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(54) Vehicular headlamp system and control device

(57) A vehicular headlamp system is provided which includes: a first optical system (10La) capable of forming in a
radiation region thereof a dark portion (41a) extending linearly to a front of a lamp; a second optical system (10Lb)
provided at a different position in a lateral direction from the first optical system (10La) and capable of radiating light to
the front of the lamp; a front sensor (20) that detects a light shield object A to be shielded from light such as an oncoming
vehicle; and a control unit (30) that controls the first optical system (10La) and the second optical system (10Lb) based
on a position of the light shield object A so that the first optical system (10La) forms the dark portion on the light shield
object A and that the second optical system (10Lb) irradiates regions located on front and rear sides of the light shield
object A in the dark portion (41a) with light.
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Description

Field of the Invention

[0001] The present invention relates to vehicular head-
lamp systems including a plurality of optical systems in
a vehicle width direction, and control devices thereof.

Background to the Invention

[0002] Vehicular headlamps capable of changing light
distribution to shield only a specific region from light so
as not to cause glare to a driver of an oncoming vehicle
are known. For example, the vehicular headlamp of Jap-
anese Patent Application Laid-Open (Kokai) No.
2009-218155 emits light from a plurality of LEDs to
project their respective images to the front of the lamp,
and turns off the LED that forms an image in a portion
where an oncoming vehicle is present, thereby enhanc-
ing visibility ahead of the vehicle without causing glare
to the oncoming vehicle.
[0003] However, the entire linear region connecting the
vehicular headlamp and the oncoming vehicle is dark in
such a vehicular headlamp of a Japanese Patent Appli-
cation Laid-Open (Kokai) No. 2009-218155. The vehic-
ular headlamp therefore cannot irradiate with light a road
surface, a road sign, etc. that are included in the linear
region, and has reduced visibility.

Summary of the Invention

[0004] It is an object of the present invention to provide
a vehicular headlamp system achieving enhanced visi-
bility with suppressed glare to a pedestrian, a driver of
an oncoming vehicle, etc. and a control device of a ve-
hicular headlamp.
[0005] A vehicular headlamp system of the present in-
vention which is capable of solving the above problem
includes: a first optical system capable of forming in a
radiation region thereof a dark portion extending linearly
to a front of a lamp; a second optical system provided at
a different position in a lateral direction from the first op-
tical system and capable of radiating light to the front of
the lamp; a front sensor that detects a position of a light
shield object to be shielded from light such as an oncom-
ing vehicle; and a control unit that controls the first optical
system and the second optical system in response to
detection of the light shield object by the front sensor so
that the dark portion is formed on the light shield object
by the first optical system and that the second optical
system irradiates regions located on front and rear sides
of the light shield object in the dark portion with light.
[0006] Since the regions located on the front and rear
sides of the light shield object in the linear dark portion
formed by the first optical system are irradiated with light
by the second optical system, good forward visibility is
achieved. Moreover, since the first optical system forms
the dark portion on the light shield object, glare to the

oncoming vehicle etc. can be suppressed.
[0007] In the vehicular headlamp system according to
the present invention, the second optical system may
also be capable of forming in a radiation region thereof
a dark portion extending linearly to the front of the lamp,
and the control unit may control the first optical system
and the second optical system so that the dark portions
overlap each other on the light shield object.
[0008] In the vehicular headlamp system according to
the present invention, at least one third optical system
may be provided between the first optical system and the
second optical system in the lateral direction.
[0009] Since the first optical system is separated from
the second optical system in the lateral direction, the
overlapping region of the dark portions can be reduced.
This can further enhance visibility.
[0010] In the vehicular headlamp system according to
the present invention, at least one third optical system
may be provided between the first optical system and the
second optical system in the lateral direction, the second
optical system and the third optical system may also be
capable of forming in a radiation region thereof a dark
portion extending linearly to the front of the lamp, and
the first optical system, the second optical system, and
the third optical system may be provided in each of a
plurality of the lamps provided on a left front part and a
right front part of a vehicle.
[0011] Combining the plurality of dark portions that are
formed by the optical systems provided at different posi-
tions in the lateral direction can reduce the overlapping
region of the dark portions, whereby visibility can be en-
hanced.
[0012] A control device of a vehicular headlamp of the
present invention which is capable of solving the above
problem is a control device that controls a vehicular head-
lamp including a first optical system capable of forming
in a radiation region thereof a dark portion extending lin-
early to a front of the lamp, and a second optical system
provided at a different position in a lateral direction from
the first optical system and capable of radiating light to
the front of the lamp, wherein the control device controls
the first optical system and the second optical system so
that the dark portion is formed on a light shield object to
be shielded from light such as an oncoming vehicle by
the first optical system based on a distance to the light
shield object and a position of the light shield object and
that the second optical system irradiates regions located
on front and rear sides of the light shield object in the
dark portion with light.
[0013] Since the regions located on the front and rear
sides of the light shield object in the linear dark portion
formed by the first optical system are irradiated with light
by the second optical system, good forward visibility is
achieved. Moreover, since the first optical system forms
the dark portion on the light shield object, glare to the
oncoming vehicle etc. can be suppressed.
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Brief Description of the Drawings

[0014]

[FIG. 1] FIG. 1 is an overall configuration diagram of
a vehicular headlamp system according to an em-
bodiment of the present invention.
[FIG. 2] FIG. 2 is a cross-sectional view of a left outer
optical system.
[FIG. 3] FIG. 3 shows diagrams showing a radiation
region formed by each optical system.
[FIG. 4] FIG. 4 is a diagram showing the state where
dark portions formed by the optical systems overlap
each other.

Detailed Description

[0015] A vehicle having applied thereto a vehicular
headlamp system according to an embodiment of the
present invention will be described in detail below with
reference to the accompanying drawings. FIG. 1 is an
overall configuration diagram of the vehicular headlamp
system according to the present embodiment.
[0016] The vehicular headlamp system according to
the present embodiment includes a left headlamp 10L,
a right headlamp 10R, a front sensor 20, and an ECU 30.
[0017] The left headlamp 10L is provided in a left front
part of the vehicle as viewed from the driver, and the right
headlamp 10R is provided in a right front part of the ve-
hicle as viewed from the driver. In the following descrip-
tion, each of the left headlamp 10L and the right head-
lamp 10R is also referred to as the headlamp 10 when it
is not necessary to distinguish between the left headlamp
10L and the right headlamp 10R.
[0018] Each of the headlamps 10 includes three optical
systems provided at different positions in a lateral direc-
tion. In the following description, regarding the optical
systems provided in the left headlamp 10L, the optical
system located at the outermost position in the vehicle
in a vehicle width direction is referred to as the left outer
optical system 10La, the optical system located at the
innermost position in the vehicle in the vehicle width di-
rection is referred to as the left inner optical system 10Lb,
and the optical system located at an intermediate position
therebetween is referred to as the left intermediate optical
system 10Lc. Regarding the optical systems provided in
the right headlamp 10R, the optical system located at the
outermost position in the vehicle in the vehicle width di-
rection is referred to as the right outer optical system
10Ra, the optical system located at the innermost posi-
tion in the vehicle in the vehicle width direction is referred
to as the right inner optical system 10Rb, and the optical
system located at an intermediate position therebetween
is referred to as the right intermediate optical system
10Rc.
[0019] The front sensor 20 is mounted on the vehicle.
The front sensor 20 detects the presence and position
of a light shield object to be shielded from light such as

an oncoming vehicle approaching the host vehicle, a ve-
hicle traveling ahead of the host vehicle in the same di-
rection as the host vehicle, or a pedestrian. A camera,
an infrared sensor, a millimeter-wave radar, etc. can be
used as the front sensor.
[0020] The electronic control unit (ECU) (control unit,
control device) 30 is mounted on the vehicle. The ECU
30 is electrically connected to the left headlamp 10L, the
right headlamp 10R, and the front sensor 20. The ECU
30 transmits a control signal to the headlamps 10 accord-
ing to the output of the front sensor 20.
[0021] Since the left headlamp 10L and the right head-
lamp 10R are similar to each other in configuration and
the plurality of optical systems are similar to each other
in configuration, the left outer optical system 10La of the
left headlamp 10L will be representatively described.
FIG. 2 is a lateral cross-sectional view of the left outer
optical system 10La.
[0022] The left outer optical system 10La includes a
light source 11, a reflector 12 that reflects light from the
light source 11 to the front of the lamp, and a projection
lens 13 having an optical axis Ax extending in a longitu-
dinal direction of the lamp. The projection lens 13 projects
direct light from the light source 11 and reflected light
from the reflector 12 to the front of the lamp. The left outer
optical system 10La thus forms in front of the lamp a
radiation region to which light is radiated.
[0023] The left outer optical system 10La includes a
rotary shade 14 having an axis of rotation which crosses
the optical axis Ax of the projection lens 13. The rotary
shade 14 is placed so that its outer peripheral surface is
located in the proximity of a rear focal point f of the pro-
jection lens 13.
[0024] A plurality of protruding portions 14a are formed
on the outer peripheral surface of the rotary shade 14
along a circumferential direction. The protruding portions
14a are formed so as to protrude in a radial direction of
the rotary shade. The protruding portions 14a block part
of light that is incident on the projection lens 13, thereby
forming in the radiation region a dark portion extending
linearly forward from the lamp (see FIG. 3). The plurality
of protruding portions 14a are formed at different posi-
tions in a direction of the axis of rotation of the rotary
shade 14. A region where the dark portion is to be formed
in the radiation region can therefore be changed by ro-
tating the rotary shade 14.
[0025] Operation of the vehicular headlamp system ac-
cording to the present embodiment will be described be-
low. FIG. 3 shows diagrams showing the radiation region
formed by each optical system of the headlamps 10 as
viewed from above the vehicle.
[0026] The operation of the vehicular headlamp sys-
tem according to the present embodiment will be de-
scribed with respect to the case where a light shield object
A is present ahead of the vehicle as shown in FIG. 3. In
response to detection of the light shield object A by the
front sensor 20, the ECU 30 transmits a control signal to
the headlamps 10 to control the headlamps 10, based
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on the position of the light shield object A.
[0027] Based on the position of the light shield object
A, the ECU 30 rotates the rotary shade 14 of the left outer
optical system 10La located at the outermost position in
the vehicle width direction in the left headlamp 10L, so
as to position a specific one of the protruding portions
14a in the proximity of the rear focal point f of the projec-
tion lens 13. A dark portion 41a extending linearly forward
is thus formed on the light shield object A in a radiation
region 40a formed by the outer optical system 10a of the
left headlamp 10L, as shown in FIG. 3(a).
[0028] The ECU 30 also rotates the rotary shade 14 of
the left inner optical system 10Lb of the left headlamp
10L based on the position of the light shield object A so
as to position a specific one of the protruding portions
14a in the proximity of the rear focal point f of the projec-
tion lens 13. The left inner optical system 10Lb of the left
headlamp 10L thus forms such a radiation region 40b as
shown in FIG. 3(b). In the radiation region 40b, a dark
portion 41b is formed on the light shield object A, and a
region 42b on the rear side of the light shield object A
and a region 43b on the front side of the light shield object
A are irradiated with light.
[0029] As used herein, the rear side of the light shield
object A refers to the side of the linear dark portion 41a
formed on the light shield object A by the left outer optical
system 10La of the left headlamp 10L, which is located
closer to the vehicle with respect to the light shield object
A. The front side of the light shield object A refers to the
side of the linear dark portion 41a formed on the light
shield object A, which is located farther from the vehicle
with respect to the light shield object A.
[0030] Regions shown by broken lines in FIG. 3 rep-
resent imaginary dark portions that are not formed actu-
ally. These regions shown by broken lines are shown in
order to clarify which dark portion is formed by which
optical system.
[0031] Moreover, the ECU 30 rotates the rotary shade
14 of the left intermediate optical system 10Lc of the left
headlamp 10L based on the position of the light shield
object A so as to position a specific one of the protruding
portions 14a in the proximity of the rear focal point f of
the projection lens 13. The left intermediate optical sys-
tem 10Lc of the left headlamp 10L thus forms such a
radiation region 40c as shown in FIG. 3(c). In the radiation
region 40c, a dark portion 41c is formed on the light shield
object A, and a region 42c on the rear side of the light
shield object A and a region 43c on the front side of the
light shield object A are irradiated with light.
[0032] On the other hand, regarding the right headlamp
10R, the ECU 30 rotates the rotary shade 14 of the right
outer optical system 10Ra of the right headlamp 10R
based on the position of the light shield object A so as to
position a specific one of the protruding portions 14a in
the proximity of the rear focal point f of the projection lens
13. The right outer optical system 10Ra of the right head-
lamp 10R thus forms such a radiation region 50a as
shown in FIG. 3(d). In the radiation region 50a, a dark

portion 51a is formed on the light shield object A, and a
region 52a on the rear side of the light shield object A
and a region 53a on the rear side of the light shield object
A are irradiated with light.
[0033] The ECU 30 also rotates the rotary shade 14 of
the right inner optical system 10Rb of the right headlamp
10R based on the position of the light shield object A so
as to position a specific one of the protruding portions
14a in the proximity of the rear focal point f of the projec-
tion lens 13. The right inner optical system 10Rb of the
right headlamp 10R thus forms such a radiation region
50b as shown in FIG. 3(e). In the radiation region 50b, a
dark portion 51b is formed on the light shield object A,
and a region 52b on the rear side of the light shield object
A and a region 53b on the front side of the light shield
object A are irradiated with light.
[0034] Moreover, the ECU 30 rotates the rotary shade
14 of the right intermediate optical system 10Rc of the
right headlamp 10R based on the position of the light
shield object A so as to position a specific one of the
protruding portions 14a in the proximity of the rear focal
point f of the projection lens 13. The right intermediate
optical system 10Rc of the right headlamp 10R thus forms
such a radiation region 50c as shown in FIG. 3(f). In the
radiation region 50c, a dark portion 51c is formed on the
light shield object A, and a region 52c on the rear side of
the light shield object A and a region 53c on the front side
of the light shield object A are irradiated with light.
[0035] If the front sensor 20 detects that there is no
light shield object ahead of the vehicle, the ECU 30 con-
trols the rotary shade 14 of each optical system of the
left headlamp 10L and the right headlamp 10R so that a
part of the rotary shade 14 where no protruding portion
14a is formed is located in the proximity of the rear focal
point f of the projection lens 13. The ECU 30 thus forms
in front of the lamp a radiation region where no dark por-
tion is formed, maximizing visibility in front of the lamp.
[0036] As described above, according to the vehicular
headlamp system of the present embodiment, the linear
dark portion 41a that is formed by the left outer optical
system 10La (first optical system) of the left headlamp
10L is formed on the light shield object A. Accordingly,
at least the left outer optical system 10La (first optical
system) does not irradiate the light shield object A with
light and can suppress glare to an oncoming vehicle.
[0037] Moreover, the regions on the front and rear
sides of the linear dark portion 41a that is formed by the
left outer optical system 10La (first optical system) of the
left headlamp 10L are irradiated with light by the left inner
optical system 10Lb and the left intermediate optical sys-
tem 10Lc of the left headlamp 10L and the right outer
optical system 10Ra, the right inner optical system 10Rb,
and the right intermediate optical system 10Rc (second
optical system) of the right headlamp 10R. The regions
on the sides of the light shield object A which are located
closer to or farther from the vehicle are thus irradiated
with light, and visibility ahead of the vehicle can be en-
hanced.
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[0038] The vehicular headlamp system according to
the present embodiment includes the optical systems
each capable of forming a dark portion in a radiation re-
gion, and the ECU 30 controls the optical systems so that
the respective dark portions are formed on the light shield
object A so as to overlap each other. This can reliably
prevent glare to the light shield object A.
[0039] Moreover, in the vehicular headlamp system
according to the present embodiment, the left outer op-
tical system 10La (first optical system) and the left inner
optical system 10Lb (second optical system) are posi-
tioned so as to interpose the left intermediate optical sys-
tem 10Lc (third optical system) therebetween in the lat-
eral direction. That is, the left outer optical system 10La
and the left inner optical system 10Lb are designed to
have a large separation distance therebetween in the
lateral direction.
[0040] Thus, as shown in FIGS. 3(b) and 3(c), the left
inner optical system 10Lb can radiate light at a larger
angle with respect to the linear dark portion 41a formed
by the left outer optical system 10La as compared to the
left intermediate optical system 10Lc. Thus, as compared
to a vehicular headlamp system formed by only the left
outer optical system La and the left intermediate optical
system Lc, a vehicular headlamp system formed by using
the left outer optical system La and the left inner optical
system Lb can efficiently irradiate a region other than the
light shield object A of the linear dark portion 41a with
light, and can efficiently enhance forward visibility.
[0041] Furthermore, in the present embodiment, the
left headlamp 10L includes the left outer optical system
10La (first optical system), the left inner optical system
10Lb (second optical system), and the left intermediate
optical system 10Lc (third optical system) provided ther-
ebetween in the lateral direction. Similarly, the right head-
lamp 10R includes the right outer optical system 10Ra
(first optical system), the right inner optical system 10Rb
(second optical system), and the right intermediate opti-
cal system 10Rc (third optical system) provided therebe-
tween in the left-right direction.
[0042] Thus combining the plurality of optical systems
each capable of forming a dark portion extending linearly
to the front of the lamp can reduce an overlapping region
of their respective dark portions as much as possible.
FIG. 4 is a diagram showing the state where the dark
portions formed by the plurality of optical systems overlap
each other. Combining a plurality of dark portions extend-
ing linearly from a plurality of different positions in the
lateral direction can make the dark portions overlap each
other on the light shield object A in a radiation region C
while reducing the size of an overlapping region B of the
dark portions. This can implement good forward visibility
while preventing glare.
[0043] The vehicular headlamp system and the control
device according to the present invention are not limited
to the above embodiment, and can be modified, im-
proved, etc. as appropriate.
[0044] The above embodiment is described with re-

spect to an example in which the left outer optical system
10La (first optical system) forming the linear dark portion
41a and the other optical systems 10Lb, 10Lc, 10Ra,
10Rb, 10Rc (second optical system) each forming a lin-
ear dark portion are combined to enhance forward visi-
bility while glare is suppressed as described above. How-
ever, the present invention is not limited to this example.
[0045] For example, as the second optical system, the
left inner optical system 10Lb may be formed by an optical
system that does not include the rotary shade 14 and
that has such low illuminance as not to cause glare to an
oncoming vehicle etc. This left inner optical system 10Lb
may be configured to irradiate with light a region including
the regions on the front and rear sides of the dark portion
41a that includes the light shield object A and is formed
by the left outer optical system 10La as the first optical
system. In this case, the radiation region of the front inner
optical system 10Lb is fixed, and the ECU 30 controls
only the left outer optical system 10La according to the
position of the light shield object A. This can reduce a
control load.
[0046] The above embodiment is described with re-
spect to an example in which the vehicular headlamp
system is formed by using all the optical systems provid-
ed in the headlamps 10. However, the present invention
is not limited to this, and only two specific optical systems
may be used. In the case where the vehicular headlamp
system is formed by only two specific optical systems, it
is preferable to use those two optical systems which are
greatly separated from each other in the lateral direction,
and it is preferable to use the left outer optical system
10La of the left headlamp 10L and the right outer optical
system 10Ra of the right headlamp 10R which are located
at both ends in the vehicle width direction.
[0047] In the description of the above embodiment, the
left outer optical system 10La is described as the first
optical system. However, any of the other optical systems
10Lb, 10Lc, 10Ra, 10Rb, and 10Rc may be used as the
first optical system.
[0048] Moreover, the above embodiment is described
with respect to the optical system that forms a dark por-
tion in a radiation region by blocking part of light from the
light source 11 by the protruding portion 14a of the rotary
shade 14. However, the present invention is not limited
to this example.
[0049] For example, an optical system may be used
which includes a reflector having a plurality of reflective
surfaces capable of being individually controlled and
which forms a dark portion in a radiation region by con-
trolling the reflection angles of the reflective surfaces. By
controlling the reflective surfaces, the ECU 30 controls
the radiation region so that forward visibility is enhanced
while glare is suppressed as described above.
[0050] Alternatively, an optical system may be used
which includes a plurality of light sources each capable
of irradiating a specific region in a radiation region with
light and capable of being individually controlled. Such
an optical system can form a dark portion at a specific
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position in the radiation region by turning off a specific
one of the light sources. By controlling the light sources,
the ECU 30 controls the radiation region so that forward
visibility is enhanced while glare is suppressed as de-
scribed above.
[0051] The above embodiment is described with re-
spect to an example in which a vehicular headlamp sys-
tem is formed by using an optical system that always
forms a radiation region at the same position and that
moves the position of a dark portion within the radiation
region. However, the present invention is not limited to
this. For example, an optical system can be used which
includes a movable shade capable of being moved to a
light-shielding position and a non-light-shielding position
to form a dark portion in a radiation region, and a reflector
supported so as to be able to turn in a horizontal direction.
In this case, the ECU 30 controls the position of the mov-
able shade and the orientation of the reflector in the hor-
izontal direction to control the radiation region so that
forward visibility is enhanced while glare is suppressed
as described above.
[0052] In the above embodiment, the region formed by
blocking part of light by the protruding portion 14a of the
rotary shade 14 is described as the dark portion. How-
ever, in the present invention, the dark portion is not in-
tended to refer to a region that is not at all irradiated with
light, but means a region having lower illuminance than
the remaining part of the radiation region.
[0053] For example, in the case where an optical sys-
tem is used which includes a plurality of light sources
capable of being individually controlled and which forms
a dark portion in a specific part of a radiation region by
controlling the light sources, the dark portion can be a
region that is formed by reducing illuminance of a specific
one of the light sources and that is darker than the re-
maining part of the radiation region.
[0054] Moreover, the above embodiment is described
with respect to the case where a single light shield object
has been detected ahead of the vehicle. However, the
present invention is applicable to the case where a plu-
rality of light shield objects have been detected which are
separated from each other in the lateral direction. In this
case, for example, the dark portion 41a of the left outer
optical system 10La and the dark portion 51b of the right
inner optical system 10Rb can be made to overlap each
other on a first light shield object A1, the dark portion 41c
of the left intermediate optical system 10Lc and the dark
portion 51c of the right intermediate optical system 10Rc
can be made to overlap each other on a second light
shield object A2, and the dark portion 41b of the left inner
optical system 10Lb and the dark portion 51a of the right
outer optical system 10Ra can be made to overlap each
other on a third light shield object A3.
[0055] The present invention is described with respect
to an example in which the front sensor and the control
unit are mounted on the vehicle. However, the front sen-
sor and the control unit may be mounted on the lamp.

Claims

1. A vehicular headlamp system, comprising:

a first optical system capable of forming in a ra-
diation region thereof a dark portion extending
linearly to a front of a lamp;
a second optical system provided at a different
position in a lateral direction from the first optical
system and capable of radiating light to the front
of the lamp;
a front sensor that detects a light shield object
to be shielded from light such as an oncoming
vehicle; and
a control unit that controls the first optical system
and the second optical system based on a po-
sition of the light shield object so that the dark
portion is formed on the light shield object by the
first optical system and that the second optical
system irradiates regions located on front and
rear sides of the light shield object in the dark
portion with light.

2. The vehicular headlamp system according to claim
1, wherein
the second optical system is also capable of forming
in a radiation region thereof a dark portion extending
linearly to the front of the lamp, and
the control unit controls the first optical system and
the second optical system so that the dark portions
overlap each other on the light shield object.

3. The vehicular headlamp system according to claim
1 or 2, wherein
at least one third optical system is provided between
the first optical system and the second optical system
in the lateral direction.

4. The vehicular headlamp system according to any
preceding claim, wherein
at least one third optical system is provided between
the first optical system and the second optical system
in the lateral direction,
the second optical system and the third optical sys-
tem are also capable of forming in a radiation region
thereof a dark portion extending linearly to the front
of the lamp, and
the first optical system, the second optical system,
and the third optical system are provided in each of
a plurality of the lamps provided on a left front part
and a right front part of a vehicle.

5. A control device of a vehicular headlamp which con-
trols the vehicular headlamp including a first optical
system capable of forming in a radiation region there-
of a dark portion extending linearly to a front of the
lamp, and a second optical system provided at a dif-
ferent position in a lateral direction from the first op-
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tical system and capable of radiating light to the front
of the lamp, wherein
the control device controls the first optical system
and the second optical system so that the dark por-
tion is formed on a light shield object to be shielded
from light such as an oncoming vehicle by the first
optical system based on a position of the light shield
object and that the second optical system irradiates
regions located on front and rear sides of the light
shield object in the dark portion with light.
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