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(7) ABSTRACT

An apparatus and a method for controlling a vehicle based
on a degree of fatigue of a driver is provided. The apparatus
includes: a fatigue degree learning device configured to
learn a degree of initial fatigue of the driver based on
biometric information of the driver received from a sensor;
a fatigue degree monitoring device configured to, when
learning the degree of initial fatigue of the driver is com-
pleted and driving of a vehicle is started, monitor the degree
of fatigue of the driver by receiving the biometric informa-
tion of the driver from the sensor, and output a control signal
corresponding to the degree of fatigue of the driver, and a
driving controller configured to control the driving of the
vehicle based on the control signal.
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1
APPARATUS AND METHOD FOR
CONTROLLING VEHICLE BASED ON
DEGREE OF FATIGUE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0048580, filed
on Apr. 14, 2017, which is incorporated herein by reference
in its entirety.

FIELD

The present disclosure relates to an apparatus and a
method for controlling a vehicle based on a degree of
fatigue.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

The traffic accident rate is increasing every year, and
dozing off while driving due to an increase of the degrees of
fatigue of the drivers accounts for a great part of traffic
accidents.

Accordingly, the technologies for measuring the degree of
fatigue of the driver while driving and informing his or her
degree of fatigue have been developed, and to this end,
vehicular sensors for measuring biometric signals, such as
an electrocardiogram (ECG), an -electroencephalogram
(EEG), and an electromyograph (EMG) have been actively
developed.

Many studies on electroencephalogram (EEG) sensors for
vehicles have been made, and in addition, various technolo-
gies for sensing of biometric signals also have been devel-
oped.

However, the studies on how the analyses of the degrees
of fatigue will be utilized in control of vehicles are not
sufficient.

SUMMARY

The present disclosure provides an apparatus and a
method for controlling a vehicle based on a degree of fatigue
of a driver, which is capable of detecting a degree of fatigue
of the driver by utilizing biometric information of the driver
and actively controlling the vehicle.

In some forms of the present disclosure, an apparatus for
controlling a vehicle based on a degree of fatigue of a driver
may include: a fatigue degree learning device configured to
learn a degree of initial fatigue of the driver based on
biometric information of the driver received from a sensor,
a fatigue degree monitoring device that, when learning of the
degree of initial fatigue of the driver is completed and
driving of a vehicle is started, is configured to monitor the
degree of fatigue of the driver based on the biometric
information of the driver received from the sensor, and
output a control signal corresponding to the degree of
fatigue of the driver, and a driving controller configured to
control the driving of the vehicle based on the control signal.

The fatigue degree learning device may be configured to
learn the degree of initial fatigue of the driver based on the
biometric information of the driver received during a preset
learning period for the degree of initial fatigue of the driver.
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The fatigue degree learning device may be configured to
analyze a heart rate variability (HRV) from the biometric
information based on a frequency range, and leamn the
degree of initial fatigue of the driver based on first log values
for a low frequency (LF) and a high frequency (HF) during
the preset learning period for the degree of initial fatigue of
the driver.

The fatigue degree monitoring device may be configured
to analyze a heart rate variability (HRV) from the biometric
information received during a preset monitoring period for
the degree of fatigue of the driver when the vehicle travels
by based on the frequency range, and may detect a degree of
current fatigue of the driver based on second log values for
the LF and the HF during the preset monitoring period for
the degree of fatigue of the driver.

The fatigue degree monitoring device may be configured
to identify an increment of the degree of fatigue of the driver
based on reduction ratios of the second log values for the LF
and the HF with reference to the first log values for the LF
and the HF.

The fatigue degree monitoring device may be configured
to output a first control signal corresponding to a first degree
of fatigue when it is identified that the second log values for
the LF and the HF decrease by not less than a first reference
value and less than a second reference value, and output a
second control signal corresponding to a second degree of
fatigue when it is identified that the second log values for the
LF and the HF decrease by not less than the second reference
value.

The driving controller may be configured to output a
warning alarm based on the first control signal.

The driving controller may be configured to control a
vehicle-to-vehicle distance of the vehicle based on the
second control signal.

The driving controller may be configured to interrupt a
data of an accelerator position sensor of the vehicle from
being transferred to a throttle valve when a distance between
the vehicle and a preceding vehicle is less than a preset
distance.

The driving controller may be configured to activate a
lane departure warning system (LDWS) and a lane keeping
assist system (LKAS) based on the second control signal.

The driving controller may be configured to check a
setting of a smart cruise control (SCC) system of the vehicle
when the fatigue degree monitoring device outputs the
control signal fatigue degree monitoring device

The driving controller may be configured to control the
driving of the vehicle based on the control signal when the
smart cruise control (SCC) system is set to be off.

The driving controller may be configured to output a
warning alarm based on the control signal when the smart
cruise control (SCC) system is set to be on.

The biometric information may include at least one of an
electrocardiogram (ECG), an electroencephalogram (EEG),
or an electromyograph (EMG).

In other forms of the present disclosure, a method for
controlling a vehicle based on a degree of fatigue of a driver
may include: learning a degree of initial fatigue of the driver
based on biometric information of the driver received from
a sensor, when learning the degree of initial fatigue of the
driver is completed and driving of a vehicle is started,
monitoring the degree of fatigue of the driver based on the
biometric information of the driver received from the sensor,
outputting a control signal corresponding to the degree of
fatigue of the driver, and controlling the driving of the
vehicle based on the control signal.
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Further areas of applicability will become apparent form
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of examples, reference being made to the accompanying
drawings, in which:

FIG. 1 is a block diagram illustrating a configuration of an
apparatus;

FIGS. 2A to 3 are views illustrating a fatigue degree
analyzing operation of the apparatus;

FIGS. 4 to 5 are views illustrating a vehicle controlling
operation of the apparatus;

FIG. 6 is a flowchart illustrating an operation a method,
and

FIG. 7 is a block diagram illustrating a computing system
that executes the method according to an form of the present
disclosure.

The drawings described herein are for illustration pur-
poses only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

In addition, terms, such as first, second, A, B, (a), (b) or
the like may be used herein when describing components of
the present disclosure. The terms are provided only to
distinguish the elements from other elements, and the
essences, sequences, orders, and numbers of the elements
are not limited by the terms. In addition, unless defined
otherwise, 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. The terms defined in the generally used
dictionaries should be construed as having the meanings that
coincide with the meanings of the contexts of the related
technologies, and should not be construed as ideal or exces-
sively formal meanings unless clearly defined in the speci-
fication of the present disclosure.

FIG. 1 is a block diagram illustrating a configuration of an
apparatus in some forms of the present disclosure.

The apparatus 100 may be embodied in the interior of the
vehicle. Then, the apparatus 100 may be integrally formed
with controllers in the interior of the vehicle, and may be
embodied as a separate apparatus to be connected to the
controllers of the vehicle by a separate connection unit.
Here, the apparatus 100 may be operated in association with
biometric signal measuring sensors provided in a seat and a
steering wheel of the vehicle. Further, the apparatus 100 may
be operated in association with an engine and a motor of the
vehicle, and may be operated in association with a controller
that controls an operation of the engine or the motor.

Accordingly, referring to FIG. 1, the apparatus 100 may
include a controller 110, an interface 120, a communication
130, a storage 140, a fatigue degree learning device 150, a
fatigue degree monitoring device 160, and a driving con-
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troller 170. Here, the controller 110 may process signals
delivered between the elements of the apparatus 100.

The interface 120 may include an input unit that receives
a control command from a user, and an output unit that
outputs an operation state and a result of the apparatus 100.

Here, the input unit may include a key button, and may
include a mouse, a joystick, a jog shuttle, and a stylus pen.
Further, the input unit may include a soft key that is
embodied on a display.

The output unit may include a display, and may include a
voice output unit such as a speaker. Then, when a touch
sensor, such as a touch film, a touch sheet, and a touch pad,
is provided in the display, the display may be operated as a
touch screen, and may be embodied in a form in which an
input unit and an output unit are integrated.

Then, the display may include at least one of a liquid
crystal display (LCD), a thin film transistor-liquid crystal
display (TFI-LCD), an organic light-emitting diode
(OLED), a flexible display, a field emission display (ILD),
and a 3D display.

The communication 130 may include a communication
module that supports a communication interface with elec-
tronic components and/or controllers provided in the
vehicle. As an example, the communication module may
receive a signal transmitted from a sensor 10 provided in the
vehicle.

Here, the sensor 10 may include one or more sensors that
measure biometric signals of the driver, for example, an
electrocardiogram (ECG), an electroencephalogram (EEG),
and an electromyograph (EMG). Of course, any other sensor
that may measure a fatigue state of the driver may be
applied. Although FIG. 1 illustrates that the sensor 10 is
realized separately from the apparatus, the sensor 10 may be
realized to be included in a vehicle control apparatus in some
forms of the present disclosure.

The communication module may store a biometric signal
of the driver received from the sensor 10 in the storage 140
or may deliver the biometric signal to the controller 110.
Further, the communication module may receive state infor-
mation of the vehicle, for example, ignition (IG) on/off state
information, driving state information, fatigue degree analy-
sis control function setting information, SCC function set-
ting information, lane deviation information, and vehicle-
to-vehicle distance information, and may deliver the
received state information of the vehicle to the controller
110.

Further, the communication module may transmit a con-
trol signal of the driving controller 170 to driving systems of
the vehicle, for example, an advanced smart cruise control
(ASCC) system and a lane departure warning system
(LDWS) and a lane keeping assist system (LKAS).

Here, the communication module may include a module
that supports network communication of the vehicle, such as
controller area network (CAN) communication, local inter-
connect network (LIN), or Flex-Ray communication.

Further, the communication module may include a mod-
ule for wireless internet connection or a module for short
range communication. Here, the wireless internet technol-
ogy may include wireless LAN (WLAN), wireless broad-
band (WiBro), Wi-Fi, or world interoperability for micro-
wave access (WiMax), and the short range communication
technology may include Bluetooth, ZigBee, ultra-wideband
(UWB), radio frequency identification (RFID), and infrared
data association (IrDA).

The storage 140 may store data and/or algorithms that are
necessary for operating the apparatus 100.
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The storage 140 may store biometric information of the
driver received through the communication 130. Further, the
storage 140 may store initial fatigue degree learning infor-
mation learned by the fatigue degree learning device 150.

Further, the storage 140 may store condition information
for allowing the user to actively control the vehicle accord-
ing to the degree of fatigue of the driver. As an example, the
storage 140 may store initial fatigue degree learning time
information, a fatigue degree monitoring cycle, a heart rate
variability (HRV) analysis index, LF/HF reduction rates for
the HRVSs for steps of the degrees of fatigue, and the like.

Further, the storage 140 may store a fatigue degree
analysis algorithm according to the HRV of the driver, and
may store a command and/or algorithm for actively control-
ling driving of the vehicle according to the degrees of fatigue
for steps.

Here, the storage 140 may include storage media, such as
a random access memory (RAM), a static random access
memory (SRAM), a read-only memory (ROM), a program-
mable read-only memory (ROM), and an electrically eras-
able programmable read-only memory.

If it is identified that an ignition-on signal of the vehicle
is input while the fatigue degree analysis control function is
set to be on in advance, the controller 110 may control an
operation of the communication 130 to receive biometric
information of the driver, for example, electrocardiogram
(ECG) information from the sensor 10. Then, the commu-
nication 130 may receive electrocardiogram (ECG) infor-
mation of the driver for a predetermined initial fatigue
degree learning period.

If receiving electrocardiogram (ECG) information
through the communication 130, the controller 110 delivers
the received electrocardiogram (ECG) information to the
fatigue degree learning device 150.

After the ignition of the vehicle is switched on, the fatigue
degree learning device 150 learns a degree of initial fatigue
by using the electrocardiogram (ECG) information of the
driver delivered from the controller 110 during the initial
fatigue degree learning period.

The fatigue degree learning device 150 may receive
health information of the driver, for example, cardiovascular
disease information in advance through the interface 120.

The fatigue degree learning device 150 may analyze a
degree of fatigue corresponding to the electrocardiogram
(ECG) information of the driver by executing an algorithm
for analyzing a degree of fatigue by using the electrocar-
diogram (ECG) information of the driver.

The fatigue degree learning device 150 analyzes a heart
rate variability (HRV) with reference to an R-R interval time
of an electrocardiogram (ECG) waveform. Here, a form of
an electrocardiogram (ECG) waveform will be described
with reference to FIGS. 2A and 2B.

Referring to FIGS. 2A and 2B, an electrocardiogram
(ECG) waveform may be classified into a P wave, a QRS
wave, and a T wave. The P wave is a waveform generated
when an excitation is diffused to the whole cardiac auricle
and contraction of the cardiac auricle is initiated. The QRS
wave is a wave formed generated when an excitation is
diffused to the whole ventricle and contraction of the ven-
tricle is initiated. Further, a T wave is a side-product
waveform generated when an excitation of a ventricle calms
down.

The heart rate variability (HRV) is analyzed through a
time range analysis and a frequency range analysis. Here,
the fatigue degree learning device 150 may learn a degree of
initial fatigue of the driver by using an HRV analysis
parameter through a frequency range analysis.
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The HRV analysis parameter through the frequency range
analysis may be represented as in FIG. 3.

As illustrated in FIG. 3, the HRV analysis parameter
through the frequency range analysis may include a very low
frequency (VLF), a low frequency (LF), a high frequency
(HF), and an LF/HF ratio parameter.

Here, the LF corresponds to a frequency band of 0.04 [Hz]
to 0.15 [Hz], and may reflect a sympathetic nervous system
and a parasympathetic nervous system. Accordingly, the
fatigue degree learning device 150 may determine a degree
of physical fatigue, loss of internal energy, lack of sleep,
and/or lethargy.

Further, the HF corresponds to a frequency band of 0.15
[Hz] to 0.4 [Hz], and may reflect an activity and a respiration
state of a parasympathetic nervous system. Accordingly, the
fatigue degree learning device 150 may determine a degree
of psychological fatigue, aging, and/or chronic stress
according to a change rate of the HF.

Then, the fatigue learning device 150 calculates first log
values for the LF and the HF during the initial fatigue degree
learning period, and learns a degree of initial fatigue of the
driver by using the calculated first log values for the LF and
HF. Here, the first log values for the LF and the HF may be
average values of the log values calculated during the initial
fatigue degree learning period.

In detail, the fatigue degree learning device 150 performs
a fast Fourier transform on data based on a time domain by
acquiring an R-R interval time of the electrocardiogram
(ECG) waveform, and learns a degree of initial fatigue of the
driver by calculating average values of In(LF) values and
LN(HF) values during the initial fatigue degree learning
period, for example, for 5 minutes.

The initial fatigue degree information of the driver
learned by the fatigue degree learning device 150 is stored
in the storage 140.

If identifying that the vehicle starts to travel after the
degree of initial fatigue of the driver is learned, the control-
ler 110 may control an operation of the communication 130
to receive biometric information, for example, electrocar-
diogram (ECQ) information of the driver from the sensor 10
during driving of the vehicle. Then, the communication 130
may receive electrocardiogram (ECQ) information of the
driver at a predetermined fatigue degree monitoring cycle.
Of course, the communication 130 may receive electrocar-
diogram (ECG) information of the driver in real time
according to a setting state.

If receiving electrocardiogram (ECG) information
through the communication 130, the controller 110 delivers
the received electrocardiogram (ECG) information to the
fatigue degree monitoring device 160.

Like the fatigue degree learning device 150, the fatigue
degree monitoring device 160 may analyze a degree of
fatigue corresponding to the electrocardiogram (ECG) infor-
mation of the driver by executing an algorithm for analyzing
a degree of fatigue by using the electrocardiogram (ECG)
information of the driver.

Because the technology of analyzing a degree of fatigue
by using electrocardiogram (ECG) information of the driver
has been described above, a detailed description thereof will
be omitted.

Then, the fatigue degree monitoring device 160 calculates
second log values for the LF and the HF during the fatigue
degree monitoring time cycle, and learns a degree of current
fatigue of the driver by using the calculated second log
values for the LF and HF. Here, the second log values for the
LF and the HF may be average values of the log values
calculated during the fatigue degree monitoring time cycle.
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The In(LF) value and In(HF) value calculated by using the
electrocardiogram (ECG) information of the driver decrease
as the degree of fatigue of the driver increases.

Accordingly, the fatigue degree monitoring device 160
identifies an increment state of the degree of fatigne by
comparing fatigue degree information of the driver analyzed
through the fatigue degree learning cycle or in real time
during driving of the driver and initial fatigue degree infor-
mation learned by the fatigue degree learning device 150.

Then, the fatigue degree monitoring device 160 identifies
ratios at which the In(LF) values and the In(HF) values
calculated during the fatigue degree learning cycle while the
vehicle travels with reference to the average value of the
In(LF) values and the average value of the In(HF) values,
which have been initially learned by the fatigue degree
learning device 150 during the initial fatigue degree learning
period, are reduced.

Meanwhile, the fatigue degree monitoring device 160
identifies ratios at which the average values of the In(LF)
values and the In(HF) values calculated in real time while
the vehicle travels with reference to the average value of the
In(LF) values and the average value of the In(HF) values,
which have been initially learned by the fatigue degree
learning device 150 during the initial fatigue degree learning
period, are reduced.

For example, the fatigue degree monitoring device 160
may determine that the degree of fatigue reaches a first
degree of fatigue if it is identified that the average values of
the In(LF) values and the In(HF) values calculated while the
vehicle travels with reference to the average value of the
In(LF) values and the average value of the In(HF) values,
which have been initially learned by the fatigue degree
learning device 150 during the initial fatigue degree learning
period, are reduced by not less than a first reference value
(A[%]) and less than a second reference value (B[%]).

The fatigue degree monitoring device 160 outputs a first
control signal to the driving controller 170 if it is identified
that the degree of fatigue of the driver reaches a first degree
of fatigue while the vehicle travels.

Meanwhile, the fatigue degree monitoring device 160
may determine that the degree of fatigue reaches a second
degree of fatigue if it is identified that the average values of
the In(LF) values and the In(HF) values calculated while the
vehicle travels with reference to the average value of the
In(LF) values and the average value of the In(HF) values,
which have been initially learned by the fatigue degree
learning device 150 during the initial fatigue degree learning
period, are reduced by not less than a second reference value
B%)).

The fatigue degree monitoring device 160 outputs a
second control signal to the driving controller 170 if it is
identified that the degree of fatigue of the driver reaches a
second degree of fatigue while the vehicle travels.

The driving controller 170 outputs a warning alarm
through an output unit of the interface 120 if receiving the
first control signal from the fatigue degree monitoring
device 160. Then, the driving controller 170 may output a
warning alarm at a predetermined cycle. Accordingly, an
attention of the driver may be called through the warning
alarm.

Meanwhile, the driving controller 170 outputs an opera-
tion control command for maintaining a vehicle-to-vehicle
distance at a specific distance to a driving unit of the vehicle,
for example, an accelerator and/or a brake if receiving a
second control signal from the fatigue degree monitoring
device 160. Further, the driving controller 170 may transmit
a command for controlling maintenance a vehicle-to-vehicle
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distance and maintenance of a lane, through a driving assist
system of the vehicle, for example, an advanced smart cruise
control (ASCC) system, a lane departure warning system
(LDWS), and a lane keeping assist system (LKAS).

Further, the driving controller 170 may allow a data value
of an accelerator position sensor to be delivered to a throttle
valve only when the vehicle-to-vehicle distance is a preset
distance or more, and may interrupt the data value of the
accelerator position sensor from being delivered to the
throttle valve even though the driver manipulates the accel-
erator if the vehicle-to-vehicle distance is less than the set
distance.

An initial fatigue degree learning period, a fatigue degree
monitoring cycle, an LF reduction rate, and an HF reduction
rate, and vehicle control information based on them may be
defined in a form of a table and may be stored in the storage
140 as illustrated in FIG. 4.

Meanwhile, the driving controller 170 may identify a
setting state of the smart cruise control (SCC) system before
performing a control corresponding to the first control signal
or the second control signal output from the fatigue degree
monitoring device 160.

The smart cruise control (SCC) system is a system that
performs a function of driving a vehicle at a constant speed
when there is no preceding vehicle, performs a function of
maintaining a distance from a preceding vehicle when there
is the preceding vehicle, and performs a function of driving
a vehicle at a constant speed set by the driver when a
preceding vehicle disappears.

If the smart cruise control (SCC) system is set to be on,
aneed to actively control the vehicle according to the degree
of fatigue of the driver lowers.

Accordingly, as illustrated in FIG. 5, the driving controller
170 performs a corresponding control operation if the first
control signal or the second control signal is output while the
smart cruise control (SCC) system is set to be off, whereas
the driving controller 170 does not perform an active control
operation for maintaining a vehicle-to-vehicle distance
when the degree of fatigue reaches a second degree of
fatigue if the smart cruise control (SCC) system is set to be
on and the second control signal is output from the fatigue
degree monitoring device 160.

Meanwhile, the driving controller 170 may allow a warn-
ing alarm to be output to call an attention of the driver if the
degree of fatigue of the driver increases to the first degree of
fatigue and the first control signal is output from the fatigue
degree monitoring device 160.

An operational flow of the apparatus according to the
present disclosure will be described in detail.

FIG. 6 is a flowchart illustrating an operation a method in
some forms of the present disclosure.

Referring to FIG. 6, if an ignition-on signal is input to the
vehicle (S120) while a fatigue degree analysis control func-
tion is set to be on (S110), the apparatus according to the
present disclosure may receive biometric information of the
driver, for example, electrocardiogram (ECG) information
(5130). Then, the apparatus may receive electrocardiogram
(ECG) information of the driver for a predetermined initial
fatigue degree learning period.

The apparatus learns a degree of initial fatigue by using
the electrocardiogram (ECG) information of the driver
received during the initial fatigue degree learning period
(5140).

In process S140, the apparatus may analyze a heart rate
variability (HRV) with reference to an R-R interval time of
an electrocardiogram (ECG) waveform, and may learn a
degree of initial fatigue by calculating average values of a
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In(LF) value and a In(HF) value during the initial fatigue
degree learning period, respectively.

Thereafter, if the vehicle starts to travel (S150), the
apparatus receives biometric information of the driver, for
example, electrocardiogram (ECG) information from the
sensor 10, and monitors the received electrocardiogram
(ECG) information (S160).

In process S160, the apparatus monitors a degree of
fatigue of the driver by receiving electrocardiogram (ECG)
information of the driver at a monitoring cycle or in real time
and identifying reduction ratios of the average values of the
In(LF) values and the In(HF) values calculated during the
fatigue degree learning period while the vehicle travels.

If it is identified after the monitoring of the degree of
fatigue of the driver that the degree of fatigue reaches the
first degree of fatigue (S170), the apparatus outputs a
warning alarm through an output unit of the interface 120 to
call an attention of the driver (S180).

Meanwhile, if the average value of the In(LF) values and
the average value of the In(HF) values calculated while the
vehicle travels decrease at a specific ratio or more and the
degree of fatigue reaches to the second degree of fatigue
(8190), the apparatus identifies whether the smart cruise
control (SCC) system function is activated. If the smart
cruise control (SCC) system function is not activated in the
vehicle (S200), the apparatus activates a lane departure
warning system (LDWS) and a lane keeping assist system
(LKAS) and performs a control to output a control command
to the driving unit of the vehicle, for example, an accelerator
and/or a brake and maintain the vehicle-to-vehicle distance
at a specific distance (S210). Of course, the advanced smart
cruise control (ASCC) system may be activated without the
accelerator and/or the brake is not directly controlled.

The apparatus 100 in some forms of the present disclosure
may be embodied in a form of an independent hardware
apparatus and may be driven in a form in which the
apparatus 100 is included in another hardware apparatus
such as a microprocessor or a general-purpose computer
system, as at least one processor.

FIG. 7 is a block diagram illustrating a computing system
that executes the method in some forms of the present
disclosure.

Referring to FIG. 7, the computing system 1000 may
include at least one processor 1100 connected through a bus
1200, a memory 1300, a user interface input device 1400, a
user interface output device 1500, a storage 1600, and a
network interface 1700.

The processor 1100 may be a central processing unit
(CPU) or a semiconductor device that processes instructions
stored in the memory 1300 and/or the storage 1600. The
memory 1300 and the storage 1600 may include various
volatile or nonvolatile storage media. For example, the
memory 1300 may include a read only memory (ROM) and
a random access memory (RAM).

Accordingly, the steps of the method or algorithm
described in relation to the forms of the present disclosure
may be implemented directly by hardware executed by the
processor 1100, a software module, or a combination
thereof. The software module may reside in a storage
medium (that is, the memory 1300 and/or the storage 1600),
such as a RAM memory, a flash memory, a ROM memory,
an EPROM memory, an EEPROM memory, a register, a
hard disk, a detachable disk, or a CD-ROM. The exemplary
storage medium is coupled to the processor 1100, and the
processor 1100 may read information from the storage
medium and may write information in the storage medium.
In another method, the storage medium may be integrated
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with the processor 1100. The processor and the storage
medium may reside in an application specific integrated
circuit (ASIC). The ASIC may reside in a user terminal. In
another method, the processor and the storage medium may
reside in the user terminal as an individual component.

In some forms of the present disclosure, a safety accident
maybe prevented in advance by detecting a degree of fatigue
of the driver while utilizing biometric information of the
driver and actively controlling the vehicle according to an
increment of the degree of fatigue.

The description of the disclosure is merely exemplary in
nature and, thus, variations that do not depart from the
substance of the disclosure are intended to be within the
scope of the disclosure. Such variations are not to be
regarded as a departure from the spirit and scope of the
disclosure.

What is claimed is:

1. An apparatus for controlling a vehicle based on a
degree of fatigue of a driver, the apparatus comprising:

a fatigue degree learning device configured to learn a

degree of initial fatigue of the driver based on a heart
rate variability (HRV) of the driver received from a
sensor after a vehicle ignition is switched on;

a fatigue degree monitoring device that when learning the
degree of initial fatigue of the driver is completed and
driving of a vehicle is started, is configured to:
monitor the degree of current fatigue of the driver

based on the HRV of the driver received from the
sensor during the driving of the vehicle;
identify an increment state of the degree of fatigue by
comparing the degree of current fatigue of the driver
and the degree of initial fatigue of the driver; and
output a control signal corresponding to the increment
state of the degree of fatigue of the driver; and

a driving controller configured to control the driving of
the vehicle based on the control signal,

wherein the fatigue degree learning device is configured
to analyze a first HRV based on a frequency range
during a learning period, and learn the degree of initial
fatigue of the driver by first log values for a low
frequency (LF) and a high frequency (HF) of the first
HRYV, and

wherein the fatigue degree monitoring device is config-
ured to analyze a second HRV based on the frequency
range during a monitoring period, and detect the degree
of current fatigue by second log values for a LF and a
HF of the second HRYV.

2. The apparatus of claim 1, wherein the fatigue degree
learning device is configured to learn the degree of initial
fatigue of the driver based on the HRV of the driver received
during the learning period for the degree of initial fatigue of
the driver.

3. The apparatus of claim 1, wherein the fatigue degree
monitoring device is configured to identify the increment of
the degree of fatigue of the driver based on reduction ratios
of the second log values for the LF and the HF with
reference to the first log values for the LF and the HF.

4. The apparatus of claim 3, wherein the fatigue degree
monitoring device is configured to:

output a first control signal corresponding to a first degree
of fatigue when it is identified that the second log
values for the LF and the HF decrease by not less than
a first reference value and less than a second reference
value; and

output a second control signal corresponding to a second
degree of fatigue when it is identified that the second
log values for the LF and the HF decrease by not less
than the second reference value.
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5. The apparatus of claim 4, wherein the driving controller learning the degree of initial fatigue of the driver by
is configured to output a warning alarm based on the first first log values for a low frequency (LF) and a high
control signal. frequency (HF) of the first HRV, and wherein moni-

6. The apparatus of claim 4, wherein the driving controller
is configured to control a vehicle-to-vehicle distance of the 5
Vel;chli based on the secgnd control. signal. . analyzing a second HRV based on the frequency range
. The apparatus of claim 6, wherein the driving controller . . .
is configured to interrupt a data of an accelerator position duqng a monitoring period; and.
sensor of the vehicle from being transferred to a throttle detecting the degree of current fatigue by second log
valve when a distance between the vehicle and a preceding 10 values for a LF and a HF of the second HRV.
vehicle is less than a preset distance. 13. The method of claim 12, wherein identifying the
8. The apparatus of claim 4, wherein the driving controller ~ increment state of the degree of fatigue comprises:
is configured to activate a lane departure warning system identifying the increment of the degree of fatigue of the
(LDWS) and a lane keeping assist system (LKAS) based on driver based on reduction ratios of the second log
the second control signal. values with reference to the first log values.

. . . 15
. 9. The apparatus of claim 1,_where1n the nglng controller 14. The method of claim 13, wherein outputting the
is configured to check a setting of a smart cruise control . .

control signal comprises:

(SCC) system of the vehicle when the fatigue degree moni- S
toring device outputs the contral signal, when it is identified that the second log values for the LF

toring the degree of current fatigue of the driver
comprises:

10. The apparatus of claim 9, wherein the driving con- and the HF decrease by not less than a first reference
troller is configured to: 20 value and less than a second reference value, outputting
control the driving of the vehicle based on the control a first control signal by determining that the degree of
signal when the SCC system is set to be off; and fatigue reaches a first degree of fatigue; and
output a warning alarm based on the control signal when when it is identified that the second log values for the LF

the SCC system is set to be on.
11. The apparatus of claim 1, wherein the biometric ,
information comprises at least one of an electrocardiogram
(ECG), an electroencephalogram (EEG), or an electromyo-

and the HF decrease by not less than a second reference
value, outputting a second control signal by determin-
ing that the degree of fatigue reaches a second degree

graph (EMG). of fatigue. . .
12. A method for controlling a vehicle based on a degree 15. The methoq of claim 14, wherein the control of the
of fatigue of a driver, the method comprising: driving 01? the Vehld‘? COMIPTISES:
learning a degree of initial fatigue of the driver based on " outputting a warning alarm based on the first control
a heart rate variability (HRV) of the driver received signal.
from a sensor after a vehicle ignition is switched on; 16. The method of claim 14, wherein the control of the
when learning the degree of initial fatigue of the driveris ~ driving of the vehicle comprises:
completed, monitoring the degree of current fatigue of controlling a vehicle-to-vehicle distance of the vehicle
the driver based on the HRV of the driver received from 33 based on the second control signal; and
the sensor during driving of the vehicle; activating a lane departure warning system (LDWS) and
identifying an increment state of the degree of fatigue by a lane keeping assist system (LKAS) of the vehicle.
comparing the degree of current fatigue of the driver 17. The method of claim 12, wherein the control of the
and the degree of initial fatigue of the driver; driving of the vehicle comprises:
outputting a control signal cqrrespondmg to the increment 40 checking a setting of a smart cruise control (SCC) system
state pf the degrf:e of fatigue Qf the driver; and of the vehicle:
con.trolhng the driving of the vehicle based on the control when the SCC system is set to be off, controlling the
signal, L . . driving of the vehicle based on the control signal; and
wherein learning the degree of initial fatigue of the driver hen the SCC svstem is set to b toutti .
comprises: i when the system is set to be on, outputting a warning

analyzing a first HRV based on a frequency range alarm based on the control signal.

during a learning period; and X ok ok k&
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