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(57) Abstract: A bicycle detection system includes: a camera that captures an area including a direction in which light is irradiated
from an irradiation unit; an intensity determining unit that determines whether an intensity of light in a captured image captured by
the camera falls within a predetermined range; a reciprocal movement determining unit that determines whether light in the captured
image captured by the camera reciprocally moves up and down; and a bicycle determining unit that, when affirmative determination
is made by the intensity determining unit and affirmative determination is made by the reciprocal movement determining unit, de-
termines that a bicycle is present in the direction.
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BICYCLE DETECTION SYSTEM AND IRRADIATION CONTROL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a bicycle detection system and an irradiation
control system and, more particularly, to a bicycle detection system that detects an
approaching bicycle, for example, in the nighttime or in a dark piace, such as a tunnel,
and an irradiation control vsystem that executes light éhielding control for limiting the

irradiation range of light from an irradiation unit, such as a headlamp of a vehicle, in a

dark place.

2. Description of Related Art

[0002]  Generally, there is known a system that detects an approaching object,
such as a bicycle, that approaches a vehicle in a dark place (for example, see Japanese
Patent Application Publication No. 2005-6152 (JP 2005-6152 A). In this system, an

approaching object emits light in a predetermined pattern, and a vehicle detects whether

light in the predetermined pattern from the approaching object is included in an image

captured by an imaging device in a dark place, and, when light in the predetermined
pattern is included in the captured image, it is determined that ‘fhe approachiﬁg object is
approaching the host vehicle. - |

[0003] However, in the above described system, the approaching object, such as
a bicycle, is required to emit light in the predetermined pattern registered in the vehicle in -
advance, so an approaching object that emits light in a general lighting or blinking
manner and does not emit light in the predetermined pattern is excluded from a target to

be detected by the vehicle.

SUMMARY OF THE INVENTION

CONFIRMATION COPY
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[0004] The invention provides a bicycle detection system that is able to
accurately detect an approaching bicycle in a dark place and an irradiation control system
that employs the bicycle detection system.

[0005] A first aspect of the invention provides a bicycle detection system. The
bicycle detection System includes: a camera that captures an area including a direction in
which light is irradiated from an irradiation unit; an intensity determining unit that
determines whether an intensity of light in a captured image captured by the camera falls

within a predetermined range; a reciprocal movement determining unit that determines

- whether light in the captured image captured by the camera reciprocally moves up and

down; and a bicycle determining unit that determines whether a bicycle is present in the_
direction, based on the determination made By the inteﬁsity determining unit and the
determination made by the reciprocal movement determining unit.

[0006] In éddition, in the bicycle detection system according to the first aspect, _
when affirmative determination is made by the intensity deterfnining unit and affirmative
determination is made by the reciprocal movement determining unit, the bicycle
determining unit may determine that a bicycle is present in the direction.

[0007] In addition, in the bicycle detection system according to the first aspect,

the bicycle determining unit may include a bicycle estimating unit that, when affirmative

determination is made by the intensity determining unit, estimatesvthat a bicycle is
present in the direction, and a reliability increasing unit that, when affirmative
determination is made by the reciprocal movement determining unit, increases reliability
that a bicycle is present in the direction, the reliability being estimated by the bicycle
estimating unit.

[0008]  In addition, in the bicycle detection system according to the first aspect,
the intensity determining unit may determine whether an intensity of at least one of rays
of light présent in the captured image captured by the camera falls within the
predetermined range. |

[0009] = In addition, in the bicycle detection system according to the first aspect,

the reciprocal movement determining unit may determine whether a pair of rays of light
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present right and left in the captured image captured by the camera both reciprocally
move up and down.

[0010] In addition, in the above bicycle detection system, the reciprocal
movement determining unit may determine whether a pair of rays of light present right
an.d left on both sides of the one of rays of‘ light in the captured irﬁage captured by the
camera reciprocally move up and down. |

[0011] In addition, in the above bicycle detection system,‘ the reciprocal
movement determining unit may determine whether the pair of rays of tht reciprocally
move up and down at mutually opposite >phases.

[0012] In addition, the bicycle detection system according to the first aspect
méy further include a color detecting unit that detects color of light in the captured image
captured by the camera, the intensity determining unit may determine whether an
intensity of at least one of rays of white light present in the captured image captured by
the camera falls within the predetermined 'range,' and the reciprocal movement

determining unit may determine whether a pair of rays of amber light present right and

left in the captured image captured by the camera reciprocally move up and down.

[0013] A second aspect of the invention provides an irradiatiqn control system.
The irradiation control system includes a light shielding control unit that, when it is
determined by the bicycle determining unit of the bicycle detection sysfem according to
first aspect that a bicycle is present in the direction in which light is irradiated from the
irradiation unit, executes light shielding control over the irradiation unit such that light
irradiated from the irradiation unit does not illuminate the bicycle.

[0014] Aécording to the aspects of the invention, it is possible to accurately

detect an approaching bicycle in a dark place.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the

accompanying drawings,.in which like. numerals denote like elements, and wherein:
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FIG. 1 is a configuration diagram of an in-vehicle system that includes a bicycle
detection system and an irradiation control system according to a first embodiment of the
invention;

FIG. 2 is a flow chart of an ekample of control routine executed in the first
embodi’meﬁt;

FIG. 3 is a perspective view of a bicycle;

FIG. 4 is a view tilat schematically shows a state variation of light in the case where
light output or reflected from the bicycle is input to a vehicle;

FIG. 5 is a view that shows a technique for changing the irradiation range of light in
the irradiation control system according to the first embodiment; and

FIG. 6 is a flow chart of an example of control routine executed in a bicycle
detection system and an irradiation control system acc;ording to a second embodiment of

" the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Hereinafter, a spef:ific embodiment of a bicycle detection systein and an
irradiation control system according to the aspect of the invention will be described with
reference to the accompanying drawings. |

[0017] FIG. 1 shows the configuration diagram of an in-vehicle system that
includes a bicycle detection system 10 and an irradiation control system 12 according td
the first embodiment of the invention. In the present embodiment, the bicycle detection
system ‘10 is equipped for a four-wheel or two-wheel vehicle, such as an automobile and
é truck. The bicycle detection system 10 detects a bicycle that is present ahead of the
host vehicle and that approaches.a host vehicle . The bicycle detection system 10 is
included as part of an object detection system 14 equipped for the vehicle. In addition,
the irradiation control system 12 is equipped for the vehicle. The irradiation confrol
system 12 controls the irradiation range or irradiation amount of light of a headlamp,

irradiated forward from the host vehicle.

... .. [0018].. ... The object detection system 14 that includes the bicycle. detection system
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10 includes a camera 16. The camera 16 is arranged at a vehicle bumper, a front grill,'
the stay of a rearview mirror in a vehicle cabin, or the like. The camera 16 is a
photo-detection sensor that is able to capture a predetermined area spreading forward
from the host vehicle. The camera 16 is not an infrared camera that senses a near
infrared ray. The camera 16 may be a general digital camera that senses visible light. |

[0019] The object detection sysfem 14 further includes an electronic control unit
(hereinafter, referred to as recognition ECU) 18 that is mainly formed of a niicrocomputer.
The above camera 16 is electrically connected to the recognition ECU 18. The image
captured by the camera 16 is supplied to the recognition ECU 18. = The recognition ECU
18 detects a bicycle and another vehicle, present ahead of the host vehicle, as -
distinguished from each other on the basis of the image captured by the camera 16 and
supplied from the camera 16, as will be described in detail later. The recognition ECU
18 detects the position, inc;luding the angle and the distance, of the detected bicycle or
other',vchi_cle with respéct to the host vehicle on the basis of the position of the detected
bicycle or other vehicle in the captured image.

[0020]  The irradiation control system 12 includes an electronic control unit
(hereinafter, referred to as irradiation ECU) 20 mainly formed of a microcomputer. The
recoghition ECU 18 is electrically connected to the irradiation ECU 20. Information
about the positions of the bicycle and other véhicle, detected by the recognition ECU 18,
with respect to the host vehicle is supplied to the irradiation ECU 20.

[0051] Headlamps 22 are respectively arranged at the front right and front left of
the vehicle body. The headlamps 22 are electrically connected to the irradiation ECU 20.
The headlamps 22 irradiate visible light to the predetermined area ahead of the vehicle in
accordance with a command from t.hc irradiation ECU 20. The right and left headlamps
22_.veach are an LED light, a bulb light, or the like, that is able to change the irradiation

'range to which light is irradiated. ~ The irradiation ECU 20 is able to recogniz; where the
irradiation range of the headlamps 22 is located ahead of the host vehicle with respect to
the host vehicle. |

[0022]..... The..irradiation. ECU..20..issues. a..light . emission. command to the
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headlamps 22, and changes the irradiation range ahead of the vehicle, to which light of
the head lamps 22 is irradiated, on the basis of information about the positions of the
bicycle and other vehide, supplied from the recognition ECU 18, information about the
steering angle of the vehicle, and a vehicle height position. For example, the irradiation
range (direction in which each optical axis is directed in the transverse direction) of the
headlamps 22 is changed such that light of the headlamps 22 is irradiated in the’direction
at right and left angles based on the steering angle and speed of the vehicle or the
irradiation range (direction in which each optical axis is directed in the vertical direction)
of the headlamps 22 is changed such that light of the headlamps 22 is irradiated in the
direction at upper and lower angles based on the vehicle height position.

[0023] Next, each of the operation of the object detection system 14, including
the bicycle detection system 10 according to the present embodiment, and the operation
of the irradiation control system 12 will be described with reference to FIG. 2 to FIG. 5.
FIG. 2 shows the flow chart of an example of control routine executed in the present
embodiment. FIG. 3 shows the perspective view of a bicycle. FIG. 4 shows a view that
schematically shows a state variation of light in the case where light output or reflected
from the bicycle is input‘ to the vehicle. In addition, FIG. 5 shows a view that shoWs a
technique for changing the irradiation range of light in the irradiation control systefn 12
according to the present embodiment.

[0024] In the present embodiment, the vehicle automaticaily lights up the
headlamps 22 of the host vehicle through passenger's switch operation or when it has
been detected that surroundings of the host vehicle are dark at a predetermined
illuminance or below. The irradiation ECU 20 issues a lighting command to the
headlamps 2é when the condition for lightin_gbup the headlamps 22 is satisfied. In this
case, tHe headlamps 22 irradiate visible light to the predetermined area ahead of the host
vehicle. When a detecting condition, such as the fact that the headlamps 22 of the
vehicle are lit up in a dark place, is satisfied (affirmative determination is made in step
100 of FIG. 2), the object detection system 14 uses the camera 16 to capture an area ahead

of the vehicle, at least including the direction in.which visible. light is irradiated from the
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headlamps 22 (step 102). The image captured by the camera 16 is supplied to the

recognition ECU 18.

[0025] When the above described detecting condition is satisfied, the
recognition ECU 18 detects light included in the captured image on the basis of the
capt‘ured image supplied from the camera 16 (step 104). Then, it is determined whether
the intensity W of the detected light is hjgher than or equal to a first threshold SH1 (step
106). Note that the first threshold is, for example, the minimum luminous intensity: of
light that is achieved when light irradiated from the headlamps of a vehicle located a
piedetermined distance (for example, about 400 m) or longer from the host vehic‘le is
input to the host vehicle. In addition, light to be detected at this time may blink at

predetermined intervals. As a result of the determination, when the intensity W of light

~ 1s higher than or equal to the first threshold SH1, it is determined that the object that is

present ahead of the host vehicle and that irradiates the light is a vehicle, and then it is
determined that another vehicle is present ahead of the host vehicle (step 108).

[0026] On the other hand, as a result of the determination, when the intensity W
of the detected light is lower than the first threshold SH1, the recognition ECU 18
subsequently determines whether the intensity W of the light is higher than or'equal to a
second threshold SH2 (step 110). Note that the second threshold SH2 is, for example,
the minimum luminous intensity of light achieved when light irradiated from the
headlamp of a bicycle located a predetermined distance (for example, 75 m) or longer
from the host vehicle is input to the host vehicle, and is lower than the above described
first‘ threshold SH1. In addition, in order to detect light irradiated from the headlamp of
a bicycle, light to be determined whether the intensity W is higher than or equal to the
second threshold SH2 and is lower than the first threshold SHI may be limited to the one
that is located at a predetermined h’eight (for example, about 80 cm) from the ground and
that emits light within a predetermined area (for example, about 10 cm?” + 3 cm?).

[0027] As a result of the above determination, when the intensity W of light is

lower than the second threshold SH2, the recognition ECU 18 determines that no object

..that irradiates. light is present ahead of the.host vehicle or the object that irradiates light is
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not a bicycle, and then cancels the following detecting process. On the other hénd, as a
result of the. above determination, when the intensity W of light is higher than or equal to
the second threshold SH2 (that is, when SH2 < W < SH1 is satisfied), it is determined
that the object that is present ahead of the host vehicle and that irradiates the light is not a
vehicle but may be a bicycle. In addition, when such determination is made,
subsequently, it is determined whether there are further other rays of light at two portions,
other than the light of which the intensity W is higher than or equal to the second
threshold SH2 and is lower than the first threshold SH1, in the captured image from the
camera 16 (step 112). |

[0028]  Note that two rays of light to be detected in step 112 each just need to
have thé intensity W of light highcr than or equal to a third threshold SH3, and the third
threshold SH3 may be set so as to be lower than the second threshold SH2. In addition,
the third threshold SH3 is, for example, the minimum luminance intensity of light
achieved when rays of reflected light that light of the headlamps 22 of the host vehicle is
reflected from reflectors attached to the pedals of a bicycle located a predetermined
distance (for example, 75 m) or longer from the host vehicle are input to the host vehicle.
In addition, two rays of light to be detected in step 112 each may be limited to the one
that emits light within a predetermined area (for example, about the surface area of each
of the reflectors attached to the pedals). , ‘

| [0029]  Generally, as shown in FIG. 3, a bicycle 30 has a single headlamp 32,
and right and left pedals 34 and 36 respectively have reflectors 38 and 40 that reflect light.
Therefore, as light is irradiated from the headlamps 22 of the vehicle present in the
travelling direction of the bicycle 30 toward the front of the bicycle 30, the light is
reflected by the reflectors 38 and 40 of the right and left pedals 34 and 36 of the bicycle
30 to generate a pair of two rays of reflected light, and the pair of two rays of reflected
light return to the vehicle. In addition, the bicycle 30 generates power as the rider
pushes the pedal 34 or 36, so, generally, as shown in FIG. 4, as light is continuously

irradiated from the headlamps 22 of the vehicle, present in the travelling direction of the

- bicycle 30, toward the front of the bicycle 30, it is. seen from the vehicle. that light of the -
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headlamp 32 of the bicycle 30 is substantially immovable and, on the other hand, a pair
of rays of reflected light that are present right and left (more specifically, lower right and
lower left) on both sides of the light of the headlamp 32 and that are reflected from the
reflectors 38 and 40 of the right and left pedals 34 and 36 of the bicycle 30 reciprocally
move up and down. Note that these pair of rays of reflected light reciproéally move at
mutually opposite phases and at substantially constant intervals.

- [0030] As a result of the determination in step 112 of FIG. 2, when no pair of
rays of light, other than the light of which the intensity.W is higher than or equal to the

second threshold SH2 and is lower than the. first threshold SH1, are present in the

‘captured image, the recognition ECU 18 determines that no object that irradiates or

reflects light is present ahead of the host vehicle or the object is not a bicycle, and then
cancels the followiﬁg detecting process. On the other hand, when it is determined that
such a pair of rays of light are present, it is determined that light irradiated from the
héadlamps 22 of the host vehicle may be reflected from each of the reflectors attached to
the right and left pedals of the bicycle and may be returned to the host vehicle.
Subsequently, it is determined whether the pair of rays of light are present on both sides
of the light of which the intcnsity’W is highef than or equal to the second thréshold SH2
and is lower than the first threshold SH1 (hereinafter, referred to as center light) and
reciprocally move up and down (step 114).

[0031] Note that reciprocal movements of a pair of rays of light, required for
affirmative determination in step 114, each may be carried out at substantially constar&t
intervals (fdr example, intervals of about one second and may be intervals of a
predetermined range with a certain width), and may be carried out at mutually opposite
phases in terms of the relationship between both the pair of rays of light. Furthermore,
the determination process may be made on the basis of a synthetic image obtained by
synthesizing a plurality of captured images of the camera 16, obtained in a predetermined
period of time.

[0032]  As aresult-of the determination in step 114, when no pair of rays of light

.. are present on both sides of the. center light or when any one of those pair.of rays of light
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does not reciprocally move up and down, it is determined that the object that irradiates
light, present ahead of the host vehicle, is not a bicycle, and then the following detecting
process is cancelled. In addition, even whén a pair of rays of light are present on both = -
sides of the center light and do not reciprocally move up and down, the following
detecting process is cancelled. On the other hand, when a pair of rays of light are

present on both sides of the center light and reciprocally move up and down, it is

" determined that the object that irradiate light, present ahead of the host vehicle, is a

bicycle, and it is determined that a bicycle is present ahead of the host vehicle (step 116).

[0033] In this way, in the object detection system 14 that includes the bicycle |
détection system 10 according to the present embodiment, when Visible light is irradiated
forward of the host vehicle from the headlamps 22’ of the host vehicle, the camera 16
captures an area ahead of the host vehicle, at least including the direction in which the
visible light is irradiated. Then, through processing the captured image of the camera 16,
when light of which the intensity W is higher than or equal to the first threshold SH1 has
been detected, it is determined that another Vehiéle is present ahead of the host vehicle.
In avddition, through _pfocessing the captured image of the camera 16, when light of which
the intensfty W is higher than or equal to the second threshold SH2 and is lower than the
first threshold SH1 has been detected and a pair of rays of reflected light that are present
right and left on both sides of the center light and that reciprocally move up and down
have been detected, it is determined that a bicycle is present ahead of the host vehicle.
That is, in order to determine that a bicycle is present ahead of the host vehicle, a set of
the center light of which the intensity W is higher than or equal to the second threshold
SH2 and is lower than the first threshold SH1 and a pair of rays of reflected light that are
present right and left on both sides of the center light and that reciprocally move up and
down needs to be detected in the captured image of the camera 16.

[0034] As described above, as light is continuously irradiated toward a bicycle
from the headlamps 22 of the vehicle present in the travelling direction of the bicycle, it

is seen from the vehicle that light of the headlamp of the bicycle is substantially

...immovable and, on the other. hand, a pair of rays.of reflected. light.that are. present right
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and left (more specifically, lower right and lower left) on both sides of the light of the

headlamp and that are reflected from the reflectors of the right and left pedals of the
bicycle reciprocally move up and down. On the other hand, it is presumable that an
object other than a bicycle does not provide such reciprocal movements of a pair of rays
of light.

[0035] Thus, the bicycle detection system 10 aécording to the present
embodiment is able to detect whether an object that emits light and that is present ahead
of the hosf vehicle is a bicycle or a fixed object (such as a sign and a natural illuminant)
other than a bicycle as distinguished from each other on the basis of, throﬁgh processing
the captured image of the camera 16, whether light (center light) of which the intensity W
does not reach the first threshold SH1, at which an object that is vpresent ahead of the host
vehicle and that emits light may be determined to be another vehicle, but is higher than or
equal to the second threshold SH2 has been detected and whether a pair of rays of
reflected light that are present right and left on both éides of the center light and that
reciprocally move up and down have been detected. Therefore, even when light that is
longer in intensity than light having the intensity W, at which it may be determined that .
an object thét is present ahead of the host vehicle and that emits light is another vehicle,
is_ set as light to be detected in order to detect an object in the captured image of the
camera 16, it is possible to prevent erroneous detection of a bicycle. In addition, when a
bicycle that approaches the host vehicle is present ahead of the host vehicle in the
difection in which the headlamps 22 irradiate light while the headlamps 22 of the host
vehicle light up in the nighttime or in a dark place, such as a tunnel, it is possible to
accurately detect the approaching bicycle. |

[0036] In the present embodiment, when the recognition ECU 18 determines
that another vehicle is present ahead of the host vehicle in step 108 of FIG. 2 or
determines that a bicycle is present ahead of thé host vehicle in step 116 of FIG. 2, the
recognition ECU 18 detects the position, including the angle and the distance, of the other

vehicle or the bicycle with respect to the host vehicle and supplies the position

. information to the.irradiation ECU.20. Note that, when it is not.determined that another



10

15

20

25

WO 2012/127294 PCT/IB2012/000500

12

vehicle or a bicycle is present ahead of the host vehicle, position information is not
supplied from the recognition ECU 18 to the irradiation ECU 20. When the irradiation
ECU 20 is supplied with the position information of another vehicle or a‘bicycle with
respect to the host vehicle from the recognition ECU 18, the irradiation ECU 20 executes
light shielding control for limiting the irradiation range, in which visible light is irradiated
from the headlamps 22, on the basis of the position information (step 118 and step 120).

[0037] Specifically, as shown in FIG. 5, when the irradiation ECU 20 is not
supplied with the position information of another vehicle or a bicycle with respect to the
host vehicle from the recognition ECU 18, the irradiation ECU 20 does not limit the
irradiation range of the headlamps 22; whereés, when the irradiation ECU 20 is supplied
with the position information of another vehicle or a bicycle, which has been detected to
be present ahead of the host vehicle, with respect to the host vehicle from the recognition
ECU 18, the irradiation ECU 20 limits the irradiation range of the headlamps 22 such that
visible light from the headlamps 22 of the host vehicle do not illuminate the other vehicle
or the bicycle.

[0038] In such light shielding control, when another vehicle or a bicycle is
present ahead of the host vehicle, visible light is irradiated while avoiding the area in
which the other vehicle or the bicycle_is present within all the area ahead of the host
vehicle in which visible light is normally irradiated from the headlamps 22 of the host
vehicle, so a passenger of the other vehicle or a rider of the bicycle ahead of the host
vehicle is prevented from experiencing glare. Thus, the irradiation control system 12 -
according to the present embodiment is able to, when the host vehicle runs in the
nighttime or in a dark place, such as a tunnel, avoid interference with running of another

vehicle or a bicycle ahead of the host vehicle due to light irradiated from the headlamps

22 of the host vehicle, so it is possible to improve safety running of each of vehicles and

bicycles on a road.
[0039] Note that, in the above described first embodiment, the headlamps 22

correspond to a "irradiation unit" according to the aspect of the invention, determining

~.whether.the. intensity .W. of light detected by the recognition. ECU 18 is higher than or
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equal to the second threshold SH2 and is lower than the first threshold SH1 by the

recognition ECU 18 corresponds to an "intensity determining unit" according to the
aspect of the invention, executing the process of step 114 in the routine shown in FIG. 2
by the recognition ECU 18 corresponds to a "reciprocal movement determining unit"
according to the aspect of the invention, executing the process of step 116 by the
recognition ECU 18 corresponds to a "biCycle determining unit” according to the aspect
of the invention, executing light shielding control for limiting the irradiation range in
which visible Iight is irradiated from the headlamps 22 by the irradiation ECU 20 on the
basis .of the position information of another vehicle or a bicycle, supplied from the
recognition ECU 18, corresponds to a "light_. shieiding control unit" according to the
aspect of the invention.

[0040] Incidentally, in the above first embodiment, when a set of the center light
of which the intensity W is higher than or equal to the second threshold SH2 and is lower
than the first threshold SH1 and a pair of rays of reflected light that are present right and
left on both sides of the center light and that reciprocally move up and down have been
detected in the captured image of the camera 16, it is determined that a bicycle is present
ahead of the host vehicle; instead, when a multiple sets of the center light and a pair of
rays of reflected light have been deiected in the captured image of the camera 16, it may
be determined that a plurality of bicyéles are present ahead of the host vehicle.

[0041] In addition, in the above first embodiment, the recognition ECU 18 does
not recognize the color of light included in the captured image from the camera 16.
However, generally, the headlamp of a bicycle emits white light, and the reflectors of the
pedals emit amber light. Then, when the ‘recognition ECU 18 has detected light in the
captured image, the recognition ECU 18 may further recognize the color of the detected
light and then may determine that an 'object that is present ahead of the host vehicle and
that emits light is a bicycle when the intensity W of one of rays of white light among all
the detected rays of light is higher than or equal to the second threshold SH2 and is lower
than the first threshold SH1 and a pair of rays of amber light that are present right and left

~on both sides of the white light reciprocally move up and down. According to the above
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alternative embodiment, it is possible to further accurately detect a bicycle that
approaches the host vehicle in a dark place.

[0042] In addition, in the above described first embodiment, the recognition
ECU 18 initially determines whether the intensity W of light in the captured image from
the camera 16 is higher thén or equal to the second threshold SH2 and is lower than the
first threshold SH1, after that, when affirmative determination is made, determines
whether a pair of rays of light other thaﬁ the center light are present, and, furthermore,
when affirmative determination is made, determines whether the pair of those rays of
light are present right and left on both sides of the center light and reciprocally. move up
and down. By so doing, it is determined whether a bicycle that approaches the host
vehicle ié present ahead of the host vehicle. However, the sequence of the above

- determinations for determining whether a bicycle is present is not limited to the above.
For example, it is appliéable that it is determined whether a pair of rays of light are
present right and left in the captured imagé of the camera 16 and it is determined whether
the pair of rays of light reciprocally move up and down and then, when affirmative -
determinatibn is made, it is determined whether light of which the intensity W is higher -
than or equal to the second threshold SH2 and is lower than the first threshold SH1 is
present between the pair of those rays of light to thereby determine whether a bicycle that
approaches the host vehicle is present ahead of the host vehicle.

[0043] In the above described embodiment, through processing the captured
\image from the camera 16, when center light of which the intensity W is higher than or
equal to the second threshold SH2 and is lower than the first threshold SH1 has been
detected and a pair of rays of reflected light that are present right and left on both sides of
the center light and that reciprocally move up and down have been detected, it is
determined that the object that is present ahead of the host vehicle and that emits light is a
bicycle. In contrast to this, in a second embodiment of the invention, through
| processing the captured image of the camera 16, when center light of which the intensity
W is higher than or equal to the second threshold SH2 and is lower than the first

threshold SH1 has been detected, it is estimated that the object that is present ahead of the
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host vehicle and that emits light is a bicycle and, in addition, the reliability of

determining that the object that is present ahead of the host vehicle and that emits light is

a bicycle is increased when a pair of rays of reflected light that are present right and left

on both sides of the center light and that reciprocally move up and down have been -
detected, while the reliability is decreased when such a pair of rays of reflected light have

not been detected.

[0044] The system according to the second embodiment‘of the invention is
implemented by causing the recognition ECU 18 of the object detection system 14 and
the irradiation ECU 20 of the irradiation control system 12 to execute the routine shown
in FIG. 6 instead of the routine shown in FIG. 2. FIG. 6 shows the flow chart of an
example of control routine executed in the present embodiment. Note that, in the
routine shown in FIG. 6, like reference signs denote steps that execute similar processes
to those of the processes shown in FIG. 2, and the description thereof is omitted or
simplitied. |

[0045] In the present embodiment, as a result of determining in step 106

~whether the intensity W of light detected through processing the captured image of the
camera 16 is higher than or equal to the first threshold SH1, when affirmative
determination is made, the recognition ECU 18 determines that another vehicle is present
ahead of the host vehicle (step 108). On the other hand, whén negative determination is
made, it is determined whether the intensity W of the light is higher than or equal to the
second threshold SH2 (step 110).

[0046] As a result of determination in step‘ 110, when the intensity W of light is
lower than the second threshold SH2, the recognition ECU 18 determines that no object
that irradiates or reflects light is present ahead of the host vehicle or an object is not a
bicycle, and then cancels the following detecting process. On the other hand, as a result
of the above determination, when the intensity W of light is higher than or equal to the
second threshold SH2 (that is, when SH2 < W < SH1 is satisfied), it is estimated that the
object that is present ahead of the host_ vehicle and that irradiate§ or reflects the light is

.not a vehicle but may be a bicycle (step 200), and, in addition, it is determined whether



10

15

20

25

WO 2012/127294 PCT/IB2012/000500

16

further other two fays of light ét two portions, other than the light of which the intensity
W is higher than or equal to the second threshold SH2 and is lower than the first
threshold SH1, are present in the captured image from the camera 16 (step 112).

[0047] As a result of the determination in step 112, when a pair of rays of light,
other than the ligﬁt of which the intensity W is higher than or equal to the second
threshold SH2 and is lower than the first threshold SH1, are présent in.the captured image,
the recognition ECU 18 subsequently determines whether the pair of rays of light are
present right and left on both sides of the liéht (hereinafter, referred to as center light) of
which the intensity W is higher than or equal to the second threshold SH2 and is lower
than the first threshold SH1 and that reciprocally move up and down (step 114).

[0048] As a result of determination in step 114, when the pair of rays of light are
present right and left on both sides of the center light and that reciprocally move up and
down, the recognition ECU 18 increases the reliability (probability) of determining that
the object that is present ahead of the host vehicle is a bicycle.(step 202). For example,
when the reliability of estimating in step 200 that fhe object present ahéad of the host

vehicle is a bicycle is 50%, the reliability of d‘etermining that the object is a bicycle as a

~ result of the process of step 202 is 75%.

[0049] On the other hand, when it ié determined in step 112 that no pair of rays
of light, other than light of which the intensity W is higher than or equal to the second
threshold SH2 and is lower than the first threshold SH1, are present in the captured image
or when it is determined in step 114 that the pair of rays of light are not present right and -
left on both sides of the center light or any one of the pair of rays of light does not
reciprocally move up and down, the reliability (probability) of determining that the object
present ahead of the host vehicle is a bicycle is decreased (step 204). For example,
when the reliability of estimating in step 200 that the object present ahead of the host
vehicle is a bicycle is 50%, the reliability of determining that the (5bject is a bicycle as a
result of the process of step 204 is 25%. On the other hand, when the pair of rays of

light are present right and left on both sides of the center light and do not reciprocally

- move up and down, the reliability. (probability) may be decreased as in the case of the
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above; instead, the degree of decreasing the reliability may be lower than that of the
above and, in addition, the reliability of estimation may be directly used.

[0050] In this way, in the object detection system 14 that inc;ludes the bicycle
detection system 10 according' to the present embodimént, through processing the |
‘capturedb image of the camera 16, when light of which the intensity W is higher than or
equal to the first threshold SH1 has been detected, it is determined that another vehicle is
present ahead of the host vehicle. In addition, through processing the captured image of
the camera 16, when the center light of which the intensity W is higher than or equal to
the second threshold SH2 and is lowef than the first threshold SH1 has been detected, it is
estimated that a bicycle may be present ahead of the host vehicle and, in additibn, when a
pair of rays of reflected light that are present right and left on both sides of the center
light and that reciprocally move up and down have been detected, the reliability of
determining that the object present ahead of the host vehicle is a bicycle is increased, and,
‘on the other hand, when such a pair of rays of light have not been detected, the reliability

is decreased. jThat is, when a set of the center light of which the intensity W is higher

~ than or equal to the second threshold SH2 and is lower than the first threshold SH1 and a

pair of rays of reflected light that are present right and left on both sides of the center
light and that reciprocally move up and down have been detected in the captured image
of the camera 16, the reliability of determining that the object present ahead of the host
vehicle is a bicycle is increased, and, on the other hand, when a pair of rays of reflected
light have not been detected even when the center light has been detected, the reliability
is decreased.

[0051] Thus, with the bicycle detection system 10 according to the present
embodiment, through processing the captured image of the camera 16, when light (center
light) of which the intensity W does not reach the first threshold SH1, at which it may be
.determined that an object that is present ahead of the host vehicle and that emits light is
another vehicle, but is higher than or equal to the second threshold SH2 has been detected,
the reliability of determining that the object that is present ahead of the host vehicle and

that emits light is a bicycle may be changed on the basis of whether a pair of rays of
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reflected light that are present right and left on both sides of the center light and that

reciprocally move up and down have been detected.

[0052] In the present embodiment, when the recognition E‘CU 18 determines in
step 108 that another vehicle is present ahead of the host vehicle or increases the
reliability of determining that a bicycle is present ahead of the host vehicle in step 202,
the recognition ECU 18 detects the position, including the angle and the distance, of the
other vehicle or the estimated bicycle with respect to the host vehicle and supplies the
position information to the irradiation ECU 20. When the irradiation ECU 20 is
supplied with the position information of the other vehicle or the estimated bicyble from
the recognition ECU 18, the irradiation ECU 20 executes light shielding control as usual
for limiting fhe irradiation range in which visible light is irradiated from the headlamps
22 on the basis of the position information (step 118 and step 206). Specifically, the
irradiation range of the headlamps 22 is limited such that visible light from the headlampé
22 of the host vehicle does not illuminate the other vehicle or the estimated bicycle,
.which has been detected ahead of the host vehicle and of which the position information
is supplied. |

[0053]  On the other hand, when the recognition ECU 18 decreases the reliability
of determining that a bicycle is present ahead of the host vehicle in step 204, the
recognition ECU 18 detects the position, includiﬁg the angle and the distance, of the
estimated bicycle with respect to the host vehicle, and supplies the position information
to the irradiation ECU 20. When the irradiation ECU 20 is supplied with the position
information of the estimated bicycle from the recognition ECU 18, the irradiation ECU
20 executes light shielding control for limiting the irradiation range in which visible light
is irradiated from the headlamps 22 on the basis of the position information in a limited
manner (step 208). Specificélly, the irradiation range of the headlamps 22 is limited
such that the range in which visible light from the headlamps 22 of the host vehicle does
not illuminate the estimated bicycle, which has been detected ahead of the host vehicle

and of which the position information is supplied, is limited to part of the irradiation

range.
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10054] In such light shielding control, visible light is irradiated while avoiding

the area in which the other vehicle or the estimated bicycle having a high determination
reliabiiity is present within all the area ahead of the host vehicle, to which visible light is
normally irradiated from the headlamps 22 of the host vehicle, so a passenger of the other
vehicle or a rider of the bicycle ahead of the host vehicle is prevented from experiencing
glare. Thus, the irradiation control system 12 according to thé present embodiment is
able to, when the host vehicle runs in the nighttime or in a dark place, such as a tunnel,
avoid interference with running of another vehicle or a bicycle ahead of the host vehicle
due to light irradiated from the headlamps 22 of the host vehicle, so it is possible to
improve safety ruﬁning of each of vehicles aﬁd bicycles on a road.

[0055]  In addition, in the above light shielding control, visible light is irradiated
while avoiding part of the afea in which an estimated bicycle having a low determination
reliability'is preseht within all the area ahead of the host vehicle, to which visible light is
normally irradiated from the headlamps 22 of the host vehicle, so a passenger of the other
vehicle or a rider of the bicycle ahbead of the host vehicle is prevented from experiencing

glare, and the influence at the time when the estimated bicycle having a low

" determination reliability is actually not a bicycle is minimized. Thus, when the host

vehicle runs in the nighttime or in a dark place, such as a tunnel, it is possible to prevent
interference with running of a bicycle ahead of the host vehicle due to light irradiated
from the headlamps 22 of the host vehicle, so it is possible to improve safety running of
each of vehicles, including the host vehicle, and bicycles on a road.

[0056]  An aspect according to the above second embodiment provides a bicycle

* detection system. The bicycle detection system includes: a camera that captures an area

including a direction in which light is irradiated from an irradiation unit; an intensity
determining unit that determines whether an intensity of light in a captured image
captured by the camera falls within a predetermined range; a bicycle estimating unit that,
when affirmative determination is made by the intensity determining unit, estimates that a
bicycle is present in the direction; a reciprocal movement determining unit that

determines whether light in the captured image captured by the camera reciprocally
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moves up and down; and a reliability increasing unit that, when affirmative determination

is made by the reciprocal movement determining unit, increases reliability that a bicycle

~is present in the direction, estimated by the bicycle estimating unit.

[0057] In the bicycle détection system, the intensity determining unit may
determine whether the intensity of at least one of rays of light present in the captured
image captured by the camera falls within the predetermined range.

[0058] In addition, in the above described bicycle detection system, the
reciprocal movement determining _unit may determine whether a pair of rays of light
present right and left in the captured image captured by the camera reciprocally move up
and down. |

[0059] In addition, in the above described bicycle detection system, the
reciprocal movement determining unit may determine whether a pair of rays of light
present right and left on both sides of the at least one of rays of light. in the captured
image captured by the camera reéiprocaily move up and down.

[0060] | In addition, in the above described bicyclc detection system, ‘the
reciprocal movement determining unit may determine whether the pair of rays of light
reciprocally move up and down at mutﬁally opposite phases.

[0061] In addition, the above-des.cribed bicycle detection system may further
include a coior detecting unit that detects color of light in the captured image captured by
the camera, the intensity determining unit may determine whether an intensity of at least
one of rays of white light present in the captured image captured by the camera falls
within the predetermined range, and the reciprocal movement determining unit may
determine whether a pair of rays of amber light present on both sides in the captured
image captured by the camera reciprocally move up and down.

[0062] Note that, in the above described second embodiment, executing the
process of step 200 in the routine shown in FIG. 6 by the recognition ECU 18 corresponds
to the above described "bicycle estimating unit", and executing the process of step 202 by

the recognition ECU 18 corresponds to the above described "reliability increasing unit".

.. ....[0063] . ... Incidentally, in the above described second embodiment, when an object
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that irradiates light of which the intensity W is higher than or equal to the second

threshold SH2 and is lower than the first threshold SH1 is present ahead of the host
vehicle, the reliability of determining that the object present ahead of the host vehicle is a
bicycle may be changed on the basis of whether a pair of rays of reflected light that are
present right and left on both sides of the light and that reciprocally move up and down |
are present, and, when a plurality of objects that irradiate light having tﬁe above intensity
W are present, the reliability of determining that the object is a bicycle may be changed
for each of the objects on the basis of whether a pair of rays of light that are present right
and left on both sides of the corresponding light and that reciprocally move up and down
are present.

[0064] In addition, in the above described second embodiment, the recognition
ECU 18 does not recognize the color of light included in the captured image of the
camera 16, when the recognition ECU 18 has detected light in the captured image, the
recognition ECU 18 may further recognize the color of the detected light, and then, when
the inténsity W of one of rays of white light among all the detected rays of light is higher
than or equal to the second threshold SH2 and is lower than the first threshold SH1, the
recognition ECU 18 may estimate that the object present ahead of the host vehicle is a
bicycle, and may change the reliability of determining that the object present ahead of the
host vehicle is a bicycle on the basis of whether a pair of rays of amber light are present
fight and left on both sides of the one of rays of white light and reciprocally move up and
down. According to the above alternative embodiment, the reliability of determining
that the object present ahead of the host vehicle is a bicycle on the basis of the intensity
of light included in the captured image of the camera 16 may. be changed where
abpropriate on the basis of whether the pair of rays of light are present and move up and
down.

[0065] In addition, in the above described second embodiment, when the
recognition ECU 18 has detected that the infensity W of light in the captured image of the

camera 16 is higher than or equal to the second threshold SH2 and is lower than the first

.. threshold SH1, the recognition ECU 18 estimates that the object present ahead of the host
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vehicle is a bicycle and may determine whether a pair of rays of light other than the
center light are present, and, when affirmative determination is made, the recognition
ECU 18 determines whether the pair of rays of light are present right and left on both
sides of the center light and reciprocally move up and down to thereby change the
reliability of determining that the object present ahead of the host vehicle is a bicycle.
Instead, the sequence of the above described processes to esﬁmate that the object is a
bicycle and change the reliability is not limited to the above sequence. For example,
when the recognition ECU 18 has detected that a pair of rays of light are present right and
left in the captured image of the camera 16 and reciprocally move up and down, the
recognition ECU 18 may estimate that the object present ahead of the host vehicle is a
bicycle, and méy determine whether light of which the intensity W is higher than or equal-
to the second threshold SH2 and is lower than the first threshold SH1 is present between
the pair of rays of light to thereby change the reliability of determining that the object
present ahead of the host vehide is a bicycle.

[0066] Incidentally, in the above described first and second embodiments, when
another vehicle or a bicycle present ahead of the host vehicle has been detected, the
irradiation range of light from the headlamps 22 is limited such that the other vehicle or
the bicycle does not fall within the irradiation range. Then, limiting the irradiation
range may be, for example, changing from high-beam irradiation to low-beam irradiation
6r, instead of limiting the irradiation range, the amount of irradiating visible light from
the headlamps 22 to the other vehicle or the bicycle present ahead of the host vehicle may
be reduced. A

[0067] In addition, when another vehicle or a bicycle present ahead of the host
vehicle has been detected, light shielding control fdr limiting the irradiation range of light
from the headlamps 22 is executed. Then, when a bicycle present ahead of the host
vehicle has been detected, alarm control for waking a driver of the host vehicle to pay

attention to the bicycle with an alarm or vibrations.
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CLAIMS:

1. Abicycle detection system comprising:

a camera that captures an area including a direction in which light is irradiated from
an irradiation unit;

an intensity determining unit that determines whether an intensity of iight in a
captured image captured by the camera falls within a predetermined range;

a reciprocal movement determining unit that determines whether light in the
captured image captured by the camere‘l reciprocally moves up and down; and

| a bicycle determining unit that determines whether a bicycle is present in the

direction, based on the determination made by the intensity determining ﬁnit and the

determination made by the reciprocal movement determining unit.

- 2. The bicycle detection system according to claim 1, wherein when affirmative
determination is made by the intensity determining unit and affirmative determination is
made by the reciprocal movement determining unit, the bicycle determining unit

determines that a bicycle is present in the direction.

3. The bicycle detection system according to claim 1, wherein the bicycle
determining unit includes a bicycle estimating unit that, when affirmative determination
is made by the intensity determining unit, estimates that a bicycle is present in the
direction, and a reliability increasing unit that, when affirmative determination is made by
the reciprocal movement determining unit, increases reliability that a bicycle is present in

the direction, the reliability being estimated by the bicycle estimating unit.

4. The bicycle detection system according to any one of claims 1 to 3, wherein the
intensity determining unit determines whether an intensity of at least one of rays of light

present in the captured image captured by the cam'erra falls within the predetermined
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range.

5. The bicycle detection system according to any one of claims 1 to 4, wherein the
reciprocal movement determining unit determines whether a pair of rays of light present
right and left in the captured image captured by the camera reciprocally move up and

down.

6. The bicycle detection system according to claim 4, wherein the reciprocal
movement determining unit determines whether a pair of rays of light present right and
left on both sides of the one of ray's of light in the captured image captured by the camera -

| reciprocally move up and down.

7. The bicycle detection system according to claim 5 or 6, wherein the reciprocal -
movement determining unit determines whether the pair of rays of light reciprocally

move up and down at mutually opposite phases.

8. The bicycle detection system according to any one of claims 1 to .7, further
comprising a color detecting unit that detects color of light in the captured image
captured by the camera, wherein

the intensity determining ﬁnit determines whether an intensity of at least one of rays
of white light present in the captured image captured by the camera falls within the
predetermined range, and | |

the reciprocal movement determining unit determines whether a pair of rays of
amber light present right and left in the captured image captured by the camera

reciprocally move up and down.

9. An irradiation control system comprising a light shielding control unit that,
when it is determined by the bicycle determining unit of the bicycle detection system

..according to. any one of claims 1.to.8 that a bicycle is present in the direction in which
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light is irradiated from the irradiation unit, executes light shielding control over the
irradiation unit such that light irradiated from the irradiation unit does not illuminate the

bicycle.
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