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1
APPARATUS AND METHOD FOR
CONTROLLING AUTONOMOUS DRIVING
OF VEHICLE, AND VEHICLE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priority to Korean Patent Application No. 10-2017-0048581,
filed on Apr. 14, 2017, in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein in its
entirety by reference.

TECHNICAL FIELD

The present disclosure relates to an apparatus and a
method for controlling autonomous driving of a vehicle, and
a vehicle system, and more particularly to an apparatus and
method that control autonomous driving of a vehicle in
which an allowable jerk is identified based on a change of a
biometric signal during driving of the vehicle.

BACKGROUND

A jerk is a vector that indicates a time change rate of
acceleration, may be represented by a third derivative of
displacement and time, and may represent a forward and
rearward vibration of a vehicle that occurs during an abrupt
acceleration or gearshift of the vehicle. Recently, a jerk is
used as an index for evaluating a riding quality of the driver.
The driver operates the vehicle such that a jerk is not
generated in a preferred or allowable range during an abrupt
acceleration or gearshift. However, the ranges of preferred
or allowable jerks are different for respective drivers during
driving of vehicles.

Meanwhile, a collision control system of the vehicle
performs a collision avoidance control by calculating a
predicted collision time with a preceding vehicle. However,
the conventional collision avoidance control does not con-
sider a jerk of the driver which influences a riding quality of
the driver and also affects the predicted collision time.

SUMMARY

The present disclosure provides an apparatus and a
method for controlling autonomous driving of a vehicle, by
which an allowable jerk may be determined based on a
change of a biometric signal during driving of a driver and
an autonomous driving control level may be determined
based on the identified allowable jerk of the driver, and a
vehicle system.

The present disclosure also provides an apparatus and a
method for controlling autonomous driving of a vehicle, by
which an alarm may be output when a predicted jerk of a
driver calculated during driving of a vehicle with reference
to an allowable jerk of the driver exceeds the allowable jerk
of the driver, and a vehicle system. The technical objects of
the present disclosure are not limited to the above-men-
tioned one, and the other unmentioned technical objects will
become apparent to those skilled in the art from the follow-
ing description.

In accordance with an aspect of the present disclosure, an
apparatus for controlling autonomous driving of a vehicle
may include a driver state monitoring device configured to
monitor a stress state of a driver using biometric information
of the driver, a jerk calculator configured to calculate an
allowable jerk of the driver based on a jerk at a time point
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at which the stress state of the driver exceeds a preset
reference value, and to calculate a predicted jerk based on
location and movement information of the vehicle and a
preceding vehicle measured while the vehicle is being
driven, and lane information, a determination device con-
figured to identify a driving state of the vehicle when the
predicted jerk exceeds an allowable jerk of the driver, and an
alarm processor configured to output an alarm based on the
driving state of the vehicle.

In accordance with another aspect of the present disclo-
sure, a method for controlling autonomous driving of a
vehicle may include monitoring a stress state of a driver by
using biometric information of a driver, calculating an
allowable jerk of the driver based on a jerk at a time point
at which the stress state of the driver exceeds a preset
reference value, calculating a predicted jerk based on loca-
tion and movement information of the vehicle and a pre-
ceding vehicle measured while the vehicle is being driven,
and lane information, identifying a driving state of the
vehicle when the predicted jerk exceeds an allowable jerk of
the driver, and outputting an alarm based on a driving state
of the vehicle.

In accordance with another aspect of the present disclo-
sure, a vehicle system may include a detector having one or
more sensors configured to measure a biometric signal of a
driver, an autonomous driving control apparatus configured
to monitor a stress state of the driver using the biometric
information of the driver measured by the one or more
sensors, to compare an allowable jerk of the driver calcu-
lated based on a jerk at a time point at which the stress state
of the driver exceeds a preset reference value and a predicted
jerk calculated based on location and movement information
of the vehicle and the preceding vehicle measured while the
vehicle is being driven, and to output an alarm signal based
on a driving state of the vehicle when the predicted jerk
exceeds the allowable jerk of the driver, and an interface
configured to output information corresponding to the alarm
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present disclosure will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings:

FIG. 1 is a block diagram illustrating a configuration of a
vehicle system, to which an autonomous driving control
apparatus is applied, according to an exemplary embodiment
of the present disclosure;

FIGS. 2 to 4 are views illustrating an operation of the
autonomous driving control apparatus according to the
exemplary embodiment of the present disclosure;

FIG. 5 is a view illustrating a flow of operations for an
autonomous driving control method according to an exem-
plary embodiment of the present disclosure; and

FIG. 6 is a block diagram illustrating a computing system
that executes the method according to an exemplary embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings. Throughout the specification, it is
noted that the same or like reference numerals denote the
same or like components even though they are provided in
different drawings. Further, in the following description of
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the present disclosure, a detailed description of known
functions and configurations incorporated herein will be
omitted when it may make the subject matter of the present
disclosure rather unclear.

It is understood that the term “vehicle” or “vehicular” 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, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Although exemplary embodiment is described as using a
plurality of units to perform the exemplary process, it is
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory is configured to store the modules and the
processor is specifically configured to execute said modules
to perform one or more processes which are described
further below.

Furthermore, control logic of the present disclosure may
be embodied as non-transitory computer readable media on
a computer readable medium containing executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives,
smart cards and optical data storage devices. The computer
readable recording medium can also be distributed in net-
work coupled computer systems so that the computer read-
able media is stored and executed in a distributed fashion,
e.g., by a telematics server or a Controller Area Network
(CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the disclosure. 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, ele-
ments, 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 combi-
nations of one or more of the associated listed items.

Unless specifically stated or obvious from context, as
used herein, the term “about” is understood as within a range
of normal tolerance in the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

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
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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 a
vehicle system, to which an autonomous driving control
apparatus is applied, according to an exemplary embodiment
of the present disclosure. Referring to FIG. 1, the vehicle
system according to the exemplary embodiment of the
present disclosure may include an interface E 11, a detector
13, a communication unit 15, a storage 13, and an autono-
mous driving control apparatus(processor) 100. A controller
110 may be configured to operate the components of the
system as well as the autonomous driving control apparatus
100.

The apparatus 100 according to the present disclosure
may be embodied in the interior of the vehicle. The autono-
mous driving control apparatus 100 may also be integrally
formed with controllers mounted within the vehicle, or may
be embodied as a separate apparatus to be connected to the
controllers of the vehicle by a separate connection unit. In
particular, the autonomous driving control apparatus 100
may be operated in association with an engine and a motor
of the vehicle, and may be operated by a controller config-
ured to operate the engine and the motor. The interface 11
may include an input unit configured to receive a control
command, and an output unit configured to output an
operation state and a result of the autonomous driving
control apparatus 100.

Further, the input unit may include a key button, and may
include a mouse, a joystick, a jog shuttle, and a stylus pen.
The input unit may also include a soft key mounted on a
display. The output unit may include a display, and may
include a voice output unit such as a speaker. When a touch
sensor, such as a touch film, a touch sheet, or 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. The display may
also 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 (FED), and a 3D display.

The detector 13 may include one or more sensors con-
figured to measure biometric signals of the driver. For
example, the detector 13 may include a first sensor config-
ured to measure a heart rate state of the driver, a second
sensor configured to measure a galvanic skin response of
skin of the driver, and a third sensor configured to measure
the size of a pupil of the driver (e.g., the size adjustment of
the pupil). Additionally, the detector 13 may be configured
to measure biometric information of the driver when a preset
event occurs, and provide the measured biometric informa-
tion of the driver to the autonomous driving control appa-
ratus 100. The detector 13 may include one or more sensors
configured to detect an obstacle located around the vehicle,
for example, a preceding vehicle 20 located in front of the
vehicle, and measure a distance from the corresponding
obstacle. The detector 13 may further include a sensor
configured to measure a velocity and/or an acceleration of
the vehicle. The event comprise a stress state of the driver.
The stress state of the driver is determined based on bio-
metric information (a galvanic skin response (GSR), a size
of a pupil of the driver, a heart rates of the driver etc).

The comnunication unit 15 may include a communica-
tion module that supports a communication interface with
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electronic components and/or controllers mounted within
the vehicle. For example, the communication module may
be configured to transmit the biometric information of the
driver measured by the detector 13 to the autonomous
driving control apparatus 100, and may be configured to
transmit an operation state and a result of the autonomous
driving control apparatus 100 to the interface 11 and/or the
storage 17. In particular, the communication module may
include a module that supports network communication of
the vehicle, such as controller area network (CAN) commu-
nication, local interconnect network (LIN), or Flex-Ray
communication. The communication module may also
include a module for wireless Internet connection or short
range communication. Accordingly, the communication unit
15 may be configured to perform vehicle to vehicle (V2V)
communication with another vehicle surrounding the subject
vehicle, for example, a preceding vehicle. Then, the com-
munication unit 15 may be configured to receive information
regarding the preceding vehicle, for example, location,
velocity, and acceleration information of the preceding
vehicle, via the V2V communication with the preceding
vehicle.

Further, the storage 17 may be configured to store data
and/or algorithms that are necessary for operating the
autonomous driving control apparatus 100. For example, the
storage 17 may be configured to store the biometric infor-
mation of the driver measured by the detector 13, and store
information regarding the preceding vehicle received by the
communication unit 15. Further, the storage 17 may be
configured to store a setting condition for an operation of the
autonomous driving control apparatus 100, and an operation
result. The storage 17 may also be configured to store an
algorithm used to calculate a jerk and determine a state of
the driver by the autonomous driving control apparatus 100,
and store a command for operating the vehicle according to
the determination of the autonomous driving control appa-
ratus 100.

Although the embodiment of FIG. 1 illustrates that the
storage 17 is provided separately from the autonomous
driving control apparatus 100, a separate storage device may
be embodied in the interior of the autonomous driving
control apparatus 100. In particular, the storage 17 may
include storage media, such as a random access memory
(RAM), a static random access memory (SRAM), a read-
only memory (ROM), a programmable read-only memory
(PROM), and an electrically erasable programmable read-
only memory.

The autonomous driving control apparatus 100 may be
configured to detect a state of the driver using the biometric
information of the driver measured by the detector 13, and
determine an autonomous driving control level by calculat-
ing an allowable jerk and a predicted jerk of the driver in
response to determining that the driver is in a stress state.
The autonomous driving control apparatus 100 may include
a controller 110, a driver state monitoring device 120, a jerk
calculator 130, a determination device 140, an alarm pro-
cessor 150, and a driving controller 160. In particular, the
controller 110 may be configured to process signals deliv-
ered between the elements of the autonomous driving con-
trol apparatus 100. The driver state monitoring device 120
may be configured to monitor a stress state of the driver
using biometric information of the driver measured by the
detector 13, for example, a heart rate state, a galvanic skin
response, and/or the size of a pupil. The driver state moni-
toring device 120 may be configured to identify a stress state
of the driver based on the conditions illustrated in FIG. 2.
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For example, as illustrated in FIG. 2A, the driver state
monitoring device 120 may be configured to determine a
stress state of the driver based on a heart rate variability
(HRV) of the driver. In particular, when the heart rates of the
driver increases by a specific range (or a specific ratio) or
greater and the heart rate variability (HRV, LF/HF) increases
by a specific range (or a specific ratio) or greater, the driver
state monitoring device 120 may be configured to determine
that the stress index of the driver exceeds a reference value
A.

Meanwhile, as illustrated in FIG. 2B, the driver state
monitoring device 120 may be configured to determine a
stress state of the driver based on a galvanic skin response
(GSR) of the skin of the driver. In particular, when a skin
impedance response (SIR) frequency of the driver increases
by a specific range (or a specific ratio) or greater, the driver
state monitoring device 120 may be configured to determine
that the stress index of the driver exceeds a preset reference
value A.

Additionally, as illustrated in FIG. 2C, the driver state
monitoring device 120 may be configured to determine a
stress state of the driver based on the size of a pupil of the
driver. In particular, when the size of a pupil of the driver
increases by a specific range (or a specific ratio) or greater,
the driver state monitoring device 120 may be configured to
determine that the stress index of the driver exceeds a
reference value A. Of course, the driver state monitoring
device 120 may be configured to determine that the stress
index of the driver exceeds the reference value A when all
the three conditions illustrated in FIGS. 2A to 2C or two or
more of them are satisfied.

The jerk calculator 130 may be configured to measure a
jerk while the vehicle travels. In particular, the jerk is a
vector that designates a time change rate of an acceleration
of the vehicle, and may be represented by a third derivative
of displacement and time. For example, the jerk may be
represented by a value that is a derivative of an acceleration
in a corresponding zone when the vehicle 10 starts at a start
time point and stops at an end time point. In particular, the
end time point refers to a time point at which the vehicle
stops at a location shortly before the vehicle collides with a
preceding vehicle located on the front side of the vehicle or
a time point shortly before the vehicle deviates from a lane.

Further, in response to determining that the stress index of
the driver exceeds the preset reference value A, the jerk
calculator 130 may be configured to store a minimum jerk
measured at the corresponding time point and determine the
minimum jerk as an allowable jerk of the driver. Then, the
driving controller 160 may be configured to determine an
autonomous driving control level based on the determined
allowable jerk. In particular, the driving controller 160 may
be configured to determine the autonomous driving control
level by a level that maintains a jerk that is less than the
determined allowable jerk. Further, the jerk calculator 130
may be configured to calculate a predicted jerk while the
vehicle travels after the allowable jerk of the driver is
determined. Then, the jerk calculator 130 may be configured
to calculate a predicted longitudinal jerk for preventing the
vehicle from colliding with a preceding vehicle and a
predicted transverse jerk for preventing the vehicle from
deviating from a lane.

Exemplary Embodiment of Calculating a Predicted Lon-
gitudinal Jerk

First, a technology of calculating a predicted longitudinal
jerk will be described with reference to FIG. 3. As illustrated
in FIG. 3, when a longitudinal location, a longitudinal
velocity, and a longitudinal acceleration of the vehicle 10 at



US 10,625,732 B2

7

the current time point are xe, ve, and ae and a location, a
velocity, and an acceleration of the preceding vehicle 20 at
the same time point are x1, v, and a predicted longitudinal
jerk in a section between the vehicle 10 and the preceding
vehicle 20 may be calculated by using xe, ve, and ae and x|,
vl, and al. Then, a movement condition of the vehicle 10 for
the predicted longitudinal jerk in the corresponding section
may be represented as in Equation 1.

Equation 1
ay Tk

5
x(1) =
k=0

wherein, x(t) is a longitudinal location of the vehicle 10
at a time point t, t is a time point, and ak is an arbitrary
coeflicient. When it is assumed that the start time point with
reference to the current location of the vehicle 10 is O and a
time point shortly before the vehicle 10 collides with the
preceding vehicle 10, that is, the end time point is T, x(0)
represents a longitudinal location of the vehicle 10 at the
start time point, that is, the current location (hereinafter,
referred to as ‘a first location’) and x(T) represents a
longitudinal location of the vehicle 10 at the end time point
T (hereinafter, referred to as “a second location”). Addition-
ally, x(0) is the longitudinal location at the start time point
of the vehicle 10 and thus may be 0.

Further, the longitudinal velocity of the vehicle 10 at the
start time point (t=0) (hereinafter, ‘a first velocity’) may be
represented by x'(0) and the longitudinal acceleration (here-
inafter, ‘a first acceleration) may be represented by x"(0),
and the longitudinal velocity of the vehicle 10 at the end
time point (t=T) (hereinafter, referred to as ‘a second veloc-
ity’) may be represented by x'(T) and the longitudinal
acceleration (hereinafter, ‘a second acceleration’) may be
represented by x"(T).

Particularly, according to the present disclosure, a pre-
dicted longitudinal jerk may be calculated in a condition in
which the vehicle stops when the end time point is reached.
Accordingly, the vehicle has to be in a stop state at the end
time point, x'(T) that is the second velocity and x"(T) that is
the second acceleration have a value of 0. The jerk calculator
130 may be configured to derive a0=x(0) by applying t=0 to
x(t) of Equation 1. Further, the jerk calculator 130 may be
configured to derive al=x'(0) by applying t=0 to x'(t) of
Equation 1. The jerk calculator 130 may also be configured
to derive a2=x"(0)/2 by applying t=0 to x"(t) that is a
derivative of x'(t). Lastly, the jerk calculator 130 may be
configured to derive x(T), x'(T), and x"(T) by applying t=T
to x(t), x'(t), and x"(t) of Equation 1.

Meanwhile, the vehicle 10 stops at a time point shortly
before the vehicle 10 collides with the preceding vehicle 20,
that is, the end time point, the preceding vehicle 20 may be
in a driving state or may be in a stop state. Under the
assumption that the preceding vehicle 20 maintains a move-
ment state of the start time point when the preceding vehicle
20 is in a driving state at the end time point, the velocity vl
and the acceleration al of the preceding vehicle 20 may be
vl+al T>0. In particular, the second location of the vehicle 10
may be represented as in Equation 2.

L, Equation 2
x(T)y=x;+vT+ ia‘T
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Meanwhile, under the assumption that the preceding
vehicle 20 maintains a movement state of the start time point
when the preceding vehicle 20 is in a stop state at the end
time point, the velocity vl and the acceleration al of the
preceding vehicle 20 may be vl+alT=0. In particular, the
second location of the vehicle 10 may be represented as in
Equation 3.

vf Equation 3
X(T)=x— 2_111

As discussed above, since the vehicle 10 stops at the end
time point, the jerk at the end time point may be 0.
Accordingly, the jerk calculator 130 may be configured to
calculate a time point at which a third derivative x(t)" of x(t)
of Equation 1 is 0. When x™(t) is arranged by T using
Equation 2 representing the second location x(T) of the
vehicle 10 under the assumption that the preceding vehicle
20 is in a driving state at the end time point, the end time
point Tmov at which the vehicle 10 stops may be repre-
sented as in Equations 4 and 5.

Equation 4
25v% = 20vpv, + 4

Ave — 10v; +2
42 = 50ayx; + 5a,x;

L

Toov =
10a; - a,

Equation 5
25vF = 20vv, + q

4y, — 10v; =2
4v2 = 50ayx; + Sa.x;

L

T, =
mov 10a; - a,

Meanwhile, when x™(t) is arranged by T by using Equa-
tion 3 representing the second location x(T) of the vehicle 10
under the assumption that the preceding vehicle 20 is in a
stop state at the end time point, the end time point Tstop at
which the vehicle 10 stops may be represented as in Equa-
tions 6 and 7.

B Equation 6
—dayv, + \/1651[2\/3 +20a,x07 — 10aeaqv} q
Txtop =
aa,
- Equation 7
—dayv, — \/1651,2\/3 +20a,x,07 - 10a,av} q
Txrop =

Qe

Particularly, the jerk calculator 130 may be configured to
determine Tmov, which is less than a stop time point —(vl/al)
of the preceding vehicle 20, among Tmovs of Equations 4
and 5, as the end time point T. When both of Tmovs of
Equations 4 and 5 are greater than the stop time point
—(vl/al) of the preceding vehicle 20, the jerk calculator 130
may be configured to determine Tstop, which is a positive
number and the smallest, among the Tstops of Equations 6
and 7 as an end time point T. Then, the determined end time
point T may be defined as a first end time point. When the
first end time point T is determined via the above-mentioned
process, the jerk calculator 130 may be configured to cal-
culate a jerk, an absolute value of which is greatest among
the predicted jerks generated in a section from the start time
point t=0 to the determined first end time point t=T, as a
predicted longitudinal jerk.
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Exemplary Embodiment of Calculating a Predicted Trans-
verse Jerk

Meanwhile, a technology of calculating a predicted trans-
verse jerk will be described with reference to FIG. 4. When
a transverse location, a transverse velocity, a transverse
acceleration of the vehicle at the start time point t=0, that is,
the current time point are xs, vs, and as and a transverse
location, a transverse velocity, a transverse acceleration of
the vehicle 10 at the end time point t=T, that is, at a time
point shortly before the vehicle intrudes a line (or a time
point shortly before the vehicle deviates from a lane) are xh,
vh, and ah as illustrated in FIG. 4, a predicted transverse jerk
in the section between the vehicle 10 and the line may be
calculated by using xs, vs, and as, and xh, vh, and ah.

Further, the transverse location xs of the vehicle at the
start time point (hereinafter, referred to as “a third location”)
may be calculated by subtracting a half of the width of the
vehicle from an output value of a front side monitoring
camera (e.g., an MFC) configured to monitor intrusion of a
line by the vehicle (e.g., the vehicle crossing a road lane
line). Further, the transverse velocity vs of the vehicle 10 at
the start time point (hereinafter, referred to as ‘a third
velocity”) may be calculated using Equation 8.

v =vxsin 0 (Equation 8)

In Equation 8, v is a velocity of the vehicle and 0 is a
heading angle of the vehicle.

Further, the transverse acceleration as of the vehicle 10 at
the start time point (hereinafter, referred to as ‘a third
acceleration’) may be calculated using a derivative of the
third velocity, that is, as=vs'=dvs/dt. Hereinafter, the trans-
verse location xs of the vehicle at the end time point will be
referred to as ‘a fourth location’, the transverse vs will be
referred to as ‘a fourth velocity’, and the transverse accel-
eration as will be referred to as ‘a fourth acceleration’.

The vehicle has to be in a stop state shortly before it
intrudes a line. Accordingly, the fourth velocity and the
fourth acceleration have a value of 0. Then, the movement
condition of the vehicle 10 for the predicted transverse jerk
in the section between the vehicle 10 and the lane is a
movement condition of the vehicle 10 for a predicted
longitudinal jerk in a section between the vehicle 10 and a
preceding vehicle, and is as in Equation 1. Referring to
Fquation 1, the third location may be x(0), the third velocity
may be x'(0), and the third acceleration may be x"(0), and the
fourth location may be x(T), the fourth velocity may be
x'(T), and the fourth acceleration may be x"(T). Then, x'(T)
and x"(T) have a value of 0.

As discussed above, since the vehicle 10 stops at the end
time point, the jerk at the end time point may be 0.
Accordingly, the jerk calculator 130 may be configured to
calculate a time point at which a third derivative x(t)" of x(t)
of Equation 1 becomes 0, that is, an end time point. Since the
vehicle 10 has to be in a stop state at the end time point, if
x"(T) is derived from Equation 1 and is arranged with
respect to T, the end time point T at which the vehicle stops
may be represented as in Equations 9 and 10.

Equation 9
- —4vy + 24/ 402 - Sagx; quation

As

=4y, =24/ 42 = Sa,x;

Qs

Equation 10
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When both two Ts calculated by reflecting the third
location, the third velocity, and the third acceleration
reflected in Equations 9 and 10 are positive values, the
smaller one of the two Ts may be determined as an end time
point, and only any one of the two Ts is a positive value, the
T that is a positive value may be determined as an end time
point. Meanwhile, when both the two Ts calculated from
Equations 9 and 10 are negative values, the largest one of the
two Ts may be determined as an end time point. Then, the
determined end time point T may be defined as a second end
time point.

When the second end time point T is determined via the
above-mentioned process, the jerk calculator 130 may be
configured to calculate a jerk, an absolute value of which is
the larger value among the predicted jerks generated in a
section from the start time point t=0 to the determined
second end time point t=T, as a predicted transverse jerk. In
particular, the jerk calculator 130 may be configured to
compare the predicted longitudinal jerk and the predicted
transverse jerk, which have been calculated above. Then, the
jerk calculator 130 may be configured to determine a jerk,
which has the greatest value of the predicted longitudinal
jerk and the predicted transverse jerk, as a predicted jerk.

In other words, the jerk calculator 130 may be configured
to determine that the predicted transverse jerk increases the
stress index of the driver when the predicted longitudinal
jerk is greater than the predicted transverse jerk. Accord-
ingly, the jerk calculator 130 may be configured to determine
the predicted longitudinal jerk as a predicted jerk. Mean-
while, the jerk calculator 130 may be configured to deter-
mine that the predicted transverse jerk increases the stress
index of the driver when the predicted transverse jerk is
greater than the predicted longitudinal jerk. Accordingly, the
jerk calculator 130 may be configured to determine the
predicted longitudinal jerk as a predicted jerk. The determi-
nation device 140 may be configured to determine whether
the determined predicted jerk exceeds an allowable jerk of
the driver. When the predicted jerk exceeds the allowable
jerk of the driver, the determination device DEVICE 140
may be configured to determine whether the vehicle is in an
autonomous driving state. The alarm processor 150 may be
configured to output an alarm signal to the interface 11 of the
vehicle in response to determining that the predicted jerk
exceeds the allowable jerk of the driver while the vehicle is
in an autonomous driving state.

Meanwhile, when the vehicle is not in an autonomous
driving state, the determination 140 may be configured to
determine a driving manipulation state of the driver. In
response to determining that a separation driving manipu-
lation of the driver is not detected when the predicted jerk
exceeds the allowable jerk of the driver, the alarm processor
150 may be configured to output an alarm signal to the
interface 11. In response to determining that a separate
driving manipulation of the driver is not detected when the
predicted jerk exceeds the allowable jerk of the driver, the
driving controller 160 may be configured to activate an
autonomous driving control of the driver to prevent a
potential collision or accident. Additionally, in response to
determining that a separate driving manipulation of the
driver is detected, the alarm processor 150 may be config-
ured to determine that the level of the riding quality is
abnormal and output a riding quality level abnormality
signal and an alarm signal to the interface 11 of the vehicle.

An operational flow of the apparatus for controlling
autonomous driving of the vehicle according to the present
disclosure will be described in detail. FIG. 5 is a view
illustrating a flow of operations for an autonomous driving
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control method according to an exemplary embodiment of
the present disclosure. The method described herein below
may be executed by a processor within the apparatus.

Referring to FIG. 5, the autonomous driving control
apparatus 100 may be configured to acquire biometric
information of the driver measured from the sensors in the
vehicle while the vehicle travels (§110), and measure a jerk
of the driver (S120). In operation ‘S110°, the autonomous
driving control apparatus may be configured to acquire heart
rate information, galvanic skin response information and/or
pupil size information of the driver, and determine whether
the stress index of the driver exceeds a preset reference value
A based on the acquired biometric information of the driver.
In particular, the autonomous driving control apparatus may
be configured to determine whether the stress index of the
driver exceeds the preset reference value based on the heart
rate of the driver, an increment of the heat rate variability, an
increment of a skin impedance reflection rate, and/or an
increment of the size of a pupil.

In response to determining that the stress index of the
driver exceeds the preset reference value A (S130), the
autonomous driving control apparatus 100 may be config-
ured to calculate a minimum jerk measured at a time point
at which the stress index exceeds the preset reference value
A as the allowable jerk of the driver (S140). Then, the
autonomous driving control apparatus 100 may be config-
ured to determine a level at which a jerk that is less than the
allowable jerk of the drive calculated in operation ‘S140°
may be maintained as an autonomous driving control level
(S150). Thereafter, the autonomous driving control appara-
tus 100 may be configured to calculate a predicted jerk while
the vehicle travels (5160).

In operation ‘S160°, the autonomous driving control
apparatus 100 may be configured to calculate a predicted
longitudinal jerk generated in a section until the vehicle 10
reaches a location of a preceding vehicle based on location
and movement information of the vehicle 10 and the pre-
ceding vehicle measured while the subject vehicle is being
driven. Further, the autonomous driving control apparatus
100 may be configured to calculate a predicted transverse
jerk generated in a section until the vehicle 10 reaches a
location of a line based on location and movement infor-
mation of the vehicle 10 measured while the vehicle 10
travels, and lane information. Then, the autonomous driving
control apparatus 100 may be configured to calculate the
larger one of the predicted longitudinal jerk and the pre-
dicted transverse jerk, calculated as a predicted jerk. Accord-
ingly, the description of FIGS. 3 and 4 will be referenced for
the process of calculating the predicted longitudinal jerk and
the predicted transverse jerk.

The autonomous driving control apparatus 100 may then
be configured to compare the allowable jerk of the driver
calculated in operation ‘S140° and the predicted jerk calcu-
lated in operation ‘S160°. When the predicted jerk is greater
than the allowable jerk of the driver (§170), the autonomous
driving control apparatus 100 may be configured to deter-
mine whether the vehicle is in an autonomous driving state,
and when the vehicle is in an autonomous driving state
(8180), the autonomous driving control apparatus 100 may
be configured to output an alarm signal (S210).

Meanwhile, when the vehicle is not in an autonomous
driving state (S180), the autonomous driving control appa-
ratus 100 may be configured to determine whether there is
a driving manipulation of the driver. When there is no
driving manipulation of the driver (§190), the autonomous
driving control apparatus 100 may be configured to output
an alarm signal (S210). Additionally, when there is a driving
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manipulation (S190), the autonomous driving control appa-
ratus 100 may be configured to determine that the level of
the riding quality is abnormal and output a riding quality
level abnormality state and an alarm (S200).

The autonomous driving control apparatus 100 according
to the present exemplary embodiment may include one or
more processors and memories. Additionally, the controller
110, the driver state monitoring device 120, the jerk calcu-
lator 130, the determination device 140, and the alarm
processor 150 of the autonomous driving control apparatus
100 may be embodied in forms of independent hardware
devices, and the one or more processors may be driven in a
form in which the processors are included in other hardware
devices, such as microprocessors or general-purpose com-
puter systems.

FIG. 6 is a block diagram illustrating a computing system
that executes an autonomous driving control method accord-
ing to an exemplary embodiment of the present disclosure.
Referring to FIG. 6, the computing system 1000 may include
at least one processor 1100 connected via 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 pro-
cessing 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 exemplary embodiments 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 (e.g., 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 may be coupled to the processor
1100, and the processor 1100 may be configured to read
information from the storage medium and write information
in the storage medium. In another method, the storage
medium may be integrated with the processor 1100. The
processor and the storage medium may reside in an appli-
cation 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.

According to the present disclosure, an allowable jerk
may be identified based on a change of a biometric signal
during driving of a driver and an autonomous driving control
level may be determined based on the identified allowable
jerk of the driver, making it possible to improve the riding
quality of the driver. Further, according to the present
disclosure, an alarm may be output when a predicted jerk of
a driver calculated during driving of a vehicle with reference
to an allowable jerk of the driver exceeds the allowable jerk
of the driver.

The above description is a simple exemplification of the
technical spirit of the present disclosure, and the present
disclosure may be variously corrected and modified by those
skilled in the art to which the present disclosure pertains
without departing from the essential features of the present
disclosure. Therefore, the disclosed exemplary embodi-
ments of the present disclosure do not limit the technical
spirit of the present disclosure but are illustrative, and the
scope of the technical spirit of the present disclosure is not
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limited by the exemplary embodiments of the present dis-
closure. The scope of the present disclosure should be
construed by the claims, and it will be understood that all the
technical spirits within the equivalent range fall within the
scope of the present disclosure.

What is claimed is:

1. An apparatus for controlling autonomous driving of a
vehicle, comprising:

a memory configured to store program instructions; and

a processor configured to execute the program instruc-

tions, the program instructions when executed config-

ured to:

monitor a stress state of a driver using biometric
information of the driver;

calculate an allowable jerk of the driver based on a jerk
at a time point at which the stress state of the driver
exceeds a preset reference value, and to calculate a
predicted jerk based on location and movement
information of the vehicle and a preceding vehicle
measured while the vehicle travels, and lane infor-
mation;

determine a driving state of the vehicle when the
predicted jerk exceeds the allowable jerk of the
driver; and

output an alarm according to the driving state of the
vehicle.

2. The apparatus of claim 1, wherein the biometric infor-
mation of the driver includes at least one selected from the
group consisting of: a heart rate, a heart rate variability, a
skin impedance response, and a size of a pupil of the driver.

3. The apparatus of claim 2, wherein, when any one of the
heart rate, the heart rate variability, the skin impedance
response, and the size of the pupil of the driver increases by
a specific range or ratio or more, the program instructions
when executed are configured to determine that the stress
state of the driver exceeds the preset reference value.

4. The apparatus of claim 2, wherein, when two or more
of the heart rate, the heart rate variability, the skin imped-
ance response, and the size of the pupil of the driver increase
by a specific range or ratio or more, the program instructions
when executed are configured to determine that the stress
state of the driver exceeds the preset reference value.

5. The apparatus of claim 1, wherein the program instruc-
tions when executed are configured to calculate a jerk by
obtaining a third derivative of the location of the vehicle.

6. The apparatus of claim 1, wherein the program instruc-
tions when executed are configured to calculate a jerk while
the vehicle travels, and calculate a minimum jerk calculated
at a time point at which the stress state of the driver exceeds
the preset reference value as the allowable jerk of the driver.

7. The apparatus of claim 1, wherein the program instruc-
tions when executed are configured to calculate a predicted
longitudinal jerk and a predicted transverse jerk generated in
a section until the vehicle reaches the location of the
preceding vehicle and the location of a line based on location
and movement information of the vehicle and the preceding
vehicle measured while the vehicle travels and the lane
information.

8. The apparatus of claim 7, wherein the program instruc-
tions when executed are configured to calculate a time point
at which a predicted jerk generated in the section until the
vehicle reaches the location of the preceding vehicle is 0
based on location, velocity, and acceleration information of
the vehicle and location, velocity, and acceleration informa-
tion of the preceding vehicle, and determines the time point
at which the predicted jerk is 0 as a first end time point.
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9. The apparatus of claim 8, wherein the program instruc-
tions when executed are configured to calculate a jerk, an
absolute value of which is larger among predicted jerks
generated in a section between a start time point and the first
end time point while a current time point is taken as the start
time point, as a predicted longitudinal jerk.

10. The apparatus of claim 7, wherein the program
instructions when executed are configured to calculate a
time point at which a predicted jerk generated in the section
until the vehicle reaches the location of a line is 0 based on
location, velocity, acceleration, and heading angle informa-
tion of the vehicle and location information of the lane, and
determine the time point at which the predicted jerk is 0 as
a second end time point.

11. The apparatus of claim 10, wherein the program
instructions when executed are configured to calculate a
jerk, an absolute value of which is larger among predicted
jerks generated in a section between the start time point and
the second end time point while the current time point is
taken as the start time point, as a predicted transverse jerk.

12. The apparatus of claim 7, wherein the program
instructions when executed are configured to determine the
larger one of the predicted longitudinal jerk and the pre-
dicted transverse jerk as a predicted jerk.

13. The apparatus of claim 1, wherein the program
instructions when executed are configured to determine
whether the vehicle is in an autonomous driving state when
the predicted jerk exceeds the allowable jerk of the driver,
and output an alarm when the vehicle is in an autonomous
driving state.

14. The apparatus of claim 1, wherein the program
instructions when executed are configured to determine
whether driving of the vehicle is manipulated when the
vehicle is not in an autonomous driving state when the
predicted jerk exceeds the allowable jerk of the driver, and
output an alarm when driving of the vehicle is not manipu-
lated.

15. The apparatus of claim 14, wherein an abnormal state
of a riding quality of the vehicle is output and an alarm is
output when driving of the vehicle is manipulated.

16. The apparatus of claim 1, wherein the program
instructions when executed are configured to determine an
autonomous driving control level of the vehicle based on the
allowable jerk of the driver.

17. A method for controlling autonomous driving of a
vehicle, comprising:

monitoring, by a processor, a stress state of a driver using

biometric information of a driver;
calculating, by the processor, an allowable jerk of the
driver based on a jerk at a time point at which the stress
state of the driver exceeds a preset reference value;

calculating, by the processor, a predicted jerk based on
location and movement information of the vehicle and
a preceding vehicle measured while the vehicle is being
driven, and lane information;

determining, by the processor, a driving state of the

vehicle when the predicted jerk exceeds the allowable
jerk of the driver; and

outputting, by the processor, an alarm based on a driving

state of the vehicle.

18. The method of claim 17, wherein the calculating of the
predicted jerk includes:

calculating, by the processor, a predicted longitudinal jerk

generated in a section until the vehicle reaches the
location of the preceding vehicle based on location,
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velocity, and acceleration information of the vehicle,
and location, velocity, and acceleration information of
the preceding vehicle;

calculating, by the processor, a predicted transverse jerk
generated in a section until the vehicle reaches the
location of the lane based on location, velocity, accel-
eration, and heading angle information of the vehicle,
and location information of the lane; and

determining, by the processor, a larger one of the pre-
dicted longitudinal jerk and the predicted transverse
jerk as a predicted jerk.

19. The method of claim 17, further comprising;

after the calculating of the allowable jerk of the driver,
determining, by the processor, an autonomous driving
control level of the vehicle based on the allowable jerk
of the driver.

15
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20. A vehicle system comprising;

a detector including one or more sensors configured to
measure a biometric signal of a driver;

an autonomous driving control apparatus configured to
monitor a stress state of the driver using the biometric
information of the driver measured by the one or more
sensors, to compare an allowable jerk of the driver
calculated based on a jerk at a time point at which the
stress state of the driver exceeds a preset reference
value and a predicted jerk calculated based on location
and movement information of the vehicle and the
preceding vehicle measured while the vehicle travels,
and to output an alarm signal based on a driving state
of the vehicle when the predicted jerk exceeds the
allowable jerk of the driver; and

an interface configured to output information that corre-
sponds to the alarm signal.

I S T T
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