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Description

TECHNICAL FIELD

[0001] The present invention relates to a driving as-
sistance device and a method of detecting a vehicle ad-
jacent thereto.

BACKGROUND ART

[0002] Patent Literature 1 has proposed a driving as-
sistance device which detects a pedestrian by extracting
a pair of object regions aligned in a horizontal direction
as a left region and a right region in a manner correspond-
ing to the feet of the pedestrian, and by detecting a
change in brightness in the regions.
[0003] US2006/0184297A1 discloses an imaging sys-
tem for a vehicle that is capable to distinguish between
headlights and reflections caused by headlights.

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2010-205087

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] However, the driving assistance device dis-
closed in Patent Literature 1 cannot determine whether
an object is located in an adjacent lane or in a next ad-
jacent lane which is adjacent to the adjacent lane, by
detecting a change in brightness when the detected ob-
ject is shining. Therefore, detection accuracy of an adja-
cent vehicle (including a motorcycle or a bicycle) may
decrease.
[0006] The present invention, which has been made
to solve the conventional problems described above, is
directed to providing a driving assistance device which
can improve detection accuracy of an adjacent vehicle
and a method of detecting a vehicle adjacent thereto.

SOLUTION TO PROBLEM

[0007] The invention is defined in the appended inde-
pendent claims.
[0008] In a driving assistance device according to an
embodiment of the present invention, a road surface re-
flection region detector detects, from an image capturing
region behind a side of an own vehicle in which images
are captured by an image capturing unit, a high-bright-
ness region in which brightness is equal to or higher than
a predetermined threshold value. In addition, a predeter-
mined position brightness detector detects brightness at
a position separated from the own vehicle by a predeter-

mined distance. The position separated from the own
vehicle by a predetermined distance is located in a
straight-line direction linking a position of the above-men-
tioned high-brightness region and the image capturing
unit, in a state of viewing the vehicle from above. Fur-
thermore, a brightness difference detector calculates the
difference between the brightness value of the high-
brightness region and the brightness value at a position
separated from the own vehicle by a predetermined dis-
tance, and an adjacent vehicle detector detects an adja-
cent vehicle from the brightness difference.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the present invention, a road sur-
face reflecting the light of another vehicle in an adjacent
lane or the light of another vehicle in a next adjacent lane
is supposed to be detected by detecting, from the image
capturing region, a high-brightness region in which
brightness is equal to or higher than a predetermined
threshold value. In addition, the brightness is detected
at a position located in a straight-line direction linking a
position of the high-brightness region and the image cap-
turing unit and separated from the own vehicle by a pre-
determined distance. Accordingly, if the high-brightness
region is the road surface reflecting the light of another
vehicle, it becomes possible to detect the position of the
light of another vehicle by detecting the position being
separated by a predetermined distance and passing the
reflecting road surface. Subsequently, the difference be-
tween the brightness value of the high-brightness region
and the brightness value of the position separated by a
predetermined distance is detected, and an adjacent ve-
hicle in the image capturing region is detected, based on
the detected difference of brightness values. According-
ly, if the high-brightness region is the road surface re-
flecting the light of another vehicle, the difference of
brightness values becomes larger because there exists
a further brighter portion due to existence of the light of
another vehicle at the position separated by a predeter-
mined distance, otherwise the difference of brightness
values tends to decrease. Therefore, the position of the
light of another vehicle can be determined from the dif-
ference of brightness values, which makes it possible to
improve detection accuracy of an adjacent vehicle.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

[FIG. 1] FIG. 1 is a schematic configuration diagram
of a driving assistance device according to a first
embodiment, showing an example where the driving
assistance device is mounted on a vehicle.
[FIG. 2] FIG. 2 is a top view showing a running state
of the vehicle shown in FIG. 1.
[FIG. 3] FIG. 3 is a block diagram showing details of
a computer shown in FIG. 1.
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[FIG. 4] FIG. 4 shows details of a predetermined po-
sition brightness detector shown in FIG. 3, wherein
FIG. 4 (a) shows an image captured by a camera
and FIG. 4 (b) shows a position and a brightness
value of a pixel thereabove.
[FIG. 5] FIG. 5 is a flow chart showing a method of
detecting an adjacent vehicle for the driving assist-
ance device according to the present embodiment,
and describes details of the processing of the pre-
determined position brightness detector and a cause
determiner shown in FIG. 3.
[FIG. 6] FIG. 6 is a block diagram showing details of
a computer of a driving assistance device according
to a second embodiment.
[FIG. 7] FIG. 7 shows details of a predetermined po-
sition brightness detector shown in FIG. 6, wherein
FIG. 7 (a) shows an image captured by a camera
and FIG. 7 (b) shows a position and a brightness
value of a pixel thereabove.
[FIG. 8] FIG. 8 is a flow chart showing a method of
detecting an adjacent vehicle for the driving assist-
ance device according to the present embodiment,
and describes details of the processing of the pre-
determined position brightness detector and a cause
determiner shown in FIG. 6.
[FIG. 9] FIG. 9 is a block diagram showing details of
a computer of a driving assistance device according
to a third embodiment.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

[0011] A first embodiment of the present invention will
be described first, referring to drawings. FIG. 1 is a sche-
matic configuration diagram of a driving assistance de-
vice 1 according to the present embodiment, showing an
example where the driving assistance device 1 is mount-
ed on a vehicle V. The driving assistance device 1 shown
in FIG. 1, which provides a driver of the own vehicle V
with various information from a result of image capturing
around the own vehicle V, includes a camera (image cap-
turing unit/means) 10, a vehicle speed sensor 20, a com-
puter 30, and an alarm device 40.
[0012] The camera 10 shown in FIG. 1 is attached to
a position with a height h at the rear of the own vehicle
V so that the optical axis is tilted downward from the hor-
izontal line by an angle θ1. The camera 10 is configured
to capture images of a detection region from this position.
The vehicle speed sensor 20 detects the running speed
of the own vehicle V, for which a sensor that detects the
number of rotations of the wheels may be applied, for
example. The computer 30 detects an adjacent vehicle
(in the following, another vehicle is illustrated as an ex-
ample of an adjacent vehicle) existing around the own
vehicle V, based on the images captured by the camera
10. In addition, the computer 30 of the present embodi-
ment is configured so as not to erroneously detect the

position of another vehicle due to light such as light of
another vehicle. The alarm device 40 warns the driver of
the own vehicle V if an adjacent vehicle detected by the
computer 30 may contact with the own vehicle V.
[0013] FIG. 2 is a top view showing a running state of
the vehicle shown in FIG. 1. As shown in FIG. 2, the
camera 10 can capture images behind the side of the
own vehicle V. In an adjacent lane, which is adjacent to
the lane in which the own vehicle V is running, there are
set detection regions A1 and A2 for detecting another
vehicle. The computer 30 detects whether or not there
exists another vehicle in the detection regions A1 and
A2. Accordingly, the possibility of contact when the own
vehicle V changes the lane can be determined.
[0014] FIG. 3 is a block diagram showing details of the
computer 30 shown in FIG. 1. Note that, FIG. 3 also
shows the camera 10, the vehicle speed sensor 20, and
the alarm device 40 to clarify the relation of connection.
[0015] As shown in FIG. 3, the computer 30 includes
a viewpoint converter 31, a difference detector 32, a mov-
ing object detector (moving object detecting means) 33,
a candidate reflection region detector (candidate reflec-
tion region detecting means) 34, a predetermined posi-
tion brightness detector (predetermined position bright-
ness detecting means) 35, and a cause determiner 36.
Note that, the moving object detector 33 and the candi-
date reflection region detector 34 constitute a detection
region setter (detection region setting means) in the
present embodiment. In addition, the predetermined po-
sition brightness detector 35 constitutes a candidate light
projecting object detector (candidate light projecting ob-
ject detecting means) in the present embodiment.
[0016] The viewpoint converter 31 inputs captured im-
age data obtained from image-capturing by the camera
10, and converts the viewpoint of the captured and input
image data into bird’s-eye view image data in a state
seen from a bird’ s eye. The state seen from a bird’ s eye
refers for example to a state seen from the viewpoint of
a virtual camera looking vertically downward from the
sky. The viewpoint conversion is performed in a manner
described in Japanese Patent Application Laid-Open
Publication No. 2008-219063, for example.
[0017] The difference detector 32 sequentially inputs
the bird’s-eye view image data obtained from viewpoint
conversion by the viewpoint converter 31, and aligns the
bird’s-eye view image data of different input time points,
based on the running speed of the own vehicle V obtained
from the vehicle speed sensor 20. In addition, the differ-
ence detector 32, after having aligned the bird’s-eye view
image data of different time points, detects the difference
between common parts thereof to generate difference
image data.
[0018] The moving object detector 33 detects, from the
difference image data generated by the difference de-
tector 32, a difference value at positions corresponding
to the detection regions A1 and A2, and divides each of
the detection regions A1 and A2 into a moving object
region R1 and a road surface region R2 by threshold
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value processing. Here, if the moving object region R1
is detected, another vehicle may exist in the region, and
the moving object detector 33 transmits the effect to the
alarm device 40 as moving object detection determina-
tion data.
[0019] Here, the moving object region R1 is also de-
tected when light of another vehicle is reflected by the
road surface. In other words, as shown in FIG. 2, there
is a case where another vehicle exists in a next adjacent
lane which is adjacent to the adjacent lane, the light of
the other vehicle is reflected by the road surface of the
adjacent lane, and the reflected light is detected as the
moving object region R1. In such a case, issuing an alarm
by the alarm device 40 results in presenting erroneous
information to the driver of the own vehicle V. Therefore,
the present embodiment is configured to prevent such a
situation by the following configuration.
[0020] The candidate reflection region detector 34 de-
tects, within an image capturing region whose images
are captured by the camera 10, a high-brightness region
in which brightness is equal to or higher than a predeter-
mined threshold value. Specifically, the candidate reflec-
tion region detector 34 detects the high-brightness region
in which brightness is equal to or higher than a predeter-
mined threshold value, only in the moving object region
R1 detected by the moving object detector 33.
[0021] When detecting the high-brightness region, the
candidate reflection region detector 34 first sets a pre-
determined threshold value. The predetermined thresh-
old value is determined based on an angle θ2 between
the optical axis of the camera 10 and the straight line
linking the region to be detected (i.e., the moving object
region R1) and the camera 10, in a state of viewing the
own vehicle V from above, and is adjusted to be higher
for a smaller value of the angle θ2. Generally, the light
of another vehicle is projected forward. Therefore, the
smaller the angle θ2, the larger amount of light from an-
other vehicle will be captured by the camera 10. There-
fore, the smaller the angle θ2, the higher the predeter-
mined threshold value is adjusted.
[0022] Upon setting a predetermined threshold value,
the candidate reflection region detector 34 sets the mov-
ing object region R1 as the candidate reflection region
R1, provided that the brightness value of the moving ob-
ject region R1 is equal to or higher than the predeter-
mined threshold value. Note that, the range of setting
and the rate of change of the threshold value are exper-
imentally set, with the setting here being only exemplary,
and thus setting of the threshold value is not limited to
that described above.
[0023] Additionally, in practice, the candidate reflection
region R1 may include noise, which can be eliminated
by applying an opening process to a binary image ex-
pressing the candidate reflection region R1, for example.
[0024] Upon setting the candidate reflection region R1
as described above, the candidate reflection region de-
tector 34 determines a representative point P1 and a rep-
resentative brightness value P of the candidate reflection

region R1. In this occasion, the candidate reflection re-
gion detector 34 sets the representative point P1 as the
centroid position of the candidate reflection region R1
and sets the representative brightness value P as the
brightness value of the centroid position. Note that, the
representative point P1 and the representative bright-
ness value P are not limited to those described above,
and the representative point P1 may be a point closer to
the own vehicle in the candidate reflection region R1, for
example, and the representative brightness value P may
be a statistical value such as the average brightness val-
ue or the 90 percentile value of the candidate reflection
region R1.
[0025] The predetermined position brightness detector
35 specifies a region having a brightness value equal to
or higher than a predetermined value and a number of
pixels equal to or larger than a predetermined number
as a candidate light projecting region (a region where a
next adjacent vehicle is regarded as a candidate light
projecting object) from a region of the next adjacent lane
within a certain range of direction angles around a
straight-line direction linking the position of the candidate
reflection region R1 and the camera 10, in a state of view-
ing the own vehicle V from above. Here, although the
predetermined number of pixels is assumed to be equal
to or larger than three in the original captured image, this
is not limiting and a value equal to or larger than three
may be set. Accordingly, light projection from a light
source such as a streetlight which is not a vehicle can
be first eliminated from the candidate light projecting re-
gion. Subsequently, brightness values are scanned and
detected upward in the real space from the representa-
tive position in the candidate light projecting region in
order to determine whether or not the candidate light pro-
jecting object is the next adjacent vehicle.
[0026] Specifically, the predetermined position bright-
ness detector 35 detects a position P2 which is an inter-
section point between a straight-line direction linking the
position of the candidate reflection region R1 and the
camera 10 and a substantial centerline of the next adja-
cent lane, in a state of viewing the own vehicle V from
above. Subsequently, the predetermined position bright-
ness detector 35 scans and detects brightness values
upward in the real space from the position P2.
[0027] Note that, the reason for defining the position
P2 as the intersection point with the substantial centerline
of the next adj acent lane is because influence of halation
causes the highly bright portion to appear larger than its
actual size, and thus headlight of another vehicle in a
next adjacent lane can be captured even if the vehicle
shifts transversely to some extent, with the substantial
centerline of the next adjacent lane taken as a reference.
[0028] FIG. 4 shows details of the predetermined po-
sition brightness detector 35 shown in FIG. 3, wherein
FIG. 4(a) shows an image captured by the camera 10
and FIG. 4 (b) shows the position P2 and a brightness
value of a pixel thereabove.
[0029] As shown in FIG. 4, upon detecting the position
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P2, the predetermined position brightness detector 35
scans and detects brightness values upward from the
position P2. In other words, brightness values are ob-
tained along a line indicated by a reference numeral "50"
of FIG. 4(a).
[0030] Furthermore, the predetermined position
brightness detector 35 then detects a section having suc-
cessive brightness values equal to or higher than a pre-
determined value. As shown in FIG. 4 (b), the fourth to
the tenth pixels above the position P2 form a section SE
having successive brightness values equal to or higher
than a predetermined value.
[0031] Subsequently, the cause determiner 36 obtains
a representative brightness value Q of the section SE.
The representative brightness value Q may be the bright-
ness value of the centroid (center) or may be a statistical
value, as with the representative brightness value P.
Then, the cause determiner 36 then calculates the dif-
ference of brightness values between the representative
brightness values P and Q. Furthermore, if the difference
of brightness values is larger than a threshold value TH,
the cause determiner 36 determines that the candidate
reflection region R1 is reflection of the light of another
vehicle by the road surface in a next adjacent lane. Oth-
erwise, the cause determiner 36 determines that the can-
didate reflection region R1 is the light from another ve-
hicle in an adjacent lane, and regards that there exists
an adjacent vehicle.
[0032] Note that, the cause determiner 36 also per-
forms the following process in order to detect another
vehicle in an adjacent lane with a higher accuracy. The
cause determiner 36 first determines whether or not the
number of pixels in the section SE is equal to or smaller
than a defined value. Here, the case that the number of
pixels in the extracted section SE having successive
brightness values is equal to or smaller than the defined
value suggests the case where the highly bright portion
is small and less than the size of the light of another
vehicle in a next adjacent lane. In this case, the cause
determiner 36 determines that the section SE is not the
light of another vehicle in the next adjacent lane but is
the light of an adjacent vehicle, and detects the adjacent
vehicle. If, on the other hand, the number of pixels in the
section SE is not equal to or smaller than the defined
value, the cause determiner 36 determines that the sec-
tion SE is the light of another vehicle in a next adjacent
lane. In other words, it is determined that the candidate
reflection region R1 is reflection of the light of another
vehicle by the road surface in a next adjacent lane.
[0033] In addition, the cause determiner 36 obtains a
distance D between the lowest point P3 of the section
SE and the position P2 detected by the predetermined
position brightness detector 35. The cause determiner
36 then determines whether or not the distance D is equal
to or smaller than a predetermined distance. If the dis-
tance is equal to or smaller than the predetermined dis-
tance, the position is too low for the light of another vehicle
in the next adjacent lane, and thus it can be determined

that it is not the light of another vehicle in a next adjacent
lane. Accordingly, the cause determiner 36 determines
that the section SE is the light of an adj acent vehicle and
detects the adj acent vehicle. If, on the other hand, the
distance D is not equal to or smaller than the predeter-
mined distance, the cause determiner 36 determines that
the section SE is the light of another vehicle in a next
adjacent lane. In other words, it is determined that the
candidate reflection region R1 is reflection of the light of
another vehicle by the road surface in a next adjacent
lane.
[0034] In summary of the above, the driving assistance
device according to the present embodiment provides a
driver with various pieces of information from a result of
capturing images around an own vehicle, and includes:
an image capturing unit (camera 10) mounted on the own
vehicle to capture images behind a side of the own ve-
hicle; a detection region setter (moving object detector
33 and candidate reflection region detector 34) that sets
a detection region for detecting, from image data cap-
tured by the image capturing unit, existence of an adja-
cent vehicle in an adjacent lane; a candidate light pro-
jecting object detector (predetermined position bright-
ness detector 35) that detects a candidate light projecting
object which projects light with brightness equal to or
higher than a predetermined threshold value; a cause
determiner (cause determiner 36) that determines
whether or not there exists a candidate light projecting
object which indicates existence of the adjacent vehicle
in the detection region set by the detection region setter;
and an information provider (alarm device 40) that pro-
vides the driver with information of existence of the ad-
jacent vehicle, if it is determined by the cause determiner
that light is projected from the adjacent vehicle, wherein
it may be said that the cause determiner determines
whether or not the light is projected from the adjacent
vehicle by detecting an image capturing position (corre-
sponding to distance D) of the candidate light projecting
object detected by the candidate light projecting object
detector.
[0035] Next, a method of detecting an adjacent vehicle
for the driving assistance device 1 according to the
present embodiment will be described. FIG. 5 is a flow
chart showing the method of detecting an adjacent vehi-
cle for the driving assistance device 1 according to the
present embodiment, and describes details of the
processing of the predetermined position brightness de-
tector 35 and the cause determiner 36 shown in FIG. 3.
[0036] First, as shown in FIG. 5, the predetermined
position brightness detector 35 specifies a region having
a brightness value equal to or higher than a predeter-
mined value as a candidate light projecting region RS
from a region of the next adjacent lane within a certain
range of direction angles around a straight-line direction
linking the position of the candidate reflection region R1
and the camera 10, in a state of viewing the own vehicle
V from above (S1).
[0037] Subsequently, the predetermined position
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brightness detector 35 determines whether or not the
number of pixels in the candidate light projecting region
RS is equal to or larger than a predetermined number
(defined value of pixels) (S2). Then, if it is determined
that the number of pixels in the candidate light projecting
region RS is not equal to or larger than the defined value
(NO in S2), it is very likely that the candidate light pro-
jecting region RS is light projected from a light source
such as a streetlight which is not a vehicle, and thus the
cause determiner 36 determines the candidate light pro-
jecting region RS as a region in which a light source other
than an adjacent vehicle has been detected (S3). If, on
the other hand, it is determined that the number of pixels
in the candidate light projecting region RS is equal to or
larger than the defined value (YES in S2), it is very likely
that the candidate light projecting region RS is light pro-
jected from an adjacent vehicle or a next adjacent vehicle,
and thus the predetermined position brightness detector
35 scans and detects brightness values upward in the
real space from the representative position in the candi-
date light projecting region RS in order to determine
which one the vehicle is.
[0038] If, on the other hand, it is determined that the
number of pixels in the candidate light projecting region
RS is equal to or larger than the defined value (YES in
S2), it is very likely that the candidate light projecting
region RS is light projected from an adjacent vehicle or
a next adjacent vehicle, and thus the predetermined po-
sition brightness detector 35 scans and detects bright-
ness values upward in the real space from the represent-
ative position in the candidate light projecting region RS
in order to determine which one the vehicle is (S4). In
other words, the predetermined position brightness de-
tector 35 scans and detects brightness values upward in
the real space from the position P2 specified as a repre-
sentative position in the candidate light projecting region
RS, and detects the section SE having brightness values
equal to or higher than a predetermined value (S4). Sub-
sequently, the cause determiner 36 determines whether
or not the number of pixels in the section SE is equal to
or smaller than the defined value (S5).
[0039] If it is determined that the number of pixels in
the section SE is not equal to or smaller than the defined
value (NO in S5), it is very likely that the section SE is
the light of another vehicle in a next adjacent lane since
the number of pixels is larger than the defined value, and
thus the cause determiner 36 determines that the candi-
date reflection region R1 is reflection of the light of an-
other vehicle in a next adjacent lane (S3). Subsequently,
the process shown in FIG. 5 is completed.
[0040] If, on the other hand, it is determined that the
number of pixels in the section SE is equal to or smaller
than the defined value (YES in S5), the cause determiner
36 calculates the distance D between the lowest point
P3 of the section SE and the specified position P2 (S6).
Subsequently, the cause determiner 36 determines
whether or not the distance D is equal to or smaller than
a predetermined distance (S7). The distance D may be

set, without being limited to the section SE, as the dis-
tance from the camera to the light source of the next
adjacent vehicle in the vehicle width direction. In addition,
a combination of the above may be set. For example, if
the height direction distance (section SE) is fixed to 70
cm, the vehicle width direction distance may be set in the
range of 1 m to 4.5 m, for example, or if the vehicle width
direction distance is fixed to 6.5 m, the height direction
distance may be set in the range of 60 to 90 cm. However,
these values are only exemplary and not limited thereto.
The light source of the next adjacent vehicle is supposed
to be determined by going through this step.
[0041] If it is determined that the distance D is not equal
to or smaller than the predetermined distance (NO in S7),
it is very likely that the section SE is the light of another
vehicle in a next adjacent lane since the distance D is at
least as high as the light of another vehicle, and thus the
cause determiner 36 determines that the candidate re-
flection region R1 is reflection of the light of another ve-
hicle in a next adjacent lane (S3). Subsequently, the proc-
ess shown in FIG. 5 is completed.
[0042] If, on the other hand, it is determined that the
distance D is equal to or smaller than the predetermined
distance (YES in S7), the cause determiner 36 detects
the representative brightness value Q of the section SE
(S8). Subsequently, the cause determiner 36 determines
whether or not the equation "representative brightness
value Q" > "representative brightness value P" + "thresh-
old value TH" holds (S9).
[0043] If it is determined that the equation "represent-
ative brightness value Q" > "representative brightness
value P" + "threshold value TH" holds (YES in S9), the
difference of brightness values between both brightness
values P and Q is larger than the threshold value TH,
and thus the cause determiner 36 determines that the
candidate reflection region R1 is reflection of light of an-
other vehicle in a next adjacent lane (S3). Subsequently,
the process shown in FIG. 5 is completed.
[0044] If, on the other hand, it is determined that the
equation "representative brightness value Q" > "repre-
sentative brightness value P" + "threshold value TH" does
not hold (NO in S9), the difference of brightness values
between both brightness values P and Q is smaller than
the threshold value TH, and thus the cause determiner
36 determines that the candidate reflection region R1
results from the light of another vehicle in an adjacent
lane, and determines that there exists another vehicle in
the adjacent lane (S10). Subsequently, the process
shown in FIG. 5 is completed. Note that, the threshold
value TH herein is set to a brightness level in the range
of 5 to 10, for example.
[0045] Note that, if it is determined in the process of
step S3 that the candidate reflection region R1 is reflec-
tion of light of another vehicle in the next adjacent lane,
the cause determiner 36 outputs an alarm suppression
signal, as shown in FIG. 3. Accordingly, a situation can
be prevented in which an alarm is issued when there is
no possibility of contact with another vehicle even if the
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own vehicle V changes the lane and thus no alarm is
needed.
[0046] If, on the other hand, it is determined in the proc-
ess of step S10 that there exists another vehicle in an
adjacent lane, the cause determiner 36 does not output
an alarm suppression signal, and the alarm device 40 is
supposed to notify the driver of the existence of an ad-
jacent vehicle via a buzzer or a lamp.
[0047] In summary of the above, the driving assistance
method according to the present embodiment provides
a driver with various pieces of information from a result
of capturing images around an own vehicle by an image
capturing unit (camera 10), and includes: an image cap-
turing step of capturing images behind a side of the own
vehicle by the image capturing unit mounted on the own
vehicle; a detection region setting step of setting a de-
tection region for detecting, from image data captured in
the image capturing step, existence of an adjacent vehi-
cle in an adjacent lane; a candidate light projecting object
detecting step of detecting a candidate light projecting
object which projects light with brightness equal to or
higher than a predetermined threshold value; a cause
determination step of determining whether or not there
exists a candidate light projecting object which indicates
existence of the adjacent vehicle in the detection region
set in the detection region setting step; and an information
providing step of providing the driver with information of
existence of the adjacent vehicle, if it is determined in
the cause determining step that light is projected from
the adjacent vehicle, wherein it may be said that the
cause determining step determines whether or not the
light is projected from the adjacent vehicle by detecting
an image capturing position (corresponding to distance
D) of the candidate light projecting object detected in the
candidate light projecting object detecting step.
[0048] As thus described, the driving assistance de-
vice 1 and the adjacent vehicle detecting method accord-
ing to the present embodiment can detect the road sur-
face reflecting the light of another vehicle in an adjacent
lane or the light of another vehicle in a next adjacent lane
by detecting, from the image capturing region, the can-
didate reflection region R1 having a brightness equal to
or higher than a predetermined threshold value. In addi-
tion, the brightness value of a position located in a
straight-line direction linking the position of the candidate
reflection region R1 and the camera 10 and separated
from the own vehicle V by a predetermined distance is
detected. Accordingly, if the candidate reflection region
R1 is the road surface reflecting the light of another ve-
hicle, it becomes possible to detect the position of the
light of another vehicle by detecting the position being
separated by a predetermined distance and passing the
reflecting road surface. Subsequently, the difference be-
tween the brightness value P of the candidate reflection
region R1 and the brightness value Q of the position sep-
arated by a predetermined distance is detected, and an
adjacent vehicle in the image capturing region is detect-
ed, based on the detected difference of brightness val-

ues. Accordingly, if the candidate reflection region R1 is
the road surface reflecting the light of another vehicle,
the difference of brightness values becomes larger be-
cause there exists a further brighter portion due to exist-
ence of the light of another vehicle at the position sepa-
rated by a predetermined distance, otherwise the differ-
ence of brightness values tends to decrease. Therefore,
the position of the light of another vehicle can be deter-
mined from the difference of brightness values, which
makes it possible to improve detection accuracy of an
adjacent vehicle.
[0049] In addition, the predetermined threshold value
is adjusted to be higher as an angle θ2 between the op-
tical axis of the camera 10 and the straight line linking
the region to be detected (i.e., the moving object region
R1) and the camera 10 becomes smaller. Here, since
the light of another vehicle is projected forward, the
amount of light input to the camera 10 from a position
closer to the optical axis of the camera 10 tends to be
larger. Therefore, an appropriate threshold value can be
set by adjusting a predetermined threshold value to be
higher for a smaller value of the angle θ2.
[0050] In addition, a region where an adjacent vehicle
can exist (i.e., the moving object region R1) is detected
from the captured region, and the candidate reflection
region R1 having a brightness equal to or higher than a
predetermined threshold value is detected within a range
limited to the detected region. Therefore, the amount of
processing can be reduced without having to perform the
above-mentioned process on unnecessary regions.
[0051] In addition, the position P2 in the next adjacent
lane is specified, and brightness values are scanned and
detected upward in the real space from the specified po-
sition P2. Therefore, the position of the light of another
vehicle in a next adjacent lane can be captured with a
much higher accuracy.
[0052] In addition, brightness values are scanned and
detected upward in the real space from the specified po-
sition P2 to extract a section SE having successive bright-
ness values equal to or higher than a predetermined val-
ue, and it is determined that an adjacent vehicle has been
detected if the number of pixels in the extracted section
SE having successive brightness values is equal to or
smaller than a defined value. Therefore, if the number of
pixels in the extracted section SE having successive
brightness values is small and less than the size of the
light, no erroneous determination is made that the section
SE is reflection of the light of another vehicle in a next
adjacent lane, which makes it possible to improve detec-
tion accuracy.
[0053] In addition, if the distance between the lowest
point P3 of the extracted section SE having successive
brightness values and the specified position P2 is equal
to or smaller than a predetermined distance, it is deter-
mined that an adjacent vehicle has been detected. There-
fore, if the lowest point P3 of the extracted section SE
having successive brightness values is not at least as
high as the light position of another vehicle and the dis-
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tance from the specified position P2 is close, no errone-
ous determination is made that the section SE is reflec-
tion of the light of another vehicle in a next adjacent lane,
which makes it possible to improve detection accuracy.

(Second Embodiment)

[0054] Next, a second embodiment of the present in-
vention will be described. A driving assistance device 2
and an adjacent vehicle detecting method thereof ac-
cording to the second embodiment are similar to those
of the first embodiment, except that a part of the config-
uration and processes are different. In the following, dif-
ference from the first embodiment will be described.
[0055] FIG. 6 is a block diagram showing details of the
computer 30 of the driving assistance device 2 according
to the second embodiment. Note that, FIG. 6 also shows
the camera 10 and the alarm device 40 to clarify the re-
lation of connection.
[0056] As shown in FIG. 6, in the computer 30 of the
second embodiment, the cause determiner 36 has bright-
ness difference detector (brightness difference detecting
means) 36a and an adjacent vehicle detector (adjacent
vehicle detecting means) 36b. Note that, the moving ob-
ject detector 33 and the candidate reflection region de-
tector 34 constitute the detection region setter (detection
region setting means) of the present embodiment. In ad-
dition, the predetermined position brightness detector 35
constitutes the candidate light projecting object detector
(candidate light projecting object detecting means) of the
present embodiment.
[0057] FIG. 7 shows details of a predetermined posi-
tion brightness detector 35 according to the present em-
bodiment shown in FIG. 6, wherein FIG. 7(a) shows an
image captured by the camera 10 and FIG. 7(b) shows
the brightness value of a pixel thereabove.
[0058] As shown in FIG. 7, upon detecting the position
P2, the predetermined position brightness detector 35
scans and detects brightness values upward from the
position P2. In other words, brightness values are ob-
tained along a line indicated by a reference numeral "50"
of FIG. 7(a).
[0059] Moreover, the predetermined position bright-
ness detector 35 then detects a section having succes-
sive brightness values equal to or higher than a prede-
termined value. As shown in FIG. 7 (b), the fourth to the
tenth pixels above the position P2 form a section SE1
having successive brightness values equal to or higher
than a predetermined value. Similarly, the thirteenth and
fourteenth pixels above the position P2 form a section
SE2 having successive brightness values equal to or
higher than a predetermined value.
[0060] As described above, upon detecting the sec-
tions SE1 and SE2 having successive brightness values
equal to or higher than a predetermined value by the
predetermined position brightness detector 35, the adja-
cent vehicle detector 36b selects, from the sections SE1
and SE2 described above, the section SE1 having the

maximum number of successive brightness values.
[0061] Subsequently, the brightness difference detec-
tor 36a obtains the representative brightness value Q of
the section SE1. The representative brightness value Q
may be the brightness value of the centroid (center) or
may be a statistical value, as with the representative
brightness value P. Then, the brightness difference de-
tector 36a calculates the difference of brightness values
between the representative brightness values P and Q.
If the difference of brightness values is larger than a
threshold value TH, the adjacent vehicle detector 36b
determines that the candidate reflection region R1 is re-
flection of the light of another vehicle by the road surface
in a next adjacent lane. On the other hand, otherwise,
the adjacent vehicle detector 36b determines that the
candidate reflection region R1 is the light from another
vehicle in an adjacent lane, and regards that there exists
the adjacent vehicle.
[0062] Note that, the adjacent vehicle detector 36b also
performs the following process in order to detect another
vehicle in an adjacent lane with a higher accuracy. The
adjacent vehicle detector 36b first determines whether
or not the number of pixels in the section SE1 is equal
to or smaller than a defined value. Here, the case that
the number of pixels in the extracted section SE1 having
successive brightness values is equal to or smaller than
the defined value suggests the case where the highly
bright portion is small and less than the size of the light
of another vehicle in a next adjacent lane. In this case,
the adjacent vehicle detector 36b determines that the
section SE1 is not the light of another vehicle in a next
adjacent lane but is the light of an adjacent vehicle, and
detects the adjacent vehicle. If, on the other hand, the
number of pixels in the section SE1 is equal to or smaller
than the defined value, the adjacent vehicle detector 36b
determines that the section SE1 is the light of another
vehicle in a next adjacent lane. In other words, it is de-
termined that the candidate reflection region R1 is reflec-
tion of the light of another vehicle by the road surface in
a next adjacent lane.
[0063] In addition, the adjacent vehicle detector 36b
obtains the distance D between the lowest point P3 of
the section SE1 detected by the predetermined position
brightness detector 35 and the position P2. The adjacent
vehicle detector 36b then determines whether or not the
distance D is equal to or smaller than a predetermined
distance. If the distance is equal to or smaller than the
predetermined distance, the position is too low for the
light of another vehicle in the next adjacent lane, and thus
it can be determined that there it is not the light of another
vehicle in the next adjacent lane. Accordingly, the adja-
cent vehicle detector 36b determines that the section
SE1 is the light of an adjacent vehicle and detects the
adjacent vehicle. If, on the other hand, the distance D is
not equal to or smaller than the predetermined distance,
the adjacent vehicle detector 36b determines that the
section SE1 is the light of another vehicle in a next ad-
jacent lane. In other words, it is determined that the can-
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didate reflection region R1 is reflection of the light of an-
other vehicle by the road surface in the next adjacent
lane.
[0064] The driving assistance device according to the
second embodiment provides, as with the first embodi-
ment, a driver with various pieces of information from a
result of capturing images around an own vehicle, and
includes: an image capturing unit (camera 10) mounted
on the own vehicle to capture images behind a side of
the own vehicle; a detection region setter (moving object
detector 33 and candidate reflection region detector 34)
that sets a detection region for detecting, from image
data captured by the image capturing unit, existence of
an adjacent vehicle in an adjacent lane; a candidate light
projecting object detector (predetermined position bright-
ness detector 35) that detects a candidate light projecting
object which projects light with brightness equal to or
higher than a predetermined threshold value; a cause
determiner (cause determiner 36) that determines
whether or not there exists a candidate light projecting
object which indicates existence of the adjacent vehicle
in the detection region set by the detection region setter;
and an information provider (alarm device 40) that pro-
vides the driver with information of existence of the ad-
jacent vehicle, if it is determined by the cause determiner
that light is projected from the adjacent vehicle, wherein
it may be said that the cause determiner determines
whether or not the light is projected from the adjacent
vehicle by detecting an image capturing position (corre-
sponding to distance D) of the candidate light projecting
object detected by the candidate light projecting object
detector.
[0065] Next, an adjacent vehicle detecting method of
the driving assistance device 2 according to the present
embodiment will be described. FIG. 8 is a flow chart
showing the method of detecting an adjacent vehicle for
the driving assistance device 2 according to the present
embodiment, and describes details of the processing of
the predetermined position brightness detector 35 and
the cause determiner 36 shown in FIG. 6.
[0066] First, as shown in FIG. 8, the predetermined
position brightness detector 35 specifies a region having
a brightness value equal to or higher than a predeter-
mined value as the candidate light projecting region RS
from a region of the next adjacent lane within a certain
range of direction angles around a straight-line direction
linking the position of the candidate reflection region R1
and the camera 10, in a state of viewing the own vehicle
V from above (S11).
[0067] Subsequently, the predetermined position
brightness detector 35 determines whether or not the
number of pixels in the candidate light projecting region
RS is equal to or larger than a predetermined value (de-
fined value of the number of pixels) (S12). Then, if it is
determined that the number of pixels in the candidate
light projecting region RS is not equal to or larger than
the defined value (NO in S12), it is very likely that the
candidate light projecting region RS is light projection

from a light source such as a streetlight which is not a
vehicle, and thus the cause determiner 36 determines
that the candidate light projecting region RS has been
detected as a light source other than an adjacent vehicle
(S13). If, on the other hand, it is determined that the
number of pixels in the candidate light projecting region
RS is equal to or larger than the defined value (YES in
S12), it is very likely that the candidate light projecting
region RS is light projected from an adjacent vehicle or
a next adj acent vehicle, and thus the predetermined po-
sition brightness detector 35 scans and detects bright-
ness values upward in the real space from the represent-
ative position in the candidate light projecting region RS
in order to determine which one the vehicle is. Here, the
defined value of number of pixels is equal to or larger
than three in the original captured image. However, this
is not limiting and a value equal to or larger than three
may be set.
[0068] If, on the other hand, it is determined that the
number of pixels in the candidate light projecting region
RS is equal to or larger than the defined value (YES in
S12), it is very likely that the candidate light projecting
region RS is light projected from an adjacent vehicle or
a next adjacent vehicle, and thus the predetermined po-
sition brightness detector 35 scans and detects bright-
ness values upward in the real space from the represent-
ative position in the candidate light projecting region RS
in order to determine which one the vehicle is (S14). In
other words, the predetermined position brightness de-
tector 35 scans and detects brightness values upward in
the real space from the position P2 specified as a repre-
sentative position in the candidate light projecting region
RS, and detects the largest one of the sections SE1 and
SE2 having a brightness value equal to or higher than a
predetermined value (S14). Subsequently, the adjacent
vehicle detector 36b determines whether or not the
number of pixels in the largest section SE1 is equal to or
smaller than the defined value (S15).
[0069] If it is determined that the number of pixels in
the largest section SE1 is not equal to or smaller than
the defined value (NO in S15), it is very likely that the
section SE1 is the light of another vehicle in a next ad-
jacent lane since the number of pixels is larger than the
defined value, and thus the adjacent vehicle detector 36b
determines that the candidate reflection region R1 is re-
flection of the light of another vehicle in a next adjacent
lane (S13). Subsequently, the process shown in FIG. 8
is completed.
[0070] If, on the other hand, it is determined that the
number of pixels in the largest section SE1 is equal to or
smaller than the defined value (YES in S15), the adjacent
vehicle detector 36b calculates the distance D between
the lowest point P3 of the section SE1 and the specified
position P2 (S16). Subsequently, the adjacent vehicle
detector 36b determines whether or not the distance D
is equal to or smaller than a predetermined distance
(S17). The distance D may be set, without being limited
to the section SE1, as the distance from the camera to
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the light source of the next adjacent vehicle in the vehicle
width direction. In addition, a combination of the above
may be set. For example, if the height direction distance
(section SE1) is fixed to 70 cm, the vehicle width direction
distance may be set in the range of 1 m to 4.5 m, for
example, or if the vehicle width direction distance is fixed
to 6.5 m, the height direction distance may be set in the
range of 60 to 90 cm. However, these values are only
exemplary and not limited thereto. The light source of the
next adjacent vehicle is supposed to be determined by
going through this step.
[0071] If it is determined that the distance D is not equal
to or smaller than the predetermined distance (NO in
S17), it is very likely that the section SE1 is the light of
another vehicle in a next adjacent lane since the distance
D is at least as high as the light of another vehicle, and
thus the adjacent vehicle detector 36b determines that
the candidate reflection region R1 is reflection of the light
of another vehicle in a next adjacent lane (S13). Subse-
quently, the process shown in FIG. 8 is completed.
[0072] If, on the other hand, it is determined that the
distance D is equal to or smaller than the predetermined
distance (YES in S17), the brightness difference detector
36a detects the representative brightness value Q of the
largest section SE1 (S18). Subsequently, the brightness
difference detector 36a determines whether or not the
equation "representative brightness value Q" > "bright-
ness value P" + "threshold value TH" holds (S19).
[0073] If it is determined that the equation "represent-
ative brightness value Q" > "representative brightness
value P" + "threshold value TH" holds (YES in S19), the
difference of brightness values between both brightness
values P and Q is larger than the threshold value TH,
and thus the adjacent vehicle detector 36b determines
that the candidate reflection region R1 is reflection of light
of another vehicle in a next adjacent lane (S13). Subse-
quently, the process shown in FIG. 8 is completed.
[0074] If, on the other hand, it is determined that the
equation "representative brightness value Q" > "repre-
sentative brightness value P" + "threshold value TH" does
not hold (NO in S19), the difference of brightness values
between both brightness values P and Q is smaller than
the threshold value TH, and thus the adjacent vehicle
detector 36b determines that the candidate reflection re-
gion R1 results from the light of another vehicle in an
adjacent lane, and determines that there exists another
vehicle in the adjacent lane (S20). Subsequently, the
process shown in FIG. 8 is completed. Note that, the
threshold value TH herein is set to a brightness level in
the range of 5 to 10, for example.
[0075] Note that, if it is determined in the process of
step S13 that the candidate reflection region R1 is reflec-
tion of light of another vehicle in a next adjacent lane, the
cause determiner 36 outputs an alarm suppression sig-
nal, as shown in FIG. 6. Accordingly, a situation can be
prevented in which an alarm is issued when there is no
possibility of contact with another vehicle even if the own
vehicle V changes the lane and thus no alarm is needed.

[0076] If, on the other hand, it is determined in the proc-
ess of step S20 that there exists another vehicle in an
adjacent lane, the cause determiner 36 does not output
an alarm suppression signal, and the alarm device 40 is
supposed to notify the driver of the existence of an ad-
jacent vehicle via a buzzer or a lamp.
[0077] The driving assistance method according to the
second embodiment also provides, as with the first em-
bodiment, a driver with various pieces of information from
a result of capturing images around an own vehicle by
an image capturing unit (camera 10), and includes: an
image capturing step of capturing images behind a side
of the own vehicle by an image capturing unit mounted
on the own vehicle; a detection region setting step of
setting a detection region for detecting, from image data
captured in the image capturing step, existence of an
adjacent vehicle in an adjacent lane; a candidate light
projecting object detecting step of detecting a candidate
light projecting object which projects light with brightness
equal to or higher than a predetermined threshold value;
a cause determination step of determining whether or
not there exists a candidate light projecting object which
indicates existence of the adjacent vehicle in the detec-
tion region set in the detection region setting step; and
an information providing step of providing the driver with
information of existence of the adjacent vehicle, if it is
determined in the cause determining step that light is
projected from the adjacent vehicle, wherein it may be
said that the cause determining step determines whether
or not the light is projected from the adjacent vehicle by
detecting an image capturing position (corresponding to
distance D) of the candidate light projecting object de-
tected in the candidate light projecting object step.
[0078] As thus described, the driving assistance de-
vice 2 and the adjacent vehicle detecting method accord-
ing to the present embodiment can detect the road sur-
face reflecting the light of another vehicle in an adjacent
lane or the light of another vehicle in a next adjacent lane
by detecting, from the image capturing region, the can-
didate reflection region R1 having a brightness equal to
or higher than a predetermined threshold value. In addi-
tion, the brightness value of a position located in a
straight-line direction linking a position of the candidate
reflection region R1 and the camera 10 and separated
from the own vehicle V by a predetermined distance is
detected. Accordingly, if the candidate reflection region
R1 is the road surface reflecting the light of another ve-
hicle, it becomes possible to detect a position of the light
of another vehicle by detecting the position being sepa-
rated by a predetermined distance and passing the re-
flecting road surface. Subsequently, the difference be-
tween the brightness value P of the candidate reflection
region R1 and the brightness value Q of the position sep-
arated by a predetermined distance is detected, and an
adjacent vehicle in the image capturing region is detect-
ed, based on the detected difference of brightness val-
ues. Accordingly, if the candidate reflection region R1 is
the road surface reflecting the light of another vehicle,
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the difference of brightness values becomes larger be-
cause there exists a further brighter portion due to exist-
ence of the light of another vehicle at the position sepa-
rated by a predetermined distance, otherwise the differ-
ence of brightness values tends to decrease. Therefore,
the position of the light of another vehicle can be deter-
mined from the difference of brightness values, which
makes it possible to improve detection accuracy of an
adjacent vehicle.
[0079] In addition, the predetermined threshold value
is adjusted to be higher as the angle θ2 between the
optical axis of the camera 10 and the straight line linking
the region to be detected (i.e., the moving object region
R1) and the camera 10 becomes smaller. Here, since
the light of another vehicle is projected forward, the
amount of light input to the camera 10 from a position
closer to the optical axis of the camera 10 tends to be
larger. Therefore, an appropriate threshold value can be
set by adjusting a predetermined threshold value to be
higher for a smaller value of the above-mentioned angle
θ2.
[0080] Moreover, a region where an adjacent vehicle
can exist (i.e., the moving object region R1) is detected
from the captured region, and the candidate reflection
region R1 having a brightness equal to or higher than a
predetermined threshold value is detected, within a range
limited to the detected region. Therefore, the amount of
processing can be reduced without having to perform the
above-mentioned process on unnecessary regions.
[0081] In addition, the position P2 in the next adjacent
lane is specified, and brightness values are scanned and
detected upward in the real space from the specified po-
sition P2. Therefore, the position of the light of another
vehicle in the next adjacent lane can be captured with a
much higher accuracy.
[0082] Furthermore, brightness values are scanned
and detected upward in the real space from the specified
position P2 to extract sections SE1 and SE2 having suc-
cessive brightness values equal to or higher than a pre-
determined value, and it is determined that an adjacent
vehicle has been detected if the number of pixels in the
extracted section SE1 having successive brightness val-
ues is equal to or smaller than a defined value. Therefore,
if the number of pixels in the extracted section SE1 having
successive brightness values is small and less than the
size of the light, no erroneous determination is made that
the section SE1 is reflection of the light of another vehicle
in a next adjacent lane, which makes it possible to im-
prove detection accuracy.
[0083] In addition, if the distance between the lowest
point P3 of the extracted section SE1 having successive
brightness values and the specified position P2 is equal
to or smaller than a predetermined distance, it is deter-
mined that an adjacent vehicle has been detected. There-
fore, if the lowest point P3 of the extracted section SE1
having successive brightness values is not at least as
high as the light position of another vehicle and the dis-
tance from the specified position P2 is close, no errone-

ous determination is made that the section SE1 is reflec-
tion of the light of another vehicle in a next adjacent lane,
which makes it possible to improve detection accuracy.

(Third Embodiment)

[0084] Next, a third embodiment of the present inven-
tion will be described. A driving assistance device 3 and
an adjacent vehicle detecting method thereof according
to the third embodiment are similar to those of the second
embodiment, except that a part of the configuration and
processes are different. In the following, difference from
the second embodiment will be described.
[0085] FIG. 9 is a block diagram showing details of the
computer 30 of the driving assistance device 3 according
to the third embodiment. FIG. 9 also shows the camera
10 and the alarm device 40 to clarify the relation of con-
nection.
[0086] As shown in FIG. 9, the computer 30 of the third
embodiment includes an optical flow based moving ob-
ject detector (region detecting means) 37, in place of the
viewpoint converter 31, the difference detector 32, and
the moving object detector 33.
[0087] The optical flow based moving object detector
37 detects another vehicle from a motion vector of an
object in an image, in a manner specifically described in
Japanese Patent No. 4367475. In this occasion, the op-
tical flow based moving object detector 37 detects the
moving object region R1 and transmits it to the candidate
reflection region detector 34, as with the moving object
detector 33 described in the second embodiment.
[0088] Note that, the processes performed by the can-
didate reflection region detector 34, the predetermined
position brightness detector 35, and the cause determin-
er 36 are similar to those of the second embodiment. The
moving object detector 33 and the candidate reflection
region detector 34 constitute the detection region setter
(detection region setting means) of the present embod-
iment. The predetermined position brightness detector
35 constitutes the candidate light projecting object de-
tector (candidate light projecting object detecting means)
of the present embodiment.
[0089] As thus described, the driving assistance de-
vice 3 and the adjacent vehicle detecting method accord-
ing to the third embodiment can improve detection accu-
racy of an adjacent vehicle, as with the second embod-
iment. Moreover, an appropriate threshold value can be
set, and whereby the amount of processing can be re-
duced. In addition, the position of the light of another
vehicle in a next adjacent lane can be captured with a
much higher accuracy, which makes it possible to im-
prove detection accuracy.
[0090] Furthermore, since the third embodiment in-
cludes the optical flow based moving object detector 37,
the moving object region R1 can be detected even if there
is no signal from the vehicle speed sensor 20.
[0091] As above, although the present invention has
been described based on embodiments, the present in-
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vention is not limited to the embodiments described
above and changes may be made, or embodiments may
be combined within a range which does not deviate from
the scope of the present invention.
[0092] For example, although the driving assistance
devices 1 and 2 are mounted on the vehicle V in the
embodiments described above, they may be mounted
on a motor cycle or an automatic navigation robot, without
being limited thereto. In addition, the adjacent vehicle
may be a motor cycle or a bicycle.
[0093] In addition, although the above-mentioned em-
bodiment has not particularly referred to the weather
when the own vehicle V is running, road surface reflection
(specular reflection) of the light of another vehicle be-
comes larger when it is raining. Therefore, when it is rain-
ing, a threshold value THR which is smaller than the
threshold value TH used when it is not raining may be
used as the threshold value in step S7 of FIG. 5 and step
S17 of FIG. 8 (steps of determining whether the candidate
reflection region R1 is reflection of the light of another
vehicle by the road surface in an adjacent lane or the
light of another vehicle in a next adjacent lane). In this
occasion, it is determined that the candidate reflection
region R1 is the light of another vehicle in an adjacent
lane (S8, S18), only when the difference between the
representative brightness value P of the candidate re-
flection region R1 and the brightness value Q of the po-
sition separated by a predetermined distance is smaller
than the threshold value THR. Therefore, it becomes pos-
sible to detect an adjacent vehicle according to the weath-
er when the own vehicle V is running.
[0094] If, on the other hand, in the above-mentioned
steps, if it has been determined that the difference be-
tween the representative brightness value P of the can-
didate reflection region R1 and the brightness value Q
of the position separated by a predetermined distance is
higher than the threshold value THR, it is determined that
the candidate reflection region R1 is specular reflection
by the light of another vehicle in a next adjacent line. In
this case, a masking process with regard to the specular
reflection in the reflection region candidate R1 is per-
formed for a predetermined period. In this occasion, the
period is set longer if the candidate reflection region R1
is located further behind the own vehicle V (i.e. , the angle
θ2 in FIG. 2 is smaller), or longer if the candidate reflection
region R1 exists in the passing lane relative to the own
vehicle V than if otherwise.

INDUSTRIAL APPLICABILITY

[0095] As is apparent from the above description, the
present invention can provide a driving assistance device
and a driving assistance method which can detect an
adjacent vehicle with a high accuracy.

REFERENCE SIGNS LIST

[0096]

1 driving assistance device
10 camera (image capturing unit/means)
20 vehicle speed sensor
30 computer
31 viewpoint converter
32 difference detector
33 moving object detector (region detecting means)
34 candidate reflection region detector (road surface

reflection region detecting means)
35 predetermined position brightness detector (pre-

determined position brightness detecting means)
36 cause determiner
36a brightness difference detector (brightness differ-

ence detecting means)
36b adjacent vehicle detector (adjacent vehicle de-

tecting means)
37 optical flow based moving object detector (region

detecting unit/means)
40 alarm device
V own vehicle

Claims

1. A driving assistance device that provides a driver
with various pieces of information from a result of
capturing images around an own vehicle (V), com-
prising:

an image capturing unit (10) mounted on the
own vehicle (V) to capture images behind a side
of the own vehicle (V);
a detection region setter (33, 34) that sets a de-
tection region (A1, A2) for detecting, from image
data captured by the image capturing unit (10),
existence of an adjacent vehicle in an adjacent
lane and detects, from the image capturing re-
gion (A1, A2), a high-brightness region in which
brightness is equal to or higher than a first pre-
determined threshold value;
a candidate light projecting object detector (35)
that detects a candidate light projecting object
which projects light with brightness equal to or
higher than a second predetermined threshold
value at a position separated from the own ve-
hicle (V) by a predetermined distance, wherein
the position, which is separated from the own
vehicle (V) by a predetermined distance, is lo-
cated in a straight-line direction linking a position
of the high-brightness region and the image cap-
turing unit, in a state of viewing the vehicle from
above;
a cause determiner (36) that calculates the dif-
ference between the brightness value of the
high-brightness region and the brightness value
at the position separated from the own vehicle
(V) by the predetermined distance and detects
an adjacent vehicle from a brightness differ-
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ence, wherein the cause determiner (36) deter-
mines that there exists an adjacent vehicle in an
adjacent lane if the difference of brightness val-
ues is smaller or equal than a third threshold
value.

2. The driving assistance device according to claim 1,
wherein the detection region setter (33, 34) includes:

a moving object detector (33) that detects a mov-
ing object region (R1);
a road surface reflection region detector (34)
that detects the high-brightness region in which
brightness is equal to or higher than a predeter-
mined threshold value, only in the moving object
region (R1) detected by the moving object de-
tector (33).

3. The driving assistance device according to claim 2,
wherein the candidate light projecting object detector
(35) includes:

a predetermined position brightness detector
(35) that detects, as the candidate light project-
ing object, a position located in a straight-line
direction linking a position of the high-brightness
region detected by the road surface reflection
region detector and the image capturing unit (10)
and separated from the own vehicle (V) by the
predetermined distance, in a state of viewing the
vehicle from above, and detects brightness of
the position, and

the cause determiner (36) includes:

a brightness difference detector (36a) that de-
tects a difference between a brightness value of
the high-brightness region detected by the road
surface reflection region detector (34) and a
brightness value of the position detected by the
predetermined position brightness detector
(35); and
an adjacent vehicle detector (36b) that detects
an adjacent vehicle in the detection region,
based on the difference of brightness detected
by the brightness difference detector(36a).

4. The driving assistance device according to claim 2
or 3, wherein the road surface reflection region de-
tector adjusts the predetermined threshold value to
be higher as an angle between an optical axis of the
image capturing unit (10) and a straight line linking
the region to be detected and the image capturing
unit (10) becomes smaller.

5. The driving assistance device according to any one
of claims 2 to 4, wherein the road surface reflection
region detector (34) detects, as the detection region

(A1, A2), the high-brightness region in which bright-
ness is equal to or higher than the predetermined
threshold value, within a range limited to a region
detected by the detection region setter (33, 34).

6. The driving assistance device according to claim 3,
wherein the predetermined position brightness de-
tector (35) specifies a position located in the straight-
line direction linking the position of the high-bright-
ness region detected by the road surface reflection
region detector (34) and the image capturing unit
(10), and located in a next adjacent lane which is
further adjacent to an adjacent lane which is adjacent
to a running lane of the own vehicle(V), and scans
and detects brightness values upward in a real space
from the specified position.

7. The driving assistance device according to claim 6,
wherein the predetermined position brightness de-
tector (35) scans and detects the brightness values
upward in the real space from the specified position,
and extracts a section having successive brightness
values equal to or higher than a predetermined val-
ue, and
the cause determiner (36) determines that an adja-
cent vehicle has been detected, if the number of pix-
els in the section having successive brightness val-
ues extracted by the predetermined position bright-
ness detector is equal to or smaller than a defined
value.

8. The driving assistance device according to claim 7,
wherein the cause determiner (36) determines that
an adjacent vehicle has been detected, if a distance
between a lowest point of the section having suc-
cessive brightness values extracted by the predeter-
mined position brightness detector and the specified
position is equal to or smaller than a predetermined
distance.

9. A driving assistance method that provides a driver
with various pieces of information from a result of
capturing images around an own vehicle (V) by an
image capturing unit(10), comprising:

an image capturing step of capturing images be-
hind a side of the own vehicle (V) by the image
capturing unit (10) mounted on the own vehi-
cle(V);
a detection region setting step of setting a de-
tection region (A1, A2) for detecting, from image
data captured in the image capturing step, ex-
istence of an adjacent vehicle in an adjacent
lane and detecting, from the image capturing re-
gion (A1, A2), a high-brightness region in which
brightness is equal to or higher than a first pre-
determined threshold value;
a candidate light projecting object detecting step
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of detecting a candidate light projecting object
which projects light with brightness equal to or
higher than a second predetermined threshold
value at a position separated from the own ve-
hicle (V) by a predetermined distance, wherein
the position, which is separated from the own
vehicle (V) by a predetermined distance, is lo-
cated in a straight-line direction linking a position
of the high-brightness region and the image cap-
turing unit, in a state of viewing the vehicle from
above;
a cause determination step for calculating the
difference between the brightness value of the
high-brightness region and the brightness value
at the position separated from the own vehicle
(V) by the predetermined distance and detecting
an adjacent vehicle from a brightness differ-
ence, wherein it is determined that there exists
an adjacent vehicle in an adjacent lane if the
difference of brightness values is smaller or
equal than a third threshold value.

Patentansprüche

1. Fahrassistenzvorrichtung, die einem Fahrer ver-
schiedene Informationen aus einem Ergebnis einer
Erfassung von Bildern rund um ein eigenes Fahr-
zeug (V) bereitstellt, umfassend:

eine Bilderfassungseinheit (10), die am eigenen
Fahrzeug (V) montiert ist, um Bilder hinter einer
Seite des eigenen Fahrzeugs (V) zu erfassen;
eine Erfassungsbereich-Einstellvorrichtung
(33, 34), die einen Erfassungsbereich (A1, A2)
einstellt, um aus von der Bildaufnahmeeinheit
(10) aufgenommenen Bilddaten das Vorhan-
densein eines benachbarten Fahrzeugs auf ei-
ner benachbarten Spur zu erfassen, und aus
dem Bild-Erfassungsbereich (A1, A2) einen
Hochhelligkeitsbereich erfasst, in dem die Hel-
ligkeit gleichhoch oder höher als ein erster vor-
bestimmter Grenzwert ist;
eine Erfassungsvorrichtung (35) für ein eventu-
elles lichtprojizierendes Objekt, die ein eventu-
elles lichtprojizierendes Objekt erfasst, das Licht
mit einer Helligkeit projiziert, die gleichhoch oder
höher als ein zweiter vorgegebener Grenzwert
an einer vom eigenen Fahrzeug (V) durch einen
vorgegebenen Abstand beabstandeten Position
ist, wobei die Position, die vom eigenen Fahr-
zeug (V) durch einen vorgegebenen Abstand
beabstandet ist, auf einer geradlinigen Richtung
angeordnet ist, die eine Position des Hochhel-
ligkeitsbereichs und der Bilderfassungseinheit
in einem Zustand von oberhalb des Fahrzeugs
betrachtet verbindet;
eine Ursachen-Ermittlungsvorrichtung (36),

welche den Unterschied zwischen dem Hellig-
keitswert des Hochhelligkeitsbereichs und des
Helligkeitswerts an der vom eigenen Fahrzeug
(V) durch den vorgegebenen Abstand beab-
standeten Position berechnet und ein benach-
bartes Fahrzeug aus einem Helligkeitsunter-
schied erfasst, wobei die Ursachen-Ermittlungs-
vorrichtung (36) ermittelt, dass ein benachbar-
tes Fahrzeug auf einer benachbarten Fahrspur
vorhanden ist, wenn die Differenz der Hellig-
keitswerte kleiner als oder gleichgroß wie ein
dritter Grenzwert ist.

2. Fahrassistenzvorrichtung nach Anspruch 1, wobei
die Erfassungsbereich-Einstellvorrichtung (33, 34)
umfasst:

eine Erfassungsvorrichtung (33) für ein sich be-
wegendes Objekt, die einen Bereich (R1) eines
sich bewegenden Objekts erfasst;
eine Erfassungsvorrichtung (34) für einen Stra-
ßenbelag-Reflexionsbereich, die den Hochhel-
ligkeitsbereich, in welchem eine Helligkeit
gleichhoch oder höher als ein vorgegebener
Grenzwert ist, nur im Bereich (R1) für ein sich
bewegendes Objekt erfasst, der von der Erfas-
sungsvorrichtung (33) für ein sich bewegendes
Objekt erfasst wurde.

3. Fahrassistenzvorrichtung gemäß Anspruch 2,
wobei die Erfassungsvorrichtung (35) für ein even-
tuelles lichtprojizierendes Objekt umfasst:

eine Erfassungsvorrichtung (35) für eine vorge-
gebene Positionshelligkeit, die als eventuelles
lichtprojizierendes Objekt eine Position erfasst,
die auf einer geradlinigen Richtung angeordnet
ist, die eine Position des Hochhelligkeitsbe-
reichs, die von der Erfassungsvorrichtung für ei-
nen Straßenbelag-Reflexionsbereich erfasst
wurde, und die Bilderfassungseinheit (10) ver-
bindet und vom eigenen Fahrzeug (V) um den
vorgegebenen Abstand beabstandet ist, in ei-
nem Zustand von oberhalb des Fahrzeugs ge-
sehen erfasst, und eine Helligkeit der Position
erfasst, und

die Ursachen-Ermittlungsvorrichtung (36) umfasst:

eine Erfassungsvorrichtung (36a) für einen Hel-
ligkeitsunterschied, die einen Unterschied zwi-
schen einem Helligkeitswert des Hochhellig-
keitsbereichs, der von der Erfassungsvorrich-
tung (34) für einen Straßenbelag-Reflexionsbe-
reich erfasst wurde, und einen Helligkeitswert
der Position erfasst, die von der Erfassungsvor-
richtung (35) für eine vorgegebene Positions-
helligkeit erfasst wurde; und
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eine Erfassungsvorrichtung (36b) für ein be-
nachbartes Fahrzeug, die ein benachbartes
Fahrzeug im Erfassungsbereich basierend auf
dem Helligkeitsunterschied erfasst, der von der
Erfassungsvorrichtung (36a) für einen Hellig-
keitsunterschied erfasst wurde.

4. Fahrassistenzvorrichtung nach Anspruch 2 oder 3,
wobei die Erfassungsvorrichtung für einen Straßen-
belag-Reflexionsbereich den vorgegebenen Grenz-
wert höher einstellt, wenn ein Winkel zwischen einer
optischen Achse der Bilderfassungseinheit (10) und
einer geraden Linie, die den zu erfassenden Bereich
und die Bilderfassungseinheit (10) verbindet, kleiner
wird.

5. Fahrassistenzvorrichtung nach einem der Ansprü-
che 2 bis 4, wobei die Erfassungsvorrichtung (34)
für einen Straßenbelag-Reflexionsbereich als Erfas-
sungsbereich (A1, A2) den Hochhelligkeitsbereich,
in dem eine Helligkeit gleichhoch oder höher als der
vorgegebene Grenzwert ist, innerhalb eines Inter-
valls erfasst, das auf einen von der Erfassungsbe-
reich-Einstellvorrichtung (33, 34) erfassten Bereich
begrenzt ist.

6. Fahrerassistenzvorrichtung nach Anspruch 3, wobei
die Erfassungsvorrichtung (35) für eine vorgegebe-
ne Positionshelligkeit eine Position spezifiziert, die
auf der geradlinigen Richtung angeordnet ist, welche
die Position des Hochhelligkeitsbereichs, der von
der Erfassungsvorrichtung (34) für einen Straßen-
belag-Reflexionsbereich erfasst wurde, und die Bil-
derfassungseinheit (10) verbindet, und auf einer
nächsten angrenzenden Fahrspur angeordnet ist,
die widerum an eine benachbarte Fahrspur an-
grenzt, die an eine momentane Fahrspur des eige-
nen Fahrzeugs (V) angrenzt, und Helligkeitswerte in
einem realen Raum aufwärts ab der spezifizierten
Position abtastet und erfasst.

7. Fahrassistenzvorrichtung nach Anspruch 6, wobei
die Erfassungsvorrichtung (35) für die vorgegebene
Positionshelligkeit die Helligkeitswerte im realen
Raum aufwärts ab der spezifizierten Position abtas-
tet und erfasst, und einen Abschnitt extrahiert, der
aufeinanderfolgende Helligkeitswerte aufweist, die
gleichhoch oder höher als ein vorgegebener Wert
sind, und
die Ursachen-Ermittlungseinheit (36) ermittelt, dass
ein benachbartes Fahrzeug erfasst wurde, wenn die
Anzahl von Pixeln im Abschnitt mit aufeinanderfol-
genden Helligkeitswerten, der von der Erfassungs-
vorrichtung für eine vorgegebene Positionshelligkeit
extrahiert wurde, gleichhoch oder geringer als ein
definierter Wert ist.

8. Fahrassistenzvorrichtung nach Anspruch 7, wobei

die Ursachen-Ermittlungseinheit (36) ermittelt, dass
ein benachbartes Fahrzeug erfasst wurde, wenn ein
Abstand zwischen einem untersten Punkt des Ab-
schnitts mit aufeinanderfolgenden Helligkeitswer-
ten, der von der Erfassungsvorrichtung für eine vor-
gegebene Positionshelligkeit extrahiert wurde, und
der spezifizierten Position gleichgroß oder geringer
als ein vorgegebener Abstand ist.

9. Fahrassistenzverfahren, das einem Fahrer ver-
schiedene Informationen aus einem Ergebnis einer
Erfassung von Bildern rund um ein eigenes Fahr-
zeug (V) durch eine Bilderfassungseinheit (10) be-
reitstellt, umfassend:

einen Bilderfassungsschritt zum Erfassen von
Bildern hinter einer Seite des eigenen Fahr-
zeugs (V) durch die Bilderfassungseinheit (10),
die am eigenen Fahrzeug (V) montiert ist;
einen Erfassungsbereich-Einstellschritt zum
Einstellen eines Erfassungsbereichs (A1, A2),
um aus den im Bilderfassungsschritt erfassten
Bilddaten das Vorhandensein eines benachbar-
ten Fahrzeugs auf einer benachbarten Fahrspur
zu erfassen, und aus dem Bilderfassungsbe-
reich (A1, A2) einen Hochhelligkeitsbereich zu
erfassen, worin eine Helligkeit gleichhoch wie
oder höher als ein erster vorgegebener Grenz-
wert ist;
einen Erfassungsschritt eines eventuellen licht-
projizierenden Objekts zum Erfassen eines
eventuellen lichtprojizierenden Objekts, das
Licht mit einer Helligkeit projiziert, die gleich-
hoch oder höher als ein zweiter vorgegebener
Grenzwert an einer Position ist, die vom eigenen
Fahrzeug (V) durch einen vorgegebenen Ab-
stand beabstandet ist, wobei die Position, die
vom eigenen Fahrzeug (V) durch einen vorge-
gebenen Abstand beabstandet ist, auf einer ge-
radlinigen Richtung angeordnet ist, die eine Po-
sition des Hochhelligkeitsbereichs und der Bil-
derfassungseinheit in einem Zustand von ober-
halb des Fahrzeugs gesehen verbindet;
einen Ursachenermittlungsschritt zum Berech-
nen des Unterschieds zwischen dem Hellig-
keitswert des Hochhelligkeitsbereichs und dem
Helligkeitswert an der vom eigenen Fahrzeug
(V) um den vorgegebenen Abstand beabstan-
deten Position, und Erfassen eines benachbar-
ten Fahrzeugs aus einem Helligkeitsunter-
schied, wobei ermittelt wird, dass ein benach-
bartes Fahrzeug auf einer benachbarten Fahr-
spur vorhanden ist, wenn der Unterschied der
Helligkeitswerte geringer als oder gleichgroß
wie ein dritter Grenzwert ist.
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Revendications

1. Dispositif d’assistance à la conduite qui fournit à un
conducteur divers éléments d’informations à partir
d’un résultat de capture d’images autour d’un véhi-
cule de particulier (V), comprenant :

une unité de capture d’images (10) montée sur
le véhicule de particulier (V) pour capturer des
images derrière un côté du véhicule de particu-
lier (V) ;
un dispositif d’établissement de région de dé-
tection (33, 34) qui établit une région de détec-
tion (A1, A2) pour détecter, à partir de données
d’images capturées par l’unité de capture d’ima-
ges (10), l’existence d’un véhicule adjacent
dans une voie adjacente et qui détecte, à partir
de la région de capture d’images (A1, A2), une
région à haute luminosité dans laquelle la lumi-
nosité est supérieure ou égale à une première
valeur seuil prédéterminée ;
un détecteur d’objet de projection de lumière
candidat (35) qui détecte un objet de projection
de lumière candidat qui projette de la lumière
avec une luminosité supérieure ou égale à une
deuxième valeur seuil prédéterminée à une po-
sition séparée du véhicule de particulier (V)
d’une distance prédéterminée, où la position,
qui est séparée du véhicule de particulier (V)
d’une distance prédéterminée, est située dans
une direction de ligne droite reliant une position
de la région à haute luminosité et l’unité de cap-
ture d’images, dans un état de visualisation du
véhicule depuis le dessus ;
un dispositif de détermination de cause (36) qui
calcule la différence entre la valeur de luminosité
de la région à haute luminosité et la valeur de
luminosité à la position séparée du véhicule de
particulier (V) de la distance prédéterminée et
détecte un véhicule adjacent à partir d’une dif-
férence de luminosité, où le dispositif de déter-
mination de cause (36) détermine qu’il existe un
véhicule adjacent dans une voie adjacente si la
différence de valeurs de luminosité est inférieu-
re ou égale à une troisième valeur seuil.

2. Dispositif d’assistance à la conduite selon la reven-
dication 1, dans lequel le dispositif d’établissement
de région de détection (33, 34) comporte :

un détecteur d’objet mobile (33) qui détecte une
région d’objet mobile (R1);
un détecteur de région de réflexion de surface
de route (34) qui détecte la région à haute lumi-
nosité dans laquelle la luminosité est supérieure
ou égale à une valeur seuil prédéterminée, uni-
quement dans la région d’objet mobile (R1) dé-
tectée par le détecteur d’objet mobile (33).

3. Dispositif d’assistance à la conduite selon la reven-
dication 2,
dans lequel le détecteur d’objet de projection de lu-
mière candidat (35) comporte :

un détecteur de luminosité de position prédéter-
minée (35) qui détecte, comme étant l’objet de
projection de lumière candidat, une position si-
tuée dans une direction de ligne droite reliant
une position de la région à haute luminosité dé-
tectée par le détecteur de région de réflexion de
surface de route et l’unité de capture d’images
(10) et séparée du véhicule de particulier (V) de
la distance prédéterminée, dans un état de vi-
sualisation du véhicule depuis le dessus, et qui
détecte la luminosité de la position, et

le dispositif de détermination de cause (36)
comporte :

un détecteur de différence de luminosité (36a)
qui détecte une différence entre une valeur de
luminosité de la région à haute luminosité dé-
tectée par le détecteur de région de réflexion de
surface de route (34) et une valeur de luminosité
de la position détectée par le détecteur de lumi-
nosité de position prédéterminée (35) ; et
un détecteur de véhicule adjacent (36b) qui dé-
tecte un véhicule adjacent dans la région de dé-
tection, sur la base de la différence de luminosité
détectée par le détecteur de différence de lumi-
nosité (36a).

4. Dispositif d’assistance à la conduite selon la reven-
dication 2 ou 3, dans lequel le détecteur de région
de réflexion de surface de route règle la valeur seuil
prédéterminée de façon à être plus élevée lorsqu’un
angle entre un axe optique de l’unité de capture
d’images (10) et une ligne droite reliant la région à
détecter et l’unité de capture d’images (10) devient
plus petit.

5. Dispositif d’assistance à la conduite selon l’une quel-
conque des revendications 2 à 4, dans lequel le dé-
tecteur de région de réflexion de surface de route
(34) détecte, comme étant la région de détection (A1,
A2), la région à haute luminosité dans laquelle la
luminosité est supérieure ou égale à la valeur seuil
prédéterminée, dans une plage limitée à une région
détectée par le dispositif d’établissement de région
de détection (33, 34).

6. Dispositif d’assistance à la conduite selon la reven-
dication 3, dans lequel le détecteur de luminosité de
position prédéterminée (35) spécifie une position si-
tuée dans la direction de ligne droite reliant la posi-
tion de la région à haute luminosité détectée par le
détecteur de région de réflexion de surface de route

29 30 



EP 2 698 778 B1

17

5

10

15

20

25

30

35

40

45

50

55

(34) et l’unité de capture d’images (10), et située
dans une voie adjacente suivante qui est en outre
adjacente à une voie adjacente qui est adjacente à
une voie de roulement du propre véhicule (V), et ba-
laye et détecte des valeurs de luminosité vers le haut
dans un espace réel à partir de la position spécifiée.

7. Dispositif d’assistance à la conduite selon la reven-
dication 6, dans lequel le détecteur de luminosité de
position prédéterminée (35) balaye et détecte les va-
leurs de luminosité vers le haut dans l’espace réel à
partir de la position spécifiée, et extrait une section
présentant des valeurs de luminosité successives
supérieures ou égales à une valeur prédéterminée,
et
le dispositif de détermination de cause (36) détermi-
ne qu’un véhicule adjacent a été détecté, si le nom-
bre de pixels dans la section présentant des valeurs
de luminosité successives extraite par le détecteur
de luminosité de position prédéterminée est inférieur
ou égal à une valeur définie.

8. Dispositif d’assistance à la conduite selon la reven-
dication 7, dans lequel le dispositif de détermination
de cause (36) détermine qu’un véhicule adjacent a
été détecté, si une distance entre le point le plus bas
de la section présentant des valeurs de luminosité
successives extraite par le détecteur de luminosité
de position prédéterminée et la position spécifiée est
inférieure ou égale à une distance prédéterminée.

9. Procédé d’assistance à la conduite qui fournit à un
conducteur divers éléments d’informations à partir
d’un résultat de capture d’images autour d’un véhi-
cule de particulier (V) par une unité de capture d’ima-
ges (10), comprenant :

une étape de capture d’images consistant à cap-
turer des images derrière un côté du véhicule
de particulier (V) par l’unité de capture d’images
(10) montée sur le véhicule de particulier (V) ;
une étape d’établissement de région de détec-
tion consistant à établir une région de détection
(A1, A2) pour détecter à partir de données d’ima-
ges capturées dans l’étape de capture d’ima-
ges, l’existence d’un véhicule adjacent dans une
voie adjacente et pour détecter, à partir de la
région de capture d’images (A1, A2), une région
à haute luminosité dans laquelle la luminosité
est supérieure ou égale à une première valeur
seuil prédéterminée ;
une étape de détection d’objet de projection de
lumière candidat consistant à détecter un objet
de projection de lumière candidat qui projette de
la lumière avec une luminosité supérieure ou
égale à une deuxième valeur seuil prédétermi-
née à une position séparée du véhicule de par-
ticulier (V) d’une distance prédéterminée, où la

position, qui est séparée du véhicule de particu-
lier (V) d’une distance prédéterminée, est située
dans une direction de ligne droite reliant une po-
sition de la région à haute luminosité et l’unité
de capture d’images, dans un état de visualisa-
tion du véhicule depuis le dessus ;
une étape de détermination de cause pour cal-
culer la différence entre la valeur de luminosité
de la région à haute luminosité et la valeur de
luminosité à la position séparée du véhicule (V)
de particulier de la distance prédéterminée et
pour détecter un véhicule adjacent à partir d’une
différence de luminosité, où il est déterminé qu’il
existe un véhicule adjacent dans une voie adja-
cente si la différence de valeurs de luminosité
est inférieure ou égale à une troisième valeur
seuil.
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