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(54) VEHICLE LAMP AND VEHICLE IRRADIATION SYSTEM

(57) A vehicle lamp (1) includes a light source (10)
configured to radiate white light, a light concentrator (20)
configured to concentrate light radiated from the light
source (10), a reflection pattern formation device (30)
configured to have a plurality of optical elements arrayed
in a matrix shape and form a reflection pattern by reflect-
ing light concentrated by the light concentrator (20) ac-

cording to a collective reflection plane (33) formed by a
plurality of optical elements, and a projection optical sys-
tem (50) configured to radiate the reflection pattern in a
forward direction, wherein the collective reflection plane
(33) is positioned inside a light concentration spot (SP)
of the light concentrator (20) in the collective reflection
plane (33).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a vehicle lamp
and a vehicle irradiation system.

Description of Related Art

[0002] In Japanese Unexamined Patent Application,
First Publication No. H09-104288, a vehicle irradiation
device (a vehicle lamp) using a digital mirror device
(DMD) capable of easily changing a light distribution pat-
tern is disclosed.

SUMMARY OF THE INVENTION

[0003] In this vehicle irradiation device, light from a light
source is concentrated by a reflection plane having a
concave shape for causing the light from the light source
to be incident on the DMD. However, if light in the reflec-
tion plane is reflected, there is a problem in that loss of
light in the reflection plane occurs and deterioration of
utilization efficiency of the light is caused.
[0004] An objective of the present invention is to pro-
vide a vehicle lamp capable of easily changing a light
distribution pattern using a DMD and increasing utiliza-
tion efficiency of light in a light concentration process.
[0005] According to an aspect of the present invention,
a vehicle lamp includes a light source configured to ra-
diate white light; a light concentrator configured to con-
centrate light radiated from the light source; a reflection
pattern formation device configured to have a plurality of
optical elements arrayed in a matrix shape and form a
reflection pattern by reflecting light concentrated by the
light concentrator according to a collective reflection
plane formed by the plurality of optical elements; and a
projection optical system configured to radiate the reflec-
tion pattern in a forward direction, wherein the collective
reflection plane is positioned inside a light concentration
spot of the light concentrator in the collective reflection
plane.
[0006] According to the above-described configura-
tion, the vehicle lamp capable of easily changing a light
distribution pattern using a reflection pattern formation
device (for example, a DMD) can be provided.
[0007] Also, according to the above-described config-
uration, it is possible to improve the utilization efficiency
of light in a light concentration process compared to the
case in which the reflection plane having a concave
shape is used because light is concentrated onto the col-
lective reflection plane of the reflection pattern formation
device using a condensing lens.
[0008] On the other hand, because color aberration
occurs if white light is concentrated by the condensing
lens, color unevenness occurs in light reflected by the

DMD. According to the above-described configuration,
the collective reflection plane is positioned inside a light
concentration spot, so that it is possible to prevent light
of a color unevenness region occurring in an outer edge
of the light concentration spot from being incident on the
collective reflection plane. Therefore, a vehicle lamp ca-
pable of radiating light having little color unevenness can
be provided.
[0009] Also, in the above-described vehicle lamp, the
light concentration spot may include a white light spot
region positioned at a center of the light concentration
spot and a color unevenness region surrounding the
white light spot region, and the collective reflection plane
may be positioned inside of the white light spot region.
[0010] According to the above-described configura-
tion, light is not incident on the collective reflection plane
in the color unevenness region, and color-unevenness-
suppressed light can be radiated in the forward direction
of the vehicle.
[0011] Also, in the above-described vehicle lamp, the
white light spot region may be a region irradiated with
light included in a chromaticity range surrounded by
straight lines connecting coordinate values (0.31,0.28),
(0.44,0.38), (0.50,0.38), (0.50,0.44), (0.455,0.44), and
(0.31,0.35) on xy chromaticity coordinates.
[0012] According to the above-described configura-
tion, the vehicle lamp can provide light for enabling an
object to be sufficiently recognized without causing dis-
comfort to an oncoming vehicle as light of a head lamp.
[0013] According to another aspect of the present in-
vention, a vehicle irradiation system includes the above-
described vehicle lamp; and a sensor device configured
to perform monitoring in a forward direction of a vehicle,
wherein the vehicle lamp has a controller connected to
the reflection pattern formation device, and wherein the
controller controls the reflection pattern according to a
traffic state in the forward direction of the vehicle detected
by the sensor device.
[0014] According to the above-described configura-
tion, the vehicle irradiation system which changes a light
distribution pattern radiated in a forward direction accord-
ing to a traffic state can be provided. Thereby, it is pos-
sible to improve visibility for a driver and prevent glare
from being given to an oncoming vehicle C.
[0015] According to an aspect of the present invention,
it is possible to provide a vehicle lamp capable of easily
changing a reflection pattern using a DMD and increasing
utilization efficiency of light in a light concentration proc-
ess.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a schematic diagram of a vehicle irradiation
system including a vehicle lamp of an embodiment.
FIG. 2 is a perspective view of the vehicle lamp of
the embodiment.
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FIG. 3 is a schematic cross-sectional view of a re-
flection pattern formation device of the embodiment.
FIG. 4 is a front view of the reflection pattern forma-
tion device of an embodiment.
FIG. 5 is a graph of xy chromaticity coordinates in-
dicating a preferred white color range.
FIG. 6 is a schematic diagram illustrating an example
of a light distribution pattern formed by the vehicle
lamp of the embodiment.
FIG. 7 is a schematic diagram illustrating an arrange-
ment of a vehicle lamp of an example.
FIG. 8 is a front view of a collective reflection plane
indicating simulation results of light incident on the
collective reflection plane of an example.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Hereinafter, a vehicle lamp 1 of an embodiment
will be described with reference to the drawings.
[0018] In the following description, a forward/backward
direction is a forward/backward direction of a vehicle
equipped with a vehicle lamp 1. Also, the vehicle lamp 1
is assumed to radiate light in the forward direction of the
vehicle. Further, unless otherwise specified, the for-
ward/backward direction is assumed to be one direction
within a horizontal plane. Further, unless otherwise spec-
ified, a left/right direction is one direction within the hor-
izontal plane and is a direction orthogonal to the for-
ward/backward direction.
[0019] Also, in the drawings used in the following de-
scription, a characteristic part is enlarged for conven-
ience to allow characteristics to be easily understood,
and dimension ratios of each component or the like do
not always coincide with real dimension ratios thereof.
[0020] FIG. 1 is a schematic diagram of a vehicle irra-
diation system 2 including the vehicle lamp 1. Also, FIG.
2 is a perspective view schematically illustrating the ve-
hicle lamp 1.
[0021] The vehicle irradiation system 2 includes the
vehicle lamp 1, an image processor 61, and a forward
monitoring sensor 62. The vehicle lamp 1 includes a light
source 10, a condensing lens 20, a reflection pattern for-
mation device 30, a projection lens (a projection optical
system) 50, and a controller 60. Light radiated from the
light source 10 is transferred by the condensing lens 20,
the reflection pattern formation device 30, and the pro-
jection lens 50 in this order and is radiated in a forward
direction.
[0022] The light source 10 radiates white light L along
a light emission center axis L10. A semiconductor light
emitting element such as a light emitting diode (LED), a
laser diode (LD), or an electroluminescence (EL) ele-
ment, a light bulb, an incandescent lamp (a halogen
lamp), a discharge lamp, or the like can be adopted as
the light source 10. Also, it is preferable that the light
source 10 be provided with a heat sink that emits heat
generated together with light emission. The light source
10 is connected to the controller 60, and radiates the

white light L according to a signal from the controller 60.
The white light L radiated from the light source 10 is in-
cluded in a white color range W1 (see FIG. 5) of the xy
chromaticity coordinates to be described below.
[0023] The condensing lens (a light concentrator) 20
concentrates light emitted from the light source 10 and
guides the light to a collective reflection plane 33 of the
reflection pattern formation device 30. An optical axis L20
of the condensing lens 20 is coincident with a light emis-
sion center axis L10 of the light source 10.
[0024] Also, an example in which one condensing lens
20 is used as the light concentrator is shown in the
present embodiment, but the light concentrator may be
a light concentration optical system in which a plurality
of condensing lens are arranged along an optical axis.
[0025] The reflection pattern formation device 30 is ar-
ranged on the optical axis L20 of the condensing lens
20. The reflection pattern formation device 30 reflects
white light L emitted from the light source 10 and con-
centrated by the condensing lens 20. The reflection pat-
tern formation device 30 is obtained by arranging, for
example, a plurality of micro-mirrors each called a digital
mirror device (DMD) in an array (matrix) shape. It is pos-
sible to selectively change a reflection direction of light
emitted from the light source 10 by controlling each of
angles of reflection planes 32a (see FIG. 3) of the plurality
of micro-mirrors. That is, it is possible to reflect a part of
the light emitted from the light source 10 to the projection
lens 50 and reflect other light in a direction outside the
projection lens 50.
[0026] FIG. 3 is a schematic cross-sectional view of
the reflection pattern formation device 30. The reflection
pattern formation device 30 includes a micro-mirror array
34 in which a plurality of (for example, 100 or 1,000,000)
micro-mirror elements (optical elements) 32 are ar-
ranged in a matrix shape and a transparent cover mem-
ber 36 arranged on a forward side of the reflection plane
32a of the mirror element 32 (the left in FIG. 3). A plurality
of reflection planes 32a of the micro-mirror array 34 gen-
erally constitute a collective reflection plane 33. The mi-
cro-mirror array 34 is connected to the controller 60.
[0027] Each mirror element 32 is rotatable over a mov-
able angle θDMD around a rotary axis. Each of the plurality
of mirror elements 32 is connected to the controller 60.
Each mirror element 32 is rotated by voltage application
from the controller 60 and can individually perform
switching between an OFF state (indicated by a solid line
in an optical path Loff of FIG. 3) and an ON state (indi-
cated by a solid line in an optical path Lon of FIG. 3). The
collective reflection plane 33 of the reflection pattern for-
mation device 30 may be arranged to be tilted even when
it is arranged perpendicular to an optical axis L50. As
illustrated in FIG. 1, the collective reflection plane 33 in
the present embodiment is tilted at a tilt angle θtilt in a
direction orthogonal to the optical axis L50. Here, it is
preferable that the tilt angle θtilt of the collective reflection
plane 33 have a following relationship with respect to a
difference angle θL20-L50 between the optical axis L20 of
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the condensing lens 20 and the optical axis L50 of the
projection lens 50 and the movable angle θDMD of the
mirror element 32. That is, the mirror element 32 reflects
incident light outside the vehicle lamp 1 in the OFF state.
Also, the mirror element 32 reflects incident light to the
projection lens 50 in the ON state.
[0028] The reflection pattern formation device 30 forms
a reflection pattern configured by reflection light of the
ON state. This reflection pattern is radiated in the forward
direction as a light distribution pattern P (see FIG. 6) via
the projection lens 50.
[0029] FIG. 4 is a front view of the reflection pattern
formation device 30 and illustrates a positional relation-
ship between the reflection pattern formation device 30
and a light concentration spot SP of light incident on the
reflection pattern formation device 30. The condensing
lens 20 concentrates light onto the collective reflection
plane 33 of the reflection pattern formation device 30 and
forms the light concentration spot SP in the collective
reflection plane 33.
[0030] As illustrated in FIG. 4, the light concentration
spot SP has a white light spot region A1 positioned at
the center of the light concentration spot SP and a color
unevenness region A2 surrounding the white light spot
region A1. The condensing lens 20 causes color uneven-
ness due to color aberration in the light concentration
spot SP. Light has a refractive index differing according
to a wavelength. Accordingly, if white light L passes
through the condensing lens 20, light (purple light, blue
light, or the like) of a short wavelength is concentrated
onto an outer edge of the light concentration spot SP and
forms a color unevenness region A2. Also, a long wave-
length (red light or the like) may be provided at an outer
edge of the light concentration spot SP according to a
positional relationship between the condensing lens 20
and the collective reflection plane 33.
[0031] As illustrated in FIG. 4, it is preferable that the
collective reflection plane 33 be positioned inside the
white light spot region A1 of the light concentration spot
SP. Thereby, light is not incident on the collective reflec-
tion plane 33 in the color unevenness region A2, and
color-unevenness-suppressed light can be radiated in
the forward direction of the vehicle. The vehicle lamp 1
can improve visibility in the forward direction by radiating
color-unevenness-suppressed light without giving dis-
comfort to a driver of an oncoming vehicle.
[0032] FIG. 5 is a diagram illustrating a white color
range W1 of a headlight (the vehicle lamp) prescribed by
the Japanese law based on the ECE law. As illustrated
in FIG. 5, the white color range W1 of the head lamp (a
chromaticity range of light color of the head lamp) is pre-
scribed by the law (see FIG. 1). It is preferable that the
vehicle lamp 1 have a white color range included in the
white color range W1 defined in the law. That is, in the
present embodiment, it is preferable that light of the white
light spot region A1 be included in a chromaticity range
surrounded by straight lines connecting coordinate val-
ues (0.31,0.28), (0.44,0.38), (0.50,0.38), (0.50,0.44),

(0.455,0.44), and (0.31,0.35) on xy chromaticity coordi-
nates. The law is defined as a performance criterion of
the vehicle lamp. Therefore, the vehicle lamp 1 satisfying
the law can radiate light for enabling an object to be suf-
ficiently recognized without giving discomfort to an on-
coming vehicle as light of a head lamp.
[0033] Also, the vehicle lamp 1 of the present embod-
iment can radiate only light of a white color range accord-
ing to the law of each country in a forward direction. Ac-
cording to SAE International, the light is recommended
to be included in a white color range W2 illustrated in
FIG. 5. That is, it is preferable that light of the white light
spot region A1 be included in the white color range W2
in which a straight line indicated by each of the following
Equations 1 to 6 is a boundary line. The white color range
W2 surrounded by straight lines of Equations 1 to 6 is
substantially coincident with the white color range W1. 

[0034] Also, if the collective reflection plane 33 is in-
cluded inside the light concentration spot SP, it is possible
to exhibit a certain color unevenness suppression effect
even when light is incident on a part of the color uneven-
ness region A2. The color unevenness region A2 is po-
sitioned at an outer edge of the light concentration spot
SP. Therefore, if the collective reflection plane 33 is po-
sitioned inside the light concentration spot SP, this
means that light is emitted from at least a part of the color
unevenness region A2 outside the collective reflection
plane 33 and is not incident on the collective reflection
plane 33. Thereby, it is possible to radiate light having
little color unevenness in the forward direction of the ve-
hicle.
[0035] A reflection pattern formed in the reflection pat-
tern formation device 30 is incident on the projection lens
(the projection optical system) 50. Also, the projection
lens 50 radiates the reflection pattern in the forward di-
rection. In the present embodiment, the projection lens
50 is provided so that its optical axis L50 is directed in
the forward/backward direction of the vehicle. However,
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the optical axis L50 may be directed in other directions.
Also, the optical axis L50 passes through the center of
the collective reflection plane 33 in the present embodi-
ment, but it may not necessarily pass through the center.
The projection lens (the projection optical system) 50 in-
cludes, for example, a free curved surface lens in which
a forward side surface and a backward side surface have
a free curved surface shape. A light source image formed
on a backward focal plane including a backward focus
of the projection lens 50 is projected onto a virtual vertical
screen in front of the lamp as an inverted image. The
projection lens 50 is arranged so that its backward focus
is arranged in the vicinity of the collective reflection plane
33 of the reflection pattern formation device 30. Also, the
projection lens 50 may be a reflector.
[0036] The controller 60 transmits control signals of
various types to the reflection pattern formation device
30 and forms a desired reflection pattern. The reflection
pattern corresponds to a light distribution pattern P radi-
ated in the forward direction. Therefore, the controller 60
can form a desired light distribution pattern by controlling
the reflection pattern formation device 30.
[0037] FIG. 6 is a schematic diagram illustrating an ex-
ample of the light distribution pattern P formed by the
vehicle lamp 1 according to the present embodiment. In
FIG. 6, the light distribution pattern P formed on a virtual
vertical screen virtually arranged in the forward direction
of the vehicle is schematically illustrated.
[0038] As illustrated in FIG. 1, the controller 60 is con-
nected to a forward monitoring sensor (a sensor device)
62 which performs monitoring in the forward direction of
the vehicle via the image processor 61. The forward mon-
itoring sensor 62 is, for example, a camera which per-
forms imaging in the forward direction of the vehicle. A
captured image acquired by the forward monitoring sen-
sor 62 in the forward direction is analyzed in the image
processor 61. The image processor 61 specifies a vehicle
and a pedestrian included in the captured image, detects
positions of the vehicle and the pedestrian, and further
transmits information thereof to the controller 60.
[0039] The controller 60 transmits control signals of
various types to the light source 10 and the reflection
pattern formation device 30 according to a signal of an
oncoming vehicle C (or a pedestrian) received from the
image processor 61 and forms the light distribution pat-
tern P according to information of the forward direction.
More specifically, the controller 60 forms a light shielding
region P1 in which light is not projected to a position over-
lapping the oncoming vehicle C in the forward direction
using position information of the oncoming vehicle C.
That is, according to the vehicle irradiation system 2 of
the present embodiment, the controller 60 controls the
reflection pattern according to a traffic state in the forward
direction of the vehicle detected by the forward monitor-
ing sensor 62. Thereby, the vehicle lamp 1 can improve
visibility for the driver and prevent glare from being given
to the driver of the oncoming vehicle C. Also, the vehicle
lamp 1 can effectively improve the visibility for the driver

by performing control in a light distribution pattern for a
high beam.
[0040] Also, the controller 60 may form a light distribu-
tion pattern for a low beam which is radiated only below
a horizontal line H in the forward direction of the vehicle
and may form a so-called left high light distribution pattern
in which a light irradiation region is above the horizontal
line H in the forward direction of the vehicle and on the
left thereof and a light shield region is formed on the right.
Further, the controller 60 may form various light distribu-
tion patterns such as not only the left high light distribution
pattern but also the right high light distribution pattern
and the like. Further, it is possible to draw a character, a
shape, etc. on a traveling path plane by light using in the
present configuration.
[0041] According to the vehicle lamp 1 and the vehicle
irradiation system 2 of the present embodiment, it is pos-
sible to improve the utilization efficiency of light in a light
concentration process compared to a conventional struc-
ture in which light is concentrated using a reflection plane
of a concave shape because light is concentrated onto
the collective reflection plane 33 of the reflection pattern
formation device 30 using the condensing lens 20.
[0042] According to the vehicle lamp 1 and the vehicle
irradiation system 2 of the present embodiment, it is pos-
sible to prevent light of the color unevenness region A2
occurring in an outer edge of the light concentration spot
SP from being incident on the collective reflection plane
33.
[0043] Therefore, it is possible to radiate light having
little color unevenness.
[0044] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made with-
out departing from the scope of the present invention.
Accordingly, the invention is not to be considered as be-
ing limited by the foregoing description, and is only limited
by the scope of the appended claims.
[0045] For example, an example in which the forward
monitoring sensor 62 which captures an image is adopt-
ed as a sensor device which performs monitoring in a
forward direction of the vehicle has been described in
the above-described embodiment, but the sensor device
may be an ultrasonic wave sensor.

[Examples]

[0046] Hereinafter, the configuration of the present in-
vention according to simulations as examples will be
more specifically described.
[0047] Also, the present invention is not limited to the
following examples and modifications can be appropri-
ately made without departing from the scope of the
present invention.
[0048] FIG. 7 illustrates an arrangement of a light
source 110, a light concentrator 120, and a reflection
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pattern formation device 130 in a vehicle lamp 101 of the
present example. The light concentrator 120 includes a
first condensing lens 121 and a second condensing lens
122. Also, FIG. 7 is a schematic diagram and dimensions
of each component and scales of a positional relationship
are different from real dimensions and scales.
[0049] A position and dimensions of each part in the
vehicle lamp 101 of the present example will be specifi-
cally described.
[0050] As illustrated in FIG. 7, the light source 110, the
first condensing lens 121, the second condensing lens
122, and the reflection pattern formation device 130 are
arranged so that optical axes (center axes) thereof are
coincident with each other. The light source 110 includes
a square light emission region 111 of 0.5 mm30.5 mm.
The first condensing lens 121 is a convex lens in which
a diameter is 2.7 mm and a thickest part is 4 mm. The
second condensing lens 122 is a convex lens in which a
diameter is 5.2 mm and a thickest part is 10 mm. The
reflection pattern formation device 130 has a digital mirror
device having a square collective reflection plane 133 of
2.6 mm32.6 mm. The light source 110 and the first con-
densing lens 121 are arranged to be separated by 0.6
mm. The second condensing lens 122 is arranged to be
separated by 2.2 mm. The second condensing lens 122
and the reflection pattern formation device 130 are ar-
ranged to be separated by 26 mm.
[0051] FIG. 8 illustrates a simulation result of light in-
cident on the collective reflection plane 133 of the reflec-
tion pattern formation device 130. In FIG. 8, the horizontal
axis represents a dimension in a horizontal direction and
the vertical axis represents a dimension in a vertical di-
rection. As illustrated in FIG. 8, the collective reflection
plane 133 of the present modified example is positioned
inside the light concentration spot.
[0052] All light beams radiated to the collective reflec-
tion plane 133 have 61 lumens (lm) and a light beam of
light incident on the collective reflection plane 133 among
the light beams has 54 lm. That is, light of 88 % in a total
proportion is incident on the collective reflection plane
133.
[0053] In a graph of xy color coordinates of FIG. 5, xy
color coordinates at a measurement point M1 (see FIG.
8) positioned at a vertical direction edge as the center of
the collective reflection plane 133 in the horizontal axis
direction is plotted as P(M1). Also, the xy color coordi-
nates of P(M1) are (0.318,0.320).
[0054] As illustrated in FIG. 5, the measurement point
M1 positioned at an edge of the collective reflection plane
133 is included in a white color range W1 on xy chroma-
ticity coordinates. Because color aberration is larger
when it is closer to an outer edge of the light concentration
spot, the white light of the white color range W1 is obvi-
ously radiated in the entire region of the collective reflec-
tion plane 133 positioned inside an edge part. According
to the present modified example, a configuration in which
only white light is reflected by the collective reflection
plane 133 was confirmed.

Claims

1. A vehicle lamp comprising:

a light source configured to radiate white light;
a light concentrator configured to concentrate
light radiated from the light source;
a reflection pattern formation device configured
to have a plurality of optical elements arrayed in
a matrix shape and form a reflection pattern by
reflecting light concentrated by the light concen-
trator according to a collective reflection plane
formed by the plurality of optical elements; and
a projection optical system configured to radiate
the reflection pattern in a forward direction,
wherein the collective reflection plane is posi-
tioned inside a light concentration spot of the
light concentrator in the collective reflection
plane.

2. The vehicle lamp according to claim 1,
wherein the light concentration spot includes a white
light spot region positioned at a center of the collec-
tive light spot and a color unevenness region sur-
rounding the white light spot region, and
wherein the collective reflection plane is positioned
inside of the white light spot region.

3. The vehicle lamp according to claim 2, wherein the
white light spot region is a region irradiated with light
included in a chromaticity range surrounded by
straight lines connecting coordinate values
(0.31,0.28), (0.44,0.38), (0.50,0.38), (0.50,0.44),
(0.455,0.44), and (0.31,0.35) on xy chromaticity co-
ordinates.

4. A vehicle irradiation system comprising:

the vehicle lamp according to any one of claims
1 to 3; and
a sensor device configured to perform monitor-
ing in a forward direction of a vehicle,
wherein the vehicle lamp has a controller con-
nected to the reflection pattern formation device,
and
wherein the controller controls the reflection pat-
tern according to a traffic state in the forward
direction of the vehicle detected by the sensor
device.
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