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VEHICLE AND METHOD FOR SUPPORTING
DRIVING SAFETY THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2017-0160394, filed on
Nov. 28, 2017 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a system and a
method for controlling driving control authority of a vehicle,
and more particularly, to a system and a method for con-
trolling driving control authority of a vehicle by determining
a bio-signal of a driver.

BACKGROUND

[0003] According to recent statistics, about 75% of road
traffic accidents are caused due to driver error. For instance,
the driver may fail to accurately evaluate the surrounding
environment or the reaction of the driver may be delayed. To
prevent such accidents, a technical means may be employed
to inspect whether a driving state of the driver is safe.
[0004] A state of the driver may be determined based on
physiological characteristics, such as fatigue, and psycho-
logical reaction time based on stimulation-reaction monitor-
ing.

[0005] The inspection of driver fatigue may be performed
by collecting and analyzing facial images of the driver (e.g.,
using a camera). In addition, a driving state of the driver can
be inspected by identifying an occurrence of abnormal
passing of the vehicle.

[0006] Psychological reaction monitoring based on stimu-
lation-reaction monitoring can be performed to estimate the
psychological reaction of the driver using a specific stimu-
lation mode. For example, upon generating an artificial
visible stimulation, the driver’s eyes can be monitored to
detect whether the driver pays attention to the stimulation in
order to determine whether the driver has the ability to react
to a currently occurring accident.

[0007] Accordingly, it would be beneficial to control a
vehicle operation, such as driving of the vehicle, based on a
driver state recognized through any of the above-described
techniques or a similar manner.

SUMMARY

[0008] The present disclosure has been made to solve the
above-mentioned problems occurring in the related art while
advantages achieved by the prior art are maintained intact.
[0009] An aspect of the present disclosure provides a
system and a method for adjusting driving control authority
of a vehicle, capable of preventing a driver from performing
the driving control under an emergency situation by adjust-
ing the driving control authority of the vehicle depending on
a recognized driver state.

[0010] The technical problems to be solved by the present
disclosure are not limited to the aforementioned problems,
and any other technical problems not mentioned herein will
be clearly understood from the following description by
those skilled in the art to which the present disclosure
pertains.
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[0011] According to embodiments of the present disclo-
sure, a method for adjusting a driving control authority of a
vehicle includes: generating stimulation for a driver using a
stimulation generator; measuring a driver reaction signal in
response to the generated stimulation using a measurement
device; processing the measured driver reaction signal using
a signal processor; determining a driver state based on the
processed driver reaction signal using a determiner; and
adjusting the driving control authority of the vehicle accord-
ing to the determined driver state using a vehicle controller.
[0012] The generating of the stimulation may include
generating auditory stimulation when the driver boards the
vehicle.

[0013] The measuring of the driver reaction signal may
include measuring a brainwave of the driver.

[0014] The processing of the driver reaction signal may
include: performing filtering on the driver reaction signal to
classify a signal other than the brainwave as noise; and
extracting an event-related potential (ERP) from the filtered
driver reaction signal.

[0015] The method may further include extracting, from
the ERP, a potential having a maximum amplitude value
after a specific time elapses from a time at which the
auditory stimulation is generated.

[0016] The measuring of the driver reaction signal may
include measuring a bio-signal of the driver.

[0017] The measuring of the driver reaction signal may
further include measuring one of a heart rate of the driver
and gaze information of the driver.

[0018] The determining of the driver state may include
determining the driver state to be a normal state when a
maximum amplitude value of the brainwave is greater than
or equal to a reference value.

[0019] The adjusting of the driving control may include
controlling operation of the vehicle such that the vehicle
performs either autonomous driving or manual driving when
the driver state is the normal state.

[0020] The determining of the driver state may include
determining the driver state to be an abnormal state when a
maximum amplitude value of the brainwave is less than a
reference value.

[0021] The adjusting of the driving control authority of the
vehicle may include controlling operation of the vehicle
such that the vehicle performs either autonomous driving or
an emergency stop when the driver state is the abnormal
state.

[0022] Furthermore, according to embodiments of the
present disclosure, a system for adjusting a driving control
authority of a vehicle includes: a stimulation generator to
generate stimulation for a driver, a measurement device
including a sensor device configured to measure a driver
reaction signal in response to the generated stimulation; a
signal processor configured to process the measured driver
reaction signal; a determiner configured to determine a
driver state based on the processed driver reaction signal;
and a vehicle controller configured to adjust the driving
control authority of the vehicle according to the determined
driver state.

[0023] The stimulation generator may generate the audi-
tory stimulation when a driver boards the vehicle.

[0024] The sensor device may be included in the vehicle
or wearable by the driver.

[0025] The driver reaction signal may include a brainwave
of a driver.
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[0026] The signal processor may include: a filter config-
ured to classify a signal of the driver reaction signal other
than a brainwave signal as noise; and a feature point
extractor configured to extract an ERP from the filtered
driver reaction signal.

[0027] The determiner may determine the driver state to
be the normal state when a maximum amplitude value of a
brainwave is greater than or equal to a reference value.
[0028] The vehicle controller may control operation of the
vehicle such that the vehicle performs autonomous driving
or manual driving when the driver state is the normal state.
[0029] The determiner may determine the driver state to
be the abnormal state when a maximum amplitude value of
a brainwave is less than a reference value.

[0030] The vehicle controller may control operation of the
vehicle such that the vehicle performs either autonomous
driving or an emergency stop when the driver state is the
abnormal state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other objects, features and advan-
tages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings:

[0032] FIG. 1 is a schematic view illustrating a vehicle
system to adjust driving control authority, according to
embodiments of the present disclosure;

[0033] FIG. 2 is a block diagram illustrating the vehicle
system to adjust the driving control authority, according to
embodiments of the present disclosure;

[0034] FIG. 3 is a view illustrating a position, at which a
brainwave signal measured by a sensor device is generated,
according to embodiments of the present disclosure;
[0035] FIGS. 4 to 7 are views illustrating devices having
the sensor device, according to embodiments of the present
disclosure;

[0036] FIG. 8 is a graph illustrating the brainwave of the
driver, which is used to adjust the driving control authority,
according to embodiments of the present disclosure;
[0037] FIG. 9 is a graph illustrating the comparison
between brainwave signals based on the driver state;
[0038] FIG. 10 is a flowchart illustrating a method for
adjusting the driving control authority, according to embodi-
ments of the present disclosure; and

[0039] FIG. 11 is a block diagram illustrating a computing
system to execute the method, according to embodiments of
the present disclosure.

[0040] It should be understood that the above-referenced
drawings are not necessarily to scale, presenting a somewhat
simplified representation of various preferred features illus-
trative of the basic principles of the disclosure. The specific
design features of the present disclosure, including, for
example, specific dimensions, orientations, locations, and
shapes, will be determined in part by the particular intended
application and use environment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0041] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to accompanying
drawings. In the following description, the same reference
numerals will be assigned to the same elements even though
the elements are illustrated in different drawings. In addi-
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tion, in the following description, a detailed description of
well-known features or functions will be ruled out in order
not to unnecessarily obscure the gist of the present disclo-
sure.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the disclosure. In the following description
of elements according to an embodiment of the present
disclosure, the terms ‘first’, ‘second’, ‘A’, ‘B’, ‘(a)’, and
‘(b)” may be used. The terms are used only to distinguish
relevant elements from other elements, and the nature, the
order, or the sequence of the relevant elements is not limited
to the terms. In addition, unless otherwise defined, all terms
used herein, including technical or scientific terms, have the
same meanings as those generally understood by those
skilled in the art to which the present disclosure pertains.
Such terms as those defined in a generally used dictionary
are to be interpreted as having meanings equal to the
contextual meanings in the relevant field of art, and are not
to be interpreted as having ideal or excessively formal
meanings unless clearly defined as having such in the
present application.

[0043] As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used in this specification, 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, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0044] It is understood that the term “vehicle” or “vehicu-
lar” or other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two
or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

[0045] Additionally, it is understood that one or more of
the below methods, or aspects thereof, may be executed by
at least one vehicle controller. The term “vehicle controller”
may refer to a hardware device that includes a memory and
a processor. The memory is configured to store program
instructions, and the processor is specifically programmed to
execute the program instructions to perform one or more
processes which are described further below. Moreover, it is
understood that the below methods may be executed by an
apparatus comprising the vehicle controller in conjunction
with one or more other components, as would be appreciated
by a person of ordinary skill in the art.

[0046] Referring now to the presently disclosed embodi-
ments, FIG. 1 is a schematic view illustrating a vehicle
system to adjust driving control authority, according to
embodiments of the present disclosure.

[0047] As illustrated in FIG. 1, in the vehicle system
which adjusts the driving control authority according to
embodiments of the present disclosure, a sensor of a mea-
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suring device measures a reaction signal (alternatively
referred to herein as a “driver reaction signal”) in response
to stimulation generated from a stimulation generator of a
vehicle. The reaction signal to auditory information gener-
ated from the vehicle may be measured using brainwave
information near the temporal lobe. Alternatively, the reac-
tion signal may be measured using brainwave information
near the frontal lobe, middle lobe, or occipital lobe, as well
as the temporal lobe.

[0048] According to embodiments of the present disclo-
sure, an event related potential (ERP) is extracted by pro-
cessing the measured reaction signal and the determiner
determines a driver state using a potential from the ERP,
which has the maximum amplitude value after a specific
time elapses from a time in which the stimulation is gener-
ated from the vehicle. In this case, the potential having the
maximum amplitude value has different values in the cases
that the driver states are the normal and abnormal states.
Accordingly, if the maximum amplitude value is greater than
or equal to the reference value, the driver state is determined
to be the normal state. If the maximum amplitude value is
less than the reference value, the driver state is determined
to be the abnormal state.

[0049] A vehicle controller may adjust the driving control
authority of the vehicle depending on the result of the
determiner. If the driver state is determined to be the normal
state, the vehicle controller may control operation of the
vehicle such that the vehicle performs any one of autono-
mous driving and manual driving. If the driver state is
determined to be the abnormal state, the vehicle controller
may adjust the driving control authority of the vehicle to
perform any one of autonomous driving or emergency stop.
Although the above description has been briefly made with
reference to FIG. 1 regarding the vehicle system which
adjusts the driving control authority according to the present
disclosure, the vehicle system will be described in more
detail with reference to FIG. 2.

[0050] FIG. 2 is a block diagram illustrating the vehicle
system which adjusts the driving control authority according
to embodiments of the present disclosure.

[0051] As illustrated in FIG. 2, the vehicle system which
adjusts the driving control authority according to embodi-
ments of the present disclosure may include a measurement
device 10 and a vehicle 20.

[0052] The measurement device 10 may include a sensor
device 11, a controller 12, and a communication device 13.
Although FIG. 2 illustrates that the measurement device 10
wirelessly communicates with the vehicle 20 for the con-
venience of explanation, the present disclosure is not limited
thereto. For example, the measurement device 10 may be
included in the vehicle 20. The measurement device 10 may
measure the reaction of a driver to the auditory information
according to embodiments of the present disclosure. In more
detail, the measurement device 10 may measure brainwave
information near the temporal lobe to determine the reaction
state to specific stimulation, thereby determining whether
the driver normally recognizes information.

[0053] The sensor device 11 measure a reaction signal
which reacts to stimulation (e.g., auditory stinulation) pro-
vided by the vehicle. The sensor device 11 may measure the
reaction signal at the frontal lobe, the temporal lobe, the
middle lobe, or the occipital lobe as illustrated in FIG. 3. In
more detail, according to the present disclosure, the reaction
signal to the stimulation may be measured by using the
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brainwave of the driver. To this end, according to embodi-
ments of the present disclosure, the sensor device 11 may be
mounted in a headrest inside the vehicle, as illustrated in
FIG. 4. If proximity measurement is necessary, a sensor
projects and directly or indirectly makes contact with a
peripheral part of the temporal lobe to measure the brain-
wave.

[0054] For reference, the brainwave of a person may be
acquired from an event related potential (ERP), a steady
state visually evoked potential (SSVEP), an event related
synchronization (ERS), an event related desynchronization
(ERD), a default mode network, or the combination thereof.
[0055] According to another example, the sensor device
11 may be provided in one of a headset type or a hairband
type, as illustrated in FIG. 5. In addition, the sensor device
11 may be embedded in glasses, a headphone, or a cap,
which is able to directly make contact with the human body,
and the driver may put on the sensor device 11. The sensor
device 11 is not limited to the above-described embodiment,
and may be included in a wearable device which minimizes
the restriction to the driver. Further, various bio-signal
information may be used to react to a stimulation (e.g.,
visible or auditory stimulation) provided by the vehicle. For
example, the bio-signal information may include a hear rate
of the driver or gaze information (e.g., dispersion of gaze or
return of gaze) of the driver increased depending on the level
of tension based on the stimulation (e.g., auditory stimula-
tion) provided by the vehicle. The sensor device 11 may be
put on the wrist of the driver or provided in a wearable
device to be put on the head of the driver to sense the heart
rate of the driver as illustrated in FIG. 6. In addition, the
sensor device 11 may be provided in a steering wheel or a
gear knob of the vehicle to sense the gaze information of the
driver as illustrated in FIG. 7.

[0056] Referring back to FIG. 2, the controller 12 may
allow the sensor device 11 to perform a sensing operation by
receiving information from the vehicle 20.

[0057] The communication device 13 may transmit, to the
vehicle 20, information sensed by the sensor device 11 of the
measurement device 10 in a wired manner or a wireless
manner. In addition, the communication device 13 may
receive information from the vehicle 20.

[0058] The vehicle 20 may include a stimulation generator
21, a communication device 22, a signal processor 23, a
learning device 24, a determiner 25, and a vehicle controller
26.

[0059] According to embodiments of the present disclo-
sure, the stimulation generator 21 may be a device to provide
auditory stimulation to the driver if the driver boards on the
vehicle. For example, the auditory stimulation may be a
welcome sound, a seat belt warning sound or a vehicle start
sound. According to another example, if the driver is care-
less, the auditory stimulation may be a warning sound for
carelessness. The stimulation generator 21 is not limited to
devices which generate a sound for the auditory stimulation,
but may include a device which generates a visible effect for
visible stimulation.

[0060] The communication unit 22 may receive informa-
tion sensed by the sensor device 11 of the measurement
device 10 in a wired manner or a wireless manner and may
transmit the received information to the learning device 24.
[0061] The signal processor 23 processes brainwave infor-
mation sensed by the sensor device 11 of the measurement
device 10.
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[0062] In more detail, the signal processor 23 may include
a filter 23-1, a down-sampler 23-2, and a feature point
extractor 23-3.

[0063] The filter 23-1 may remove other frequency bands
from the sensed brainwave information except meaningful
frequency bands. Signals other than a brainwave signal may
be treated as noise.

[0064] The down-sampler 23-2 may improve system effi-
ciency by utilizing an electro encephalo-gram (EEG) time
point.

[0065] The feature point extractor 23-3 may extract a
meaningful ERP signal. For example, the feature point
extractor 23-3 may extract a P300 potential component from
the ERP and may use the P300 potential component as a
reaction signal of the driver to the stimulation of the present
disclosure. The details thereof will be described below with
reference to FIG. 8.

[0066] FIG. 8 is a graph illustrating the brainwave of the
driver, which is used to adjust the driving control authority
according to embodiments of the present disclosure.
[0067] The P300 potential component of the ERP in the
above-described brainwave of the person is not the physical
characteristic of the stimulation but is related to the reaction
of the person. In detail, the P300 potential component has a
feature of representing that the brainwave signal rises or
increases after about 300 ms (a dotted rectangular part) if the
normal reaction is made to the auditory stimulation signal.
Accordingly, even P300 potential components of brainwave
#1 and brainwave #2 may be measured in patterns as
illustrated in the graph of FIG. 8.

[0068] Referring again to FIG. 2, the feature point extrac-
tor 23-3 may extract the P300 potential component from the
reaction signal of the driver to stimulation (e.g., auditory
stimulation) generated from the vehicle, for example, the
auditory stimulation such as a welcome sound or a seat-belt
warning sound.

[0069] The determiner 25 determines whether the driver is
in a normal state or an abnormal state by analyzing a main
signal pattern (i.e., feature point) extracted from the brain-
wave signal based on the driver state. The details thereof will
be described below with reference to FIG. 9.

[0070] FIG. 9 is a graph illustrating the comparison
between brainwave signals based on the driver state.
[0071] As illustrated in FIG. 9, the brainwave signal based
on the driver state may be determined by using the maxi-
mum amplitudes of the brainwave signals. As described with
reference to FIG. 8, the P300 potential component of the
ERP has a feature of representing that the brainwave signal
rises or increases after about 300 ms (a dotted rectangular
part) if the normal reaction is made with respect to the
auditory stimulation signal. Referring to FIG. 9 based on the
above feature, it may be recognized that a dotted curve and
a solid curve have the maximum amplitudes after about 300
ms from that the stimulation starts.

[0072] The dotted curve represents the brainwave signal of
a driver in a normal state and the solid curve represents the
brainwave signal of the driver in a drunken state. As
described above, the brainwave signals of the driver in the
normal state and the drunken state have the maximum
amplitudes after about 300 ms from that the abnormal
stimulation starts.

[0073] However, the brainwave signal of the driver in the
drunken state is lower than the brainwave signal of the driver
in the normal state in the maximum amplitude value.
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Accordingly, it may be understood that the driver is more
insensitive to the stimulation from the outside in the abnor-
mal state rather than the normal state. According to the
present disclosure, for the convenience of explanation, if the
maximum amplitude value is equal to or more than a
reference value, it is assumed that the driver has the brain-
wave signal in the normal state. If the maximum amplitude
value is less than the reference value, it is assumed that the
driver has the brainwave signal in the abnormal state.
Accordingly, as illustrated in FIG. 9, if the maximum
amplitude value of the brainwave signal of the driver is
equal to or more than the reference value, the determiner 25
determines the driver to be in the normal state. In addition,
if the maximum amplitude value of the brainwave signal of
the driver is less than the reference value, the determiner 25
determines the driver to be in the abnormal state.

[0074] Referring back to FIG. 2, the learning device 24
may learn information received from the determiner 25. The
learning device 24 may learn the determination result of the
determiner using feature points extracted from the feature
point extractor 23-3 through support vector machine (SVM),
linear discriminant analysis (LDA), or a neural network.
[0075] For example, if the maximum amplitude value of
the extracted P300 potential is equal to or more than the
reference value, learning is performed in that the driver state
is the normal state. If the maximum amplitude value of the
extracted P300 potential is less than the reference value, the
learning is performed in that the driver state is the abnormal
state.

[0076] If the driver state is determined to be the normal
state based on the learning result, the vehicle controller 26
may control the vehicle to perform any one of autonomous
driving or manual driving. However, if the driver state is
determined to be the abnormal state, the vehicle controller
26 may control the vehicle to only autonomously drive
instead of manual driving and may allow the driver to
perform only the function related to movement to a desti-
nation. The vehicle controller 26 may control the vehicle to
be switched into an emergency stop mode.

[0077] FIG. 10 is a flowchart illustrating a method for
adjusting the driving control authority according to embodi-
ments of the present disclosure.

[0078] As illustrated in FIG. 10, the vehicle controller 26
generates auditory stimulation to a driver if the driver boards
the vehicle (S100). The auditory stimulation may include a
welcome sound, a seat belt warning sound, or a vehicle start
sound. In addition, the auditory stimulation may include a
warning sound for carelessness of the driver.

[0079] The vehicle controller 26 measures the reaction
signal of a driver to the auditory stimulation (§110). Accord-
ing to embodiments of the present disclosure, the reaction
signal may be measured using the brainwave of the driver
generated from the temporal lobe of the driver.

[0080] For reference, the brainwave of a person may be
acquired from an ERP, an SSVEP, an ERS, an ERD, a
default mode network, or the combination thereof.

[0081] In addition, according to another example, a bio-
signal reacting to the auditory stimulation may be used. The
bio-signal information may include a heart rate of a driver or
the gaze information (e.g., dispersion of gaze or return of
gaze) of the driver.

[0082] The vehicle controller 26 may perform signal pro-
cessing for the reaction signal measured in operation S110
(5130). Operation S130 may include performing filtering to
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remove noise from a signal other than the brainwave,
performing down-sampling to improve the system efficiency
by utilizing an EEG time point, and extracting the ERP.
[0083] In more detail, in operation S130, a P300 potential
component serving as a feature point may be extracted from
the ERP and may be used as the reaction signal of the driver
to the stimulation according to the present disclosure.
[0084] The P300 potential component of the ERP is not
the physical characteristic of the stimulation but is related to
the reaction of the person. In detail, the P300 potential
component represents a pattern that the brainwave signal
rises or increases after about 300 ms if the normal reaction
is made to the auditory stimulation signal.

[0085] Referring again to FIG. 2, the feature point extrac-
tor 23-3 may extract and use the P300 potential component
as the reaction signal of the driver to stimulation (auditory
stimulation) generated from the vehicle, for example, the
auditory stimulation such as a welcome sound or a seat-belt
warning sound.

[0086] The vehicle controller 26 determines the driver
state based on the signal processed in operation S130
(S140). If the maximum amplitude value of the signal (P300
potential) processed in operation S130 is greater than or
equal to a reference value, the vehicle controller 26 deter-
mines the driver to be in the normal state. If the maximum
amplitude value of the signal (P300 potential) processed in
operation S130 is less than a reference value, the vehicle
controller 26 determines the driver to be in the abnormal
state

[0087] The vehicle controller 26 adjusts the driving con-
trol authority based on the determination result in operation
S140 (S150). If the driver state is determined to be the
normal state, the vehicle controller 26 may adjust the driving
control authority of the vehicle to perform any one of
autonomous driving and manual driving. However, if the
driver state is determined to be the abnormal state, the
vehicle controller 26 may control operation of the vehicle
such that the vehicle only performs autonomously driving
instead of manual driving and may control the vehicle such
that only the function related to movement to a destination
is operated. The vehicle controller may also control the
vehicle to be switched into an emergency stop mode.
[0088] According to embodiments of the present disclo-
sure, an emergency situation may occur to a driver while the
driver personally drives a vehicle with driving control
authority over the vehicle. For example, in the case that the
driver is drowsy, the emergency situation of the driver is
recognized by the sensor of the vehicle and an alarm sound
is sent to the driver. However, even though the alarm sound
is sent to the driver, the driver may not perceive the alarm
sound due to extreme drowsiness. In this case, the vehicle
controller 26 forcibly deprives the driver of the driving
control authority to prevent the driver from being involved
in driving the vehicle and allows the system to have the
driving control authority such that the vehicle autonomously
drives.

[0089] According to another example, the vehicle control-
ler 26 recognizes, in an initial stage, whether the driver
perceives a welcome sound of the vehicle, a vehicle state
check sound, or a seat belt warning sound of the vehicle
generated when the driver boards the vehicle, and allows the
vehicle to drive in any one of an autonomous driving mode
and a manual driving mode. When the vehicle enters the
autonomous driving mode, the vehicle generates visible

May 30, 2019

stimulation or auditory stimulation, and measures the reac-
tion to the simulation. If the driver is determined in the
normal state based on the reaction result to the stimulation,
the vehicle may be switched into the manual driving mode.
However, if the driver is determined in the abnormal state,
the vehicle may be maintained in the autonomous driving
mode instead of being switched into the manual driving
mode.

[0090] According to another example, the vehicle may
perform a function of measuring or determining the reaction
of the driver to an alarm sound generated when the driver
drives the vehicle carelessly. If the driver is determined to
less perceive the alarm sound generated when the driver
drives the vehicle carelessly, an autonomous driving func-
tion may be automatically (forcibly) activated. In addition,
if the driver is determined to, to a lower extent, perceive the
alarm sound generated when the driver drives the vehicle
carelessly, a surrounding road environment is determined. If
the surrounding road environment is determined to be safe,
an emergency shoulder parking function and an emergency
braking function may be activated. Accordingly, safety
accident may be prevented from being caused due to the
careless driving.

[0091] FIG. 11 is a block diagram illustrating a computing
system to execute the method according to embodiments of
the present disclosure.

[0092] As illustrated in FIG. 11, a computing system 1000
may include at least one processor 1100, a memory 1300, a
user interface input device 1400, a user interface output
device 1500, a storage 1600, and a network interface 1700,
which are connected with each other via a bus 1200.

[0093] The processor 1100 may be a central processing
device (CPU) or a semiconductor device for processing
instructions stored in the memory 1300 and/or the storage
1600. Each of the memory 1300 and the storage 1600 may
include various types of volatile or non-volatile storage
media. For example, the memory 1300 may include a read
only memory (ROM) and a random access memory (RAM).

[0094] Thus, the operations of the methods or algorithms
described in connection with the embodiments disclosed in
the present disclosure may be directly implemented with a
hardware module, a software module, or the combinations
thereof, executed by the processor 1100. The software
module may reside on a storage medium (i.e., the memory
1300 and/or the storage 1600), such as a RAM, a flash
memory, a ROM, an erasable and programmable ROM
(EPROM), an electrically EPROM (EEPROM), a register, a
hard disc, a removable disc, or a compact disc-ROM (CD-
ROM). The exemplary storage medium may be coupled to
the processor 1100. The processor 1100 may read out
information from the storage medium and may write infor-
mation in the storage medium. Alternatively, the storage
medium may be integrated with the processor 1100. The
processor and storage medium may reside in an application
specific integrated circuit (ASIC). The ASIC may reside in
a user terminal. Alternatively, the processor and storage
medium may reside as separate components of the user
terminal.

[0095] As described above, in the state that the driver does
not personally control the driving of the vehicle, an assist
function for the vehicle driving is automatically activated or
the driving control authority is forcibly recovered from the
driver, thereby preventing a safety accident.
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[0096] Hereinabove, although the present disclosure has
been described with reference to certain embodiments and
the accompanying drawings, the present disclosure is not
limited thereto, but may be variously modified and altered
by those skilled in the art to which the present disclosure
pertains without departing from the concept and scope of the
present disclosure claimed in the following claims.
[0097] Therefore, embodiments of the present disclosure
are not intended to limit the technical concept of the present
disclosure, but provided only for the illustrative purpose.
The scope of protection of the present disclosure should be
construed by the attached claims, and all equivalents thereof
should be construed as being included within the scope of
the present disclosure.
What is claimed is:
1. A method for adjusting a driving control authority of a
vehicle, the method comprising:
generating stimulation for a driver using a stimulation
generator;
measuring a driver reaction signal in response to the
generated stimulation using a measurement device;
processing the measured driver reaction signal using a
signal processor;
determining a driver state based on the processed driver
reaction signal using a determiner; and
adjusting the driving control authority of the vehicle
according to the determined driver state using a vehicle
controller.
2. The method of claim 1, wherein the generating of the
stimulation comprises:
generating auditory stimulation when the driver boards
the vehicle.
3. The method of claim 1, wherein the measuring of the
driver reaction signal comprises:
measuring a brainwave of the driver.
4. The method of claim 3, wherein the processing of the
driver reaction signal comprises:
performing filtering on the driver reaction signal to clas-
sify a signal other than the brainwave as noise; and
extracting an event-related potential (ERP) from the fil-
tered driver reaction signal.
5. The method of claim 4, further comprising:
extracting, from the ERP, a potential having a maximum
amplitude value after a specific time elapses from a
time at which the stimulation is generated.
6. The method of claim 1, wherein the measuring of the
driver reaction signal comprises:
measuring a bio-signal of the driver.
7. The method of claim 6, wherein the measuring of the
driver reaction signal further comprises:
measuring one of a heart rate of the driver and gaze
information of the driver.
8. The method of claim 3, wherein the determining of the
driver state comprises:
determining the driver state to be a normal state when a
maximum amplitude value of the brainwave is greater
than or equal to a reference value.
9. The method of claim 8, wherein the adjusting of the
driving control authority of the vehicle comprises:
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controlling operation of the vehicle such that the vehicle
performs either autonomous driving or manual driving
when the driver state is the normal state.

10. The method of claim 3, wherein the determining of the

driver state comprises:

determining the driver state to be an abnormal state when
a maximum amplitude value of the brainwave is less
than a reference value.

11. The method of claim 10, wherein the adjusting of the

driving control authority of the vehicle comprises:
controlling operation of the vehicle such that the vehicle
performs either autonomous driving or an emergency
stop when the driver state is the abnormal state.

12. A system for adjusting a driving control authority of
a vehicle, the system comprising:

a stimulation generator to generate stimulation for a

driver;

a measurement device including a sensor device config-
ured to measure a driver reaction signal in response to
the generated stimulation;

a signal processor configured to process the measured
driver reaction signal;

a determiner configured to determine a driver state based
on the processed driver reaction signal; and

a vehicle controller configured to adjust the driving con-
trol authority of the vehicle according to the determined
driver state.

13. The system of claim 12, wherein the stimulation
generator generates auditory stimulation when a driver
boards the vehicle.

14. The system of claim 12, wherein the sensor device is
included in the vehicle or wearable by the driver.

15. The system of claim 12, wherein the driver reaction
signal includes a brainwave of a driver.

16. The system of claim 15, wherein the signal processor
includes:

a filter configured to classify a signal of the driver reaction

signal other than a brainwave signal as noise; and

a feature point extractor configured to extract an ERP
from the filtered driver reaction signal.

17. The system of claim 12, wherein the determiner
determines the driver state to be a normal state when a
maximum amplitude value of a brainwave is greater than or
equal to a reference value.

18. The system of claim 17, wherein the vehicle controller
controls operation of the vehicle such that the vehicle
performs autonomous driving or manual driving when the
driver state is the normal state.

19. The system of claim 12, wherein the determiner
determines the driver state to be an abnormal state when a
maximum amplitude value of a brainwave is less than a
reference value.

20. The system of claim 19, wherein the vehicle controller
controls operation of the vehicle such that the vehicle
performs either autonomous driving or an emergency stop
when the driver state is the abnormal state.
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