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7) ABSTRACT

Alane keeping assist device for a vehicle includes a steering
control device, a detection device for lane of travel for
assisting travel of the vehicle in a lane of travel in accor-
dance with detection results and steering state and traveling
state of the vehicle. Road curvature in a direction the vehicle
traveling in is estimated on the basis of a first road curvature
calculated on the basis of calculation result of a vehicle state
amount calculation device and detection result of a state
detection device, and a second road curvature calculated on
the basis of positional coordinates by a predetermined
distance in the direction the vehicle traveling in detected by
a navigation system NAV. Target state amount is set on the
basis of the road curvature and the steering state and
traveling state of the vehicle.
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LANE KEEPING ASSIST DEVICE FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 US.C. §119 with respect to Japanese Patent
Applications No. 2004-212044 filed on Jul. 20, 2004 and
No. 2004-212045 filed on Jul. 20, 2004, the entire content of
which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a lane keeping
assist device for a vehicle. More particularly, the present
invention pertains to a lane keeping assist device which
includes a steering control means operated in accordance
with an operation of a steering wheel by a driver for
controlling a steering state in accordance with a state of road
surface of travel of a vehicle and a detection means for lane
of travel for detecting a lane of travel on the basis of
continuous images of a road surface captured by means of an
image capturing means in order to assist the vehicle to travel
keeping in a lane.

BACKGROUND

[0003] Known lane keeping assist devices for a vehicle
includes a lane keep assist device including a steering
control means operated in accordance with an operation of
a steering wheel by a driver for controlling a steering state
in accordance with a state of road surface of travel of a
vehicle so that the vehicle travels in a lane of travel by
controlling the steering state. Further, known lane keeping
assist devices for automatically controlling a steering irre-
spective of an operation by a driver beyond the lane keep
assist in order to maintain the vehicle traveling in a lane of
travel are disclosed.

[0004] For example, JPH2 (1990)-48704A describes an
automatic traveling device which sets an optimum target
path on a road of travel while searching own path of travel
for assisting the vehicle to travel on the target path. In other
words, the known automatic traveling device described in
JPH2 (1990)-48704A searches a region where the vehicle
can travel on its own appropriate target path by recognizing
aroad edge on the basis of an image of a region in a direction
the vehicle traveling in captured by a camera, set appropriate
target path within the region where the vehicle can travel,
obtains an optimum control target amount in order to merge
the vehicle to the target path following a traveling state of
the vehicle at that timing, and conduct traveling control of
the vehicle in accordance with the control target amount.

[0005] JPH2 (1990)-27408A describes a guiding device
for vehicle in motion which is constructed to conduct a
cornering by calculating a steering amount on the basis of a
current direction of the vehicle in motion and an angle of a
corner portion using a white line, or the like, provided on a
floor for the purpose of showing a limit of a safe path as a
guiding line as it is. With the guiding device of the vehicle
in motion described in JPH2 (1990)-27408A, a white line
drawn on the both sides of a passage in order to indicate a
safe path on a floor of plants, or the like, is used as a guiding
line, particularly, for the purpose of making cornering opera-
tion at narrow space be easy.
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[0006] JPS60 (1985)-37011 describes an automatic steer-
ing device for a vehicle which enables a vehicle to travel
without deviating from a forward lane of travel without
operation of a steering wheel by a driver. The automatic
steering device for a vehicle described in JPS60 (1985)-
37011 includes an image capturing means for capturing
image of a view of a traveling direction in a bottom right
direction of an automobile, a recognizing means for recog-
nizing a line showing a border of a lane of travel from
adjacent lane on an image of a road captured by the image
capturing means, a distance detection means for detecting
distance from a reference position of a line recognized by
means of the recognizing means, a steering angle control
means for generating a steering angle control signal in
accordance with a distance detected by the distance detec-
tion means, and a steering angle driving means for changing
a direction the vehicle traveling in, in response to a reception
of the steering angle control signal from the steering angle
control means, for maintaining a distance detected by the
distance detection means at a predetermined value by means
of an operation of the steering angle control means by the
steering angle control signal.

[0007] With the constructions described in JPH2 (1990)-
48704A, JPH2 (1990)-27408A, and JPS60 (1985)-37011,
the traveling on a curve by the vehicle can be conducted
along a lane of travel of a vehicle, or the like, which is
detected on the basis of images. In this case, it is not always
necessary to automatically control the steering irrespective
of the operation by a driver, but, for example, cruising
operation of the vehicle can be assisted by reducing an
operational load of a steering wheel by adding steering
torque in order for the vehicle to keep traveling in the center
of the lane of travel in response to an operation of the
steering wheel by the driver.

[0008] With the foregoing known lane keeping assist
devices, it is important to detect a lane of travel on a road
surface appropriately and safely on the basis of an image
captured by a camera. Normally, lane marks for various
purposes including lane border lines for recognizing borders
between adjacent lanes of travels are drawn on a road
surface. Those lane marks include a lane mark with solid
line, a lane mark with dotted line, colored lane marks such
as in white or in yellow, and colored lane marks with
combination of different colors including white and yellow,
or the like. The lane marks also include straight lane marks
and curved lane marks. It is required to securely detect the
lane mark distant from the current position of an own vehicle
in order to obtain curvature in order to specify the curved
lane mark. Thus, a forward camera which can detect the lane
mark distant from the current position of the own vehicle
with high precision is required as an image capturing means
provided on the lane keeping assist device. Further, although
a traveling assist is canceled in case the curvature in the
direction the vehicle is traveling in is equal to or greater than
a predetermined curvature, a particular measurement is not
shown in the known devices despite a cancellation of the
traveling assist has to be avoided during a time that the
vehicle travels on a road (i.e., curve) having a curved lane
mark.

[0009] Some vehicles which are recently developed
include a forward camera and a rearward camera for watch-
ing a view in a forward direction or a view in a backward
direction and for parking assist. However, because those
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known forward camera and rearward camera are only
capable for securing images in the vicinity of the vehicle and
because the distant images assumes blurred, curvature in the
direction the vehicle is traveling in can not be obtained
accurately relative to curved lane marks. Thus, the curvature
had to be obtained from a traveling locus in the past to be
applied, and because a camera which has already been
boarded on the vehicle is not converted to detect lane marks
and another forward camera with high performance is
applied, manufacturing cost of the device is increased.

[0010] On the other hand, the device described in JPH2
(1990)-48704A includes a navigation system. Making
remarkable progress, recent navigation systems enable to
specify current position of a vehicle with high precision
using a GPS (i.e., global positioning system) and an inertial
navigation. Thus, the information of road configuration in a
direction the vehicle traveling in can be detected by the
navigation system, and positional coordinates at a predeter-
mined position in the direction the vehicle traveling in can
be detected as the information of the road configuration.
However, provided that the positional coordinates of the
traveling direction of the vehicle is specified using only the
detected information from the navigation system, a naviga-
tion system with high precision is required because the
detection of the positional coordinates is heavily depending
on the precision of the navigation system, which increases
the manufacturing cost. In addition, in case the forward
camera with high precision is required, the manufacturing
cost assumes extremely high.

[0011] A need thus exists for an inexpensive lane keeping
assist device which includes a steering control means for
controlling a steering state, a detection means for lane of
travel for detecting vehicle’s lane of travel on the basis of a
captured image for assisting the vehicle to travel within the
lane of travel, calculating curvature of a road in the direction
the vehicle traveling in on the basis of detected information
of a navigation system, calculating curvature of the road
along a moving locus of the vehicle on the basis of detected
information of the detection means for lane of travel, and
assisting traveling of the vehicle on the lane on the basis of
curvature of the road in the direction vehicle traveling in
estimated by comparing the calculated curvatures.

SUMMARY OF THE INVENTION

[0012] In light of the foregoing, the present invention
provides a lane keeping assist device for a vehicle, which
includes a steering control means operated in accordance
with an operation of a steering wheel by an operator for
controlling a steering state in accordance with traveling state
of a vehicle on a road, a detection means for lane of travel
for detecting a lane mark indicating the lane of travel based
on continuous images of the road captured by an image
capturing means, a navigation system for detecting infor-
mation of a road configuration including positional coordi-
nates by a predetermined distance in the direction the
vehicle traveling in, a state detection means for detecting a
steering state and traveling state of the vehicle, a vehicle
state amount calculation means for calculating a state
amount of the vehicle in accordance with the steering state
and the traveling state of the vehicle and detected result of
the detection means for lane of travel, a first road curvature
calculation means for calculating a first road curvature in the
direction the vehicles traveling in on the basis of detection
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result of the state detection means and calculation result of
the vehicle state amount calculation means, a second road
curvature calculation means for calculating a second road
curvature in the direction the vehicle traveling in on the basis
of positional coordinates by a predetermined distance in the
direction the vehicle traveling in detected by the navigation
system, a road curvature estimation means for estimating
road curvature in the direction the vehicle traveling in on the
basis of calculation result of the first road curvature calcu-
lation means and calculation result of the second road
curvature calculation means, and a target state amount
setting means for setting a target state amount relative to the
vehicle on the basis of the traveling state and the steering
state of the vehicle detected by the state detection means and
road curvature estimated by the road curvature estimation
means. Travel of the vehicle in the lane of travel is assisted
in accordance with comparison result between a target state
amount set by the target state amount setting means and a
state amount calculated by the vehicle state amount calcu-
lation means.

[0013] According to another aspect of the present inven-
tion, a vehicle lane keeping assist device includes a steering
control means operated in accordance with an operation of
a steering wheel by an operator for controlling a steering
state in accordance with traveling state of a vehicle on a
road, a detection means for lane of travel for detecting a lane
mark indicating the lane of travel based on continuous
images of the road captured by an image capturing means,
and a navigation system for detecting information of a road
configuration including positional coordinates by a prede-
termined distance in the direction the vehicle traveling in.
Travel of the vehicle in the lane of travel is assisted by
controlling the steering control means so that the vehicle
travels in the lane of travel detected by the detection means
for lane of travel. The vehicle lane keeping assist device
further includes a road curvature calculation means for
calculating road curvature in the direction the vehicle trav-
eling in on the basis of positional coordinates by a prede-
termined distance in the direction the vehicle traveling in
detected by the navigation system, and a cancellation means
for canceling travel assist of the vehicle in the lane of travel
when at least one of following states is applied: a maximum
road curvature in the direction the vehicle traveling in is
equal to or greater than a predetermined maximum curvature
and a minimum Clothoid coefficient in the direction the
vehicle traveling in is equal to or less than a predetermined
minimum Clothoid coefficient under a condition that road
curvature at a position of the own vehicle among the road
curvature calculated by the road curvature calculation means
is equal to or less than a predetermined straight reference
curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and additional features and charac-
teristics of the present invention will become more apparent
from the following detailed description considered with
reference to the accompanying drawings, wherein:

[0015] FIG. 1 is a view showing a construction of a lane
keeping assist device for a vehicle according to a first
embodiment of the present invention.

[0016] FIG. 2 is a block view showing a construction of
the lane keeping assist device including a steering control
means according to the first embodiment of the present
invention.
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[0017] FIG. 3 is a block view showing a manner for
control according to the first embodiment of the present
invention.

[0018] FIG. 4 is a graph showing an example of charac-
teristics of self-aligning torque relative to a slip angle of a
tire according to the first embodiment of the present inven-
tion.

[0019] FIG. 5 is a graph explaining an own vehicle locus
road curvature data row (i.e., a first road curvature data row)
according to the first embodiment of the present invention.

[0020] FIG. 6 is a graph explaining a navigation road
curvature data row (i.e., a second road curvature data row)
according to the first embodiment of the present invention.

[0021] FIG. 7 is a graph showing data of accumulated
calculation result of the second road curvature using a
change of road curvature relative to a road distance accord-
ing to the first embodiment of the present invention.

[0022] FIG. 8 is a graph showing relationship between the
first road curvature data row and the second road curvature
data row according to the first embodiment of the present
invention.

[0023] FIG. 9 is a graph showing a situation for estimating
a point corresponding to the second road curvature data row
by shifting the first road curvature data according to the first
embodiment of the present invention.

[0024] FIG. 10 is a graph showing a correction situation
of the road curvature in case there is a delay for estimating
the road curvature according to the first embodiment of the
present invention.

[0025] FIG. 11 is a graph showing relationship between
the road distance and the road curvature including an
example of a control canceling section according to the first
embodiment of the present invention.

[0026] FIG. 12 is a graph showing a relationship between
the road distance and the road curvature including another
example of a control canceling section according to the first
embodiment of the present invention.

[0027] FIG. 13 is a graph showing a relationship between
the road distance and the road curvature including further
example of a control canceling section according to the first
embodiment of the present invention.

[0028] FIG. 14 is a graph explaining a setting of a target
coordinate according to a second embodiment of the present
invention.

DETAILED DESCRIPTION

[0029] Embodiments of the present invention will be
explained with reference to illustrations of drawing figures
as follows.

[0030] As shown in FIG. 1, a lane keeping assist device
according to a first embodiment of the present invention
includes a camera CMf provided at a front end of a vehicle
for observing forward including a CCD camera serving as an
image capturing means (i.e., top in FIG. 1) and a camera
CMr provided at a rear end of the vehicle for observing
backward of the vehicle, which also includes a CCD camera
serving as the image capturing means. Providing one of the
cameras CMf, CMr is sufficient to capture images. The lane
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keeping assist device includes an electric power steering
system EPS serving as a steering control means. A known
electric power steering system is applied as the electric
power steering system EPS for detecting steering torque
affecting a steering shaft by an operation of a steering wheel
SW by a driver by means of a steering torque sensor TS,
controlling an EPS motor MT (shown in FIG. 2) in accor-
dance with the detected steering torque, steering front
wheels (WH shown in FIG. 1 represents all wheels) via a
reduction gear and a rack and pinion, and reducing steering
wheel operational force by the driver.

[0031] As shown in FIG. 1, the lane keeping assist device
includes an electronic control unit ECU 1 for picture pro-
cessing and an electronic control unit ECU 2 for steering
control. The electronic control unit ECU 1 for picture
processing and the electronic control unit ECU2 for steering
control are connected via a communication bus. The cam-
eras CMf, CMr are connected to the electronic control unit
ECU 1, and image signals are inputted into the electronic
control unit ECU 1. The electronic control unit ECU 1 is also
connected to a steering angle sensor SS for detecting steer-
ing angle of front wheels WH, a vehicle speed sensor VS for
detecting vehicle speed, and a yaw rate sensor YS for
detecting yaw rate of the vehicle. Because the electronic
control unit ECU1 and the electronic control unit ECU 2 are
configured to bilaterally send and receive signals each other,
the steering angle sensor SS, the vehicle speed sensor VS,
and the yaw rate sensor YS may be connected to the
electronic control unit ECU 2. With the construction of the
embodiment of the present invention, the vehicle speed
sensor VS also serves as a replacement for a wheel speed
sensor for detecting wheel speed of each wheel, and the
vehicle speed may be estimated on the basis of the detected
wheel speed. On the other hand, the electronic control unit
ECU 2 is connected to the steering torque sensor TS and a
rotation angle sensor RS for detecting rotation angle of the
EPS motor at an input side, and is connected to the EPS
motor at an output side.

[0032] Further, the electronic control unit ECU 1 (or the
electronic control unit ECU 2) includes a navigation system
NAV having a GPS and inertial navigation. The information
of road configuration in the direction the vehicle is traveling
in detected by the navigation system NAV is inputted into
the electronic control unit ECU 1 (or the electronic control
unit ECU 2). In this case, known devices can be applied as
long as the information of the road configuration includes
positional coordinates at a predetermined position in the
direction the vehicle is traveling in, and the navigation
system NAV is configured to produce the positional coor-
dinates at the predetermined position in the direction the
vehicle is traveling in. Thus, the explanation of the con-
struction of the navigation system NAV will not be repeated.

[0033] As shown in FIG. 2, a system according to the
embodiment of the present invention includes a picture
processing system (i.e., shown at top in FIG. 2) and a
steering control system (shown at bottom in FIG. 2) which
are connected each other via a communication bus. The
picture processing system according to the embodiment of
the present invention includes the electronic control unit
ECU 1 including a CPU for picture processing and frame
memory, and the electronic control unit ECU 1 is connected
to the camera CMf for observing forward and the camera
CMr for observing backward, the yaw rate sensor YS, the
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steering angle sensor SS, the vehicle speed sensor VS, and
the navigation system NAV. The steering control system
according to the embodiment of the present invention
includes the electronic control unit ECU 2 including a CPU
for electric power steering control, ROM, and RAM, and the
electronic control unit ECU 2 is connected to the steering
torque sensor TS and the rotational angle sensor RS. Further,
the electronic control unit ECU 2 is connected to the EPS
motor MT via a motor drive circuit AC2, and is connected
to a warning system WA for outputting warning messages
and warning sounds via an electronic control unit ECU 3 for
warning (shown in FIG. 2).

[0034] The electronic control units ECU 1-3 are connected
to the communication bus via a communication unit includ-
ing CPU, ROM, and RAM, and the information necessary
for each control system can be sent from other control
systems. Further, by connecting an active steering system, a
brake control system, and a throttle control system, or the
like, to the communication bus, the system information can
be shared between each system. As shown in FIG. 1,
electronic control unit ECU 1 (or the electronic control unit
ECU 2) is connected to an operation switch OS, and the
travel assist control is started by operating the operation
switch by the driver.

[0035] According to the lane keeping assist device accord-
ing to the embodiment of the present invention, a lane travel
assist control portion is constructed as shown in FIG. 3.
Positional coordinates by a predetermined distance in the
direction the vehicle traveling in (i.e. VH shown in FIG. 6)
among the information of the road configuration detected by
the navigation system NAV is inputted into a road curvature
calculation portion N1, and road curvature (p) at a position
distant from the own vehicle by a predetermined distance in
the direction the vehicle VH traveling in (i.e., forward) is
calculated. More particularly, as shown in FIG. 6, an arc is
applied to plural road coordinates (positional coordinates
shown with dots in FIG. 6) detected by the navigation
system NAV, and the curvature of the arc is calculated. A
method for applying arc on three points and a method for
obtaining arc so that the error of mean square is minimized
from coordinates equal to or more than four points (i.e.,
method of least squares) may be applied for applying arc on
the positional coordinates of the road. Thus, the road cur-
vature (p) relative to the predetermined position in the
direction of the vehicle VH traveling in (forward) is accu-
mulated as the information of the road configuration, and a
map shown in FIG. 7 is formed. In FIG. 7, the road
curvature (p) relative to the road distance is used.

[0036] At a cancellation judging portion N2 shown in
FIG. 3, the map shown in FIG. 7 is refereed to judge
whether the position of the vehicle VH (i.e., the own vehicle)
is at a state where equal to or less than a predetermined
straight traveling reference curvature (i.e., whether the
vehicle is traveling approximately straight). In case the
vehicle VH is traveling at approximately straight traveling
state, the road curvature (p) at a position distant from the
own vehicle by a predetermined distance in the direction the
vehicle VH traveling in (forward) is compared with a
predetermined maximum curvature (p max). As a result, as
shown in FIG. 11, when it is judged that the maximum road
curvature is equal to or greater than a predetermined maxi-
mum curvature (p max, for example, p max=1/230) under a
condition that the current position of the vehicle VH (i.e.,
own vehicle) is at a state equal to or less than the predeter-
mined straight traveling reference curvature (i.e., approxi-
mately straight traveling state), for example, a signal for
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commanding a cancellation of the control is outputted to a
feedback control calculation portion M4 (ie., explained
hereinafter), and the travel assist within the lane of travel of
the vehicle is cancelled. Because the road curvature (p) is
used in FIG. 11, a two dotted line indicating the maximum
curvature (p max) is the maximum value. Thus, as shown in
FIG. 11, because a predetermined distance range having a
position of the own vehicle as the center is set as a control
canceling section within a range at the approximately
straight state, the travel assist is not canceled during a time
that the vehicle travels at a curve, and the travel assist can
be securely canceled before the vehicle entering the curve.
Navigation curvature data shown with crosses in FIG. 11
correspond to the calculated result of the road curvature
calculation portion N1, and a data row is formed by con-
necting the calculated results of the road curvature calcula-
tion portion N1 with a solid line (i.e., data row is formed
likewise for FIG. 12 and FIG. 13 which are explained
hereinafter).

[0037] A lane of travel is detected by conducting picture
processing of the image information captured by the camera
CMf or CMr in FIG. 1 at the electronic control unit ECU1
(FIG. 2). The electronic control unit ECU 1 includes a lane
recognition calculation portion M1 serving as lane detection
means. A position y in a lateral direction (i.e., lane position)
of the vehicle in the lane of travel and a yaw angle 1) relative
to the lane of travel are calculated in the lane recognition
calculation portion M1. The lane of travel can be detected by
known method of the picture processing from the camera
CMf or CMR.

[0038] On the basis of the calculation result by means of
the lane recognition calculation portion M1 and the detec-
tion signal from the yaw rate sensor YS and the steering
angle sensor SS, a current state amount X of the vehicle is
estimated and calculated at a state amount calculation por-
tion M2 serving as a vehicle state amount calculation means.
The state amount X is estimated and calculated having a lane
position y, a lane moving speed dy in a lateral direction (i.e.,
time differential value of the lane position y corresponding
to the moving speed of the vehicle in the lateral direction
within the lane of travel), a yaw angle 1, and a yaw rate y
as factors. In other words, when a state amount of the vehicle
is represented as X, a state amount output is represented as
Y, and an input of a road model is represented as U, X=[y,
dy, ¢, vy]1 T, Y=[y, dy, ¢, y] T, U=[8f, p]T are established.
Here, df corresponds to steering angle detected by the
steering angle sensor SS, and p corresponds to the road
curvature of the traveling road which is, for example,
estimated and calculated on the basis of images captured by
the camera CMf or CMr. When a state amount estimation
value is represented as Xe, and observer gains is represented
as L, a following state equation is established. Here, an
equation of the state amount output Y is established as
Y=C-Xe.

dXedt=A-Xe+B-U+R1-L-(X-Xe)

[0039] Model constants A, B, and C at the foregoing state
equation are shown as follows.

A=[allal2,al3,al14;a21 a22,a23,a24; a31,a32,a33,
a34; a4l a42 a43 ad4]

B=[b11 b12; b21 b22; b31 b32; b4l b42]
C=[1000;0100;0010;000 1]
[0040] RI1 is a factor indicating a lane detection state of an

image recognition result, and for example, a state where the
lane of travel is detected is indicated as 1 and a state where
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the lane of travel is not detected is indicated as 0. Accord-
ingly, it is configured that the position of the vehicle in the
lateral direction within the lane of travel is estimated only
when a continuous line portion of the lane mark is detected,
or the position of the vehicle in the lateral direction within
the lane of travel can be reflected on the estimated result
only when the continuous line portion of the lane mark is
detected.

[0041] On the other hand, a relative position index show-
ing a relative position of the vehicle relative to the lane of
travel is calculated at the state amount calculation portion
M2, and a first road curvature is calculated at a first road
curvature calculation portion M3 on the basis of the relative
position index, the yaw rate detected by the yaw rate sensor
YS, and the vehicle speed Vx detected by the vehicle speed
sensor VS. FIG. 5 shows a traveling locus (dotted line) of
the vehicle VH and a locus of the center of the lane of travel
(ie., solid line) on the absolute coordinates. Positional
coordinates in the center of the lane are represented as (xlc,
ylc), and positional coordinates of the vehicle are repre-
sented as (xv, yv). Ca in FIG. 5 indicates an arc center of the
locus of the center of the lane of travel.

[0042] Algorism of the first road curvature calculation
according to the embodiment of the present invention will be
as follows. That is, a plane surface lane coordinates (i.e., the
absolute coordinate) shown in FIG. 5 is generated on the
basis of the lane position y of the vehicle obtained on the
image in the foregoing manner, positional coordinates of the
vehicle is calculated on the basis of the detected yaw rate vy
and the vehicle speed Vx, positional coordinates of the
center of the lane is calculated on the basis of the calculated
result of the positional coordinates of the vehicle and the
lane position y, and curvature is calculated by the method of
least squares by accumulating the calculation results. More
particularly, first, positional coordinates (xv, yv) of the
vehicle is obtained as follows on the basis of the detected
yaw rate y and the vehicle speed Vx every control period.

xv=] [Vx-cos(p+P)dtdi=2Vx-At-cos(p+p)
yv=] [ Vasin(p+p)drdt=2 V- At-sin(yp+f)

[0043] The yaw angle 1 in the foregoing equation can be
obtained as {=[ydt on the basis of the yaw rate y. A slip
angle f§ can be obtained by the following equation.

B=[{1-(Mv/2L)-Lfi(LrCr)}/(1+K-V2) ) (Lr/L)Sf

[0044] Here, Mv represents vehicle mass, L represents a
wheel base, Lf and Lr represent distances between center of
gravity of the vehicle and the center of front wheel axle and
between center of gravity of the vehicle and the center of
rear wheel axle respectively (i.e., L=Lf+Lr), Cr represents
cornering factor of rear wheels, K represents stability factor,
Vx represents vehicle speed, and d8f represents steering
angle.

[0045] Next, positional coordinates of the center of the
lane off-set from the positional coordinates of the vehicle is
obtained every time obtaining the lane position y. Basically,
positional coordinates is calculated to be vertical to the
direction the vehicle traveling in and the yaw angle
assumes zero (0). In case the error is significant, the error is
corrected by actually measured yaw angle. In other words,
positional coordinates (xlc, ylc) of the center of the lane can
be obtained in the following manner by adding the off-set
amount in the vertical direction relative to the positional
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coordinates (xv, yv) of the vehicle at a time of measuring the
lane position y (i.e., a lane position at the time of measure-
ment is represented as yc).

xle=xv+(-yc)-cos(w+90 deg)
yle=yv+(-yc)-sin(yp+90 deg)

[0046] Accordingly, by producing a portion of accumu-
lated positional coordinates (xlc, ylc) of the center of the
lane to obtain a parameter of a circle by method of least
squares on a presumption that the locus of the center of the
lane of travel is an arc, a radius of the circle corresponds to
a radius of the road and the curvature is determined as the
first road curvature (pv (n)).

[0047] A positional coordinates by a predetermined dis-
tance in the direction of the vehicle VH traveling in (for-
ward) among the information of the road configuration
detected by the navigation system NAV is inputted to a
second road curvature calculation portion M4 where a
second road curvature at a position distant from the own
vehicle by a predetermined distance in the direction the
vehicle VH traveling in (forward) is calculated. More par-
ticularly, as shown inn FIG. 6, several arcs among plural
road coordinates (i.e., positional coordinates shown with
bots in FIG. 6) detected by the navigation system NAV are
applied, and curvature of the arcs is calculated. A method for
obtaining an arc connecting three points and a method for
obtaining an arc from coordinates equal to or more than four
points so that the error of mean square is reduced (i.e.,
method of least squares) can be applied in order to apply the
arcs on the positional coordinates on the road. Thus, the
second road curvature relative to the predetermined position
in the direction the vehicle VH traveling in (forward) is
accumulated as the information of the road configuration in
the direction the vehicle traveling in, and a map shown in
FIG. 7 is formed. The road curvature (p) is applied in FIG.
7.

[0048] Thereafter, as shown in FIG. 8, at an own vehicle
position identification portion M5, a deviation (x(n), x(n-1),
x(n-2), x(n), . . ., X(n-k)) of a road distance between an own
vehicle locus road curvature data row (i.e., a first road
curvature data row) (pv(n), pv(n-1), pv(n-2), pv(n), . . .,
pv(n-k)) and corresponding navigation road curvature data
row (i.e., second road curvature data row) every measure-
ment of the positional coordinates (i.e., own vehicle locus
coordinates) can be obtained, and on average value (=(1/
k)-2x(n-1)), here, 2 is i=1~k) can be obtained. Accordingly,
the deviation of the first road curvature relative to the second
road curvature can be clearly shown, and a position of the
vehicle VH relative to the second road curvature is specified.
Thus, as shown in FIG. 9, by shifting the own locus road
curvature data row shown with dotted line by the average
value (=(1/k)-2x (n-i)), a point corresponding to the navi-
gation road curvature data row at that timing can be esti-
mated. Accordingly, Clothoid coefficient (A) at that timing
can be estimated at a road curvature estimation portion M6.
Relationship between the road curvature (p) and Clothoid
coefficient (A) is shown as p=L/A? (i.e., L shows traveling
distance), and the estimation of the Clothoid coefficient
means the estimation of the road curvature (p).

[0049] In case there is, for example, a delay by xd at the
road distance when estimating the road curvature (p) at the
road curvature estimation portion M6, as shown in FIG. 10,
the road curvature (p) may be replaced by a road curvature
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(p") by correcting the road curvature (p) by a curvature
recognition delay distance (xd). For example, when the road
on which the vehicle is traveling is formed along Clothoid,
p' can be replaced by (p+xd/A?) (ie., A is Clothoid coeffi-
cient). On the other hand, in case the road curvature can be
reduced, p' is replaced by (p-xd/A®).

[0050] The road curvature (p) estimated in the foregoing
manner is inputted into a target state amount calculation
portion M7, and a target state amount is calculated at the
target state amount calculation portion M7 on the basis of
the road curvature (p) as follows. That is, the target state
amount including following four factors is calculated at the
target state calculation portion M7 on the basis of the road
curvature (p) estimated at the road curvature estimation
portion M6 in addition to the steering angle df detected by
the steering angel sensor SS and the vehicle speed Vx
detected by the vehicle speed sensor VS.

[0051] First, a target lane position yt relative to a position
in lateral direction of the vehicle in the lane of travel (i.e.,
lane position) is set as yt=0 having the center of the lane of
travel (i.e. the center between boarders of the lanes) as a
starting point. Thereafter, a target moving speed dyt in a
lateral direction in a lane is set as dyt=0 so that the vehicle
moves along the center of the lane of travel without rolling.
A target yaw angle 1t is set as wt=C-p. C is transformation
constant from the road curvature (p) to the target yaw angle
Pt. A target yaw rate yt is set as yt=Vx-p on the basis of the
vehicle speed Vx and the road curvature (p).

[0052] Accordingly, a difference between the calculation
result of the target state amount calculation portion M7 (i.e.,
target state amount) and the calculation result of the state
amount calculation portion M2 (i.e., the current state
amount) is calculated, and a torque command value is
calculated at a feedback control calculation portion M8 on
the basis of the difference obtained above. In other words, at
the feedback control calculation portion M8, error feedback
terms of the lateral displacement is formed by weighing each
difference between estimated value (i.e., adding e) and target
value (i.e., adding t) of four factors indicating the foregoing
target state amount by control gains K1-K4, and further, a
steering angle feed forward terms Off (p) corresponding to
the road curvature (p) is added to total of those, and is set
as a target rotational angle (i.e. target steering angle) dswt.

dswi=K1-(yt-ye)+K2-(dty-dye)+K3-(pr—pe)+K4-(y—

1e)+dff(p)
[0053] Off (p) is calculated as a steering angle theoretical
value at the road curvature (p) derived from two-wheel
model as follows. Here, Vx represents vehicle speed, L
represents wheel base, and K represents stability factor.

Sf(p)=Vxp/Vx-L(1+K-Vx?)
[0054] An addition steering torque command value Tadd
is calculated in accordance with a difference between the
target rotation angle (i.e., target steering angle) dswt and an
actual rotational angle (i.e., actual steering angle) dsw
detected by the rotational angle sensor RS and addition
steering torque feed forward terms Tff(p) as follows. Here,
K5 is a control gain.

Tadd=K5-(dswt-dsw)+Tff(p)
[0055] The addition steering torque feed forward terms Tff
(p) is calculated as follows.

Tfp)=fatf B p)+ofp))

[0056] fatff (o) in the foregoing equation is a function
indicating an self-aligning torque relative to a tire slip angle
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(o), and for example, is shown in FIG. 4. ff (p) is a normal
vehicle slip angle at the road curvature (p), and is obtained
as follows. The normal vehicle slip angle corresponds to a
vehicle slip angle when a vehicle travels on a road with a
constant road curvature at a constant vehicle speed.

BF()={{1-(MvI2Ly LfILrCr)) Vi HA+K-Va) F(Lr/
L)off(p)

[0057] Here, Mv represents vehicle mass, L represents
wheel base, Lf represents a distance from the center of the
gravity of the vehicle to the center of the front wheel axle,
Lr represents a distance from the center of the gravity of the
vehicle to the center of the rear wheels axle, Cr represents
a cornering factor of rear wheels, Vx represents vehicle
speed, and K is stability factor.

[0058] The addition steering torque command value Tadd
calculated in the foregoing manner is sent to the electronic
control unit ECU2 (FIG. 2) for the steering control, the
torque command value Tadd is added to a normal power
steering control amount at the electric power steering control
portion M9 (FIG. 3) to control the electric power steering
system EPS, and a correction steering according to the
present invention is conducted. Further, as necessity arises,
the torque command value Tadd is supplied to a warming
output portion M10, and a warning sound indicating possi-
bilities of deviation of the vehicle from the lane of travel is
outputted in accordance with a position of the vehicle from
the center of the lane of travel, in other words, in accordance
with the degree of the torque command value Tadd to draw
attentions of a driver. The warning may be outputted in
accordance with the estimated result of the position of the
vehicle in the lateral direction in the lane of travel (i.e.,
calculation result at the state amount calculation portion M2)
without using the torque command value Tadd.

[0059] At the cancellation judging portion (cancellation
judgment) N2 shown in FIG. 3, the cancellation of the travel
assist of the vehicle may be judged as shown in FIG. 12.
That is, rate of change of the road curvature (p) in accor-
dance with the road distance from the current position of the
own vehicle is compared to a predetermined minimum
Clothoid coefficient (Amin; here, shown with gradients as
indicated with two dotted line in FIG. 12). When steep
Clothoid coefficient is shown in FIG. 12, it is judged that the
road curvature (p) is equal to or less than a predetermined
minimum Clothoid coefficient (Amin), and the travel assist
of the vehicle is cancelled. Here, relationship between the
road curvature (p) and the Clothoid coefficient (A) is indi-
cated as p=L/A* (i.e., L indicates a length of curve), and
Amin=180 is set, for example. Further, the both judgment
shown in FIGS. 11-12 may be used at the cancellation
judging portion N2.

[0060] With a road having navigation curvature data as
shown in FIG. 13 where curves continue, because the
current position O of the own vehicle is in the middle of a
curve, a predetermined distance range at a state where the
road curvature of at a position of own vehicle is equal to or
less than a predetermined straight reference curvature (i.c.,
approximately straight) before entering a next curve (i.e.,
current forward direction of the vehicle) is set as a control
cancellation section (shown in FIG. 13).

[0061] A second embodiment of the present invention will
be explained with reference to FIG. 14. Using positional
coordinates at a predetermined position in the direction of a
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vehicle VH (shown in FIG. 14) traveling in among the
information of the road configuration detected by the navi-
gation system NAY, the positional coordinates may be
inputted into the electronic control unit ECU 1. More
particularly, as shown in FIG. 14, a road curvature (p) in the
vicinity of the position of the own vehicle is estimated by the
method of least squares from several points among the plural
road coordinates (i.e., positional coordinates shown with
dots in FIG. 14) detected by the navigations system NAV,
and x-y coordinates having an axis in parallel with tangents
shown with two dotted line in FIG. 14 as x-axis is set. X
coordinate value (xlt) of target coordinate point (a cross
shown in FIG. 14) in the direction of the vehicle VH
traveling in is set on the basis of the vehicle speed Vx of the
vehicle VH, and y coordinate value (ylt) is calculated on the
basis of the x coordinate value (xIt) as follows. Here, R is
obtained as R=1/p.

ylt=((yt-ye)+R-(1-cos(sin~*(x/t/R))

[0062] Accordingly, the target steering angle dwt is set in
accordance with the lateral displacement (ylt-xlt-tan(\+
Vx+y)) at the target coordinates in the direction the vehicle
traveling in as follows. Here, K6 is a control gain.

dswi=K6-(ylt-xIt-tan(\p+Vx-y))

[0063] Thereafter, likewise the first embodiment of the
present invention, addition steering torque command value
Tadd is calculated indicated below, and feedback in accor-
dance with displacement of the vehicle lateral direction is
conducted, and the same transaction with the first embodi-
ment of the present invention is applied. Here, K7 is a
control gain.

Tadd=KT-(dswt-dsw)

[0064] According to the embodiments of the present
invention, because the road curvature in the direction the
vehicle traveling in can be accurately estimated on the basis
of the first road curvature in the direction the vehicle
traveling in calculated based on the detection result of the
state detection means and the calculation result by the
vehicle state amount calculation means, and on the basis of
the second road curvature in the direction the vehicle
traveling in calculated on the basis of the positional coor-
dinates by the predetermined distance in the direction the
vehicle traveling in detected by the navigation system,
appropriate lane travel assist can be achieved.

[0065] According to the embodiment of the present inven-
tion, the road curvature can be estimated easily and appro-
priately by means of Clothoid information of the traveling
road.

[0066] According to the embodiment of the present inven-
tion, because the target state amount relative to the vehicle
is set on the basis of the traveling state and the steering state
of the vehicle detected by the state detection means and the
road curvature estimated by the road curvature estimation
means, the lane travel assist of the vehicle can be conducted
appropriately by using and applying the detection informa-
tion of the navigation system to the curved lane mark
without heavily relaying on precision of the image capturing
means. Further, not only the forward camera but also the
rearward camera can be applied, and further, low-price
camera can be used.

[0067] According to the embodiment of the present inven-
tion, the lane travel assist of the vehicle can be smoothly
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conducted on the basis of the detection information of the
navigation system by means of the steering correcting
means.

[0068] According to the embodiment of the present inven-
tion, the travel assist of the vehicle in the lane of travel is
cancelled at least one of the following conditions is applied:
under a condition that the maximum road curvature in the
direction the vehicle traveling in is equal to or greater than
a predetermined maximum curvature, and under a condition
that the minimum Clothoid coefficient in the direction the
vehicle traveling in is equal to or less than a predetermined
minimum Clothoid coefficient. Thus, the lane travel assist of
the vehicle is not cancelled when the vehicle travels at a
curve, and the lane travel assist can be securely canceled
before the vehicle entering the curve.

[0069] According to the embodiment of the present inven-
tion, the target state amount relative to the vehicle is set on
the basis of the steering state and the traveling state of the
vehicle detected by the state detection means and on the
basis of the road curvature calculated by means of the road
curvature calculation means. Thus, the lane travel assist of
the vehicle can be appropriately conducted by using the
detected information of the navigation system and applying
the detected information to the curved lane mark without
heavily relying on the precision of the image capturing
means. Further, not only the forward camera, but also the
rearward camera can be applied, and conventional low-price
cameras can be applied.

[0070] The principles, preferred embodiment and mode of
operation of the present invention have been described in the
foregoing specification. However, the invention which is
intended to be protected is not to be construed as limited to
the particular embodiments disclosed. Further, the embodi-
ments described herein are to be regarded as illustrative
rather than restrictive. Variations and changes may be made
by others, and equivalents employed, without departing
from the spirit of the present invention. Accordingly, it is
expressly intended that all such variations, changes and
equivalents which fall within the spirit and scope of the
present invention as defined in the claims, be embraced
thereby.

1. A lane keeping assist device for a vehicle comprising:

a steering control means operated in accordance with an
operation of a steering wheel by an operator for con-
trolling a steering state in accordance with traveling
state of a vehicle on a road;

a detection means for lane of travel for detecting a lane
mark indicating the lane of travel based on continuous
images of the road captured by an image capturing
means;

]

navigation system for detecting information of a road
configuration including positional coordinates by a
predetermined distance in the direction the vehicle
traveling in;

a state detection means for detecting a steering state and
traveling state of the vehicle;

a vehicle state amount calculation means for calculating a
state amount of the vehicle in accordance with the
steering state and the traveling state of the vehicle and
detected result of the detection means for lane of travel,
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a first road curvature calculation means for calculating a 5. A vehicle lane keeping assist device comprising:
first road curvature in the direction the vehicles trav-
eling in on the basis of detection result of the state
detection means and calculation result of the vehicle
state amount calculation means;

a steering control means operated in accordance with an
operation of a steering wheel by an operator for con-
trolling a steering state in accordance with traveling
state of a vehicle on a road;

a second road curvature calculation means for calculating
a second road curvature in the direction the vehicle
traveling in on the basis of positional coordinates by a
predetermined distance in the direction the vehicle
traveling in detected by the navigation system;

a detection means for lane of travel for detecting a lane
mark indicating the lane of travel based on continuous
images of the road captured by an image capturing
means;

a navigation system for detecting information of a road
configuration including positional coordinates by a
predetermined distance in the direction the vehicle
traveling in; wherein

]

road curvature estimation means for estimating road
curvature in the direction the vehicle traveling in on the
basis of calculation result of the first road curvature
calculation means and calculation result of the second
road curvature calculation means; and travel of the vehicle in the lane of travel is assisted by
controlling the steering control means so that the
vehicle travels in the lane of travel detected by the
detection means for lane of travel;

o

target state amount setting means for setting a target
state amount relative to the vehicle on the basis of the
traveling state and the steering state of the vehicle

detected by the state detection means and road curva- a road curvature calculation means for calculating road
ture estimated by the road curvature estimation means; curvature in the direction the vehicle traveling in on the
wherein basis of positional coordinates by a predetermined

distance in the direction the vehicle traveling in

travel of the vehicle in the lane of travel is assisted in detected by the navigation system; and

accordance with comparison result between a target

state amount set by the target state amount setting a cancellation means for canceling travel assist of the
means and a state amount calculated by the vehicle VethI? m the 1.an6 Of travel Wheﬂ at least one of
state amount calculation means. following states is applied: a maximum road curvature

2. The lane keeping assist device according to claim 1, in the direction the Veh1‘c1e trave}mg in is equal to or
wherein the road curvature estimation means estimates road gr;gter than a pred.etermlned.rnax%mum Cur.vature and a
curvature using Clothoid information of the road where the minimum  Clothoid coefficient in the direction the
vehicle is traveling. vehicle traveling in is equal to or less than a predeter-
3. The lane keeping assist device according to claim 1, mined minimum Clothoid COf{fﬁCIGHt under a COHdlt.IOH
wherein that road curvature at a position of the own vehicle
. . among the road curvature calculated by the road cur-

the state detection means detects steering state and trav- vature calculation means is equal to or less than a

eling state of the vehicle including yaw rate and vehicle

; predetermined straight reference curvature.
speed of the vehicle;

6. The vehicle lane keeping assist device according to

the vehicle state amount calculation means calculates the claim 5, further comprising:
state amount including a relative position index indi- a state detection means for detecting a steering state and
cating a relative position of the vehicle relative to the traveling state of the vehicle including yaw rate and
lane of travel in accordance with the steering state and vehicle speed of the vehicle;

the traveling state of the vehicle and detection result of

the lane detection means; a vehicle state amount calculation means for calculating a

) state amount including a relative position index indi-
and the first road curvature calculation means calculates cating a relative position of the vehicle relative to the

the first road curvature on the basis of the yaw rate and lane of travel; and
the vehicle speed detected by the state detection means
and the relative position index of the vehicle calculated

by the vehicle state amount calculation means.
4. The lane keeping assist device according to claim 1,
further comprising: a steering correcting means for correct-
ing steering control by the steering control means on the

a target state amount setting means for setting a target
state amount relative to the vehicle on the basis of the
steering state and the traveling state of the vehicle
detected by the state detection means and road curva-
ture calculated by the road curvature calculation means;

basis of an addition of a feedback control amount in accor- wherein travel of the vehicle in the lane of travel is
dance with a difference between the target state amount set assisted in accordance with comparison result between
by the target state amount setting means and the state a target state amount set by the target state amount
amount calculated by the vehicle state amount calculation setting means and a state amount calculated by the
means and a feed forward control amount in accordance vehicle state amount calculation means.

with the road curvature estimated by the road curvature

estimation means. ¥ ok k% k%
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