wo 2012/042358 A2 || IO OO YOO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN I T 00 OO0 AR 0000 1
International Bureau S,/ ) |
43) Int tional Publication Dat \,'/ 3 (10) International Publication Number
nternational Publication Date o Y
5 April 2012 (05.04.2012) PCT WO 2012/042358 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B62D 15/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
. o AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
PCT/IB2011/002271 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
29 September 2011 (29.09.2011) KZ, LA, LC, LK, IR, LS, LT, LU, LY, MA, MD, ME,
- . MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(25) Filing Language: English NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.

2010-224155 1 October 2010 (01.10.2010) JP L
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): TOY- kind of regional protection available): ARIPO (BW, GH,
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Toyota-cho, Toyota-shi, Aichi-ken 471-8571 (JP). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT,
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,
SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventor; and

(75) Inventor/Applicant (for US only): AKIYAMA,
Tomonori [JP/JP]; c/o TOYOTA JIDOSHA KABUSHI-
KI KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-ken,
471 -8571 Japan (JP).

[Continued on next page]

(54) Title: DRIVING SUPPORT APPARATUS AND DRIVING SUPPORT METHOD
(57) Abstract: A driving support apparatus that sets a run-

F I G . 3 ning road, on which a vehicle is able to run, on the basis of

a road marking that indicates a lane boundary or a prohibit-

ed area and that, when the vehicle deviates from the run-

@ ning road, issues a warning or performs assisting so as to

S101 cause the vehicle to run within the running road changes a

determination criterion, based on which a warning is issued
or assisting is performed so as to cause the vehicle to run
within the running road, on the basis of a degree of curve of
the running road.

CALCULATE CURVATURE RADIUS
R OF RUNNING ROAD

5102

[ CALGULATE WIDTH H OFW
o

RUNNING ROAD
S103
REX1 and Hoyl 2 HIES
NG
S104 S105
DETERMINE DISTANCE DETERMINE DISTANCE
OR ARRIVAL ALLOWANGE OR ARRIVAL ALLOWANGE
TIME TO RUNNING ROAD TIME TO RUNNING ROAD
BOUNDARY IN WIDTHWISE BOUNDARY IN TRAVELING
DIRECTION OF VEHIGLE AS DIRECTION OF VEHICLE AS
DETERMINATION CRITERION DETERMINATION CRITERION
FOR WARNING FOR WARNING
S106

l DETERMINE WARNING TIMINGJ

RETURN )




WO 2012/042358 A2 I 0000 T 0 00N AR AU A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2012/042358 PCT/IB2011/002271
1

DRIVING SUPPORT APPARATUS AND DRIVING SUPPORT METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a driving support apparatus and a driving

support method.

2. Description of Related Art

[0002] There has been disclosed a technique by which, when two white lines on
a road have been detected as road markings that indicate lane boundaries, steering of a
vehicle is controlled on the basis of these two white lines; whereas, when white lines
cannot be detected, steering of the vehicle is controlled on the basis of distances to side
walls (for example, see Japanese Patent Application Publication No. 10-031799
(JP-A-10-031799)). With the technique described in JP-A-10-031799, even when there
is a thin spot or a break in white lines, it is possible to maintain control over steering of
the vehicle on the basis of distances to side walls.

[0003] Incidentally, when the degree of curve of a running road on which a
vehicle runs is large, a driver feels a collision risk on the basis of a distance or arrival
allowance time to an object in the widthwise direction of the vehicle. On the other hand,
when the degree of curve of a running road is small, the driver feels a collision risk on the
basis of a distance or arrival allowance time to an object in the traveling direction of the
vehicle. Therefore, in order to support driving without making the driver feel a collision
risk as much as possible, it is necessary to change a determination criterion based on

which running is supported in response to the degree of curve of a running road.

SUMMARY OF THE INVENTION
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[0004] The invention provides a technique for issuing a warning or performing
assisting so as to cause a vehicle to run within a running road in line with a collision risk
felt by the driver.

[0005] A first aspect of the invention provides a driving support apparatus.
The driving support apparatus that sets a running road, on which a vehicle is able to run,
on the basis of a road marking that indicates a lane boundary or a prohibited area and that,
when the vehicle deviates from the running road, issues a warning or performs assisting
so as to cause the vehicle to run within the running road changes a determination criterion,
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road, on the basis of a degree of curve of the running road.

[0006] According to the first aspect of the invention, the determination criterion,
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road, is changed on the basis of a degree of curve of the running
road, so whatever is the degree of curve of the running road, it is possible to issue a
warning or perform assisting so as to cause the vehicle to run within the running road in
line with a collision risk felt by a driver.

[0007] Here, the degree of curve of the running road may be a curvature radius,
or the like, of the running road. Here, the road marking that indicates a lane boundary
may be a line such as a white line, a yellow line and a dotted line, a median strip or a
divider such as a raised marker and an illuminator, a boundary between a roadway and an
area other than the roadway such as a boundary between asphalt and gravel, or the like,
on a road surface. The prohibited area may be an obstacle, such as a side wall, a curb, a
pedestrian, a bicycle and another vehicle, or an area, such as a gutter and a step, that has a
difference in height from a vehicle running plane. The prohibited area not only includes
an area in which a vehicle is not able to run but also an area in which a vehicle is not
allowed to run and an area in which a vehicle is not desired to run.

[0008]  The driving support apparatus may‘ select and use any one of a distance
or arrival allowance time to a boundary of the running road in a widthwise direction of

the vehicle and a distance or arrival allowance time to a boundary of the running road in a
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traveling direction of the vehicle as the determination criterion based on which a warning
is issued or assisting is performed so as to cause the vehicle to run within the running
road.

[0009] According to the aspect of the invention, the determination criterion,
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road in accordance with an object (or direction) that the driver
feels a collision risk and that varies in response to the degree of curve of the running road,
is changed, so, whatever is the degree of curve of the running road, it is possible to issue
a warning or perform assisting so as to cause the vehicle to run within the running road in
line with a collision risk felt by the driver.

[0010] When the degree of curve of the running road is large, the driving
support apparatus may use a distance or arrival allowance time to a boundary of the
running road in a widthwise direction of the vehicle as the determination criterion based
on which a warning is issued or assisting is performed so as to cause thé vehicle to run
within the running road; whereas, when the degree of curve of the running road is small,
the driving support apparatus may use a distance or arrival allowance time to a boundary
of the running road in a traveling direction of the vehicle as the determination criterion
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road.

[0011] When the degree of curve of a running road is large, a driver feels a
collision risk on the basis of a distance or arrival allowance time to an object in the
widthwise direction of the vehicle. On the other hand, when the degree of curve of a
running road is small, the driver feels a collision risk on the basis of a distance or arrival
allowance time to an object in the traveling direction of the vehicle. According to the
aspect of the invention, the determination criterion, based on which a warning is issued or
assisting is performed so as to cause the vehicle to run within the running road in
accordance with an object (or direction) that the driver feels a collision risk and that
varies when the degree of curve of the running road is large or small, is changed, so,

whatever is the degree of curve of the running road, it is possible to issue a warning or
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perform assisting so as to cause the vehicle to run within the running road in line with a
collision risk felt by the driver.

[0012] The driving support apparatus may change the determination criterion,
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road, on the basis of a width of the running road.

[0013] According to the aspect of the invention, the determination criterion,
based on which a warning is issued or assisting is performed so as to cause the vehicle to
run within the running road, is changed on the basis of the width of the running road, so it
is possible to issue a warning or perform assisting so as to cause the vehicle to run within
the running road in line with a collision risk felt by a driver.

[0014] A second aspect of the invention provides a driving support method.
The driving support method includes: setting a running road, on which a vehicle is able to
run, on the basis of a road marking that indicates a lane boundary or a prohibited area;
issuing a warning or performing assisting so as to cause the vehicle to run within the
running road when the vehicle deviates from the running road; and changing a
determination criterion, based on which a warning is issued or assisting is performed so
as to cause the vehicle to run within the running road, on the basis of a degree of curve of
the running road.

[0015]  According to the second aspect of the invention, the determination
criterion, based on which a warning is issued or assisting is performed so as to cause the
vehicle to run within the running road, is changed on the basis of a degree‘ of curve of the
running road, so whatever is the degree of curve of the running road, it is possible to
issue a warning or perform assisting so as to cause the vehicle to run within the running
road in line with a collision risk felt by a driver.

[0016] According to the aspects of the invention, it is possible to issue a
warning or perform assisting so as to cause a vehicle to run within a running road in line

with a collision risk felt by the driver.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0017] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a block diagram that shows the configuration of a driving support
apparatus according to a first embodiment of the invention function by function;

FIG. 2A and FIG. 2B are views that respectively show objects from which a driver
feels a collision risk;

FIG. 3 is a flowchart that shows a first warning determination control routine
according to the first embodiment;

FIG. 4 is a flowchart that shows a first control determination control routine
according to the first embodiment;

FIG. 5 is a flowchart that shows a second warning determination control routine
according to an alternative embodiment; and

FIG. 6 is a flowchart that shows a second control determination control routine

according to the alternative embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, a specific embodiment of the invention will be described.
Here, a driving support apparatus that recognizes a lane or a prohibited area to set a
running road of a vehicle and executes driving support process for preventing a deviation
of the vehicle from the set running road will be described. Note that the driving support
process is executed earlier than collision mitigation process that is executed when the
vehicle stops in an emergency or when a collision between the vehicle and an obstacle is
unavoidable. In addition, the configuration described in the following embodiment
shows one embodiment of the invention and does not limit the configuration of the aspect
of the invention.

[0019] FIG. 1 is a block diagram that shows the configuration of a driving
support apparatus according to a first embodiment of the invention function by function.

As shown in FIG. 1, the vehicle is equipped with an electronic control unit (ECU) 1 for
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driving support.

[0020] The ECU 1 is an electronic control unit that includes a CPU, a ROM, a
RAM, a back-up RAM, an I/O interface, and the like. Various sensors, such as a radar
device 2, an exterior camera 3, a driver camera 4, a yaw rate sensor 5, a wheel speed
sensor 6, a brake sensor 7, an accelerator sensor 8, a turn signal switch 9, a steering angle
sensor 10 and a steering torque sensor 11, are electrically connected to the ECU 1, and
signals output from those sensors are input to the ECU 1.

[0021] The radar device 2 is attached to the front of the vehicle. The radar
device 2 transmits a millimeter wave forward of the vehicle and then receives a reflected
wave reflected from an obstacle outside the vehicle, thus outputting information about a
relative position of the obstacle with respect to the vehicle (for example, coordinate
information). The exterior camera 3 is arranged at a position inside a vehicle cabin at
which a view ahead of the vehicle may be captured, and outputs an image ahead of the
vehicle. The driver camera 4 is arranged at a position inside the vehicle cabin at which
a driver may be captured, and outputs the image of the driver. The yaw rate sensor 5 is
attached to a vehicle body, and outputs an electrical signal that correlates with the yaw
rate of the vehicle. The wheel speed sensor 6 is attached to the wheel of the vehicle, and
outputs an electrical signal that correlates with the running speed of the vehicle.

[0022]  The brake sensor 7 is attached to a brake pedal inside the vehicle cabin,
and outputs an electrical signal that correlates with the operation amount (depression
force) of the brake pedal. The accelerator sensor 8 is attached to an accelerator pedal
inside the vehicle cabin, and outputs an electrical signal that correlates with the operation
amount (depression force) of the accelerator pedal. The turn signal switch 9 is attached
to a turn signal lever inside the vehicle cabin. When the turn signal lever is operated,
the turn signal switch 9 outputs an electrical signal that correlates with a direction
indicated by a turn signal flasher (direction indicator). The steering angle sensor 10 is
attached to a steering rod connected to a steering wheel inside the vehicle cabin, and
outputs an electrical signal that correlates with a rotation angle of the steering wheel from

a neutral position. The steering torque sensor 11 is attached to the steering rod, and
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outputs an electrical signal that correlates with torque input to the steering wheel
(steering torque).

[0023] In addition, various devices, such as a beeper 12, a display device 13, an
electric power steering (EPS) 14 and an electronically controlled brake (ECB) 15, are
connected to the ECU 1, and those various devices are electrically controlled by the ECU
1.

[0024] The beeper 12 is a device that is attached inside the vehicle cabin and
that outputs a warning sound, or the like. The display device 13 is a device that is
attached inside the vehicle cabin and that displays various messages and warning lamps.
The electric power steering (EPS) 14 is a device that utilizes torque generated by an
electric motor to assist the steering wheel in operation. The electronically controlled
brake (ECB) 15 is a device that electrically adjusts the hydraulic fluid pressure (brake
fluid pressure) of a friction brake provided for each wheel.

[0025] The ECU 1 has the following functions in order to control various
devices using signals output from the various sensors. That is, the ECU 1 includes an
obstacle information processing unit 100, a lane information processing unit 101, a
low-level consciousness determining unit 102, a driver intention determining unit 103, an
integrated recognition processing unit 104, a common support determining unit 105, a
warning determining unit 106, a control determining unit 107 and a control amount
computing unit 108.

[0026] The obstacle information processing unit 100 approximately obtains a
regression line, by which a plurality of prohibited areas may be avoided, on the basis of
pieces of coordinate information of the plurality of prohibited areas, such as obstacles,
output from the radar device 2, and generates the coordinate information of the regression
line and information including the yaw angle, or the like, of the vehicle with respect to
the regression line. In addition, when a single prohibited area, such as an obstacle, has
been detected by the radar device 2, the obstacle information processing unit 100 also
generates the coordinate information of the prohibited area and information about the

yaw angle of the vehicle with respect to the prohibited area. Note that the obstacle
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information processing unit 100 may generate information about a prohibited area on the
basis of an image captured by the exterior camera 3. The prohibited area may be an
obstacle, such as a side wall, a curb, a pedestrian, a bicycle and another vehicle, or an
area, such as a gutter and a step, that has a difference in height from a vehicle running
plane. The prohibited area not only includes an area in which a vehicle is not able to
run but also an area in which a vehicle is not allowed to run and an area in which a
vehicle is not desired to run.

[0027] The lane information processing unit 101 generates information about a
lane and information about the attitude of the vehicle with respect to the lane on the basis
of an image captured by the exterior camera 3. The information about a lane is
information about a road marking that indicates a lane boundary or information about the
width of a lane, defined by the road marking. The road marking that indicates a lane
boundary may be a line such as a white line, a yellow line and a dotted line, a median
strip or a divider such as a raised marker and an illuminator, a boundary between a
roadway and an area other than the roadway such as a boundary between asphalt and
gravel, or the like, on a road surface. The information about the attitude of the vehicle
with respect to a lane is information about a distance between the vehicle and a road
marking that indicates a lane boundary, information about the offset amount of a vehicle
position with respect to a lane center and information about the yaw angle of a vehicle
traveling direction with respect to a road marking that indicates a lane boundary. Note
that when the vehicle is equipped with a navigation system, the lane information
processing unit 101 may generate information about a lane from map information and
GPS information that the navigation system has.

[0028] The low-level consciousness determining unit 102 determines the degree
of decrease in the consciousness level (arousal level) of a driver on the basis of an image
captured by the driver camera 4. The low-level consciousness determining unit 102
computes a driver's eye closure time and eye closure frequency from an image captured
by the driver camera 4, and determines that the consciousness level of the driver is low

(the arousal level is low) when the eye closure time or the eye closure frequency exceeds
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an upper limit. In addition, the low-level consciousness determining unit 102 may
compute a period of time during which the orientation of the face or eyes of the driver
deviates from the vehicle traveling direction from the image captured by the driver
camera 4, and may determine that the driver drives the vehicle inattentively when the
calculated period of time exceeds an upper limit.

[0029] The driver intention determining unit 103 determines whether a variation
in the operation amount of the brake pedal, a variation in the operation amount of the
accelerator pedal or a variation in the operation (steering) amount of the steering wheel is
due to a driver's intention on the basis of signals output from the wheel speed sensor 6,
the brake sensor 7, the accelerator sensor 8, the turn signal switch 9, the steering angle
sensor 10 and the steering torque sensor 11.

[0030] The integrated recognition processing unit 104 seté a running road on
which the vehicle is able to run on the basis of the information generated by the obstacle
information processing unit 100 and the information generated by the lane information
processing unit 101, and obtains the yaw angle of the vehicle with respect to a running
road boundary and the offset amount of the vehicle with respect to the running road
center. Note that, on a road having a narrow lane width, the driver may be forced to
drive the vehicle to deviate from the lane. In contrast to this, on a road having a narrow
lane width, the integrated recognition processing unit 104 may set a running road so as to
deviate from a road marking on the basis of information about the road marking that
indicates a lane boundary and information about a prohibited area present around the lane.
That is, the integrated recognition processing unit 104 may set a temporary running road,
which deviates from a road marking that indicates a lane boundary, on the basis of the
road marking and may set a regular running road, which deviates from the road marking,
on the basis of the temporary running road and the prohibited area. In addition, when
the integrated recognition processing unit 104 receives information about a single
prohibited area from the obstacle information processing unit 100, the integrated
recognition processing unit 104 may extend the length of the prohibited area in parallel

with a road to set a running road. That is, the integrated recognition processing unit 104
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may recognize a prohibited area detected as a point on coordinates as a line on
coordinates to set a running road. At this time, the amount of extension (the length of
the line) may be longer when the signal output from the wheel speed sensor 6 (vehicle
speed) is high or when the yaw angle of the vehicle with respect to the line is large than
when the vehicle speed is low or when the yaw angle with respect to the line is small.

[0031] The common support determining unit 105 determines whether to
execute driving support process on the basis of information generated by the integrated
recognition processing unit 104, a result determined by the low-level consciousness
determining unit 102 and a result determined by the driver intention determining unit 103.
The common support determining unit 105 allows executing driving support process
when the low-level consciousness determining unit 102 determines that the level of
consciousness of the driver is low or when the low-level consciousness determining unit
102 determines that the driver drives the vehicle inattentively. In addition, when the
driver intention determining unit 103 determines that the driver performs intentional
operation, the common support determining unit 105 limits execution of driving support
process.

[0032] When the common support determining unit 105 allows executing
driving support process, the warning determining unit 106 determines the sound timing at
which the beeper 12 sounds and the display timing at which the display device 13
displays a warning message or a warning lamp. The details of the warning determining
unit 106 will be described later.

[0033]  Note that a method of warning the driver is not limited to sounding the
beeper 12 or displaying a warning message or a warning lamp on the display device 13, a
method of intermittently changing torque that fastens a seat belt may be, for example,
employed.

[0034] When the common support determining unit 105 allows executing
driving support process, the control determining unit 107 determines whether to activate
the electric power steering (EPS) 14 or the electronically controlled brake (ECB) 15 in

order to avoid a deviation from a running road. The details of the control determining
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unit 107 will be described later.

[0035] When the control determining unit 107 issues a request to activate the
electric power steering (EPS) 14 or the electronically controlled brake (ECB) 15, the
control amount computing unit 108 computes the control amount of the electric power
steering (EPS) 14 or the control amount of the electronically controlled brake (ECB) 15,
and activates the electric power steering (EPS) 14 or the electronically controlled brake
(ECB) 15 in accordance with the calculated control amount. The control amount
computing unit 108 computes a target yaw rate required to avoid a deviation from a
- running road using information generated by the integrated recognition processing unit
104, a signal output from the wheel speed sensor 6 (vehicle speed) and a signal output
from the yaw rate sensor 5 (yaw rate) as parameters. More specifically, the control
amount computing unit 108 computes a target yaw rate Ytrg through the following
mathematical expression where a relative distance to a running road boundary is D, the
speed of the vehicle (vehicle speed) is V and the yaw angle of the vehicle with respect to
the running road boundary is 6.

Ytrg = (BeVsin8)/D

[0036] The control amount computing unit 108 obtains the control amount
(steering torque) of the electric power steering (EPS) 14 and the control amount (brake
hydraulic pressure) of the electronically controlled brake (ECB) 15 using the target yaw
rate Ytrg as an argument. At this time, the correlation between a target yaw rate Ytrg
and a steering torque and the correlation between a target yaw rate Ytrg and a brake
hydraulic pressure may be mapped in advance. Note that, when the target yaw rate Ytrg
is smaller than a predetermined value (the maximum value of yaw rate at which a running
road deviation may be avoided only by steering), the brake hydraulic pressure of the
electronically controlled brake (ECB) 15 may be set to 0. In addition, when different
brake hydraulic pressures are respectively applied to friction brakes of right and left
wheels of the vehicle at the time when the electronically controlled brake (ECB) 15 is
activated, a yaw rate that interferes with the yaw rate generated by the electric power.

steering (EPS) 14 is generated. Therefore, it is desirable that equivalent brake hydraulic
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pressures are respectively applied to the friction brakes of the right and left wheels.
Note that the control amount computing unit 108 not only activates the electric power
steering (EPS) 14 or the electronically controlled brake (ECB) 15 with reference to a
running road boundary but also may potentially recognize a running road boundary
widely and increases the control amount of the electric power steering (EPS) 14 or the
control amount of the electronically controlled brake (ECB) 15 as the direction deviates
from a running road.

[0037]  Note that a method of decelerating the vehicle is not limited to a method
that uses the electronically controlled brake (ECB) 15 to activate the friction brakes; it
may be a method of converting (regenerating) kinetic energy of the vehicle to electric
energy or a method of changing the speed ratio of a transmission to increase engine
brake.

[0038] With the above described driving support apparatus, it is possible to warn
the driver of a deviation from a running road set on the basis of a prohibited area, such as
an obstacle, and a lane and assist in operation for avoiding a running road deviation.

[0039] FIG. 2A and FIG. 2B are views that respectively show objects from
which the driver feels a collision risk. FIG. 2A is a case where the curvature radius of a
running road is large. FIG. 2B is a case where the curvature radius of a running road is
small. When the curvature radius of the set running road is large as shown in FIG. 2A,
the driver feels a collision risk on the basis of a distance or arrival allowance time to an
object in the widthwise direction of the vehicle. On the other hand, when the set
curvature radius of a running road is small as shown in FIG. 2B, the driver feels a
collision risk on the basis of a distance or arrival allowance time to an object in the
traveling direction of the vehicle. In addition, particularly, when the set running road
width is narrow, the driver feels a distance or arrival allowance time to an object in the
traveling direction of the vehicle. Therefore, in order to support the driver in driving
without making the driver feel a collision risk as much as possible, it is necessary to
change a determination criterion based on which running is supported in response to the

curvature radius, or the like, of a running road.
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[0040] Then, in the present embodiment, the warning determining unit 106
changes a determination criterion, based on which a warning is issued to cause the
vehicle to run within a running road, on the basis of the curvature radius of the running
road and the width of the running road.

[0041] Hereinafter, the function of the warning determining unit 106 according
to the present embodiment will be described in detail.

[0042] When the common support determining unit 105 allows executing
driving support process, the warning determining unit 106 determines the sound timing at
which the beeper 12 sounds and the display timing at which the display device 13
displays a warning message or a warning lamp. Hereinafter, the sound timing at which
the beeper 12 sounds and the display timing at which the display device 13 displays a
warning message or a warning lamp, determined by the warning determining unit 106,
are collectively termed warning timing. Such warning timing corresponds to when the
vehicle deviates from a running road.

[0043] The warning determining unit 106 initially calculates the curvature
radius R of the running road set by the integrated recognition processing unit 104 and
also caléulates the width H of the running road. Subsequently, it is determined whether
the curvature radius R of the running road is smaller than or equal to a first threshold
X1(m) and the width H of the running road is smaller than or equal to a second threshold
Y1(m). Then, when the curvature radius R of the running road is not smaller than or
equal to the first threshold X1(m) or the width H of the running road is not smaller than
or equal to the second threshold Y1(m), the warning determining unit 106 determines to
use a distance or arrival allowance time to a running road boundary in the widthwise
direction of the vehicle as the determination criterion based on which a warning is issued
to cause the vehicle to run within the running road. That is, a distance or arrival
allowance time to a running road boundary in the widthwise direction of the vehicle as
shown in FIG. 2A is used. On the other hand, when the curvature radius R of the
running road is smaller than or equal to the first threshold X1(m) and the width H of the

running road is smaller than or equal to the second threshold Y1 (m), the warning
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determining unit 106 determines to use a distance or arrival allowance time to a running
road boundary in the traveling direction of the vehicle as the determination criterion
based on which a warning is issued to cause the vehicle to run within the running road.
That is, a distance or arrival allowance time to the running road boundary in the traveling
direction of the vehicle as shown in FIG. 2B is used. Here, the first threshold X1(m) is a
value by which the curvature radius of a running road is classified into any one of a large
curvature radius and a small curvature radius, and is a value determined by an experiment,
verification, or the like, in advance. The first threshold X1(m) may be a fixed value or
may be a variable value that varies in response to a vehicle speed, a yaw rate, or the like.
The second threshold Y1(m) is a value by which the width of a running road is classified
into any one of a wide width and a narrow width, and is a value determined by an
experiment, verification, or the like, in advance. The second threshold Y1(m) may be a
fixed value or may be a variable value that varies in response to a vehicle speed, a yaw
rate, or the like. By so doing, when a distance or arrival allowance time to a running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle falls at or below a predetermined
distance or time, the warning determining unit 106 determines the warning timing at
which a warning is issued. When the warning timing is determined, a warning may be
issued immediately after the determination or a warning may be issued after a lapse of a
predetermined period of time from the determination.

[0044] Here, in order for the warning determining unit 106 to determine the
warning timing, a predetermined distance or time, which is compared with a distance or
arrival allowance time to a running road boundary in the direction determined as any one
of the widthwise direction of the vehicle and the traveling direction of the vehicle, is a
value that is changed in response to a signal output from the wheel speed sensor 6
(vehicle speed) or a signal output from the yaw rate sensor 5 (yaw rate). A
predetermined distance is set to be longer or a predetermined time is set to be longer
when the vehicle speed is high than when the vehicle speed is low. In addition, a

predetermined distance is set to be longer or a predetermined time is set to be longer
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when the yaw rate is large than when the yaw rate is small.

[0045] In this way, the determination criterion, based on which a warning is
issued to cause the vehicle to run within a running road, is changed on the basis of the
curvature radius of the running road and the width of the running road, so, whatever are
the curvature radius of the running road and the width of the running road, it is possible
to issue a warning so as to cause the vehicle to run within the running road in line with a
collision risk felt by the driver.

[0046]  Note that the warning determining unit 106 not only sounds the beeper
12 or displays a warning message or a warning lamp on the display device 13 with
reference to a running road boundary but also may potentially recognize a running road
boundary widely and increases the sound level of the beeper 12 or increases the size of a
warning message or a warning lamp on the display device 13 as the vehicle deviates from
the running road.

[0047] A first warning determination control routine executed by the warning
determining unit 106 will be described with reference to the flowchart shown in FIG. 3.
FIG. 3 is a flowchart that shows the first warning determination control routine. The
routine is repeatedly executed by the warning determining unit 106 of the ECU 1 at
predetermined intervals.

[0048] As the routine shown in FIG. 3 is started, the curvature radius R of the
running road set by the integrated recognition processing unit 104 is calculated in S101.
In S102, the width H of the running road set by the integrated recognition processing unit
104 is calculated.

[0049] In S103, it is determined whether the curvature radius R of the running
road is smaller than or equal to the first threshold X1(m) and the width H of the running
road is smaller than or equal to the second threshold Y1(m). When it is determined in
S103 that the curvature radius R of the running road is not smaller than or equal to the
first threshold X1(m) or the width H of the running road is not smaller than or equal to
the second threshold Y1(m), the process proceeds to S104. When it is determined in

S103 that the curvature radius R of the running road is smaller than or equal to the first
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threshold X1(m) and the width H of the running road is smaller than or equal to the
second threshold Y 1(m), the process proceeds to S105.

[0050] In S104, it is determined to use a distance or arrival allowance time to a
running road boundary in the widthwise direction of the vehicle as shown in FIG. 2A as
the determination criterion based on which a warning is issued to cause the vehicle to run
within the running road.

[0051] In S105, it is determined to use a distance or arrival allowance time to a
running road boundary in the traveling direction of the vehicle as shown in FIG. 2B as the
defermination criterion based on which a warning is issued to cause the vehicle to run
within the running road.

[0052] In S106, the warning timing is determined. The warning timing is
determined to issue a warning when a distance or arrival allowance time to the running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle in any one of S104 and S105 is smaller
than or equal to the predetermined distance or time.

[0053] According to the above described routine, a distance or arrival allowance
time to the running road boundary in any one of the widthwise direction of the vehicle
and the traveling direction of the vehicle is selected as the determination criterion, based
on which a warning is issued to cause the vehicle to run within the running road, on the
basis of the curvature radius of the running road and the width of the running road, so,
whatever are the curvature radius of the running road and the width of the running road, it
is possible to issue a warning so as to cause the vehicle to run within the running road in
line with a collision risk felt by the driver.

[0054] The activation timing at which the control determining unit 107 activates
the electric power steering (EPS) 14 or the electronically controlled brake (ECB) 15 may
also be determined as in the case of the above described warning determination control.

[0055]  That is, in the present embodiment, the control determining unit 107
changes a determination criterion based on which assisting is performed to cause the

vehicle to run within a running road on the basis of the curvature radius of the running
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road and the width of the running road.

[0056] Hereinafter, the function of the control determining unit 107 according to
the present embodiment will be described in detail.

[0057] When the common support determining unit 105 allows executing
driving support process, the control determining unit 107 determines the activation timing
at which the electric power steering (EPS) 14 or the electronically controlled brake
(ECB) 15 is activated. Such activation timing corresponds to when the vehicle deviates
from a running road.

[0058] The control determining unit 107 initially calculates the curvature radius
R of the running road set by the integrated recognition processing unit 104 and also
calculates the width H of the running road. Subsequently, it is determined whether the
curvature radius R of the running road is smaller than or equal to a third threshold X2(m)
and the width H of the running road is smaller than or equal to a fourth threshold Y2(m).
Then, when the curvature radius R of the running road is not smaller than or equal to the
third threshold X2(m) or the width H of the running road is not smaller than or equal to
the fourth threshold Y2(m), the control determining unit 107 determines to use a distance
or arrival allowance time to a running road boundary in the widthwise direction of the
vehicle as the determination criterion based on which assisting is performed to cause the
vehicle to run within the running road. That is, a distance or arrival allowance time to a
running road boundary in the widthwise direction of the vehicle as shown in FIG. 2A is
used. On the other hand, when the curvature radius R of the running road is smaller
than or equal to the third threshold X2 (m) and the width H of the running road is smaller
than or equal to the fourth threshold Y2 (m), the control determining unit 107 determines
to use a distance or arrival allowance time to a running road boundary in the traveling
direction of the vehicle as the determination criterion based on which assisting is
performed to cause the vehicle to run within the running road. That is, a distance or
arrival allowance time to the running road boundary in the traveling direction of the
vehicle as shown in FIG. 2B is used. Here, the third threshold X2(m) is a value by

which the curvature radius of a running road is classified into any one of a large curvature
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radius and a small curvature radius, and is a value determined by an experiment,
verification, or the like, in advance. The third threshold X2(m) may be a fixed value or
may be a variable value that varies in response to a vehicle speed, a yaw rate, or the like.
The fourth threshold Y2(m) is a value by which the width of a running road is classified
into any one of a wide width and a narrow width, and is a value determined by an
experiment, verification, or the like, in advance. The fourth threshold Y2(m) may be a
fixed value or may be a variable value that varies in response to a vehicle speed, a yaw
rate, or the like. By so doing, when a distance or arrival allowance time to a running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle falls at or below a predetermined
distance or time, the control determining unit 107 determines the activation timing at
which assisting is performed. When the activation timing is determined, activation may
be started with the control amount computed by the control amount computing unit 108
immediately after the determination or activation may be started with the control amount
computed by the control amount computing unit 108 after a lapse of a predetermined
period of time from the determination.

[0059] Here, in order for the control determining unit 107 to determine the
activation timing, a predetermined distance or time, which is compared with a distance or
arrival allowance time to a running road boundary in the direction determined as any one
of the widthwise direction of the vehicle and the traveling direction of the vehicle, is a
value that is changed in response to a signal output from the wheel speed sensor 6
(vehicle speed) or a signal output from the yaw rate sensor 5 (yaw rate) as in the case of
the predetermined distance or predetermined time used by the warning determining unit
106. The predetermined distance is set to be longer or the predetermined time is set to
be longer when the vehicle speed is high than when the vehicle speed is low. In addition,
the predetermined distance is set to be longer or the predetermined time is set to be longer
when the yaw rate is large than when the yaw rate is small. Furthermore, the
predetermined distance or time used by the control determining unit 107 may be set so as

to be shorter than the predetermined distance or predetermined time used by the warning
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determining unit 106.

[0060] In this way, the determination criterion, based on which assisting is
performed to cause the vehicle to run within a running road, is changed on the basis of
the curvature radius of the running road and the width of the running road, so, whatever
are the curvature radius of the running road and the width of the running road, it is
possible to perform assisting so as to cause the vehicle to run within the running road in
line with a collision risk felt by the driver.

[0061] A first control determination control routine executed by the control
determining unit 107 will be described with reference to the flowchart shown in FIG. 4.
FIG. 4 is a flowchart that shows the first control determination control routine. The
routine is repeatedly executed by the control determining unit 107 of the ECU 1 at
predetermined intervals.

[0062] As the routine shown in FIG. 4 is started, the curvature radius R of the
running road set by the integrated recognition processing unit 104 is calculated in S201.
In 8202, the width H of the running road set by the integrated recognition processing unit
104 is calculated.

[0063] In S203, it is determined whether the curvature radius R of the running
road is smaller than or equal to the third threshold X2(m) and the width H of the running
road is smaller than or equal to the fourth threshold Y2(m). When it is determined in
S203 that the curvature radius R of the running road is not smaller than or equal to the
third threshold X2(m) or the width H of the running road is not smaller than or equal to
the fourth threshold Y2(m), the process proceeds to S204. When it is determined in
S203 that the curvature radius R of the running road is smaller than or equal to the third
threshold X2(m) and the width H of the running road is smaller than or equal to the
fourth threshold Y2(m), the process proceeds to S205.

[0064] In S204, it is determined to use a distance or arrival allowance time to a
running road boundary in the widthwise direction of the vehicle as shown in FIG. 2A as
the determination criterion based on which assisting is performed to cause the vehicle to

run within the running road.
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[0065] In S205, it is determined to use a distance or arrival allowance time to a
running road boundary in the traveling direction of the vehicle as shown in FIG. 2B as the
determination criterion based on which assisting is performed to cause the vehicle to run
within the running road.

[0066] In S206, the activation timing is determined. The activation timing is
determined to perform activation when a distance or arrival allowance time to the running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle in any one of S204 and S205 is smaller
than or equal to the predetermined distance or time.

[0067] According to the above described routine, a distance or arrival allowance
time to the running road boundary in any one of the widthwise direction of the vehicle
and the traveling direction of the vehicle is selected as the determination criterion, based
on which assisting is performed to cause the vehicle to run within the running road, on
the basis of the curvature radius of the running road and the width of the running road, so,
whatever are the curvature radius of the running road and the width of the running road, it
is possible to perform assisting so as to cause the vehicle to run within the running road
in line with a collision risk felt by the driver.

[0068] In the first embodiment, the determination criterion based on which a
warning is issued and the determination criterion based on which assisting is performed
to cause the vehicle to run within a running road are changed on the basis of the curvature
radius of the running road and the width of the running road. However, the aspect of the
invention is not limited to this configuration. A collision risk felt by the driver is more
influenced by a variation in the curvature radius of the running road than a variation in
the width of the running road. In consideration of this fact, the determination criterion
based on which a warning is issued and the determination criterion based on which
assisting is performed to cause the vehicle to run within the running road may be changed
on the basis of only the curvature radius of the running road.

[0069] A second warning determination control routine executed by the warning

determining unit 106 will be described with reference to the flowchart shown in FIG. 5.
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FIG. 5 is a flowchart that shows the second warning determination control routine. The
routine is repeatedly executed by the warning determining unit 106 of the ECU 1 at
predetermined intervals.

[0070] As the routine shown in FIG. 5 is started, the curvature radius R of the
running road set by the integrated recognition processing unit 104 is calculated in S301.

[0071] It is determined in S302 whether the curvature radius R of the running
road is smaller than or equal to a fifth threshold X3(m). Here, the fifth threshold X3(m)
is a value by which the curvature radius of a running road is classified into any one of a
large curvature radius and a small curvature radius, and is a value determined by an
experiment, verification, or the like, in advance. The fifth threshold X3(m) may be a
fixed value or may be a variable value that varies in response to a vehicle speed, a yaw
rate, or the like. When it is determined in S302 that the curvature radius R of the
running road is not smaller than or equal to the fifth threshold X3(m), the process
proceeds to S303. When it is determined in S302 that the curvature radius R of the
running road is smaller than or equal to the fifth threshold X3(m), the process proceeds to
S304.

[0072] In S303, it is determined to use a distance or arrival allowance time to a
running road boundary in the widthwise direction of the vehicle as shown in FIG. 2A as
the determination criterion based on which a warning is issued to cause the vehicle to run
within the running road.

[0073] In S304, it is determined to use a distance or arrival allowance time to a
running road boundary in the traveling direction of the vehicle as shown in FIG. 2B as the
determination criterion based on which a warning is issued to cause the vehicle to run
within the running road.

[0074] In S305, the warning timing is determined. The warning timing is
determined to issue a warning when a distance or arrival allowance time to the running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle in any one of S303 and S304 is smaller

than or equal to the predetermined distance or time.
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[0075] According to the above described routine, a distance or arrival allowance
time to the running road boundary in any one of the widthwise direction of the vehicle
and the traveling direction of the vehicle is selected as the determination criterion, based
on which a warning is issued to cause the vehicle to run within the running road, on the
basis of only the curvature radius of the running road, so, whatever is the curvature radius
of the running road, it is possible to issue a warning so as to cause the vehicle to run
within the running road in line with a collision risk felt by the driver.

[0076] A second control determination control routine executed by the control
determining unit 107 will be described with reference to the flowchart shown in FIG. 6.
FIG. 6 is a flowchart that shows the second control determination control routine. The
routine is repeatedly executed by the control determining unit 107 of the ECU 1 at
predetermined intervals.

[0077] As the routine shown in FIG. 6 is started, the curvature radius R of the
running road set by the integrated recognition processing unit 104 is calculated in S401.

[0078] It is determined in S402 whether the curvature radius R of the running
road is smaller than or equal to a sixth threshold X4(m). Here, the sixth threshold
X4(m) is a value by which the curvature radius of a running road is classified into any
one of a large curvature radius and a small curvature radius, and is a value determined by
an experiment, verification, or the like, in advance. The sixth threshold X4(m) may be a
fixed value or may be a variable value that varies in response to a vehicle speed, a yaw
rate, or the like. When it is determined in S402 that the curvature radius R of the
running road is not smaller than or equal to the sixth threshold X4(m), the process
proceeds to S403. When it is determined in S402 that the curvature radius R of the
running road is smaller than or equal to the sixth threshold X4(m), the process proceeds
to S404.

[0079] In S403, it is determined to use a distance or arrival allowance time to a
running road boundary in the widthwise direction of the vehicle as shown in FIG. 2A as
the determination criterion based on which assisting is performed to cause the vehicle to

run within the running road.
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[0080] In S404, it is determined to use a distance or arrival allowance time to a
running road boundary in the traveling direction of the vehicle as shown in FIG. 2B as the
determination criterion based on which assisting is performed to cause the vehicle to run
within the running road.

[0081] In S405, the activation timing is determined. The activation timing is
determined to perform activation when a distance or arrival allowance time to the running
road boundary in the direction determined as any one of the widthwise direction of the
vehicle and the traveling direction of the vehicle in any one of S403 and S404 is smaller
than or equal to the predetermined distance or time.

[0082] According to the above described routine, a distance or arrival allowance
time to the running road boundary in any one of the widthwise direction of the vehicle
and the traveling direction of the vehicle is selected as the determination criterion, based
on which assisting is performed to cause the vehicle to run within the running road, on
the basis of only the curvature radius of the running road, so, whatever is the curvature
radius of the running road, it is possible to perform assisting so as to cause the vehicle to
run within the running road in line with a collision risk felt by the driver.

[0083]  Note that, in the above embodiments, the curvature radius of a running
road is used as a parameter associated with the degree of curve of a running road;
however, the degree of curve of a running road is not limited to the curvature radius of a
running road. Another parameter that indicates the degree of curve of a running road
may be used. The driving support apparatus according to the aspect of the invention is
not limited to the above described embodiments; it may be modified in various forms
without departing from the scope of the invention. In addition, the above embodiments
are not only the embodiments of the driving support apparatus but also the embodiments
of a driving support method.

[0084] While the disclosure has been explained in conjunction with specific
exemplary embodiments thereof, it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art. Accordingly, exemplary

embodiments of the disclosure as set forth herein are intended to be illustrative, not
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limiting. There are changes that may be made without departing from the scope of the

disclosure.
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CLAIMS:

1. A driving support apparatus that sets a running road, on which a vehicle is able
to run, on the basis of a road marking that indicates a lane boundary or a prohibited area
and that, when the vehicle deviates from the running road, issues a warning or performs
assisting so as to cause the vehicle to run within the running road, characterized in that a
determination criterion, based on which a warning is issued or assisting is performed so
as to cause the vehicle to run within the running road, is changed on the basis of a degree

of curve of the running road.

2. The driving support apparatus according to claim 1, wherein the driving support
apparatus selects and uses any one of a distance or arrival allowance time to a boundary
of the running road in a widthwise direction of the vehicle and a distance or arrival
allowance time to a boundary of the running road in a traveling direction of the vehicle as
the determination criterion based on which a warning is issued or assisting is performed

so as to cause the vehicle to run within the running road.

3. The driving support apparatus according to claim 1, wherein, when the degree
of curve of the running road is larger than a curve degree threshold, the driving support
apparatus uses a distance or arrival allowance time to a boundary of the running road in a
widthwise direction of the vehicle as the determination criterion based on which a
warning is issued or assisting is performed so as to cause the vehicle to run within the
running road; whereas, when the degree of curve of the running road is smaller than or
equal to the curve degree threshold, the driving support apparatus uses a distance or
arrival allowance time to a boundary of the running road in a traveling direction of the
vehicle as the determination criterion based on which a warning is issued or assisting is

performed so as to cause the vehicle to run within the running road.
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4. The driving support apparatus according to any one of claims 1 to 3, wherein
the driving support apparatus changes the determination criterion, based on which a
warning is issued or assisting is performed so as to cause the vehicle to run within the

running road, on the basis of a width of the running road.

5. The driving support apparatus according to claim 4, wherein, when the width
of the running road is larger than a width threshold, the driving support apparatus uses a
distance or arrival allowance time to a boundary of the running road in a widthwise
direction of the vehicle as the determination criterion based on which a warning is issued
or assisting is performed so as to cause the vehicle to run within the running road;
whereas, when the width of the running road is smaller than or equal to the width
threshold, the driving support apparatus uses a distance or arrival allowance time to a
boundary of the running road in a traveling direction of the vehicle as the determination
criterion based on which a warning is issued or assisting is performed so as to cause the

vehicle to run within the running road.

6. A driving support method characterized by comprising:

setting a running road, on which a vehicle is able to run, on the basis of a road
marking that indicates a lane boundary or a prohibited area;

issuing a warning or performing assisting so as to cause the vehicle to run within the
running road when the vehicle deviates from the running road; and

changing a determination criterion, based on which a warning is issued or assisting
is performed so as to cause the vehicle to run within the running road, on the basis of a

degree of curve of the running road.
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FIG.2A
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FIG.3
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FIG.4
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FIG.9
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FIG.6
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