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(57) ABSTRACT

A road surface division mark recognition apparatus includes:
a vehicle-mounted camera that takes an image of a road
surface ahead of a vehicle; an image processing portion which
has a plurality of image processing modes that correspond
respectively to a plurality of kinds of road surface division
marks, and which recognizes a road surface division mark in
a selected image processing mode; a temperature measure-
ment portion that measures the temperature of the vehicle-
mounted camera; and a restriction portion that restricts the
action of the vehicle-mounted camera if the temperature mea-
sured by the temperature measurement portion is higher than
or equal to a threshold value. The threshold value differs
between the image processing modes.
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FIG.6
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FIG. 11

POWER ON —— S41

MEASURE TEMPERATURE |—__ S42

SET WARNING TIMING T [—— S43

SET THRESHOLD Th4
ACGORDING TO —— 544
WARNING TIMING T

S46
_

STOP CAMERA

TEMPERATURE 2 YES

THRESHOLD Th4?

RECOGNIZE DIVISION MARK— S47

POWER OFF?

YES

END



US 2010/0060738 Al

Mar. 11, 2010 Sheet 12 of 15

Patent Application Publication

]}

el

GE

f

NOLLYOd

L

e e e e e o P 2 e o e o o o ke P o T = e s o e e

J0HLNOD
ONIM3ALS

e

NOLLYOd
NOILYNIWY3L3d

f

o¢

A

NOLLHOd

NOLLHOd

1S
INFNISAraY |

NIYD TOHLNOD

NOLLHOd

£e
ININTINSYaNE

JHN1vH3dWIL

DNISS300Hd

FOVNI
~
[AN

NOLLHOd

NOLLOMLS3H

N

143

Lo e




Patent Application Publication

FIG. 13

( START )

FPOWER ON

NO

MEASURE TEMPERATURE

SET CONTROL GAIN G
ACCORDING TO
TEMPERATURE

SET THRESHOLD Thd
ACCORDING TO

CONTROL GAIN G

TEMPERATURE 2
THRESHOLD Th5?

RECOGNIZE DIVISION MARK

S58

POWER OFF?
YES

YES

Mar. 11, 2010 Sheet 13 of 15

US 2010/0060738 Al
Sbo1
—— 852
—— 553
——— S54
556
Wad

STOP CAMERA

—— S57

END



US 2010/0060738 Al

Mar. 11, 2010 Sheet 14 of 15

Patent Application Publication

T

N

[N

[N

NOILHOd
INIWLSNrav
ONINIL
NOILHOd LNd1no NOILHOd
DONINHYM NOILLYNIWH313d 7\/
GE NOI1HOd
INIWIHNSVIN
f FHNLvHIdNAL
v NOILHOd
BNISSIOOHd
JOVAL
¢t Aﬂm
NOILHOd
NOILDOM1S3H
ve

b e ——— e

vl OIl4d



Patent Application Publication = Mar. 11, 2010 Sheet 15 of 15 US 2010/0060738 A1

FIG.15

POWER ON —— S61

MEASURE TEMPERATURE |—__ $62

SET WARNING TIMING T
ACCORDING TO —_— S63
TEMPERATURE

SET THRESHOLD Thé
ACCORDING TO - S64
WARNING TIMING T

S66
/
TEMPERATURE >
THRESHOLD Th6? STOP CAMERA

RECOGNIZE DIVISION MARK|——-S67

POWER OFF?

YES

END



US 2010/0060738 Al

ROAD SURFACE DIVISION MARK
RECOGNITION APPARATUS, AND LANE
DEPARTURE PREVENTION APPARATUS

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2008-229938 filed on Sep. 8, 2009 including the specifica-
tion, drawings and abstract is incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a road surface division mark
recognition apparatus, and a lane departure prevention appa-
ratus. More particularly, the invention relates to aroad surface
division mark recognition apparatus and a lane departure
prevention apparatus that maintain high serviceability ratio
even at high temperature.

[0004] 2. Description of the Related Art

[0005] Inrecent years, a lane departure prevention appara-
tus that includes a white line recognition portion that recog-
nizes a white line on a road on the basis of a picked-up image
acquired by a vehicle-mounted camera, and a steering control
portion that controls the steering so that the vehicle does not
depart from the traveling lane, on the basis of the positional
relationship between the vehicle and the white line recog-
nized by the white line recognition portion has been being put
to practical use.

[0006] Asanimage pickup element of the vehicle-mounted
camera, a CCD (charge coupled device) is used in many
cases. The vehicle-mounted camera is often provided near a
cabin-side site on an upper portion of the windshield, and the
vicinity of the windshield is likely to have high temperature
due to the influence of sunshine. The imaging performance of
the CCDs is susceptible to be affected by thermal electrons
that occur at high temperature. I[fa CCD is affected by thermal
electrons, noise occurs in picked-up images. If the amount of
noise occurring in a picked-up image increases, there arises a
possibility of the white line recognition portion failing to
accurately recognize a white line on a road. If the white line
recognition portion fails to accurately recognize a white line,
it may become impossible for the lane departure prevention
apparatus to certainly prevent the vehicle from departing
from the traveling lane.

[0007] A technology described in Japanese Patent Applica-
tion Publication No. 2001-88609 (JP-A-2001-88609) pre-
vents a vehicle-mounted camera from operating at high tem-
perature. This technology measures the temperature of the
vehicle-mounted camera, and stops the action of the vehicle-
mounted camera by stopping the supply of electric power to
the vehicle-mounted camera if the measured temperature of
the camera is higher than or equal to a threshold value. This
prevents the vehicle-mounted camera from operating at such
a high temperature that much noise occurs in a picked-up
image.

[0008] However, when the vehicle-mounted camera has
stopped, the white line recognition portion cannot recognize
a white line, and the lane departure prevention apparatus
cannot prevent lane departure of the vehicle. Therefore, at
high temperature, the serviceability ratio ofthe lane departure
prevention apparatus declines. Hence, a white line recogni-
tion apparatus and a lane departure prevention apparatus

Mar. 11, 2010

whose decline in serviceability ratio is minimized even at
high temperature have been desired.

SUMMARY OF THE INVENTION

[0009] Inthe invention, the serviceability ratio of the white
line recognition apparatus and the lane departure prevention
apparatus is improved by avoiding unnecessary stop of the
vehicle-mounted camera at high temperature.

[0010] The term “road surface division mark™ in the inven-
tion is a division mark that is displayed on a road surface. The
“road surface division mark™ may include marks that define a
traveling lane of vehicles on a road surface, and that are
generally termed vehicular road center lines, lane-dividing
lines, vehicular road outer side lines, etc., and may also
include marks that define parking areas in a parking lot.
Examples of the configurations of the road surface division
mark include road surface division marks that are expressed
by a white line, road pavement markers, a yellow line, stones,
etc. There exist various white lines in different configurations,
for example, a long continuous white line, a white line formed
by continually aligned line segments of about 1 to 10 meters,
a white line formed by circular dots that are aligned as in a
dotted line (used mainly for defining a traveling lane in the
United States, and called Botts’ dots).

[0011] A road surface division mark recognition apparatus
in accordance with a first aspect of the invention recognizes a
division mark on a road surface. The road surface division
mark recognition apparatus includes: a vehicle-mounted
camera that takes an image of the road surface; an image
processing portion which has a plurality of image processing
modes that correspond respectively to a plurality of kinds of
road surface division marks, and which recognizes the road
surface division mark in a selected one of the image process-
ing modes; a temperature measurement portion that measures
temperature of the vehicle-mounted camera; and a restriction
portion that restricts action of the vehicle-mounted camera if
the temperature measured by the temperature measurement
portion is higher than or equal to a threshold value. The
threshold value differs depending on the image processing
modes.

[0012] According to the first aspect, the image processing
portion has a plurality of image processing modes. For
example, the image processing portion may select, from the
plurality of image processing modes, an image processing
mode that corresponds to the road surface division mark that
is contained in a road surface image. The usable temperature
range of the vehicle-mounted camera (i.e., a range of tem-
perature in which the road surface division marks can be
accurately recognized) differs between the image processing
modes. For example, the upper limit value of the usable
temperature range in an image processing mode in which a
long continuous white line is recognized is higher than the
upper limit value of the usable temperature range in an image
processing mode in which a white line in the form of a dotted
line is recognized. This is because the image processing mode
of'recognizing a long continuous white line is less susceptible
to be affected by thermal noise (i.e., is higher in the robustness
to thermal noise) during the white-line recognition process
than the image processing mode of recognizing a white line in
a dotted-line form. Therefore, the threshold value can be
made to differ between the image processing modes by
adjusting the threshold value to the upper limit value of the
usable temperature range of the vehicle-mounted camera or
to the vicinity of the upper limit value, separately for each
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image processing mode. By making the threshold value dif-
ferent between the image processing modes in this manner,
unnecessary stop of the vehicle-mounted camera at high tem-
perature is avoided, so that the capability of the vehicle-
mounted camera can be fully delivered, and the serviceability
ratio of the road surface division mark recognition apparatus
can be improved.

[0013] In the first aspect of the invention, the restriction
portion may restrict the action of the vehicle-mounted camera
by restricting supply of electric power to the vehicle-mounted
camera.

[0014] According to this construction, since the supply of
electric power to the vehicle-mounted camera is restricted
when the action of the vehicle-mounted camera is to be
restricted, electric power can be saved.

[0015] Besides, in the first aspect, the threshold value used
when the image processing mode is a Botts’ dots recognition
mode may be set lower than the threshold value used when the
image processing mode is a division line recognition mode.
[0016] The “division line” in this invention refers to a line-
shape road surface division mark. For example, the division
line refers to a long continuous white line, and a white line
formed by continually aligned line segments of about 1 to 10
meters. The division line may also be a yellow line instead of
a white line. The “Botts’ dots” in the invention refers to a road
surface division mark formed by a continual alignment of
white or yellow circular dots in the form of a dotted line. The
division line recognition mode is less susceptible to thermal
noise (i.e., is higher in the robustness to thermal noise) during
the road surface division mark recognition process than the
Botts’ dots recognition mode. Therefore, according to this
construction, threshold values that correspond respectively to
the division line recognition mode and to the Botts® dots
recognition mode can be set so that the capability of the
vehicle-mounted camera can be fully delivered in each of the
recognition modes.

[0017] In the first aspect, the image processing portion,
after discerning the kind of a road surface division mark, may
select from the plurality of image processing modes an image
processing mode that corresponds to the road surface division
mark discerned.

[0018] According to this construction, the image process-
ing portion is able to select an appropriate image processing
mode that corresponds to the discerned road surface division
mark. Hence, there is no need for the user to perform an
operation of selecting an image processing mode.

[0019] A road surface division mark recognition apparatus
in accordance with a second aspect of the invention recog-
nizes a division mark on a road surface. The road surface
division mark recognition apparatus includes: a vehicle-
mounted camera that takes an image of the road surface; an
image processing portion that calculates an edge point distri-
bution of a region whose brightness is different from bright-
ness of a surrounding region based on the image of the road
surface taken by the vehicle-mounted camera, and that cal-
culates a degree of dirtiness of the road surface and recog-
nizes a road surface division mark based on the edge point
distribution calculated; a temperature measurement portion
that measures temperature of the vehicle-mounted camera;
and a restriction portion that restricts action of the vehicle-
mounted camera if the temperature measured by the tempera-
ture measurement portion is higher than or equal to a thresh-
old value. The threshold value is set according to the degree of
dirtiness of the road surface.
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[0020] According to the foregoing second aspect of the
invention, the threshold value that is a criterion as to whether
or not to restrict the action of the vehicle-mounted camera is
set according to the degree of dirtiness of the road surface.
The susceptibility to thermal noise during the road surface
division mark recognition process is lower (i.e., the robust-
ness to thermal noise during the recognition process is higher)
when the degree of dirtiness of the road surface is relatively
small. Therefore, in the case where the degree of dirtiness of
the road surface is small, the threshold value may be set
higher than in the case where the degree of dirtiness of the
road surface is great. Hence, unnecessary stop of the vehicle-
mounted camera at high temperature is avoided, so that the
capability of the vehicle-mounted camera can be fully deliv-
ered, and the serviceability ratio of the road surface division
mark recognition apparatus can be improved.

[0021] A lane departure prevention apparatus in accor-
dance with a third aspect of the invention prevents a vehicle
from departing from a traveling lane. The lane departure
prevention apparatus includes: a vehicle-mounted camera
that takes an image of a road surface; an image processing
portion that recognizes a road surface division mark that
defines the traveling lane based on the image of the road
surface taken by the vehicle-mounted camera; a temperature
measurement portion that measures temperature of the
vehicle-mounted camera; a restriction portion that restricts
action of the vehicle-mounted camera if the temperature mea-
sured by the temperature measurement portion is higher than
or equal to a threshold value; a determination portion that
makes a determination regarding possibility of the vehicle
departing from the traveling lane based on a result of recog-
nition by the image processing portion; and a steering control
portion that controls steering so that the vehicle does not
depart from the traveling lane based on a result of determina-
tion by the determination portion. The steering control por-
tion controls the steering by changing a control gain of rotary
torque that is given to a steering shaft, and the threshold value
is set according to magnitude of the control gain.

[0022] According to the third aspect, the threshold value
that is a criterion as to whether or not to restrict the action of
the vehicle-mounted camera is set according to the magnitude
of the control gain. For example, the threshold value may be
set so as to be higher with a reduction in the control gain. Due
to this, unnecessary stop of the vehicle-mounted camera at
high temperature is avoided, so that the capability of the
vehicle-mounted camera can be fully delivered, and the ser-
viceability ratio of the lane departure prevention apparatus
can be improved.

[0023] A lane departure prevention apparatus in accor-
dance with a fourth aspect of the invention prevents a vehicle
from departing from a traveling lane. The lane departure
prevention apparatus includes: a vehicle-mounted camera
that takes an image of a road surface; an image processing
portion that recognizes a road surface division mark that
defines the traveling lane based on the image of the road
surface taken by the vehicle-mounted camera; a temperature
measurement portion that measures temperature of the
vehicle-mounted camera; a restriction portion that restricts
action of the vehicle-mounted camera if the temperature mea-
sured by the temperature measurement portion is higher than
or equal to a threshold value; a determination portion that
makes a determination regarding possibility of the vehicle
departing from the traveling lane based on a result of recog-
nition by the image processing portion; and a warning output
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portion that outputs a warning that indicates possibility of
departure from the traveling lane, before the vehicle departs
from the traveling lane, based on a result of determination by
the determination portion. The threshold value is set accord-
ing to a warning timing that is set in the warning output
portion.

[0024] According to the fourth aspect, the threshold value
that is a criterion as to whether or not to restrict the action of
the vehicle-mounted camera is set according to the warning
timing. When the warning timing is late, the recognition
accuracy of the road surface division mark is higher than
when the warning timing is early. A reason for this is that
when the warning timing is early, road surface information
needs to be acquired about a farther forward area of the road
surface than when the warning timing is late, and therefore the
influence of noise is greater. Therefore, the threshold value
may be set higher when the warning timing is late than when
the warning timing is early. Hence, unnecessary stop of the
vehicle-mounted camera at high temperature is avoided, so
that the capability ofthe vehicle-mounted camera can be fully
delivered, and therefore the serviceability ratio of the lane
departure prevention apparatus can be improved.

[0025] In the fourth aspect, the warning timing may be a
time that indicates how many seconds prior to an expected
time of departure of the vehicle from the traveling lane the
warning is to be output.

[0026] In the foregoing construction, the threshold value
may be set higher when the amount of time preceding the
expected time of lane departure (i.e., the warning timing) is
short than when that amount of time is long. According to this
construction, unnecessary stop of the vehicle-mounted cam-
era athigh temperature is avoided, so that the capability of the
vehicle-mounted camera can be fully delivered, and therefore
the serviceability ratio of the lane departure prevention appa-
ratus can be improved.

[0027] A lane departure prevention apparatus in accor-
dance with a fifth aspect of the invention prevents a vehicle
from departing from a traveling lane. The lane departure
prevention apparatus includes: a vehicle-mounted camera
that takes an image of a road surface; an image processing
portion that recognizes a road surface division mark that
defines the traveling lane based on the image of the road
surface taken by the vehicle-mounted camera; a temperature
measurement portion that measures temperature of the
vehicle-mounted camera; a determination portion that makes
a determination regarding possibility of the vehicle departing
from the traveling lane based on a result of recognition by the
image processing portion; and a steering control portion that
controls steering so that the vehicle does not depart from the
traveling lane based on a result of determination by the deter-
mination portion. The steering control portion controls the
steering by changing a control gain of rotary torque that is
given to a steering shaft. The lane departure prevention appa-
ratus further includes a control gain adjustment portion that
adjusts the control gain according to the temperature mea-
sured by the temperature measurement portion.

[0028] According to the fifth aspect, the control gain adjust-
ment portion adjusts the control gain according to the tem-
perature of the vehicle-mounted camera. For example, the
control gain may be adjusted so that the control gain lessens
with an increase in the temperature of the vehicle-mounted
camera. Due to this, good steering feeling can be maintained
even in the case where the vehicle-mounted camera is
affected by thermal noise. Besides, since unnecessary stop of
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the vehicle-mounted camera at high temperature is avoided,
the serviceability ratio of the lane departure prevention appa-
ratus can be improved.

[0029] A lane departure prevention apparatus in accor-
dance with a sixth aspect of the invention prevents a vehicle
from departing from a traveling lane. The lane departure
prevention apparatus includes: a vehicle-mounted camera
that takes an image of a road surface; an image processing
portion that recognizes a road surface division mark that
defines the traveling lane based on the image of the road
surface taken by the vehicle-mounted camera; a temperature
measurement portion that measures temperature of the
vehicle-mounted camera; a determination portion that makes
a determination regarding possibility of the vehicle departing
from the traveling lane based on a result of recognition by the
image processing portion; and a warning output portion that
outputs a warning that indicates a possibility of departure
from the traveling lane based on a result of determination by
the determination portion. The lane departure prevention
apparatus further includes a timing adjustment portion that
adjusts a timing of the warning according to the temperature
measured by the temperature measurement portion.

[0030] According to the sixth aspect, the timing adjustment
portion adjusts the warning timing according to the tempera-
ture of the vehicle-mounted camera. When the warning tim-
ing is late, the recognition accuracy of the road surface divi-
sion mark is higher than when the warning timing is early. A
reason for this is that when the warning timing is early, road
surface information needs to be acquired about a farther for-
ward area of the road surface than when the warning timing is
late, and therefore the influence of noise is greater. Hence, the
warning timing is adjusted so as to be later with an increase in
the temperature of the vehicle-mounted camera. Due to this,
false warning output can be prevented even in the case where
the vehicle-mounted camera is affected by thermal noise.
Besides, since unnecessary stop of the vehicle-mounted cam-
era at high temperature is avoided, the serviceability ratio of
the lane departure prevention apparatus can be improved.

[0031] Inthe sixth aspect, the warning timing may be a time
that indicates how many seconds prior to an expected time of
departure of the vehicle from the traveling lane the warning is
to be output, and the timing adjustment portion may gradually
shorten the warning timing with an increase in the tempera-
ture.

[0032] According to this construction, the warning timing
gradually shortens with increases in the temperature of the
vehicle-mounted camera. Hence, false warning output can be
prevented even in the case where the vehicle-mounted camera
is affected by thermal noise.

[0033] According to the invention, unnecessary stop of the
vehicle-mounted camera at high temperature is avoided, so
that the capability of the vehicle-mounted camera can be fully
delivered, and therefore the serviceability ratio of the road
surface division mark recognition apparatus and the lane
departure prevention apparatus can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The features, advantages, and technical and indus-
trial significance of this invention will be described in the
following detailed description of example embodiments of
the invention with reference to the accompanying drawings,
in which like numerals denote like elements, and wherein:
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[0035] FIG.1is ablock diagram showing a construction of
a road surface division mark recognition apparatus in accor-
dance with a first embodiment of the invention;

[0036] FIG.2A, FIG. 2B, and FIG. 2C are diagrams show-
ing examples of road surface division marks on a road sur-
face;

[0037] FIG. 3 is a flowchart showing actions of the road
surface division mark recognition apparatus in accordance
with the first embodiment of the invention;

[0038] FIG. 4 is a block diagram showing a construction of
a road surface division mark recognition apparatus in accor-
dance with a second embodiment of the invention;

[0039] FIG. 5 is a graph showing an example of a relation
between the degree of dirtiness of a road surface and a thresh-
old value in the second embodiment of the invention;

[0040] FIG. 6 is a flowchart showing actions of the road
surface division mark recognition apparatus in accordance
with the second embodiment of the invention;

[0041] FIG.7 is a block diagram showing a construction of
a lane departure prevention apparatus in accordance with a
third embodiment of the invention;

[0042] FIG. 8 is a flowchart showing actions of the lane
departure prevention apparatus in accordance with the third
embodiment of the invention;

[0043] FIG.9is ablock diagram showing a construction of
a lane departure prevention apparatus in accordance with a
fourth embodiment of the invention;

[0044] FIG. 10 is a graph showing an example of a relation
between the warning timing and a threshold value in the
fourth embodiment of the invention;

[0045] FIG. 11 is a flowchart showing actions of the lane
departure prevention apparatus in accordance with the fourth
embodiment of the invention;

[0046] FIG. 12 is a block diagram showing a construction
of'a lane departure prevention apparatus in accordance with a
fifth embodiment of the invention;

[0047] FIG. 13 is a flowchart showing actions of the lane
departure prevention apparatus in accordance with the fifth
embodiment of the invention;

[0048] FIG. 14 is a block diagram showing a construction
of'a lane departure prevention apparatus in accordance with a
sixth embodiment of the invention; and

[0049] FIG. 15 is a flowchart showing actions of the lane
departure prevention apparatus in accordance with the sixth
embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[Road Surface Division Mark Recognition Apparatus|
[0050] A road surface division mark recognition apparatus
in accordance with a first embodiment of the invention will be
described with reference to drawings. FIG. 1 is a block dia-
gram showing a construction of a lane division mark recog-
nition apparatus in accordance with the first embodiment.
FIGS. 2A to 2C are diagrams showing examples of road
surface division marks.

[0051] A road surface division mark recognition apparatus
1 in accordance with the first embodiment recognizes road
surface division marks that define traveling lanes. The road
surface division mark recognition apparatus 1 constitutes, for
example, a portion of a lane departure prevention apparatus
14. The lane departure prevention apparatus 14 includes the
road surface division mark recognition apparatus 1, a deter-
mination portion 15, and a steering control portion 12. The
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determination portion 15 determines the possibility of the
vehicle departing from the traveling lane, on the basis of a
result of the recognition of the road surface division mark
recognition apparatus 1. The steering control portion 12 con-
trols the steering so that the vehicle does not depart from the
traveling lane, on the basis of a result of the determination of
the determination portion 15. Concretely, the steering control
portion 12 controls a power steering motor 13 that rotates and
drives a steering shaft 11. By the steering control portion 12
controlling the power steering motor 13, rotary torque is
given to the steering shaft 11 so as to prevent lane departure of
the vehicle. A steering wheel 10 is fitted to the steering shaft
11.

[0052] Hereinafter, the road surface division mark recog-
nition apparatus 1 will be described in detail. The road surface
division mark recognition apparatus 1 includes a vehicle-
mounted camera 2, an image processing portion 3, a tempera-
ture measurement portion 4, and a restriction portion 5.

[0053] The vehicle-mounted camera 2 takes images of a
road surface ahead of the vehicle. The vehicle-mounted cam-
era 2 is equipped with, for example, a CCD (charge coupled
device), as an image pickup element. The vehicle-mounted
camera 2 is disposed, for example, near a cabin-side site on an
upper portion of the windshield of the vehicle, and takes
images of a road surface ahead of the vehicle, through the
windshield.

[0054] The temperature measurement portion 4 measures
the temperature of the vehicle-mounted camera 2.

[0055] The image processing portion 3 recognizes a road
surface division mark 8 that defines a traveling lane, on the
basis of a road surface image taken by the vehicle-mounted
camera 2. The road surface division mark 8 in this embodi-
ment is a mark that defines a traveling lane for vehicles on a
road surface, and is generally termed a vehicular road center
line, a lane-dividing line, a vehicular road outer side line, etc.
Examples of the configuration of the road surface division
mark 8 include road division lines expressed by a white line,
road pavement markers, a yellow line, stones, etc. There exist
various white lines in different configurations, for example, a
long continuous white line as shown in FIG. 2A, a white line
formed by continually aligned line segments of about 1 to 10
meters as shown in FIG. 2B, a white line formed by dots that
are aligned as in a dotted line as shown in FIG. 2C (which is
used mainly for defining a traveling lane in the United States,
and is called Botts’ dots). The white lines cited herein may be
asingle line, or a double line formed by two adjacent lines that
extend parallel to each other.

[0056] The image processing portion 3 is able to recognize
the road surface division mark 8 by, for example, processing
a road surface image by a known method. Concretely, the
image processing portion 3 calculates an edge point distribu-
tion of each of regions whose brightness is different from that
of a surrounding region, for example, a region whose bright-
ness is conspicuously higher than those of surrounding
regions, and a region whose brightness is conspicuously
lower than those of surrounding regions. On the basis of the
calculated edge point distributions, the image processing por-
tion 3 calculates the degree of dirtiness of the road surface,
and recognizes the road surface division mark 8. Usually, a
region whose brightness is conspicuously higher than those
of surrounding regions corresponds to the road surface divi-
sion mark 8, and a region whose brightness is conspicuously
lower than those of surrounding regions corresponds to a
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smudged portion of the road surface (e.g., a portion that has
been repaired with coal tar or the like).

[0057] The image processing portion 3 has a plurality of
image processing modes that correspond respectively to a
plurality of kinds of road surface division marks 8. The image
processing portion 3 discerns the kind of a road surface divi-
sion mark 8 that is contained in a road surface image that is
taken by the vehicle-mounted camera 2, and selects one of the
image processing modes that corresponds to the discerned
kind of road surface division mark 8, and recognizes the road
surface division mark 8 in the selected image processing
mode. Examples of the image processing modes include a
division line recognition mode, and a Botts’ dots recognition
mode. The division line recognition mode includes, for
example, a both-side division line recognition mode that is
entered in the case where road surface division lines exist on
the left and right sides of a traveling lane, and a one-side
division line recognition mode that is entered in the case
where a road surface division line exists on only one of the left
side and the right side of a traveling lane.

[0058] The usable temperature range of the vehicle-
mounted camera 2 (i.e., a temperature range in which the
camera 2 can accurately recognize the road surface division
mark 8) differs between the image processing modes. For
example, the upper limit value of the usable temperature
range used in a mode of recognizing a long continuous white
line is higher than the upper limit value of the usable tem-
perature range used in the mode of recognizing Botts’ dots.
This is because the mode of recognizing a long continuous
white line is less susceptible to thermal noise (i.e., is higher in
the robustness to thermal noise) during the white-line recog-
nition process than the mode of recognizing Botts’ dots.
[0059] The restriction portion 5 restricts the action of the
vehicle-mounted camera 2 in the case where the temperature
measured by the temperature measurement portion 4 is higher
than or equal to a threshold value Th. The threshold value Th
differs between the image processing modes. For example,
the threshold value Th set when the image processing mode is
the Botts’ dots recognition mode is lower than the threshold
value Th set when the image processing mode is the division
line recognition mode. The threshold value Th can be made to
differ between the image processing modes by adjusting the
threshold value Th to the upper limit value of the usable
temperature range of the vehicle-mounted camera 2 or to the
vicinity of the upper limit value, separately for each image
processing mode. The restriction portion 5 restricts the action
of the vehicle-mounted camera 2, for example, by restricting
the supply of electric power to the vehicle-mounted camera 2.
Ifthe supply of electric power to the vehicle-mounted camera
2 is stopped, the action of the vehicle-mounted camera 2
stops.

[0060] Next, actions of the road surface division mark rec-
ognition apparatus 1 in accordance with this embodiment will
be described with reference to the flowchart shown in FIG. 3.
Firstly, the power supply of the road surface division mark
recognition apparatus 1 is turned on (step S1). Incidentally,
the road surface division mark recognition apparatus 1 is
incorporated in a system such as the lane departure prevention
apparatus 14 or the like. Hence, usually, when the power
supply of the system, such as the lane departure prevention
apparatus 14 or the like, is turned on, the power supply of the
road surface division mark recognition apparatus 1 automati-
cally turns on.
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[0061] Next, the temperature measurement portion 4 mea-
sures the temperature of the vehicle-mounted camera 2 (step
S2). Next, the vehicle-mounted camera 2 takes images of the
road surface ahead of the vehicle (step S3). Next, the image
processing portion 3 discerns the kinds of road surface divi-
sion marks 8 that are contained in the road surface images
taken by the vehicle-mounted camera 2 (step S4). Next, the
image processing portion 3 selects, from the plurality of
image processing modes, an image 6 processing mode that
corresponds to the discerned kind of the road surface division
mark 8 (step S5). In the example shown in FIG. 3, it is
assumed that the kinds of image processing modes are set to
two kinds that are a division line recognition mode (a mode of
recognizing a linear road surface division mark 8 as shown in
FIG. 2A or 2B), and a Botts’ dots recognition mode (a mode
of recognizing a road surface division mark 8 formed by
circular dots that are aligned as in a dotted line as shown in
FIG. 2C).

[0062] If the selected image processing mode is the Botts’
dots recognition mode, the threshold value Th is set in step S6
to a value that has been determined for used in the Botts’ dots
recognition mode. On the other hand, if the selected image
processing mode is the division line recognition mode, the
threshold value Th is set in step S7 to a value that has been
determined for use in the division line recognition mode. The
threshold value Th for the Botts’ dots recognition mode is less
than the threshold value Th for the division line recognition
mode.

[0063] Next, the image processing portion 3 determines
whether or not the temperature of the vehicle-mounted cam-
era 2 is higher than or equal to the threshold value Th (step
S8). If the temperature of the vehicle-mounted camera 2 is
higher than or equal to the threshold value Th, the restriction
portion 5 stops the supply of electric power to the vehicle-
mounted camera 2 (step S9). Due to this, the vehicle-mounted
camera 2 stops acting, and the road surface division mark
recognition apparatus 1 ends the process. On the other hand,
if the temperature of the vehicle-mounted camera 2 is lower
than the threshold value Th, the image processing portion 3
recognizes the road surface division mark 8 in the selected
image processing mode (step S10). Next, it is determined
whether or not the power supply of the road surface division
mark recognition apparatus 1 has been turned off (step S11).
If the power supply has not been turned off, the process
returns to step S2. On the other hand, if the power supply has
been turned off, the road surface division mark recognition
apparatus 1 ends the process. Usually, when the power supply
of a system, such as the lane departure prevention apparatus
14 or the like, is turned off, the power supply of the road
surface division mark recognition apparatus 1 automatically
turns off. The road surface division mark recognition appa-
ratus 1 acts in the above-described manner.

[0064] As described above, the road surface division mark
recognition apparatus 1 makes the threshold value Th differ-
ent between the image processing modes. The threshold value
Th can be made to differ between the image processing modes
by adjusting the threshold value Th to the upper limit value of
the usable temperature range of the vehicle-mounted camera
2 or to the vicinity of the upper limit value, separately for each
image processing mode. Due to this, unnecessary stop of the
vehicle-mounted camera 2 at high temperature is avoided, so
that the capability of the vehicle-mounted camera 2 can be
fully delivered, and the serviceability ratio of the road surface
division mark recognition apparatus 1 can be improved.
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[0065] A road surface division mark recognition apparatus
in accordance with a second embodiment of the invention will
be described with reference to drawings. FIG. 4 is a block
diagram showing a construction of a road surface division
mark recognition apparatus in accordance with the second
embodiment.

[0066] The road surface division mark recognition appara-
tus 20 in accordance with the second embodiment shown in
FIG. 4 is different from the apparatus 1 in accordance with the
first embodiment, in that the image processing portion 3 is
replaced by an image processing portion 21, and in that the
restriction portion 5 is replaced by a restriction portion 22.
Other constructions of the apparatus 20 in the second embodi-
ment are substantially the same as those of the apparatus 1 in
the first embodiment. The same constructions as in the first
embodiment are denoted by the same reference characters as
in the first embodiment, and the description thereof are omit-
ted below.

[0067] The image processing portion 21 in the second
embodiment calculates an edge point distribution of a region
whose brightness is different from those of surrounding
regions, on the basis of a road surface image taken by the
vehicle-mounted camera 2. Furthermore, the image process-
ing portion 21 calculates the degree of dirtiness of the road
surface, and recognizes a road surface division mark 8, on the
basis of the calculated edge point distribution. That is, the
second embodiment is different from the first embodiment in
that the image processing portion 21 calculates the degree or
manner of smudginess of the road surface on the basis of the
road surface image.

[0068] Therestriction portion 22 inthe second embodiment
restricts the action of the vehicle-mounted camera 2 if the
temperature measured by the temperature measurement por-
tion 4 is higher than or equal to a threshold value Th2.
[0069] Whether or not the temperature measured by the
temperature measurement portion 4 is higher than or equal to
the threshold value Th2 can be determined by the image
processing portion 21. The threshold value Th2 can be set
according to the degree of dirtiness of the road surface. The
susceptibility to thermal noise during the road surface divi-
sion mark recognition process is lower (i.e., the robustness to
thermal noise during the road surface division mark recogni-
tion process is higher) when the degree of dirtiness of the road
surface is small than when the degree of dirtiness of the road
surface is great. Therefore, when the degree of dirtiness of the
road surface is small, the threshold value Th2 can be set
higher than when the degree of dirtiness of the road surface is
great. For example, as shown in FIG. 5, the threshold value
Th2 can be fixed at a constant value when the degree of
dirtiness ofthe road surface is less than or equal to a first value
Y1, and the threshold value Th2 can be gradually lessened
with increases in the degree of dirtiness of the road surface
when the degree of dirtiness is greater than Y1 and is less than
or equal to a second value Y2 (Y1<Y2), and the threshold
value Th2 can be fixed at a constant value when the degree of
dirtiness of the road surface is greater than Y2. In the example
shown in FIG. 5, in the interval in which the threshold value
Th2 gradually lessens with increases in the degree of dirtiness
of the road surface, the threshold value Th2 decreases in the
manner of a linear function.

[0070] Next, actions of the road surface division mark rec-
ognition apparatus 20 in accordance with this embodiment
will be described with reference to the flowchart shown in
FIG. 6. Firstly, the power supply of the road surface division
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mark recognition apparatus 20 is turned on (step S21). Inci-
dentally, the road surface division mark recognition apparatus
20 is incorporated in a system such as the lane departure
prevention apparatus 14 or the like. Hence, when the power
supply of the system, such as the lane departure prevention
apparatus 14 or the like, is turned on, the power supply of the
road surface division mark recognition apparatus 20 auto-
matically turns on.

[0071] Next, the temperature measurement portion 4 mea-
sures the temperature of the vehicle-mounted camera 2 (step
S22). Next, the vehicle-mounted camera 2 takes images of the
road surface ahead of the vehicle (step S23). Next, the image
processing portion 3 calculates the degree of dirtiness of the
road surface on the basis of the road surface images taken by
the vehicle-mounted camera 2 (step S24). Next, the image
processing portion 3 sets the value of the threshold value Th2
according to the degree of dirtiness of the road surface (step
S25).

[0072] Next, the image processing portion 3 determines
whether or not the temperature of the vehicle-mounted cam-
era 2 is higher than or equal to the threshold value Th2 (step
S26). If the temperature of the vehicle-mounted camera 2 is
higher than or equal to the threshold value Th2, the restriction
portion 22 stops the supply of electric power to the vehicle-
mounted camera 2 (step S27). Due to this, the vehicle-
mounted camera 2 stops acting, and the road surface division
mark recognition apparatus 20 ends the process. On the other
hand, if the temperature of the vehicle-mounted camera 2 is
lower than the threshold value Th2, the image processing
portion 3 recognizes the road surface division mark 8 (step
S28). Next, it is determined whether or not the power supply
of'the road surface division mark recognition apparatus 1 has
been turned off (step S29). If the power supply has not been
turned off, the process returns to step S22. On the other hand,
if the power supply has been turned off, the road surface
division mark recognition apparatus 20 ends the process.
Usually, when the power supply of a system, such as the lane
departure prevention apparatus 14 or the like, is turned off, the
power supply of the road surface division mark recognition
apparatus 20 automatically turns off. The road surface divi-
sion mark recognition apparatus 20 acts in the above-de-
scribed manner.

[0073] As described above, in the road surface division
mark recognition apparatus 20, the threshold value Th2 that is
a criterion as to whether or not to restrict the action of the
vehicle-mounted camera 2 is set according to the degree of
dirtiness of the road surface. The susceptibility to thermal
noise during the road surface division mark recognition pro-
cess is lower in the case where the degree of dirtiness of the
road surface is small than in the case where the degree of
dirtiness of the road surface is great. Therefore, in the case
where the degree of dirtiness of the road surface is small, the
threshold value Th2 can be set higher than in the case where
the degree of dirtiness of the road surface is great. Hence,
unnecessary stop of the vehicle-mounted camera 2 at high
temperature is avoided, so that the capability of the vehicle-
mounted camera 2 can be fully delivered, and the serviceabil-
ity ratio of the road surface division mark recognition appa-
ratus 20 can be improved.

[0074] Incidentally, although the first and second embodi-
ments have been described in conjunction with the case where
the road surface division mark is a mark that defines a trav-
eling lane, the road surface division mark may also be a mark
that defines a divided parking space of a parking lot in each
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embodiment. In such a case, the road surface division mark
recognition apparatus is provided as an apparatus for recog-
nizing a divided parking space of a parking lot.

[0075] Besides, although the first and second embodiments
have been described in conjunction with the case where the
vehicle-mounted camera takes images of a road surface ahead
of the vehicle, the vehicle-mounted camera may also take
images of a road surface in the rear of the vehicle or a road
surface at a side of the vehicle in each embodiment. In the
case where the vehicle-mounted camera takes images of a
road surface in the rear of the vehicle, the road surface divi-
sion mark recognition apparatus can be provided as an appa-
ratus that recognizes a divided parking space in a parking lot.
[0076] Besides, although the first and second embodiments
have been described in conjunction with the case where the
image processing portion selects an image processing mode
from the plurality of image processing modes, the image
processing portion may also be constructed so that a user can
select an image processing mode from a plurality of image
processing modes in each embodiment. Specifically, a con-
struction may also be adopted in which the image processing
portion discerns the kind of a road surface division mark
contained in a road surface image, and the user selects an
image processing mode that corresponds to the discerned
road surface division mark from the plurality of image pro-
cessing modes, and the image processing portion recognizes
the road surface division mark in the image processing mode
that is selected by the user. In this construction, the user is
notified, via a display portion or the like, of the kind of the
road surface division mark discerned by the image processing
portion, and then selects an image processing mode that cor-
responds to the discerned kind of the road surface division
mark. The image processing portion recognizes the road sur-
face division mark in the image processing mode that is
selected by the user.

[Lane Departure Prevention Apparatus]

[0077] A lane departure prevention apparatus in accor-
dance with a third embodiment of the invention will be
described with reference to drawings. FIG. 7 is a block dia-
gram showing a construction of a lane departure prevention
apparatus in accordance with the third embodiment.

[0078] The lane departure prevention apparatus 30 in
accordance with the third embodiment shown in FIG. 7 is an
apparatus that prevents a vehicle from departing from the
traveling lane. The lane departure prevention apparatus 30
includes a vehicle-mounted camera 31, an image processing
portion 32, a temperature measurement portion 33, a restric-
tion portion 34, a determination portion 35, and a steering
control portion 36.

[0079] The vehicle-mounted camera 31 takes images of a
road surface ahead of the vehicle. The vehicle-mounted cam-
era 31 is equipped with, for example, a CCD (charge coupled
device), as an image pickup element. The vehicle-mounted
camera 31 is disposed, for example, near a cabin-side site on
an upper portion of the windshield of the vehicle, and takes
images of a road surface ahead of the vehicle, through the
windshield.

[0080] The temperature measurement portion 33 measures
the temperature of the vehicle-mounted camera 31.

[0081] The image processing portion 32 recognizes a road
surface division mark 8 that defines a traveling lane, on the
basis of a road surface image taken by the vehicle-mounted
camera 31. The road surface division mark 8 in this embodi-
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ment, as described above, is a mark that defines a traveling
lane for vehicles on a road surface, and is generally termed a
vehicular road center line, a lane-dividing line, a vehicular
road outer side line, etc.

[0082] The image processing portion 32 recognizes the
road surface division mark 8 that defines the traveling lane, on
the basis of the road surface image taken by the vehicle-
mounted camera 31. The image processing portion 32 is able
to recognize the road surface division mark 8 by, for example,
processing a road surface image by a known method. Con-
cretely, the image processing portion 32 calculates an edge
point distribution of each of regions whose brightness is
different from that of a surrounding region, for example, a
region whose brightness is conspicuously higher than those
of surrounding regions. On the basis of the calculated edge
point distributions, the image processing portion 32 recog-
nizes the road surface division mark 8.

[0083] The restriction portion 34 restricts the action of the
vehicle-mounted camera 31 in the case where the temperature
measured by the temperature measurement portion 33 is
higher than or equal to a threshold value Th3. The restriction
portion 34 restricts the action of the vehicle-mounted camera
31, for example, by restricting the supply of electric power to
the vehicle-mounted camera 31. If the supply of electric
power to the vehicle-mounted camera 31 is stopped, the
action of the vehicle-mounted camera 31 stops.

[0084] The determination portion 35 determines the possi-
bility of the vehicle departing from the traveling lane, on the
basis of a result of the recognition of the image processing
portion 32.

[0085] The steering control portion 36 controls the steering
so that the vehicle does not depart from the traveling lane, on
the basis of a result of the determination of the determination
portion 35. Concretely, the steering control portion 36 con-
trols a power steering motor 13 that rotates and drives a
steering shaft 11. By the steering control portion 36 control-
ling the power steering motor 13, rotary torque is given to the
steering shaft 11 so as to prevent lane departure of the vehicle.
A steering wheel 10 is fitted to the steering shaft 11. THE
steering control portion 36 controls the rotary torque by
changing a control gain G of the rotary torque that is given to
the steering shaft 11. The control gain G is a control parameter
of' the rotary torque that is given to the steering shaft 11. The
rotary torque Tr given to the steering shaft 11 can be
expressed by, for example, the following equation 1. Inciden-
tally, description of a power steering mechanism that ampli-
fies the driver’s steering force is omitted herein.

Ir=TxG

[0086] Intheequation 1, T is a maximum value ofthe rotary
torque Tr that is given to the steering shaft 11 according to a
command from the steering control portion 36. The control
gain G can be changed in the range of 0 to 1, for example,
according to the vehicle speed, and the driver’s steering force.
Concretely, the control gain G can be gradually lessened with
increases in the vehicle speed. This is because when the
vehicle speed is great, application of merely small rotary
torque greatly changes the position of the vehicle in the steer-
ing direction of the steering control portion 36. Besides, the
control gain G can be gradually lessened with increases in the
driver’s steering force. This is because when the driver’s
steering force is great, application of merely small rotary
torque brings about a sufficient angle of steering. Incidentally,

(equation 1)
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the vehicle speed is detected by a vehicle speed sensor (not
shown), and the driver’s steering force is detected by a steer-
ing force sensor (not shown).

[0087] The threshold value Th3 is set according to the mag-
nitude of the control gain G. For example, the control gain G
is set so that the threshold value Th3 gradually becomes
higher with reductions in the control gain G. This is because
the degree of deterioration of the steering feeling in the case
where the vehicle-mounted camera 31 is affected by thermal
noise reduces with reductions of the control gain G.

[0088] Next, actions of the lane departure prevention appa-
ratus 30 in accordance with this embodiment will be
described with reference to a flowchart shown in FIG. 8.
Firstly, the power supply of the lane departure prevention
apparatus 30 is turned on (step S31). Next, the temperature
measurement portion 33 measures the temperature of the
vehicle-mounted camera 31 (step S32). Next, the control gain
G is set according to the vehicle speed and the driver’s steer-
ing force (step S33). Next, the threshold value Th3 is set
according to the control gain G (step S34).

[0089] Next, the image processing portion 32 determines
whether or not the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Th3 (step
S35). If the temperature of the vehicle-mounted camera 31 is
higher than or equal to the threshold value Th3, the restriction
portion 34 stops the supply of electric power to the vehicle-
mounted camera 31 (step S36). Due to this, the vehicle-
mounted camera 31 stops acting, and the lane departure pre-
vention apparatus 30 ends the process. On the other hand, if
the temperature of the vehicle-mounted camera 31 is lower
than the threshold value Th3, the image processing portion 32
recognizes the road surface division mark 8 (step S37). Next,
it is determined whether or not the power supply of the lane
departure prevention apparatus 30 has been turned off (step
S38). If the power supply has not been turned off, the process
returns to step S32. On the other hand, if the power supply has
been turned off, the lane departure prevention apparatus 30
ends the process. The lane departure prevention apparatus 30
acts in the above-described manner.

[0090] As described above, according to this embodiment,
the threshold value Th3 that is a criterion as to whether or not
to restrict the action of the vehicle-mounted camera 31 is set
according to the magnitude of the control gain G. For
example, the threshold value Th3 can be set higher with
reductions in the control gain G. Due to this, unnecessary stop
of the vehicle-mounted camera 31 at high temperature is
avoided, so that the capability of the vehicle-mounted camera
31 can be fully delivered, and the serviceability ratio of the
lane departure prevention apparatus 30 can be improved.

[0091] A lane departure prevention apparatus in accor-
dance with a fourth embodiment of the invention will be
described with reference to drawings. FIG. 9 is a block dia-
gram showing a construction of a lane departure prevention
apparatus in accordance with a fourth embodiment.

[0092] A lane departure prevention apparatus 40 in accor-
dance with the fourth embodiment is different from the appa-
ratus of the third embodiment, in that the steering control
portion 36 is omitted, and a warning output portion 41 is
provided. Other constructions of the fourth embodiment are
substantially the same as those of the third embodiment. The
same constructions as in the third embodiment are denoted by
the same reference characters as in the third embodiment, and
the description thereof is omitted below.
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[0093] The warning output portion 41 outputs a warning
that indicates a possibility of the vehicle departing from the
traveling lane, before the vehicle actually departs therefrom,
on the basis of a result of the determination of the determi-
nation portion 35.

[0094] The restriction portion 34 restricts the action of the
vehicle-mounted camera 31 if the temperature measured by
the temperature measurement portion 33 is higher than or
equal to a threshold value Th4. The restriction portion 34
restricts the action of the vehicle-mounted camera 31, for
example, by restricting the supply of electric power to the
vehicle-mounted camera 31. The threshold value Th4 is set
according to the warning timing T that is set in the warning
output portion 41. The warning timing T is a time that indi-
cates how many seconds prior to an expected time of depar-
ture of the vehicle from the traveling lane the warning is to be
output. The warning timing T can be set according to the
vehicle speed and the road width. For example, the warning
timing T is set shorter with increases in the vehicle speed.
Besides, the warning timing T is set shorter with decreases in
the road width. If the warning timing T is shorter (e.g., if the
warning time is later), the accuracy of the recognition of the
road surface division mark 8 is higher. A reason for this is that
when the warning timing T is long (i.e., when the warning
time is early), road surface information needs to be acquired
about a farther forward area of the road surface than when the
warning timing T is short, and therefore the influence of noise
is greater. Therefore, the threshold value Th4 can be set to be
gradually higher with reductions in the warning timing T.
[0095] FIG. 10 is a graph showing an example of a relation
between the warning timing T and the threshold value Th4. In
the example shown in FIG. 10, the threshold value Th4 is
fixed when the warning timing T is less than or equal to 0.5
second, and the threshold value Th4 is gradually lessened
with increases in the warning timing T in the range of 0.5 to
1.0 second, and the threshold value Th4 is fixed when the
warning timing T is greater than the 1.0 second. In the
example shown in FIG. 10, in the interval of the threshold
value Th4 of 0.5 to 1.0 second, the threshold value Th4
declines in the manner of a linear function.

[0096] Next, actions of the lane departure prevention appa-
ratus 40 in accordance with this embodiment will be
described with reference to the flowchart shown in FIG. 11.
Firstly, the power supply of the lane departure prevention
apparatus 40 is turned on (step S41). Next, the temperature
measurement portion 33 measures the temperature of the
vehicle-mounted camera 31 (step S42). Next, the warning
timing T is set according to the vehicle speed and the road
width (step S43). Next, the threshold value Th4 is set accord-
ing to the warning timing T (step S44).

[0097] Next, the image processing portion 32 determines
whether or not the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Th4 (step
S45). If the temperature of the vehicle-mounted camera 31 is
higher than or equal to the threshold value Th4, the restriction
portion 34 stops the supply of electric power to the vehicle-
mounted camera 31 (step S46). Due to this, the vehicle-
mounted camera 31 stops acting, and the lane departure pre-
vention apparatus 40 ends the process. On the other hand, if
the temperature of the vehicle-mounted camera 31 is lower
than the threshold value Th4, the image processing portion 32
recognizes the road surface division mark 8 (step S47). Next,
it is determined whether or not the power supply of the lane
departure prevention apparatus 40 has been turned off (step
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S48). If the power supply has not been turned off, the process
returns to step S42. On the other hand, if the power supply has
been turned off, the lane departure prevention apparatus 40
ends the process. The lane departure prevention apparatus 40
acts in the above-described manner.

[0098] As described above, according to this embodiment,
the threshold value Th4 that is a criterion as to whether to
restrict the action of the vehicle-mounted camera 31 is set
according to the warning timing T. In the case where the
warning timing T is short, the recognition accuracy of the
road surface division mark 8 is higher than in the case where
the warning timing T is long. Therefore, the threshold value
Th4 can be set higher in the case where the warning timing T
short than in the case where the warning timing T is long.
Hence, unnecessary stop of the vehicle-mounted camera 31 at
high temperature is avoided, so that the capability of the
vehicle-mounted camera 31 can be fully delivered, and the
serviceability ratio of the lane departure prevention apparatus
40 can be improved.

[0099] A lane departure prevention apparatus in accor-
dance with a fifth embodiment of the invention will be
described with reference to drawings. FIG. 12 is a block
diagram showing a construction of a lane departure preven-
tion apparatus in accordance with the fifth embodiment.
[0100] The lane departure prevention apparatus 50 in
accordance with the fifth embodiment shown in FIG. 12 is
different from the apparatus of the third embodiment in that a
control gain adjustment portion 51 is provided. Other con-
structions of the fifth embodiment are the same as those of the
third embodiment. The same constructions as in the third
embodiment are denoted by the same reference characters as
in the third embodiment, and the description thereof is omit-
ted below.

[0101] The control gain adjustment portion 51 adjusts the
control gain G according to the temperature measured by the
temperature measurement portion 33. For example, the con-
trol gain G is adjusted so that the control gain G lessens with
increases in the temperature of the vehicle-mounted camera
31. Due to this, good steering feeling can be maintained even
in the case where the vehicle-mounted camera 31 is affected
by thermal noise. Incidentally, the action of the vehicle-
mounted camera 31 may be restricted, or may also be left
unrestricted.

[0102] Next, actions of the lane departure prevention appa-
ratus 50 in accordance with this embodiment will be
described with reference to the flowchart shown in FIG. 13.
Firstly, the power supply of the lane departure prevention
apparatus 50 is turned on (step S51). Next, the temperature
measurement portion 33 measures the temperature of the
vehicle-mounted camera 31 (step S52). Next, the control gain
G is set according to the vehicle speed, the driver’s steering
force, and the temperature of the vehicle-mounted camera 31
(step S53). Next, a threshold value Th5 is set according to the
control gain G (step S54).

[0103] Next, the image processing portion 32 determines
whether or not the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Th5 (step
S55). If the temperature of the vehicle-mounted camera 31 is
higher than or equal to the threshold value Th5, the restriction
portion 34 stops the supply of electric power to the vehicle-
mounted camera 31 (step S56). Due to this, the vehicle-
mounted camera 31 stops acting, and the lane departure pre-
vention apparatus 50 ends the process. On the other hand, if
the temperature of the vehicle-mounted camera 31 is lower
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than the threshold value Th5, the image processing portion 32
recognizes the road surface division mark 8 (step S57). Next,
it is determined whether or not the power supply of the lane
departure prevention apparatus 50 has been turned off (step
S58). If the power supply has not been turned off, the process
returns to step S52. On the other hand, if the power supply has
been turned off, the lane departure prevention apparatus 50
ends the process. The lane departure prevention apparatus 50
acts in the above-described manner.

[0104] Incidentally, in the example shown in FIG. 13, the
threshold value ThS5 is set, and the vehicle-mounted camera
31 is stopped if the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Th5.
However, in this embodiment, it is also permissible to omit
the setting of the threshold value Th5 and omit the stopping of
the vehicle-mounted camera 31 by the restriction portion 34.
[0105] As described above, according to this embodiment,
the control gain adjustment portion 51 adjusts the control gain
G according to the temperature of the vehicle-mounted cam-
era 31. For example, the control gain G is adjusted so that the
control gain G lessens with increases in the temperature of the
vehicle-mounted camera 31. Due to this, good steering feel-
ing can be maintained even in the case where the vehicle-
mounted camera 31 is affected by thermal noise. Besides,
unnecessary stop of the vehicle-mounted camera 31 at high
temperature is avoided, so that the serviceability ratio of the
lane departure prevention apparatus 50 can be improved.
[0106] A lane departure prevention apparatus in accor-
dance with a sixth embodiment of the invention will be
described with reference to drawings. FIG. 14 is a block
diagram showing a construction of a lane departure preven-
tion apparatus in accordance with the sixth embodiment.
[0107] The lane departure prevention apparatus 60 in
accordance with the sixth embodiment shown in FIG. 14 is
different from the apparatus of the fourth embodiment, in that
a timing adjustment portion 61 is provided. Other construc-
tions of the sixth embodiment are substantially the same as
those of the fourth embodiment. The same constructions as in
the fourth embodiment are denoted by the same reference
characters as in the fourth embodiment, and the description
thereof is omitted below.

[0108] The timing adjustment portion 61 adjusts the warn-
ing timing T according to the temperature measured by the
temperature measurement portion 33. The recognition accu-
racy of the road surface division mark 8 is higher in the case
where the warning timing T is short than in the case where the
warning timing T is long. A reason for this is that when the
warning timing T is long, road surface information needs to
be acquired about a farther forward area of the road surface
than when the warning timing T is short, and therefore the
influence of noise is greater. Hence, the warning timing T is
adjusted so that the warning timing T shortens with increases
in the temperature of the vehicle-mounted camera 31. Due to
this, false warning output can be prevented even in the case
where the vehicle-mounted camera 31 is affected by thermal
noise.

[0109] Next, actions of the lane departure prevention appa-
ratus 60 in accordance with this embodiment will be
described with reference to the flowchart shown in FIG. 15.
Firstly, the power supply of the lane departure prevention
apparatus 60 is turned on (step S61). Next, the temperature
measurement portion 33 measures the temperature of the
vehicle-mounted camera 31 (step S62). Next, the warning
timing T is set according to the vehicle speed, the road width,
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and the temperature measured by the temperature measure-
ment portion 33 (step S63). Next, a threshold value Thé is set
according to the warning timing T (step S64).

[0110] Next, the image processing portion 32 determines
whether or not the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Thé (step
S65). If the temperature of the vehicle-mounted camera 31 is
higher than or equal to the threshold value Thé, the restriction
portion 34 stops the supply of electric power to the vehicle-
mounted camera 31 (step S66). Due to this, the vehicle-
mounted camera 31 stops acting, and the lane departure pre-
vention apparatus 60 ends the process. On the other hand, if
the temperature of the vehicle-mounted camera 31 is lower
than the threshold value Thé, the image processing portion 32
recognizes the road surface division mark 8 (step S67). Next,
it is determined whether or not the power supply of the lane
departure prevention apparatus 60 has been turned off (step
S68). If the power supply has not been turned off, the process
returns to step S62. On the other hand, if the power supply has
been turned off, the lane departure prevention apparatus 60
ends the process. The lane departure prevention apparatus 60
acts in the above-described manner.

[0111] Incidentally, in the example shown in FIG. 15, the
threshold value Thé is set, and the vehicle-mounted camera
31 is stopped if the temperature of the vehicle-mounted cam-
era 31 is higher than or equal to the threshold value Thé.
However, in this embodiment, it is also permissible to omit
the setting of the threshold value Thé and omit the stopping of
the vehicle-mounted camera 31 by the restriction portion 34.
[0112] As described above, according to this embodiment,
the timing adjustment portion 61 adjusts the warning timing T
according to the temperature of the vehicle-mounted camera
31. The recognition accuracy of the road surface division
mark 8 is higher in the case where the warning timing T is
short than in the case where the warning timing T is long.
Hence, the warning timing T is adjusted so that the warning
timing T shortens with increases in the temperature of the
vehicle-mounted camera 31. Due to this, false warning output
can be prevented even in the case where the vehicle-mounted
camera 31 is affected by thermal noise. Besides, unnecessary
stop of the vehicle-mounted camera 31 at high temperature is
avoided, so that the serviceability ratio of the lane departure
prevention apparatus 60 can be improved.

What is claimed is:
1. A road surface division mark recognition apparatus that
recognizes a division mark on a road surface, comprising:
a vehicle-mounted camera that takes an image of the road
surface;
an image processing portion which has a plurality of image
processing modes that correspond respectively to a plu-
rality of kinds of road surface division marks, and which
recognizes the road surface division mark in a selected
one of the image processing modes;
a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera; and
a restriction portion that restricts action of the vehicle-
mounted camera if the temperature measured by the
temperature measurement portion is higher than or equal
to a threshold value,
wherein the threshold value differs depending on the plu-
rality of image processing modes.
2. The road surface division mark recognition apparatus
according to claim 1, wherein the image processing portion
discerns the kind of the road surface division mark contained
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in the road surface image taken by the vehicle-mounted cam-
era, and selects, from the plurality of image processing
modes, an image processing mode that corresponds to the
road surface division mark discerned.

3. The road surface division mark recognition apparatus
according to claim 1, wherein the restriction portion restricts
the action of the vehicle-mounted camera by restricting sup-
ply of electric power to the vehicle-mounted camera.

4. The road surface division mark recognition apparatus
according to claim 1, wherein the threshold value used when
the image processing mode is a Botts’ dots recognition mode
is set lower than the threshold value used when the image
processing mode is a division line recognition mode.

5. The road surface division mark recognition apparatus
according to claim 1, wherein the image processing portion,
after discerning the kind of the road surface division mark,
selects from the plurality of image processing modes an
image processing mode that corresponds to the road surface
division mark discerned.

6. A road surface division mark recognition apparatus that
recognizes a division mark on a road surface, comprising:

a vehicle-mounted camera that takes an image of the road

surface;

an image processing portion that calculates an edge point
distribution of a region whose brightness is different
from brightness of a surrounding region based on the
image of the road surface taken by the vehicle-mounted
camera, and that calculates a degree of dirtiness of the
road surface and recognizes a road surface division mark
based on the edge point distribution calculated;

a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera; and

a restriction portion that restricts action of the vehicle-
mounted camera if the temperature measured by the
temperature measurement portion is higher than or equal
to a threshold value,

wherein the threshold value is set according to the degree
of dirtiness of the road surface.

7. The road surface division mark recognition apparatus
according to claim 6, wherein the restriction portion restricts
the action of the vehicle-mounted camera by restricting sup-
ply of electric power to the vehicle-mounted camera.

8. The road surface division mark recognition apparatus
according to claim 6, wherein the threshold value is set higher
when the degree of dirtiness of the road surface is small than
when the degree of dirtiness of the road surface is great.

9. A lane departure prevention apparatus that prevents a
vehicle from departing from a traveling lane, comprising:

a vehicle-mounted camera that takes an image of a road

surface;

an image processing portion that recognizes a road surface
division mark that defines the traveling lane based on the
image of the road surface taken by the vehicle-mounted
camera;

a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera;

a restriction portion that restricts action of the vehicle-
mounted camera if the temperature measured by the
temperature measurement portion is higher than or equal
to a threshold value;

a determination portion that makes a determination regard-
ing possibility of the vehicle departing from the travel-
ing lane based on a result of recognition by the image
processing portion; and
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a steering control portion that controls steering so that the
vehicle does not depart from the traveling lane based on
a result of determination by the determination portion,

wherein the steering control portion controls the steering
by changing a control gain of rotary torque that is given
to a steering shaft, and the threshold value is set accord-
ing to magnitude of the control gain.

10. The lane departure prevention apparatus according to
claim 9, wherein the restriction portion restricts the action of
the vehicle-mounted camera by restricting supply of electric
power to the vehicle-mounted camera.

11. The lane departure prevention apparatus according to
claim 9, wherein the threshold value is set higher with a
reduction in the control gain.

12. A lane departure prevention apparatus that prevents a
vehicle from departing from a traveling lane, comprising:

a vehicle-mounted camera that takes an image of a road

surface;

an image processing portion that recognizes a road surface
division mark that defines the traveling lane based on the
image of the road surface taken by the vehicle-mounted
camera;

a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera;

a restriction portion that restricts action of the vehicle-
mounted camera if the temperature measured by the
temperature measurement portion is higher than or equal
to a threshold value;

a determination portion that makes a determination regard-
ing possibility of the vehicle departing from the travel-
ing lane based on a result of recognition by the image
processing portion; and

a warning output portion that outputs a warning that indi-
cates possibility of departure from the traveling lane,
before the vehicle departs from the traveling lane, based
on a result of determination by the determination por-
tion,

wherein the threshold value is set according to a warning
timing that is set in the warning output portion.

13. The lane departure prevention apparatus according to
claim 12, wherein the warning timing is a time that indicates
how many seconds prior to an expected time of departure of
the vehicle from the traveling lane the warning is to be output.

14. The lane departure prevention apparatus according to
claim 12, wherein the restriction portion restricts the action of
the vehicle-mounted camera by restricting supply of electric
power to the vehicle-mounted camera.

15. The lane departure prevention apparatus according to
claim 13, wherein the threshold value is set higher when the
warning timing is short than when the warning timing is long.

16. A lane departure prevention apparatus that prevents a
vehicle from departing from a traveling lane, comprising:

a vehicle-mounted camera that takes an image of a road

surface;

an image processing portion that recognizes a road surface
division mark that defines the traveling lane based on the
image of the road surface taken by the vehicle-mounted
camera;
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a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera;

a determination portion that makes a determination regard-
ing possibility of the vehicle departing from the travel-
ing lane based on a result of recognition by the image
processing portion;

a steering control portion that controls steering so that the
vehicle does not depart from the traveling lane based on
a result of determination by the determination portion,
wherein the steering control portion controls the steering
by changing a control gain of rotary torque that is given
to a steering shaft; and

a control gain adjustment portion that adjusts the control
gain according to the temperature measured by the tem-
perature measurement portion.

17. The lane departure prevention apparatus according to
claim 16, wherein the control gain adjustment portion gradu-
ally lessens the control gain with an increase in the tempera-
ture.

18. The lane departure prevention apparatus according to
claim 16, further comprising a restriction portion that restricts
supply of electric power to the vehicle-mounted camera if the
temperature measured by the temperature measurement por-
tion is higher than or equal to a threshold value.

19. A lane departure prevention apparatus that prevents a
vehicle from departing from a traveling lane, comprising:

a vehicle-mounted camera that takes an image of a road

surface;

an image processing portion that recognizes a road surface
division mark that defines the traveling lane based on the
image of the road surface taken by the vehicle-mounted
camera;

a temperature measurement portion that measures tem-
perature of the vehicle-mounted camera;

a determination portion that makes a determination regard-
ing possibility of the vehicle departing from the travel-
ing lane based on a result of recognition by the image
processing portion;

a warning output portion that outputs a warning that indi-
cates a possibility of departure from the traveling lane
based on a result of determination by the determination
portion; and

a timing adjustment portion that adjusts a timing of the
warning according to the temperature measured by the
temperature measurement portion.

20. The lane departure prevention apparatus according to

claim 19, wherein:

the warning timing is a time that indicates how many sec-
onds priorto an expected time of departure of the vehicle
from the traveling lane the warning is to be output; and

the timing adjustment portion gradually shortens the warn-
ing timing with an increase in the temperature.

21. The lane departure prevention apparatus according to
claim 19, further comprising a restriction portion that restricts
supply of electric power to the vehicle-mounted camera if the
temperature measured by the temperature measurement por-
tion is higher than or equal to a threshold value.
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