stimulus in order to stimulate the
sensory organ of the driver upon determining that the
biometric signal of the driver is not a response to the first
stimulus.

[0043] At the second measuring step, the measurement
unit may measure a biometric signal of the driver from the
time when the second stimulus is outputted.

[0044] At the second determining step, it may be deter-
mined whether the biometric signal of the driver is a
response to the second stimulus.

[0045] Upon determining that the biometric signal of the
driver is not a response to the second stimulus, the second
stimulating step may be reperformed.

[0046] The first stimulus and the second stimulus may
stimulate different sensory organs of the driver.

[0047] The second stimulus may stimulate the same sen-
sory organ of the driver with higher intensity than the first
stimulus.

[0048] The intensity or pattern of the second stimulus may
be changed whenever the second stimulating step is reper-
formed.

[0049] Upon determining that the measured biometric
signal of the driver is not a response to the stimulus, the
autonomous driving level of the vehicle may be increased.
In the case in which the autonomous driving level is
increased, an accident of the vehicle may be prevented
before the state of the driver is changed from a drowsy state
to an aroused state. Upon determining that the state of the
driver has changed from a drowsy state to an aroused state,
the autonomous driving level of the vehicle may be
decreased to the original state thereof.

[0050] A computer program according to an embodiment
of the present disclosure may be configured to be stored in
a recording medium readable by a computer in order to
perform a drowsy-driving prevention method using the
computer.

[0051] According to embodiments of the present disclo-
sure, it is possible to provide a drowsy-driving prevention
method and a drowsy-driving prevention system that are
capable of stimulating a sensory organ of a driver, measuring
a biometric signal of the driver, and determining whether the
biometric signal is a response to the stimulus, thereby
improving quickness and accuracy in detecting drowsy-
driving based on the measurement of the biometric signal.
[0052] According to embodiments of the present disclo-
sure, it is possible to provide a drowsy-driving prevention
method and a drowsy-driving prevention system that are
capable of stimulating different sensory organs of a driver
using a first stimulus and a second stimulus, stimulating the
same sensory organ of the driver using the second stimulus
having higher intensity than the first stimulus, or changing
the intensity or pattern of the second stimulus whenever a
second stimulating step is reperformed, thereby rapidly
changing the state of the driver to an aroused state, from a
deep sleep state as well as from a shallow sleep state.
[0053] According to embodiments of the present disclo-
sure, it is possible to provide a drowsy-driving prevention
method and a drowsy-driving prevention system that are
capable of updating determination reference information so
as to include information determined in a determining step
and information measured by a sensor, and updating the
determination reference information for each driver, thereby
addressing the issue in the related art described above in
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which there is inaccuracy in detecting drowsy driving due to
deviation in biometric signals for each subject and deviation
in biometric signals depending on a change in an ambient
environment and an emotional state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] 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:

[0055] FIG. 1 is a schematic diagram showing a drowsy-
driving prevention system according to an embodiment of
the present disclosure;

[0056] FIG. 2 is a diagram showing a vehicle equipped
with the drowsy-driving prevention system of FIG. 1;
[0057] FIG. 3 is a flowchart showing a drowsy-driving
prevention method according to a first embodiment of the
present disclosure;

[0058] FIGS. 4A and 4B are graphs showing a driver’s
biometric signal measured at a measuring step;

[0059] FIG. 5 is a flowchart showing a drowsy-driving
prevention method according to a second embodiment of the
present disclosure;

[0060] FIG. 6 is a flowchart showing a drowsy-driving
prevention method according to a third embodiment of the
present disclosure;

[0061] FIG. 7 is a flowchart showing a drowsy-driving
prevention method according to a fourth embodiment of the
present disclosure;

[0062] FIG. 8 is a flowchart showing a drowsy-driving
prevention method according to a fifth embodiment of the
present disclosure;

[0063] FIG. 9 is a flowchart showing a drowsy-driving
prevention method according to a sixth embodiment of the
present disclosure;

[0064] FIG. 10 is a graph showing the state in which the
intensity of a second stimulus is changed whenever a second
stimulating step of the drowsy-driving prevention method of
FIG. 9 is reperformed; and

[0065] FIG. 11 is a graph showing the state in which the
intensity and pattern of the second stimulus are changed
whenever the second stimulating step of the drowsy-driving
prevention method of FIG. 9 is reperformed.

DETAILED DESCRIPTION

[0066] Advantages and features of the present disclosure
and methods of achieving the advantages and features will
be more apparent with reference to the following detailed
description of example embodiments in connection with the
accompanying drawings. However, the description of par-
ticular example embodiments is not intended to limit the
present disclosure to the particular example embodiments
disclosed herein, but on the contrary, it should be understood
that the present disclosure is to cover all modifications,
equivalents and alternatives falling within the spirit and
scope of the present disclosure.

[0067] The example embodiments disclosed below are
provided so that the present disclosure will be thorough and
complete, and also to provide a more complete understand-
ing of the scope of the present disclosure to those of ordinary
skill in the art. In the interest of clarity, not all details of the
relevant art are described in detail in the present specifica-
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tion in so much as such details are not necessary to obtain
a complete understanding of the present disclosure.

[0068] The terminology used herein is used for the pur-
pose of describing particular example embodiments only
and is not intended to be limiting. As used herein, the
singular forms complete understanding of the present dis-
closure to include the plural forms as well, unless the context
clearly indicates otherwise. The terms “comprises,” “com-
prising,” “includes,” “including,” “containing,” “has,” “hav-
ing” or other variations thereof are inclusive and therefore
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof. Furthermore, the terms such as “first,”
“second,” and other numerical terms may be used herein
only to describe various elements, but these elements should
not be limited by these terms. Furthermore, these terms such
as “first,” “second,” and other numerical terms, are used
only to distinguish one element from another element.
[0069] Hereinbelow, the example embodiments of the
present disclosure will be described in greater detail with
reference to the accompanying drawings, and on all these
accompanying drawings, the identical or analogous ele-
ments are designated by the same reference numeral, and
repeated description of the common elements will be omit-
ted.

[0070] FIG. 1 is a schematic diagram showing a drowsy-
driving prevention system 10 according to an embodiment
of the present disclosure. and FIG. 2 is a diagram showing
a vehicle 1 equipped with the drowsy-driving prevention
system 10 of FIG. 1.

[0071] As shown in FIGS. 1 and 2, the drowsy-driving
prevention system 10 according to the embodiment of the
present disclosure includes a stimulation unit 11, a measure-
ment unit 12, and a controller 13.

[0072] The stimulation unit 11 is a component that outputs
a stimulus in order to stimulate a sensory organ of a driver
2. Here, the stimulus generally refers to changing at least one
of visual sensation, auditory sensation, olfactory sensation,
gustatory sensation, or tactile sensation. The stimulus may
be transmitted to the sensory organ of the driver 2 through,
for example, an image, sound, smell, taste, wind, or vibra-
tion.

[0073] The stimulation unit 11 may be configured as at
least one of a vibration device that generates vibration, an
audio device, a video device, or an air conditioning device.
The stimulation unit 11 may be configured as a vibration
device installed at a steering wheel 3.

[0074] A drowsy-driving prevention method (S100)
according to an embodiment of the present disclosure will be
described on the assumption that the stimulation unit 11 may
be configured as a vibration device installed at the steering
wheel 3. The vibration device installed at the steering wheel
3 is disclosed in Korean Patent Registration No. 1721724,
and therefore a detailed description thereof will be omitted.
[0075] The measurement unit 12 is a component that
measures a biometric signal of the driver 2 from the time
when the stimulus is outputted. The measurement unit 12
may be configured as a galvanic skin response (GSR)
measurement device, a temperature measurement device, or
a heart rate measurement device.

[0076] The drowsy-driving prevention method (S100)
according to an embodiment of the present disclosure will be
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described on the assumption that the measurement unit 12 is
configured as a GSR sensor. The SGR sensor may be
installed at the steering wheel 3 or in a watch 4. The SGR
sensor installed at the steering wheel 3 is disclosed in
Korean Patent Application Publication No. 2007-0093201,
and therefore a detailed description thereof will be omitted.
[0077] Galvanic skin response is an electrical response
generated in the skin depending on arousal levels. Arousal
means the state in which various nerves are physiologically
active. Arousal is lowest in a sleeping state.

[0078] Galvanic skin response increases or decreases
depending on an increase or decrease in stress or arousal
levels. GSR is a physiological signal that is sensitive to the
arousal levels. GSR is used as an objective indicator of the
mental state of a person, since the GSR is capable of being
measured as a relatively stable index.

[0079] The controller 13 is a component that controls the
stimulation unit 11 and the measurement unit 12. Here, the
controller 13 may include all kinds of devices that are
capable of processing data, such as a processor. Here, the
‘processor’ may refer to a data processing device built in a
hardware, which includes physically structured circuits in
order to perform functions represented as a code or com-
mand present in a program.

[0080] Examples of the data processing device built in a
hardware include, but are not limited to, processing devices
such as a microprocessor. a central processing unit (CPU), a
processor core, a multiprocessor, an application-specific
integrated circuit (ASIC), a field programmable gate array
(FPGA), and the like.

[0081] In this embodiment, the drowsy-driving prevention
system 10 may perform machine learning, such as deep
learning, with respect to whether a response pattern to the
stimulus appears in the measured biometric signal of the
driver 2.

[0082] The drowsy-driving prevention system 10 may
include a storage unit. The storage unit may store data used
for machine learning, result data, and the like. In addition,
the storage unit may temporarily or permanently store data
processed by the controller 13.

[0083] Here, the storage unit may include magnetic stor-
age media or flash storage media. However, the present
disclosure is not limited thereto.

[0084] The storage unit may include an internal memory
and/or an external memory, and may include a volatile
memory, such as DRAM, SRAM, or SDRAM, a nonvolatile
memory, such as one time programmable ROM (OTPROM),
PROM, EPROM, EEPROM, mask ROM, flash ROM, a
NAND flash memory, or a NOR flash memory, a flash drive,
such as an SSD, a compact flash (CF) card, an SD card, a
Micro-SD card, a Mini-SD card, an Xd card, or a memory
stick, or a storage device, such as an HDD.

[0085] Deep learning, which is a subfield of machine
learning, enables data-based learning through multiple lay-
ers. As the number of layers in deep learning increases, the
deep learning network may acquire a collection of machine
learning algorithms that extract core data from multiple
datasets.

[0086] Deep learning structures may include an artificial
neural network (ANN), and may include a convolutional
neural network (CNN), a recurrent neural network (RNN), a
deep belief network (DBN), and the like.

[0087] The deep learning structure according to the pres-
ent embodiment may use various structures well known in
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the art. For example, the deep learning structure according
to the present disclosure may include a CNN, an RNN, a
DBN, and the like. RNN is an artificial neural network
structure which is formed by building up layers at each
instance, and which is heavily used in natural language
processing and the like and effective for processing time-
series data which vary over a course of time.

[0088] A DBN includes a deep learning structure formed
by stacking up multiple layers of a deep learning scheme,
restricted Boltzmann machines (RBM). A DBN has the
number of layers formed by repeating RBM training.
[0089] A CNN includes a model mimicking a human brain
fanction, built under the assumption that when a person
recognizes an object, the brain extracts the most basic
features of the object and recognizes the object based on the
results of complex processing in the brain.

[0090] Meanwhile, the artificial neural network can be
trained by adjusting connection weights between nodes (if
necessary, adjusting bias values as well) so as to produce
desired output from given input.

[0091] Also, the artificial neural network can continuously
update the weight values through learning. Furthermore,
methods such as back propagation may be used in training
the artificial neural network.

[0092] Meanwhile, the drowsy-driving prevention system
10 may be equipped with an artificial neural network, and
may perform a machine-learning-based determining step of
determining whether a response pattern to the stimulus
appears in the measured biometric signal of the driver 2.
[0093] The controller 13 may include an artificial neural
network, for example, a deep neural network (DNN), such
as a CNN, an RNN, and a DBN, and may train the deep
neural network. Both unsupervised learning and supervised
learning may be used as a machine learning method of the
artificial neural network.

[0094] FIG. 3 is a flowchart showing a drowsy-driving
prevention method (S100) according to a first embodiment
of the present disclosure, and FIGS. 4A and 4B are graphs
showing a biometric signal of the driver 2 measured at a
measuring step (S120).

[0095] As shown in FIG. 3, the drowsy-driving prevention
method (8100) according to the first embodiment of the
present disclosure may include a stimulating step (S110), a
measuring step (S120), and a determining step (S130).
[0096] The stimulating step (S110) is a step of the stimu-
lation unit 11 outputting a stimulus. Referring to FIG. 2, the
stimulation unit 11 may be configured as a vibration device
installed at the steering wheel 3.

[0097] The stimulating step (S110) is automatically com-
menced a predetermined time after the vehicle 1 is started.
Here, the predetermined time may be 10 minutes to 1 hour.
The predetermined time may be adjusted by the driver 2.
[0098] The measuring step (S120) is a step of the mea-
surement unit 12 measuring a biometric signal of the driver
2 for a predetermined time At from the time when the
stimulus is outputted. The measurement unit 12 may be
configured as a GSR measurement device installed at the
steering wheel 3.

[0099] As shown in FIG. 4B, the predetermined time At is
a time for which a biometric signal is principally changed
due to a stimulus. The predetermined time At may be about
5 to 10 seconds.

[0100] FIG. 4A is a graph showing a galvanic skin
response measured when a stimulus is applied to a subject in



US 2020/0037945 A1l

a drowsy state. As shown in FIG. 4A, a change in current
that appears in the skin of the subject when a stimulus is
applied when the subject is in a drowsy state slowly
decreases for the predetermined time At.

[0101] FIG. 4B is a graph showing a galvanic skin
response measured when a stimulus is applied to a subject in
an aroused state. As shown in FIG. 4B, a change in current
that appears in the skin of the subject when a stimulus is
applied when the subject is in an aroused state abruptly
increases for the predetermined time At, and then decreases.
[0102] As shown in FIG. 3, when the measuring step
(8120) is completed, the determining step (S130) is com-
menced. The determining step (S130) is a step of determin-
ing whether the biometric signal of the driver 2 is a response
to the stimulus.

[0103] The controller 13 stores determination reference
information used to determine whether the biometric signal
of the driver 2 is a response to the stimulus. The determi-
nation reference information includes first determination
reference information and second determination reference
information.

[0104] The first determination reference information
refers to a biometric signal measured when the stimulus is
applied when the driver 2 is in an aroused state. The second
determination reference information means a biometric sig-
nal measured when the stimulus is applied when the driver
2 is in a drowsy state. That is, the first determination
reference information includes the galvanic skin response
information of FIG. 4B. The second determination reference
information includes the galvanic skin response information
of FIG. 4A.

[0105] As shown in FIG. 3, at the determining step (S130),
the controller 13 compares similarities between the mea-
sured biometric signal and the determination reference infor-
mation in order to determine whether the biometric signal
indicates a drowsy state or an aroused state. At the deter-
mining step (S130), the controller 13 may compare simi-
larities between the measured biometric signal graph and the
determination reference information graph.

[0106] In the case in which the similarities between the
measured biometric signal and the first determination refer-
ence information are high, the controller 13 determines that
the biometric signal of the driver 2 is a response to the
stimulus. That is, the controller 13 determines that the
biometric signal of the driver 2 indicates an aroused state.

[0107] In the case in which the similarities between the
measured biometric signal and the second determination
reference information are high, the controller 13 determines
that the biometric signal of the driver 2 is not a response to
the stimulus. That is, the controller 13 determines that the
biometric signal of the driver 2 indicates a drowsy state.

[0108] As shown in FIG. 3, upon determining at the
determining step (S130) that the biometric signal of the
driver 2 is a response to the stimulus, the stimulating step
(8110) is performed after a predetermined time. Here, the
predetermined time may be 10 minutes to 1 hour. The
predetermined time may be adjusted by the driver 2.

[0109] Upon determining at the determining step (S130)
that the biometric signal of the driver 2 is not a response to
the stimulus, the stimulating step (S110) is immediately
reperformed. That is, the sensory organ of the driver 2 is
stimulated again (5110), a biometric signal of the driver 2 is
measured from the time when the stimulus is outputted
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(5120), and it is determined whether the biometric signal of
the driver 2 is a response to the stimulus (S130).

[0110] The above process continues until it is determined
at the determining step (S130) that the biometric signal of
the driver 2 is a response to the stimulus. That is, the
stimulation unit 11 continuously outputs the stimulus in
order to stimulate the sensory organ of the driver 2 until it
1s determined that the state of the driver 2 has changed to an
aroused state.

[0111] Upon determining at the determining step (S130)
that a response pattern to the stimulus does not appear in the
measured biometric signal of the driver 2, an autonomous
driving level of the vehicle 1 may be increased. The autono-
mous driving level may be divided into level 0 to level 5
(based on the classification of Society of Automotive Engi-
neers). Level 5 refers to a completely autonomous driving
level. Level 2 refers to a driving assistance level. Level 4 is
a level at which autonomous driving is possible without
intervention of the driver 2. In this case, however, the driver
2 must intervene in a dangerous situation.

[0112] For example, in the case in which the autonomous
driving level is level 1, upon determining at the determining
step (8130) that a response pattern to the stimulus does not
appear in the measured biometric signal of the driver 2, the
autonomous driving level of the vehicle 1 may be increased
to one of levels 2 to 5. In the case in which the autonomous
driving level is increased, an accident of the vehicle 1 may
be prevented before the state of the driver 2 is changed from
a drowsy state to an aroused state. Subsequently, upon
determining that the state of the driver 2 has changed to an
aroused state, the autonomous driving level of the vehicle 1
may be decreased to the original state thereof.

[0113] FIG. 5 is a flowchart showing a drowsy-driving
prevention method (S200) according to a second embodi-
ment of the present disclosure.

[0114] As shown in FIG. 5, the drowsy-driving prevention
method (S200) according to the second embodiment of the
present disclosure may include a stimulating step (5210), a
measuring step (S220), a determining step (S230), and an
updating step (S240 and S250).

[0115] The stimulating step (S210), the measuring step
(5220), and the determining step (S230) of the second
embodiment of the present disclosure are substantially iden-
tical to the stimulating step (S110), the measuring step
(5120), and the determining step (S130) of the first embodi-
ment of the present disclosure. Hereinafter, therefore, the
stimulating step (S210), the measuring step (S220), and the
determining step (S230) will be described briefly.

[0116] When the determining step (S230) is completed,
the updating step (S240 and S250) is performed. The updat-
ing step (S240 and S250) is a step of updating determination
reference information. The determination reference infor-
mation is updated so as to include the information deter-
mined at the determining step (S230).

[0117] The information determined at the determining step
(5230) includes information determining that similarities
between the measured biometric signal and the first deter-
mination reference information are high (hereinafter
referred to as “first information”) and information determin-
ing that similarities between the measured biometric signal
and the second determination reference information are high
(hereinafter referred to as “second information”).

[0118] As shown in FIG. 5, at the updating step (S240 and
S250), the determination reference information is updated so
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as to include the first information and the second informa-
tion. The updating step (S240 and S250) includes a first step
(5240) and a second step (5250).

[0119] The first step (S240) is a step of updating the
determination reference information so as to include the first
information. When the first step (S240) is completed, the
stimulating step (S210) is performed after a predetermined
time. Here, the predetermined time may be 10 minutes to 1
hour. The predetermined time may be adjusted by the driver
2.

[0120] The second step (S250) is a step of updating the
determination reference information so as to include the
second information. When the second step (S250) is com-
pleted, the stimulating step (S210) is immediately reper-
formed.

[0121] The above process continues until it is determined
at the determining step (S230) that the biometric signal of
the driver 2 is a response to the stimulus. That is, the
stimulation unit 11 continuously outputs stimuli in order to
stimulate the sensory organ of the driver 2 until it is
determined that the state of the driver 2 has changed to an
aroused state.

[0122] At a producing step of the drowsy-driving preven-
tion system 10 according to the embodiment of the present
disclosure, basic determination reference information may
be stored in the controller 13. The basic determination
reference information may be information about galvanic
skin responses measured after stimuli are applied to a
limited number of subjects.

[0123] However, biometric signals, such as body tempera-
ture, heart rate, and GSR, are information that shows devia-
tion between individuals. Consequently, there is deviation in
similarities between the basic determination reference infor-
mation, stored in the controller 13 at the producing step, and
the biometric signals for each user.

[0124] In the drowsy-driving prevention method (S200)
according to the second embodiment of the present disclo-
sure, the basic determination reference information is
updated through information including the user’s own bio-
metric information (the first information and the second
information) at the time of driving the vehicle 1. As the
number of times that the user uses the drowsy-driving
prevention system 10 increases, therefore, the accuracy of
determination at the determining step (S230) increases.
[0125] The first information and the second information
generated most recently at the updating step (S240 and
S250) may be transmitted to an administration server over a
network. The administration server may store previous
determination reference information. The previous determi-
nation reference information stored in the administration
server is updated so as to include the first information and
the second information generated most recently. The admin-
istration server feeds back update information of the first
information and the second information to the drowsy-
driving prevention system 10 over the network.

[0126] The administration server may be a database server
that provides big data necessary to apply various artificial
intelligence algorithms and data necessary to operate the
drowsy-driving prevention system 10.

[0127] Artificial intelligence (Al) is an area of computer
engineering science and information technology that studies
methods to make computers mimic intelligent human behav-
iors such as reasoning, learning, self-improving, and the
like.
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[0128] In addition, artificial intelligence does not exist on
its own, but is rather directly or indirectly related to a
number of other fields in 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.

[0129] Machine learning is an area of artificial intelligence
that includes the field of study that gives computers the
capability to learn without being explicitly programmed
More specifically, machine learning is a technology that
investigates and builds systems, and algorithms for such
systems, which are capable of learning, making predictions,
and enhancing their own performance on the basis of
experiential data. Machine learning algorithms, rather than
only executing rigidly set static program commands, may be
used to take an approach that builds models for deriving
predictions and decisions from inputted data.

[0130] The network may function to connect the drowsy-
driving prevention system 10 and the administration server
to each other. The network may include a wireless network,
such as wireless LANs, CDMA, or satellite communication,
but the present disclosure is not limited thereto. In addition,
the network may transmit and receive information using
long distance communication. Here, the long distance com-
munication may include code division multiple access
(CDMA), frequency division multiple access (FDMA), time
division multiple access (TDMA), orthogonal frequency
division multiple access (OFDMA), or single carrier fre-
quency division multiple access (SC-FDMA) technology.

[0131] The network may include connection of network
elements such as hubs, bridges, routers, switches, and gate-
ways. The network may include one or more connected
networks, including a public network such as the Internet
and a private network such as a secure corporate private
network. For example, the network may include a multi-
network environment. Access to the network may be pro-
vided via one or more wired or wireless access networks.
Further, the network may support 5G communication and/or
an Internet of things (IoT) network for exchanging and
processing information between distributed components
such as objects.

[0132] As shown in FIG. 1, the drowsy-driving prevention
system 10 according to the embodiment of the present
disclosure may include a communication unit 16.

[0133] The communication unit 16 may provide a com-
munication interface necessary to provide a signal transmit-
ted and received between the drowsy-driving prevention
system 10 and a server 400 in the form of packet data in
cooperation with the network. In addition, the communica-
tion unit 16 may support various kinds of object intelligence
communications (such as Internet of things (IoT), Internet of
everything (IoE), and Internet of small things (IoST)) and
may support communications such as machine to machine
(M2M) communication, vehicle to everything communica-
tion (V2X), and device to device (D2D) communication.

[0134] FIG. 6 is a flowchart showing a drowsy-driving
prevention method (S300) according to a third embodiment
of the present disclosure.

[0135] As shown in FIG. 6, the drowsy-driving prevention
method (S300) according to the third embodiment of the
present disclosure may include a recognizing step (8310), a
stimulating step (S320), a measuring step (S330), a deter-
mining step (S340), and an updating step (S350 and S360).
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[0136] As shown in FIG. 1, the drowsy-driving prevention
system 10 according to the embodiment of the present
disclosure includes a stimulation unit 11, a measurement
unit 12, a capture unit 14, and a controller 13. The capture
unit 14 is an image capture device that captures an image of
the driver 2.

[0137] The capture unit 14 is provided in the vehicle 1.
The capture unit 14 continuously or periodically captures
images of the driver 2 while the vehicle 1 is being driven.
The capture unit 14 may capture an image of the face of the
driver 2.

[0138] The recognizing step (S310) is a step of analyzing
the image captured by the capture unit 14 in order to
recognize the driver 2. Face recognition technology is dis-
closed in Korean Patent Application Publication No. 2014-
0087607, and therefore a detailed description thereof will be
omitted.

[0139] When the recognizing step (S310) is completed,
the stimulating step (S320), the measuring step ($330), and
the determining step (S340) are sequentially performed. The
stimulating step ($320) and the measuring step (S330) of the
third embodiment of the present disclosure are substantially
identical to the stimulating step (S110) and the measuring
step (S120) of the first embodiment of the present disclosure.
Hereinafter, therefore, the stimulating step (S320) and the
measuring step (S330) will be described briefly.

[0140] As shown in FIG. 6, when the measuring step
(8330) is completed, the determining step (S340) is com-
menced. The determining step (S340) is a step of determin-
ing whether the biometric signal of the driver 2 is a response
to the stimulus.

[0141] The controller 13 stores determination reference
information used to determine whether the biometric signal
of the driver 2 is a response to the stimulus, for each driver.
At the determining step (S340), the controller 13 loads the
determination reference information of the driver 2 recog-
nized at the recognizing step (S310). Subsequently, the
controller 13 compares similarities between the measured
biometric signal and the determination reference informa-
tion in order to determine whether the biometric signal
indicates a drowsy state or an aroused state.

[0142] When the determining step (S340) is completed,
the updating step (3350 and S360) is performed. The updat-
ing step (S350 and S360) is a step of updating determination
reference information for respective drivers. At the updating
step (S350 and S360), the controller 13 loads the determi-
nation reference information of the driver 2 recognized at
the recognizing step (S310). Subsequently, the determina-
tion reference information is updated so as to include the
information determined at the determining step (S340).
[0143] As shown in FIG. 6, at the updating step (S350 and
S360), the determination reference information for each
driver is updated so as to include the first information and
the second information. The updating step (S350 and S360)
includes a first step (S350) and a second step (S360).
[0144] The first step (S350) is a step of updating the
determination reference information for each driver so as to
include the first information. When the first step (S350) is
completed, the stimulating step (S320) is performed after a
predetermined time.

[0145] The driver 2 may change during the predetermined
time. After the predetermined time, therefore, the recogniz-
ing step (S310), the stimulating step (S320), the measuring
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step (S330), the determining step (S340), and the updating
step (S350 and S360) are reperformed.

[0146] The second step (S360) is a step of updating the
determination reference information for respective drivers
so as to include the second information. When the second
step (S360) is completed, the stimulating step (S320) is
immediately reperformed.

[0147] The above process continues until it is determined
at the determining step (S340) that the biometric signal of
the driver 2 is a response to the stimulus. That is, the
stimulation unit 11 continuously outputs the stimulus in
order to stimulate the sensory organ of the driver 2 until it
is determined that the state of the driver 2 has changed to an
aroused state.

[0148] Biometric signals, such as body temperature, heart
rate, and GSR, are information that shows deviation between
individuals. Consequently, there is deviation in similarities
between the basic determination reference information,
stored in the controller 13 at the production step, and the
biometric signals for each user.

[0149] In the drowsy-driving prevention method (S300)
according to the third embodiment of the present disclosure,
the driver 2 is automatically recognized at the time of
driving the vehicle 1, and the determination reference infor-
mation is updated for respective drivers. Even in the case in
which the vehicle 1 is a shared vehicle, therefore, the
accuracy of determination at the determining step (S340)
increases as the number of times that a plurality of users uses
the drowsy-driving prevention system 10 increases.

[0150] FIG. 7 is a flowchart showing a drowsy-driving
prevention method (S400) according to a fourth embodiment
of the present disclosure.

[0151] As shown in FIG. 7, the drowsy-driving prevention
method (S400) according to the fourth embodiment of the
present disclosure may include a stimulating step (5410), a
measuring step (S420), a determining step (S430), and an
updating step (S440 and S450).

[0152] As shown in FIG. 1, the drowsy-driving prevention
system 10 according to the embodiment of the present
disclosure includes a stimulation unit 11, a measurement
unit 12, a measurement sensor 15, and a controller 13.
[0153] At least one measurement sensor 15 selected from
among an illuminance sensor, a temperature sensor, and a
carbon dioxide sensor is provided in the interior of the
vehicle 1. The measurement sensor 15 is provided in the
vehicle 1. The measurement sensor 15 continuously or
periodically measures at least one of illuminance, tempera-
ture, or carbon dioxide while the vehicle 1 is being driven.
[0154] The stimulating step (S410), the measuring step
(S420), and the determining step (S430) of the fourth
embodiment of the present disclosure are substantially iden-
tical to the stimulating step (S210), the measuring step
(5220), and the determining step (S230) of the second
embodiment of the present disclosure. Hereinafter, there-
fore, the stimulating step (S410), the measuring step (S420),
and the determining step (S430) will be described briefly.
[0155] When the determining step (S430) is completed,
the updating step (S440 and S450) is performed. The updat-
ing step (S440 and S450) is a step of updating determination
reference information. The determination reference infor-
mation is updated so as to include the information deter-
mined at the determining step (S430) and information mea-
sured by the measurement sensor 15 (hereinafter referred to
as “environment information”) (S441 and S451).
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[0156] The temperature in the vehicle 1 may affect the
degree of arousal of the driver 2. That is, in the case in which
the temperature in the vehicle 1 is high, the degree of arousal
of the driver 2 may be low. The illuminance in the vehicle
1 may also affect the degree of arousal of the driver 2. That
is, in the case in which the illuminance in the vehicle 1 is
high, the degree of arousal of the driver 2 may be low.

[0157] The amount of carbon dioxide in the vehicle 1 may
be a factor that determines the degree of arousal of the driver
2. A carbon dioxide sensor or a CO, sensor is a device for
measuring carbon dioxide. A non-dispersive infrared
(NDIR) method is a method of calculating the concentration
of a specific component using the fact that a gaseous
material, such as CO or CO,, has a specific absorption
spectrum for infrared light. In this method, infrared light
having a frequency that is absorbed by carbon dioxide is
emitted, and the amount of the infrared light that is detected
without being absorbed by carbon dioxide molecules is
measured.

[0158] As shown in FIG. 1, the environment information
may include traffic information (navigation information).
The traffic may affect the degree of arousal of the driver 2.
That is, in the case in which the traffic is congested, the
degree of arousal of the driver 2 may be high.

[0159] The information determined at the determining
step (S430) includes information determining that similari-
ties between the measured biometric signal and the first
determination reference information are high (first informa-
tion) and information determining that similarities between
the measured biometric signal and the second determination
reference information are high (second information).

[0160] As shown in FIG. 7, at the updating step (S440 and
S450), the determination reference information is updated so
as to include the first information, the second information,
and the environment information (S441 and S451). The
updating step (S440 and S450) includes a first step (S440)
and a second step (S450).

[0161] The first step (S440) is a step of updating the
determination reference information so as to include the first
information and the environment information (S441). When
the first step (S440) is completed, the stimulating step
(S410) is performed after a predetermined time. Here, the
predetermined time may be 10 minutes to 1 hour. The
predetermined time may be adjusted by the driver 2.

[0162] The second step (S450) is a step of updating the
determination reference information so as to include the
second information and the environment information
(S451). When the second step (S450) is completed, the
stimulating step (S410) is immediately reperformed.

[0163] The above process continues until it is determined
at the determining step (S430) that the biometric signal of
the driver 2 is a response to the stimulus. That is, the
stimulation unit 11 continuously outputs the stimulus in
order to stimulate the sensory organ of the driver 2 until it
is determined that the state of the driver 2 has changed to an
aroused state.

[0164] At the producing step of the drowsy-driving pre-
vention system 10 according to the embodiment of the
present disclosure, basic determination reference informa-
tion may be stored in the controller 13. The basic determi-
nation reference information may be information about
galvanic skin responses measured after stimuli are applied to
a limited number of subjects.
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[0165] However, biometric signals, such as body tempera-
ture, heart rate, and GSR, are information that shows devia-
tion between individuals. In addition, for the same subject,
there is deviation depending on the ambient temperature, the
health state, and a change in the emotion of the subject when
measurement is performed. Consequently, there is deviation
in similarities between the basic determination reference
information, stored in the controller 13 at the producing step,
and the biometric signals for respective driving environ-
ments as well as for each user.

[0166] In the drowsy-driving prevention method (S400)
according to the fourth embodiment of the present disclo-
sure, the basic determination reference information is
updated through the first information, the second informa-
tion, and the environment information at the time of driving
the vehicle 1. As the number of times that the user uses the
drowsy-driving prevention system 10 increases, therefore,
the accuracy of determination at the determining step (S430)
increases.

[0167] FIG. 8 is a flowchart showing a drowsy-driving
prevention method (S500) according to a fifth embodiment
of the present disclosure

[0168] As shown in FIG. 8, the drowsy-driving prevention
method (S500) according to the fifth embodiment of the
present disclosure may include a stimulating step (3510), a
measuring step (S520), a determining step (S530), and a
confirming step (S540).

[0169] As shown in FIG. 1, the drowsy-driving prevention
system 10 according to the embodiment of the present
disclosure includes a stimulation unit 11, a measurement
unit 12, a capture unit 14, and a controller 13. The capture
unit 14 is an image capture device that captures an image of
the driver 2.

[0170] The capture unit 14 is provided in the vehicle 1.
The capture unit 14 continuously or periodically captures
images of the driver 2 while the vehicle 1 is driven. The
capture unit 14 may capture an image of the face or eyes of
the driver 2.

[0171] The stimulating step (S510), the measuring step
(58520), and the determining step (S530) of the fifth embodi-
ment of the present disclosure are substantially identical to
the stimulating step (S110), the measuring step (S120), and
the determining step (S130) of the first embodiment of the
present disclosure. Hereinafter, therefore, the stimulating
step (S510), the measuring step (S520), and the determining
step (S530) will be described briefly.

[0172] As shown in FIG. 8, when the measuring step
(8520) is completed, the determining step (S530) is com-
menced. The determining step (S530) is a step of determin-
ing whether the biometric signal of the driver 2 is a response
to the stimulus.

[0173] The controller 13 stores determination reference
information used to determine whether the biometric signal
of the driver 2 is a response to the stimulus. The determi-
nation reference information includes first determination
reference information and second determination reference
information.

[0174] The first determination reference information
means a biometric signal measured when the stimulus is
applied when the driver 2 is in an aroused state. The second
determination reference information means a biometric sig-
nal measured when the stimulus is applied when the driver
2 is in a drowsy state. That is, the first determination
reference information includes the galvanic skin response
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information of FIG. 4B. The second determination reference
information includes the galvanic skin response information
of FIG. 4A.

[0175] At the determining step (S530), the controller 13
compares similarities between the measured biometric sig-
nal and the determination reference information in order to
determine whether the biometric signal indicates a drowsy
state or an aroused state. At the determining step (S530), the
controller 13 may compare similarities between the mea-
sured biometric signal graph and the determination reference
information graph.

[0176] In the case in which the similarities between the
measured biometric signal and the first determination refer-
ence information are high, the controller 13 determines that
the biometric signal of the driver 2 is a response to the
stimulus. That is, the controller 13 determines that the
biometric signal of the driver 2 indicates an aroused state.

[0177] In the case in which the similarities between the
measured biometric signal and the second determination
reference information are high, the controller 13 determines
that the biometric signal of the driver 2 is not a response to
the stimulus. That is, the controller 13 determines that the
biometric signal of the driver 2 indicates a drowsy state.

[0178] As shown in FIG. 8, upon determining at the
determining step (S530) that the biometric signal of the
driver 2 is a response to the stimulus, the stimulating step
(S510) is performed after a predetermined time. Here, the
predetermined time may be 10 minutes to 1 hour. The
predetermined time may be adjusted by the driver 2.

[0179] Upon determining at the determining step (S530)
that the biometric signal of the driver 2 is not a response to
the stimulus, the confirming step (S540) is performed. The
confirming step (S540) is a step of analyzing the image
captured by the capture unit 14 in order to confirm whether
the driver 2 is performing drowsy driving.

[0180] At the confirming step (S540), the controller 13
may analyze a captured image of the face or eyes of the
driver 2 in order to confirm whether the driver 2 is perform-
ing drowsy driving. Technology for analyzing a captured
image of the face or eyes of the driver 2 in order to confirm
whether the driver 2 is performing drowsy driving is dis-
closed in Korean Patent Application Publication No. 2018-
0056231 and in Korean Patent Registration No. 1795188,
and therefore a detailed description thereof will be omitted.

[0181] As shown in FIG. 8, upon determining at the
confirming step (S540) that the driver 2 is not performing
drowsy driving, the stimulating step (S510) is performed
after a predetermined time. Here, the predetermined time
may be 10 minutes to 1 hour. The predetermined time may
be adjusted by the driver 2.

[0182] Upon determining at the confirming step (5540)
that the driver 2 is performing drowsy driving, the stimu-
lating step (S510) is immediately reperformed. The above
process continues until it is determined at the determining
step (S530) that the biometric signal of the driver 2 is a
response to the stimulus, or until it is determined at the
confirming step (S540) that the biometric signal of the driver
2 indicates an aroused state. That is, the stimulation unit 11
continuously outputs the stimulus in order to stimulate the
sensory organ of the driver 2 until it is determined or
confirmed that the state if the driver 2 has changed to an
aroused state.
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[0183] FIG. 9 is a flowchart showing a drowsy-driving
prevention method (S600) according to a sixth embodiment
of the present disclosure.

[0184] As shown in FIG. 9, the drowsy-driving prevention
method (S600) according to the sixth embodiment of the
present disclosure may include a first stimulating step
(5610), a first measuring step (S620), a first determining step
(5630), a second stimulating step (S640), a second measur-
ing step (S650), and a second determining step (S660).
[0185] The first stimulating step (S610) is a step of the
stimulation unit 11 outputting a first stimulus in order to
stimulate the sensory organ of the driver 2. The first stimu-
lating step (S610) is automatically commenced a predeter-
mined time after the vehicle 1 is started. Here, the prede-
termined time may be 10 minutes to 1 hour. The
predetermined time may be adjusted by the driver 2.
[0186] The first measuring step (S620) is a step of the
measurement unit 12 measuring a biometric signal of the
driver 2 for a predetermined time At from the time when the
first stimulus is outputted. As shown in FIG. 4B, the pre-
determined time At is a time for which a biometric signal is
principally changed due to a stimulus. The predetermined
time At may be about 5 to 10 seconds.

[0187] As shown in FIG. 9, when the first measuring step
(5620) is completed, the first determining step ($630) is
commenced. The first determining step (S630) is a step of
determining whether the biometric signal of the driver 2 is
a response to the first stimulus.

[0188] The controller 13 stores determination reference
information used to determine whether the biometric signal
of the driver 2 is a response to the first stimulus. The
determination reference information includes first determi-
nation reference information and second determination ref-
erence information.

[0189] The first determination reference information
refers to a biometric signal measured when the first stimulus
is applied when the driver 2 is in an aroused state. The
second determination reference information means a bio-
metric signal measured when the first stimulus is applied
when the driver 2 is in a drowsy state. That is, the first
determination reference information includes the galvanic
skin response information of FIG. 4B. The second determi-
nation reference information includes the galvanic skin
response information of FIG. 4A.

[0190] At the first determining step (S630), the controller
13 compares similarities between the measured biometric
signal and the determination reference information in order
to determine whether the biometric signal indicates a drowsy
state or an aroused state. At the first determining step (S630),
the controller 13 may compare similarities between the
measured biometric signal graph and the determination
reference information graph.

[0191] In the case in which the similarities between the
measured biometric signal and the first determination refer-
ence information are high, the controller 13 determines that
the biometric signal of the driver 2 is a response to the first
stimulus. That is, the controller 13 determines that the
biometric signal of the driver 2 indicates an aroused state.
[0192] In the case in which the similarities between the
measured biometric signal and the second determination
reference information are high, the controller 13 determines
that the biometric signal of the driver 2 is not a response to
the first stimulus. That is, the controller 13 determines that
the biometric signal of the driver 2 is a drowsy state.
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[0193] As shown in FIG. 9, upon determining at the first
determining step (S630) that the biometric signal of the
driver 2 is a response to the first stimulus, the first stimu-
lating step (S610) is performed after a predetermined time.
Here, the predetermined time may be 10 minutes to 1 hour.
The predetermined time may be adjusted by the driver 2.
[0194] Upon determining at the first determining step
(S630) that the biometric signal of the driver 2 is not a
response to the first stimulus, the second stimulating step
(S640) is performed. The second stimulating step (S640) is
a step of the stimulation unit 11 outputting a second stimulus
in order to stimulate the sensory organ of the driver 2.
[0195] The first stimulus and the second stimulus may
stimulate different sensory organs of the driver 2. That is, in
the case in which the first stimulus is a vibratory stimulus,
the second stimulus may be a visual stimulus (a video
device), an auditory stimulus (an audio device), or an
olfactory stimulus (an aromatic device).

[0196] In addition, the second stimulus may stimulate the
same sensory organ of the driver 2 with higher intensity than
the first stimulus. That is, in the case in which the first
stimulus is a vibratory stimulus, the second stimulus may be
a vibratory stimulus having a higher vibration level than the
first stimulus.

[0197] In the case in which the first stimulus is an auditory
stimulus, the second stimulus may be an auditory stimulus
having a higher decibel level than the first stimulus. In the
case in which the first stimulus is a visual stimulus, the
second stimulus may be a visual stimulus that is clearer or
more stimulating than the first stimulus.

[0198] As a stimulus is repeatedly applied, the degree of
a response to the stimulus gradually decreases. An action of
becoming insensitive to the repeated stimulus is called
habituation. In the case in which the first stimulus and the
second stimulus stimulate different sensory organs of the
driver 2, or in the case in which the second stimulus is
stronger than the first stimulus, habituation is prevented,
whereby a rapid change of the state of the driver 2 to an
aroused state is possible.

[0199] The second measuring step (S650) is a step of the
measurement unit 12 measuring a biometric signal of the
driver 2 for a predetermined time At from the time when the
second stimulus is outputted. As shown in FIG. 4B, the
predetermined time At is a time for which a biometric signal
is principally changed due to a stimulus. The predetermined
time At may be about 5 to 10 seconds.

[0200] As shown in FIG. 9, when the second measuring
step (S650) is completed, the second determining step
(8660) is commenced. The second determining step (S660)
is a step of determining whether the biometric signal of the
driver 2 is a response to the second stimulus.

[0201] The controller 13 stores determination reference
information used to determine whether the biometric signal
of the driver 2 is a response to the second stimulus. The
determination reference information includes first determi-
nation reference information and second determination ref-
erence information.

[0202] In the case in which the similarities between the
measured biometric signal and the first determination refer-
ence information are high, the controller 13 determines that
the biometric signal of the driver 2 is a response to the
second stimulus. That is, the controller 13 determines that
the biometric signal of the driver 2 indicates an aroused
state.
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[0203] In the case in which the similarities between the
measured biometric signal and the second determination
reference information are high, the controller 13 determines
that the biometric signal of the driver 2 is not a response to
the second stimulus. That is, the controller 13 determines
that the biometric signal of the driver 2 indicates a drowsy
state.

[0204] As shown in FIG. 9, upon determining at the
second determining step (S660) that the biometric signal of
the driver 2 is a response to the first second stimulus, the first
stimulating step (S610) is performed after a predetermined
time. Here, the predetermined time may be 10 minutes to 1
hour. The predetermined time may be adjusted by the driver
2.

[0205] Upon determining at the second determining step
(S660) that the biometric signal of the driver 2 is not a
response to the second stimulus, the second stimulating step
(S640) is immediately reperformed. The above process
continues until it is determined at the second determining
step (S660) that the biometric signal of the driver 2 is a
response to the stimulus. That is, the stimulation unit 11
continuously outputs the stimulus in order to stimulate the
sensory organ of the driver 2 until it is determined that the
state of the driver 2 has been changed to an aroused state.
[0206] Meanwhile, in the case in which the driver 2 falls
into a deep sleep during driving due to overwork, for
example, a change to an aroused state may not be easy
through a uniform stimulus.

[0207] FIG. 10 is a graph showing the state in which the
intensity of the second stimulus is changed whenever the
second stimulating step (S640) of the drowsy-driving pre-
vention method (S600) of FIG. 9 is reperformed.

[0208] As shown in FIG. 10, the intensity of the second
stimulus may be changed whenever the second stimulating
step (S640) is reperformed. Preferably, the intensity of the
second stimulus is increased whenever the second stimulat-
ing step (S640) is reperformed.

[0209] Response to a stimulus is subjective for each
individual. In the case in which the intensity of the stimulus
is increased to a predetermined level, however, the prob-
ability of the stimulus causing discomfort may become high.
In the case in which the intensity of the second stimulus is
increased whenever the second stimulating step (S640) is
reperformed, habituation to the repeated stimulus may be
prevented, and discomfort may be caused, whereby a rapid
change to an aroused state may be possible.

[0210] FIG. 11 is a graph showing the state in which the
intensity and pattern of the second stimulus are changed
whenever the second stimulating step (S640) of the drowsy-
driving prevention method (S600) of FIG. 9 is reperformed.
[0211] As shown in FIG. 11, the intensity and pattern of
the second stimulus may be changed whenever the second
stimulating step (S640) is reperformed. In the case in which
the intensity and pattern of the second stimulus are changed
whenever the second stimulating step (S640) is reperformed,
habituation to the repeated stimulus may be prevented, and
discomfort may be caused, whereby a rapid change to an
aroused state may be possible.

[0212] The example embodiments described above may
be implemented through computer programs executable
through various components on a computer, and such com-
puter programs may be recorded in computer-readable
media. Examples of the computer-readable media include,
but are not limited to: magnetic media such as hard disks,
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floppy disks, and magnetic tape; optical media such as
CD-ROM disks and DVD-ROM disks; magneto-optical
media such as floptical disks; and hardware devices that are
specially configured to store and execute program codes,
such as ROM, RAM, and flash memory devices.

[0213] The computer programs may be those specially
designed and constructed for the purposes of the present
disclosure or they may be of the kind well known and
available to those skilled in the computer software arts.
Examples of program code include both machine code, such
as produced by a compiler, and higher level code that may
be executed by the computer using an interpreter.

[0214] As used in the present application (especially in the
appended claims), the terms ‘a/an’ and ‘the’ include both
singular and plural references, unless the context clearly
states otherwise. Also, it should be understood that any
numerical range recited herein is intended to include all
sub-ranges subsumed therein (unless expressly indicated
otherwise) and therefore, the disclosed numeral ranges
include every individual value between the minimum and
maximum values of the numeral ranges.

[0215] Also, the order of individual steps in process
claims of the present disclosure does not imply that the steps
must be performed in this order; rather, the steps may be
performed in any suitable order, unless expressly indicated
otherwise. In other words, the present disclosure is not
necessarily limited to the order in which the individual steps
are recited. All examples described herein or the terms
indicative thereof (“for example”, etc.) used herein are
merely to describe the present disclosure in greater detail.
Therefore, it should be understood that the scope of the
present disclosure is not limited to the example embodi-
ments described above or by the use of such terms unless
limited by the appended claims. Also, it should be apparent
to those skilled in the art that various alterations, substitu-
tions, and modifications may be made within the scope of
the appended claims or equivalents thereof. It should be
apparent to those skilled in the art that various substitutions,
changes and modifications which are not exemplified herein
but are still within the spirit and scope of the present
disclosure may be made.

[0216] The present disclosure is thus not limited to the
example embodiments described above, and rather intended
to include the following appended claims, and all modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the following claims.

What is claimed is:

1. A drowsy-driving prevention method in a vehicle
having a stimulation unit configured to output a stimulus, a
measurement unit configured to measure a biometric signal,
and a controller configured to control the stimulation unit
and the measurement unit, the drowsy-driving prevention
method comprising steps of:

stimulating a sensory organ of a driver by outputting a

stimulus by means of the stimulation unit;

measuring, by means of the measurement unit, a biomet-

ric signal of the driver from a time when the stimulus
is outputted; and
determining whether the biometric signal of the driver is
a response to the stimulus, wherein

upon determining that the biometric signal of the driver is
not a response to the stimulus, the step of stimulating
is reperformed.
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2. The drowsy-driving prevention method according to
claim 1, wherein

the controller stores determination reference information

used to determine whether the biometric signal of the
driver is a response to the stimulus, and

when the step of determining is completed, the determi-

nation reference information is updated so as to include
information determined at the step of determining

3. The drowsy-driving prevention method according to
claim 2, wherein

a capture unit configured to capture an image of the driver

is further provided in the vehicle,

the drowsy-driving prevention method further comprises

recognizing the driver by analyzing the image captured
by the capture unit, and

the determination reference information is updated for

each driver.

4. The drowsy-driving prevention method according to
claim 1, wherein

the controller stores determination reference information

used to determine whether the biometric signal of the
driver is a response to the stimulus,

at least one measurement sensor selected from among an

illuminance sensor, a temperature sensor, and a carbon
dioxide sensor is provided in an interior of the vehicle,
and

when the step of determining is completed, the determi-

nation reference information is updated so as to include
information determined at the step of determining and
information measured by the measurement sensor.
5. A drowsy-driving prevention method in a vehicle
having a stimulation unit configured to output a stimulus, a
measurement unit configured to measure a biometric signal,
a capture unit configured to capture an image of a driver, and
a controller configured to control the stimulation unit, the
measurement unit, and the capture unit, the drowsy-driving
prevention method comprising steps of:
stimulating a sensory organ of the driver by outputting the
stimulus, by means of the stimulation unit;

measuring, by means of the measurement unit, a biomet-
ric signal of the driver from a time when the stimulus
is outputted;
determining whether the biometric signal of the driver is
a response to the stimulus; and

upon determining that the biometric signal of the driver is
not a response to the stimulus, confirming whether the
driver is performing drowsy driving by analyzing the
image captured by the capture unit, wherein

upon determining at the step of confirming that the driver

is performing drowsy driving, the step of stimulating is
reperformed.
6. A drowsy-driving prevention method in a vehicle
having a stimulation unit configured to output a first stimu-
lus and a second stimulus, a measurement unit configured to
measure a biometric signal, and a controller configured to
control the stimulation unit and the measurement unit, the
drowsy-driving prevention method comprising steps of:
stimulating a sensory organ of the driver by outputting the
first stimulus by means of the stimulation unit;

measuring, by means of the measurement unit, a biomet-
ric signal of the driver from a time when the first
stimulus is outputted;

determining whether the biometric signal of the driver is

a response to the first stimulus;
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upon determining that the biometric signal of the driver is
not a response to the first stimulus, stimulating the
sensory organ of the driver by outputting the second
stimulus by means of the stimulation unit;

measuring, by means of the measurement unit, a biomet-
ric signal of the driver from a time when the second
stimulus is outputted; and

determining whether the biometric signal of the driver is
a response to the second stimulus, wherein

upon determining that the biometric signal of the driver is
not a response to the second stimulus, the step of
stimulating the sensory organ of the driver by output-
ting the second stimulus is reperformed.

7. The drowsy-driving prevention method according to
claim 6, wherein the first stimulus and the second stimulus
stimulate different sensory organs of the driver.

8. The drowsy-driving prevention method according to
claim 6, wherein the second stimulus stimulates an identical
sensory organ of the driver with higher intensity than the
first stimulus.

9. The drowsy-driving prevention method according to
claim 6, wherein an intensity or pattern of the second

Feb. 6, 2020

stimulus is changed whenever the step of stimulating the
sensory organ of the driver by outputting the second stimu-
lus is reperformed.

10. The drowsy-driving prevention method according to
claim 1, wherein, upon determining that the measured
biometric signal of the driver is not a response to the
stimulus, an autonomous driving level of the vehicle is
increased.

11. A drowsy-driving prevention system comprising:

a stimulation unit configured to output a stimulus in order

to stimulate a sensory organ of a driver;

a measurement unit configured to measure a biometric
signal of the driver from a time when the stimulus is
outputted; and

a controller configured to control the stimulation unit and
the measurement unit and determine whether the bio-
metric signal of the driver is a response to the stimulus.

12. The drowsy-driving prevention system according to
claim 11, wherein

the stimulation unit is a vibration device,

the measurement unit is a GSR measurement device, and

the stimulation unit and the measurement unit are
mounted to a steering wheel of a vehicle.
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