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(54) DISPLAY DEVICE AND INSTALLATION METHOD FOR DISPLAY DEVICE

(57) A display device includes a display that displays
a video, a concave mirror 51 that reflects video display
light of the video displayed on the display toward a wind-
shield that is formed in a curved shape and that faces a
viewer, and a housing 10 in which the display and the
concave mirror 51 are assembled. An angle of the con-
cave mirror 51 with respect to the housing 10 is adjustable
by rotating the concave mirror 51 on a reference plane
of the housing 10 in accordance with a relative positional
relationship among the housing 10, the windshield, and
the viewer.
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Description

Field

[0001] The present invention relates to a display device
and a method of installing the display device.

Background

[0002] For example, a head-up display device (here-
inafter, referred to as a "HUD device") mounted on a ve-
hicle has been known. A windshield of a vehicle is curved
in a front-back direction and in a left-right direction. A ray
path from a HUD device to a viewpoint of a driver in the
HUD device installed for the driver in a vehicle with a
right-hand steering wheel differs from that in a HUD de-
vice installed for a driver in a vehicle with a left-hand
steering wheel. Therefore, the HUD device installed for
the driver in the vehicle with the right-hand steering wheel
and the HUD device installed for the driver in the vehicle
with the left-hand steering wheel need to be designed so
as to have the different ray paths, and it is necessary to
arrange different components.
[0003] An on-vehicle device in which some compo-
nents can be shared between the vehicle with the right-
hand steering wheel and the vehicle with the left-hand
steering wheel has been known (for example, see Patent
Literature 1).

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Laid-open Patent
Publication No. 2014-119718 A 

Summary

Technical Problem

[0005] In Patent Literature 1, it is possible to share
some components, but it is impossible to share some
other components. Therefore, it is desired to share a
large number of components.
[0006] The present invention has been conceived in
view of the foregoing situation, and an object is to provide
a display device and a method of installing the display
device capable of sharing a large number of components.

Solution to Problem

[0007] According to one aspect, there is provided a
display device comprising: a display configured to display
a video; a concave mirror configured to reflect a video
display light of the video displayed on the display toward
a reflection part that is formed in a curved shape and that
faces a viewer; and a housing in which the display and
the concave mirror are assembled, wherein an angle of

the concave mirror with respect to the housing is adjust-
able by rotating the concave mirror on a reference plane
of the housing in accordance with a relative positional
relationship among the housing, the reflection part, and
the viewer.
[0008] According to one aspect, there is provided a
method of installing a display device including: a display
configured to display a video; a concave mirror config-
ured to reflect a video display light of the video displayed
on the display toward a reflection part that is formed in a
curved shape and that faces a viewer; and a housing in
which the display and the concave mirror are assembled,
the method comprising: adjusting a mounting posture of
the housing to a certain posture by rotating the housing
by a first certain angle with respect to a mounted portion,
the first certain angle being twice an angle between a
first central ray of the video display light of the video dis-
played on the display and a second central ray that is
reflected by the reflection part and reaches the viewer,
both in a case in which the viewer is located at a first
position in which the viewer faces the reflection part that
is formed in the curved shape with a symmetric curvature
with respect to a symmetric surface, and in a case in
which the viewer is located at a second position that is
symmetric to the first position with respect to the sym-
metric surface, and adjusting an angle of the concave
mirror by rotating the concave mirror by a second certain
angle with reference to the reference plane of the hous-
ing, the second certain angle being twice an angle be-
tween a normal line of the first central ray on the reference
plane of the housing and a central line of the concave
mirror on the reference plane.

Advantageous Effects of Invention

[0009] According to the present invention, it is possible
to share a large number of members.

Brief Description of Drawings

[0010]

FIG. 1 is a diagram illustrating a state in which a
head-up display device according to a first embodi-
ment is mounted for a driver on a vehicle with a right-
hand steering wheel.
FIG. 2 is a diagram illustrating a state in which the
head-up display device according to the first embod-
iment is mounted for a driver on a vehicle with a left-
hand steering wheel.
FIG. 3 is a schematic diagram in a plan view of the
head-up display device according to the first embod-
iment.
FIG. 4 is an exploded perspective view from one di-
rection of the head-up display device according to
the first embodiment.
FIG. 5 is an exploded perspective view from another
direction of the head-up display device according to
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the first embodiment.
FIG. 6 is a plan view of a concave mirror unit in the
head-up display device according to the first embod-
iment.
FIG. 7 is a plan view of the concave mirror unit and
a cover unit in the head-up display device according
to the first embodiment.
FIG. 8 is a diagram for explaining a ray path from
the head-up display device according to the first em-
bodiment to a driver.
FIG. 9 is a diagram for explaining ray paths from the
head-up display device according to the first embod-
iment to drivers.
FIG. 10 is a diagram illustrating a state in which the
head-up display device according to the first embod-
iment is mounted for the driver on the vehicle with
the right-hand steering wheel.
FIG. 11 is a diagram illustrating a state in which the
head-up display device according to the first embod-
iment is mounted for the driver on the vehicle with
the left-hand steering wheel.
FIG. 12 is a diagram illustrating a state in which a
head-up display device according to a second em-
bodiment is mounted for the driver on the vehicle
with the right-hand steering wheel.
FIG. 13 is a diagram illustrating a state in which the
head-up display device according to the second em-
bodiment is mounted for the driver on the vehicle
with the left-hand steering wheel.
FIG. 14 is a diagram illustrating a state in which a
head-up display device according to a third embod-
iment is mounted for the driver on the vehicle with
the right-hand steering wheel.
FIG. 15 is a diagram illustrating a state in which the
head-up display device according to the third em-
bodiment is mounted for the driver on the vehicle
with the left-hand steering wheel.
FIG. 16 is a plan view of a concave mirror unit and
a transmission part in a head-up display device in
which a transmission part does not rotate in a linked
manner with the concave mirror.

Description of Embodiments

[0011] Embodiments of a head-up display device (a
display device, which is hereinafter referred to as a "HUD
device") 1 according to the present invention will be de-
scribed in details below with reference to the accompa-
nying drawings. The present invention is not limited by
the embodiments below.
[0012] In the following description, each of directions
is defined in a state in which the HUD device 1 is mounted
in front of a driver seat of a vehicle. A front-back direction
is a direction parallel to a traveling direction when the
vehicle travels in a straight line, where a direction toward
a driver seat side is referred to as a "back side" in the
front-back direction and a direction toward a windshield
S side on the front is referred to as a "front side" in the

front-back direction. A left-right direction is a direction
horizontally perpendicular to the front-back direction. A
left side viewed from the driver seat side is referred to as
"left", and a right side is referred to as "right". A vertical
direction is a direction perpendicular to the front-back
direction and the left-right direction. Therefore, the front-
back direction, the left-right direction, and the vertical di-
rection are perpendicular to one another in a three-di-
mensional manner. Further, a plane parallel to a road
surface when the vehicle is located on a flat road surface
will be referred to as a vehicle horizontal plane.

[First Embodiment]

[0013] The HUD device 1 will be described with refer-
ence to FIG. 1 to FIG. 7. FIG. 1 is a diagram illustrating
a state in which a head-up display device according to a
first embodiment is mounted for a driver on a vehicle with
a right-hand steering wheel. FIG. 2 is a diagram illustrat-
ing a state in which the head-up display device according
to the first embodiment is mounted for a driver on a ve-
hicle with a left-hand steering wheel. FIG. 3 is a schematic
diagram in a plan view of the head-up display device
according to the first embodiment. FIG. 4 is an exploded
perspective view from one direction of the head-up dis-
play device according to the first embodiment. FIG. 5 is
an exploded perspective view from another direction of
the head-up display device according to the first embod-
iment. FIG. 6 is a plan view of a concave mirror unit in
the head-up display device according to the first embod-
iment. FIG. 7 is a plan view of the concave mirror unit
and a cover unit in the head-up display device according
to the first embodiment.
[0014] The HUD device 1 projects, as a virtual image,
drive support information including, for example, route
guide information or vehicle speed information on the
front of the vehicle, and allows a driver (viewer) D to rec-
ognize the virtual image. In the HUD device 1, a video
display light projected by a concave mirror unit 5 is re-
flected by a windshield S, and recognized as the virtual
image by the viewer.
[0015] The windshield S of the vehicle is curved in the
vertical direction and the left-right direction. More specif-
ically, the windshield S is formed in a curved shape with
a symmetric curvature with respect to a symmetric sur-
face V as a plane that passes through a central portion
of the windshield S in the left-right direction, that is parallel
to the front-back direction, and that is perpendicular to
the vehicle horizontal plane. Therefore, by allowing ad-
justment of a posture of the HUD device 1 both in a case
of installation for a driver DR in a vehicle with a right-hand
steering wheel and in a case of installation for a driver
DL in a vehicle with a left-hand steering wheel, it is pos-
sible to install the HUD device for the drivers D in both
of the vehicle with the right-hand steering wheel and the
vehicle with the left-hand steering wheel. A seating po-
sition of the driver DR in the vehicle with the right-hand
steering wheel is referred to as a first position, and a

3 4 



EP 3 722 134 A1

4

5

10

15

20

25

30

35

40

45

50

55

seating position of the driver DL in the vehicle with the
left-hand steering wheel is referred to as a second posi-
tion. The first position and the second position are sym-
metric to each other with respect to the symmetric surface
V.
[0016] The HUD device 1 includes a display 2, the con-
cave mirror unit 5, a cover unit 6, and a housing 10. In
the first embodiment, the HUD device 1 includes a first
reflecting mirror 3 and a second reflecting mirror 4 on a
ray path between the display 2 and the concave mirror
unit 5.
[0017] The housing 10 is arranged below a dashboard
of the vehicle, which is referred to as a mounted portion.
The housing 10 is formed in a box shape by assembling
a lower housing 11 and an upper housing 12. The housing
10 houses the display 2, the first reflecting mirror 3, the
second reflecting mirror 4, and the concave mirror unit 5
that are assembled in an inner space thereof.
[0018] A mounting posture of the housing 10 with re-
spect to the dashboard of the vehicle is adjustable by
rotating the housing 10 on the vehicle horizontal plane
that is a reference plane, in accordance with a relative
positional relationship among the housing 10, the wind-
shield S, and the driver D. In the first embodiment, ex-
planation of a mounting portion of the housing 10 on the
vehicle and the mounted portion arranged on the vehicle
side will be omitted. Meanwhile, the mounted portion of
the vehicle is symmetric with respect to the symmetric
surface V.
[0019] The lower housing 11 includes a wall portion
111 serving as a bottom wall, a wall portion 112 serving
as a side wall, an opening 113, a pair of inner wall portions
114, a space portion 115, and a convex portion 116. The
wall portion 111, the wall portion 112, the pair of inner
wall portions 114, and the convex portion 116 are formed
in an integrated manner.
[0020] The wall portion 111 is formed in a flat plane
shape. In the first embodiment, the wall portion 111 is
formed in a heptagon shape when viewed from the ver-
tical direction. Each of members housed in the housing
10 is mounted on the wall portion 111. In the first embod-
iment, the wall portion 111 is formed in a flat plane shape
parallel to the vehicle horizontal plane (the reference
plane of the mounted portion) in a state in which the HUD
device 1 is installed in the vehicle. An extended plane of
the wall portion 111 serves as a reference plane of the
housing 10.
[0021] The wall portion 112 is arranged so as to stand
upward from a circumferential edge of the wall portion
111. The wall portion 112 is arranged on the circumfer-
ential edge of the wall portion 111 except for a part of the
circumferential edge. In other words, the wall portion 112
includes the opening 113 in a circumferential direction of
the wall portion 111.
[0022] The opening 113 exposes a casing 53 of the
concave mirror unit 5 in a state in which the HUD device
1 is assembled.
[0023] The pair of inner wall portions 114 are formed

so as to face each other on an inner side of the wall
portion 112. The pair of inner wall portions 114 are ar-
ranged so as to stand upward from the wall portion 111.
End portions of the inner wall portions 114 are arranged
so as to be connected to end portions of the wall portion
112 in the circumferential direction. The inner wall por-
tions 114 are formed in curved surface shapes that are
curved in circular arc shapes when viewed from the ver-
tical direction. The inner wall portions 114 have circular
arc shapes corresponding to curved portions 532a that
are parts of a wall portion 532 of the casing 53.
[0024] The space portion 115 is a space that commu-
nicates with the opening 113 and that is enclosed by the
wall portion 111 and the pair of the inner wall portions
114. The concave mirror unit 5 is assembled in the space
portion 115.
[0025] The convex portion 116 is arranged on the wall
portion 111 facing the space portion 115. The convex
portion 116 is arranged so as to stand upward from the
wall portion 111. The convex portion 116 is formed in a
cylindrical shape. The convex portion 116 is inserted in
a hole portion 537 of the concave mirror unit 5. A central
line of the convex portion 116 serves as a rotation center
when the concave mirror unit 5 rotates with respect to
the housing 10. In the first embodiment, a point through
which a central ray passes in the concave mirror unit 5
is located directly above the convex portion 116.
[0026] A pair of support portions 117 are formed in an
integrated manner with the pair of the inner wall portions
114. The support portions 117 are formed so as to be
thicker than the inner wall portions 114. On the pair of
support portions 117, a pair of flange portions 534 of the
casing 53 of the concave mirror unit 5 is placed in a state
in which the HUD device 1 is assembled.
[0027] Female screw portions 118 are formed on the
pair of support portions 117. The female screw portions
118 are screwed together with male screws that fasten
the concave mirror unit 5 and the housing 10. The female
screw portions 118 allow positioning such that an angle
of the concave mirror unit 5 with respect to the housing
10 is determined at an appropriate position both in the
case of installation for the driver DR in the vehicle with
the right-hand steering wheel and in the case of installa-
tion for the driver DL in the vehicle with the left-hand steer-
ing wheel. In the first embodiment, each of the female
screw portions 118 includes a female screw portion 118R
and a female screw portion 118L formed on each of the
support portions 117. By fastening the concave mirror
unit 5 with the female screw portions 118R, the position
of the concave mirror unit 5 is determined at an appro-
priate installation angle for the driver DR in the vehicle
with the right-hand steering wheel. By fastening the con-
cave mirror unit 5 with the female screw portions 118L,
the position of the concave mirror unit 5 is determined at
an appropriate installation angle for the driver DL in the
vehicle with the left-hand steering wheel. The female
screw portion 118R and the female screw portion 118L
that are formed on the same support portion 117 are
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formed at certain positions at which a mounting angle of
the concave mirror unit 5 meets 23B° in accordance with
an adjustment width of a long hole 535. In the first em-
bodiment, the female screw portion 118R and the female
screw portion 118L are formed at positions at which the
mounting angle of the concave mirror unit 5 meets 10°,
for example.
[0028] The upper housing 12 is arranged so as to face
the lower housing 11. The upper housing 12 includes a
wall portion 121 that serves as a cover portion, a wall
portion 122 that serves as a side wall, an opening 123,
a notch portion 124, a concave portion 125, and scales
128. The wall portion 121 and the wall portion 122 are
formed in an integrated manner.
[0029] The wall portion 121 is formed in a flat plane
shape. The wall portion 121 faces the wall portion 111 in
a state in which the lower housing 11 and the upper hous-
ing 12 are assembled. In the first embodiment, the wall
portion 121 is formed in a heptagon shape corresponding
to the wall portion 111 when viewed from the vertical
direction.
[0030] The wall portion 122 is arranged so as to stand
downward from a circumferential edge of the wall portion
121. The wall portion 122 is connected to the wall portion
112 and serves as a side wall of the housing 10 in a state
in which the lower housing 11 and the upper housing 12
are assembled. The wall portion 122 is arranged on the
circumferential edge of the wall portion 121 except for a
part of the circumferential edge. In other words, the wall
portion 122 includes the opening 123 in a circumferential
direction of the wall portion 121.
[0031] The opening 123 communicates with the open-
ing 113 in a state in which the lower housing 11 and the
upper housing 12 are assembled. The opening 123 ex-
poses the casing 53 of the concave mirror unit 5 in a state
in which the HUD device 1 is assembled.
[0032] The notch portion 124 is formed at a certain
position communicating with the opening 123 in the wall
portion 121. The notch portion 124 communicates with
the opening 113 and the opening 123 in a state in which
the lower housing 11 and the upper housing 12 are as-
sembled. The notch portion 124 allows the video display
light that is projected from the concave mirror unit 5 to-
ward the windshield S to pass therethrough.
[0033] The concave portion 125 is formed at a circum-
ferential edge of the notch portion 124 on a top surface
121a of the wall portion 121. The concave portion 125 is
recessed downward from the top surface 121a. A curved
portion 125a as a part of a circumferential edge of the
concave portion 125 is formed in a circular arc shape. A
frame portion 621 of the cover unit 6 is placed on the
concave portion 125 in a state in which the HUD device
1 is assembled.
[0034] The scales 128 measure a rotation angle of the
concave mirror unit 5 with respect to the housing 10. The
scales 128 are arranged on the top surface 121a of the
wall portion 121. The scales 128 are arranged at equal
intervals of 1°, for example.

[0035] The display 2 is a display including, for example,
a liquid crystal display (LCD), an organic electro-lumi-
nescence (EL) display, or the like. The display 2 displays
a video on a display surface based on a video signal
obtained from a display control unit (not illustrated). A
video display light of the video that is displayed on the
display surface of the display 2 enters the first reflecting
mirror 3.
[0036] A reflecting surface of the first reflecting mirror
3 faces the display surface of the display 2 and a reflecting
surface of the second reflecting mirror 4. The first reflect-
ing mirror 3 reflects the video display light that has en-
tered from the display 2 toward the second reflecting mir-
ror 4.
[0037] The reflecting surface of the second reflecting
mirror 4 faces the reflecting surface of the first reflecting
mirror 3 and a reflecting surface of a concave mirror 51
of the concave mirror unit 5. The second reflecting mirror
4 reflects the video display light that has entered from
the first reflecting mirror 3 toward the concave mirror 51.
[0038] The concave mirror unit 5 is constructed by as-
sembling the concave mirror 51, a driving unit 52, and
the casing 53.
[0039] The concave mirror 51 has a symmetric curva-
ture with respect to a concave mirror symmetric surface
as a plane that passes through a concave mirror center
serving as a pass point of a central ray of the video display
light and that is perpendicular to the vehicle horizontal
plane. The reflecting surface of the concave mirror 51
faces the reflecting surface of the second reflecting mirror
4 and a reflecting surface of the windshield S. The con-
cave mirror 51 reflects the video display light that has
entered from the second reflecting mirror 4 toward the
windshield S. The video display light that has reflected
by the concave mirror 51 is reflected by the windshield
S and recognized as a virtual image by the viewer. The
concave mirror center of the concave mirror 51 is located
directly above the convex portion 116.
[0040] The concave mirror 51 is able to rotate on the
wall portion 111 to adjust an angle with respect to the
housing 10, in accordance with the relative positional re-
lationship among the housing 10, the windshield S, and
the driver D.
[0041] A hole portion 511 is formed directly below the
concave mirror center. The hole portion 511 is formed in
a cylindrical shape that fits to a convex portion 536 of the
casing 53.
[0042] The driving unit 52 adjusts an inclination of the
concave mirror 51 to adjust a look-down angle due to a
difference of a sitting height of the driver D. The driving
unit 52 is arranged on an opposite side of the reflecting
surface of the concave mirror 51. The driving unit 52 in-
cludes a rotation shaft 521 that passes through the con-
cave mirror center and that is arranged parallel to the
wall portion 111, and a driving source (not illustrated).
The rotation shaft 521 is connected to the concave mirror
51. The driving unit 52 rotates the rotation shaft 521 by
using the driving source, and adjusts the inclination of
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the concave mirror 51.
[0043] The casing 53 houses the concave mirror 51
and the driving unit 52. The casing 53 includes a wall
portion 531 that serves as a bottom wall, the wall portion
532 that serves as a side wall, an opening 533, the pair
of flange portions 534, the long holes (second positioning
portions) 535, the convex portion 536, and the hole por-
tion 537. The wall portion 531, the wall portion 532, the
pair of flange portions 534, and the convex portion 536
are formed in an integrated manner.
[0044] The wall portion 531 is formed in a flat plane
shape. The wall portion 531 faces the wall portion 111 in
a state in which the concave mirror unit 5 is assembled
on the housing 10.
[0045] The wall portion 532 is arranged so as to stand
upward from a circumferential edge of the wall portion
531. The wall portion 532 is arranged on the circumfer-
ential edge of the wall portion 531 except for a part of the
circumferential edge. In other words, the wall portion 532
includes the opening 533 in a circumferential direction of
the wall portion 531. The wall portion 532 faces an op-
posite side of the reflecting surface of the concave mirror
51 in a state in which the concave mirror unit 5 is assem-
bled on the housing 10. The wall portion 532 has the
curved portions 532a that are formed in curved surface
shapes that are curved in circular arc shapes when
viewed from the vertical direction. The curved portions
532a have circular arc shapes corresponding to the inner
wall portions 114. In other words, in a state in which the
concave mirror unit 5 is assembled on the housing 10,
the inner wall portions 114 and the curved portions 532a
face each other. Further, when the concave mirror unit
5 rotates with respect to the housing 10, the curved por-
tions 532a slide along the inner wall portions 114. With
this configuration, the inner wall portions 114 and the
curved portions 532a prevent a gap from being generated
between the housing 10 and the concave mirror unit 5.
[0046] The opening 533 exposes the reflecting surface
of the concave mirror 51 in a state in which the concave
mirror unit 5 is assembled. The opening 533 allows the
video display light that is projected from the concave mir-
ror unit 5 toward the windshield S to pass therethrough.
[0047] The pair of flange portions 534 are extended
outward in a radial direction from the wall portion 532.
The pair of flange portions 534 are placed on the pair of
support portions 117 in a state in which the concave mir-
ror unit 5 is assembled on the housing 10.
[0048] The long holes 535 are formed on the flange
portions 534. The long holes 535 are formed in circular
arc shapes corresponding to the rotation direction of the
concave mirror unit 5. The long holes 535 and the female
screw portions 118 are fastened together with fastening
members in a state in which the pair of support portions
117 and the pair of flange portions 534 overlap with each
other such that the long holes 535 and the female screw
portions 118 overlap with each other. With this configu-
ration, it is possible to perform positioning such that the
angle of the concave mirror unit 5 with respect to the

housing 10 is determined at an appropriate position both
in the case of installation for the driver DR in the vehicle
with the right-hand steering wheel and the case of instal-
lation for the driver DL in the vehicle with the left-hand
steering wheel. More specifically, by fastening, with the
fastening members, the long holes 535 and the female
screw portions 118R in the overlapping state, positioning
is performed at an appropriate installation angle for the
driver DR in the vehicle with the right-hand steering wheel.
By fastening, with the fastening members, the long holes
535 and the female screw portions 118L in the overlap-
ping state, positioning is performed at an appropriate in-
stallation angle for the driver DL in the vehicle with the
left-hand steering wheel. In the first embodiment, the long
holes 535 are formed so as to cover a range in which the
concave mirror unit 5 is rotated and positioned with re-
spect to the housing 10 in the case of installation in the
vehicle with the right-hand steering wheel and in the case
of installation in the vehicle with the left-hand steering
wheel. Further, it is preferable that the long holes 535
are formed so as to cover a range in which the concave
mirror unit 5 is rotated and positioned with respect to the
housing 10 in the case of installation in the vehicle with
the right-hand steering wheel and the vehicle with the
left-hand steering wheel of various vehicle types.
[0049] The convex portion 536 is formed on a top sur-
face in an upper side of the wall portion 531, and has a
cylindrical shape that fits to the hole portion 511. The
convex portion 536 is arranged directly below the con-
cave mirror center in a state in which the concave mirror
unit 5 is assembled.
[0050] The hole portion 537 is formed on a back sur-
face opposite to the top surface of the wall portion 531,
and has a cylindrical shape that is rotatably engaged with
the convex portion 116. The hole portion 537 is arranged
directly below the concave mirror center in a state in
which the concave mirror unit 5 is assembled.
[0051] The concave mirror 51 and the driving unit 52
are assembled on the casing 53 configured as described
above. The concave mirror unit 5 configured as described
above is assembled on the housing 10. The concave
mirror unit 5 integrally rotates with respect to the housing
10 around the convex portion 116 in a state in which the
concave mirror unit 5 is assembled on the housing 10.
The concave mirror unit 5 is rotatable in an angular range
of about 20° with respect to the housing 10, for example.
[0052] The cover unit 6 is a cover that covers an upper
part of the concave mirror unit 5. The cover unit 6 prevents
dust from entering inside of the concave mirror unit 5 and
the housing 10. The cover unit 6 allows the video display
light that travels from the concave mirror 51 toward the
windshield S to pass therethrough. The cover unit 6 in-
cludes a transmission part 61 and a holder 62.
[0053] The transmission part 61 transmits the video
display light that is reflected by the reflecting surface of
the concave mirror 51 and travels toward the windshield
S. In other words, the transmission part 61 projects the
video display light from the housing 10. The transmission
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part 61 is formed in a transparent and flat plate material.
The transmission part 61 is formed in a rectangular
shape.
[0054] The holder 62 is a support portion that supports
the transmission part 61. The holder 62 includes a frame
portion 621, an opening 622, a pair of brim portions 623,
and a reference line 624.
[0055] The frame portion 621 is formed of a flat plate
material. The frame portion 621 covers a circumferential
edge of the transmission part 61 that is arranged so as
to cover the opening 622. The frame portion 621 is formed
in a certain shape that is fitted to the concave portion 125
of the wall portion 121. A curved portion 621a that is a
part of the circumferential edge of the frame portion 621
is formed in a circular arc shape corresponding to the
curved portion 125a of the concave portion 125.
[0056] The opening 622 is formed in a rectangular
shape in a central portion of the frame portion 621. The
opening 622 is covered by the transmission part 61.
[0057] The pair of brim portions 623 are arranged so
as to stand downward from the frame portion 621. The
pair of brim portions 623 prevents a gap from being gen-
erated between the concave mirror 51 and the inner wall
portions 114 when the concave mirror unit 5 rotates with
respect to the housing 10. The pair of brim portions 623
blocks light that is reflected by a wall surface 114 or the
like of the lower housing 11 due to spreading of the dis-
play light from the display 2 when the concave mirror unit
5 rotates, and prevents a structure of a peripheral portion
of the concave mirror 51 from being viewed from outside.
[0058] The reference line 624 is arranged on the top
surface of the frame portion 621. The reference line 624
faces the scales 128 in a state in which the HUD device
1 is assembled. The reference line 624 indicates the
scales 128 to allow measurement of the rotation angle
of the concave mirror unit 5 with respect to the housing 10.
[0059] The cover unit 6 configured as described above
is assembled on the concave mirror unit 5. With this con-
figuration, the cover unit 6 rotates with respect to the
housing 10, in conjunction with the rotation of the concave
mirror unit 5 with respect to the housing 10.
[0060] Next, an installation method and effects of the
HUD device 1 configured as described above will be de-
scribed.
[0061] With reference to FIG. 8 and FIG. 9, ray paths
in the case in which the HUD device 1 configured as
described above is installed for the driver DR in the ve-
hicle with the right-hand steering wheel and in the case
in which the HUD device 1 is installed for the driver DL
in the vehicle with the left-hand steering wheel will be
described. FIG. 8 is a diagram for explaining a ray path
from the head-up display device according to the first
embodiment to the driver D. FIG. 9 is a diagram for ex-
plaining ray paths from the head-up display device ac-
cording to the first embodiment to the drivers D. If it is
not necessary to distinguish between the left and the
right, explanation will be given without distinguishing be-
tween the left and the right. For simplicity of explanation,

it is assumed that the HUD device 1 includes the display
2 and the concave mirror 51, and does not include re-
flecting mirrors. The housing 10 viewed from the vertical
direction has a rectangular shape elongated in the front-
back direction.
[0062] As illustrated in FIG. 8, a first central ray K1
projected from the display 2 enters the concave mirror
51. The first central ray K1 reflected by the concave mirror
51 is reflected by the windshield S and reaches the driver
D as a second central ray K2. The HUD device 1 is mount-
ed on the vehicle in an adjusted posture such that a di-
rection in which the second central ray K2 extends be-
comes parallel to the front-back direction when viewed
from the vertical direction. In the example illustrated in
FIG. 8, the direction in which the second central ray K2
extends is inclined from the windshield S toward the driv-
er D when viewed from the left-right direction.
[0063] As illustrated in FIG. 9, the HUD device 1 that
is installed for the driver DR in the vehicle with the right-
hand steering wheel is referred to as a HUD device 1R.
The HUD device 1R is installed on a dashboard in front
of the driver DR in the vehicle with the right-hand steering
wheel. A long side of a housing 10R is inclined with re-
spect to the front-back direction when viewed from the
vertical direction. A first central ray K1R that is projected
from a display 2R extends in a direction parallel to the
long side of the housing 10R when viewed from the ver-
tical direction. The first central ray K1R is inclined with
respect to the front-back direction. An angle between the
first central ray K1R and the second central ray K2R is
A°. A central line LR of a concave mirror 51R is inclined
by an angle B° with respect to a normal line NR of the
first central ray K1R.
[0064] As illustrated in FIG. 9, the HUD device 1 that
is installed for the driver DL in the vehicle with the left-
hand steering wheel is referred to as a HUD device 1L.
The HUD device 1L is installed on a dashboard in front
of the driver DL in the vehicle with the left-hand steering
wheel. The HUD device 1L is positioned such that a con-
cave mirror center of a concave mirror 51L and a concave
mirror center of the concave mirror 51R are located at
symmetric positions with respect to the symmetric sur-
face V. The HUD device 1L is located at a position at
which the HUD device 1R is rotated by an angle of 23A°
in a counterclockwise direction on the vehicle horizontal
plane. An angle between a first central ray K1L and a
second central ray K2L is set to A°. Further, the concave
mirror 51L is located at a position at which the concave
mirror 51R is rotated by an angle of 23B° in a clockwise
direction on the vehicle horizontal plane. In other words,
an angle between the central line LR of the concave mirror
51R and a central line LL of the concave mirror 51L is
23B°. In the HUD device 1L whose posture is adjusted
as described above, the central line LL of the concave
mirror 51L is inclined by the angle of B° with respect to a
normal line NL of the first central ray K1L that comes from
a display 2L.
[0065] In this manner, in the HUD device 1R and the
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HUD device 1L, a set of the central ray coming from the
concave mirror 51R to the windshield S and the second
central ray K2R and a set of the central ray coming from
the concave mirror 51L to the windshield S and the sec-
ond central ray K2L form mirror images with respect to
the symmetric surface V that passes through the central
portion of the vehicle in the left-right direction and that is
parallel to the front-back direction. Further, the first cen-
tral ray K1R and the first central ray K1L form mirror im-
ages with respect to the symmetric surface V. Further-
more, the inclination of the display surface of the display
2R with respect to the symmetric surface V and the incli-
nation of the display surface of the display 2L with respect
to the symmetric surface V form mirror images with re-
spect to the symmetric surface V. Moreover, the inclina-
tion of the central line LR of the concave mirror 51R with
respect to the symmetric surface V and the inclination of
the central line LL of the concave mirror 51L with respect
to the symmetric surface V form mirror images with re-
spect to the symmetric surface V.
[0066] With this configuration, as an installation con-
dition for the HUD device 1 in which the left-right direction
of a virtual image viewed by the driver D becomes hori-
zontal, it is satisfactory to install the HUD device 1R and
the HUD device 1L such that the angles A between the
first central rays K1 coming from the displays 2 to the
concave mirrors 51 and the second central rays K2 com-
ing from the windshield S to eye points of the drivers D
and the angles B between the normal lines N of the first
central rays K1 in the horizontal direction of the vehicle
and the central lines L of the concave mirrors 51 in the
horizontal direction of the vehicle form mirror images with
respect to the symmetric surface V. Meanwhile, the angle
A and the angle B are set in accordance with a mounting
angle that depends on a curve of the windshield S and
a type of the vehicle.
[0067] Therefore, in the case of installation for the driv-
er DR in the vehicle with the right-hand steering wheel
and in the case of installation for the driver DL in the
vehicle with the left-hand steering wheel, it is satisfactory
to perform the installation such that (Condition i) and
(condition ii) below are met. By satisfying (Condition i)
and (condition ii), it becomes possible to allow the driver
D to view an appropriate virtual image.
[0068] (Condition i): In the case of installation for the
driver DL, the housing 10 is positioned in a certain posture
in which the housing 10 is rotated by the angle of 23A°
in the counterclockwise direction from the posture in
which the housing 10 is installed for the driver DR, on a
plane parallel to the vehicle horizontal plane.
[0069] (Condition ii): In the case of installation for the
driver DL, the concave mirror 51 is positioned in a certain
posture in which the concave mirror 51 is rotated by the
angle of 23B° in the clockwise direction from the posture
in which the concave mirror 51 is installed for the driver
DR, on a plane parallel to the vehicle horizontal plane in
the housing 10.
[0070] With reference to FIG. 7 and FIG. 10, a method

of installing the HUD device 1 for the driver DR in the
vehicle with the right-hand steering wheel will be de-
scribed. FIG. 10 is a diagram illustrating a state in which
the head-up display device according to the first embod-
iment is mounted for the driver on the vehicle with the
right-hand steering wheel. In FIG. 7, solid lines indicate
the concave mirror unit 5 and the cover unit 6 of the HUD
device 1 installed for the driver DR in the vehicle with the
right-hand steering wheel.
[0071] Adjustment of the mounting posture of the hous-
ing 10 in the vehicle will be described. In the first embod-
iment, the housing 10 is mounted on the dashboard in
front of the driver DR in the vehicle with the right-hand
steering wheel such that the wall portion 111 of the hous-
ing 10 becomes parallel to the vehicle horizontal plane
and a position adjustment reference plane 122a of the
wall portion 122 of the housing 10 becomes parallel to
the front-back direction of the vehicle.
[0072] Adjustment of the posture of the concave mirror
unit 5 with respect to the housing 10 will be described.
The concave mirror unit 5 is rotated with respect to the
housing 10 such that the reference line 624 of the cover
unit 6 indicates scales 128R. Then, the concave mirror
unit 5 and the housing 10 are fastened together with male
screws in a state in which the pair of flange portions 534
are overlapped on the pair of support portions 117 and
the female screw portions 118R and the long holes 535
are overlapped with each other.
[0073] The cover unit 6 is located at a position adjusted
for the posture of the concave mirror unit 5 with respect
to the housing 10.
[0074] With reference to FIG. 7 and FIG. 11, a method
of installing the HUD device 1 for the driver DL in the
vehicle with the left-hand steering wheel will be de-
scribed. FIG. 11 is a diagram illustrating a state in which
the head-up display device according to the first embod-
iment is mounted for the driver on the vehicle with the
left-hand steering wheel. In FIG. 7, dashed lines indicate
the concave mirror unit 5 and the cover unit 6 of the HUD
device 1 that is installed for the driver DL in the vehicle
with the left-hand steering wheel.
[0075] Adjustment of the mounting posture of the hous-
ing 10 in the vehicle will be described. In the first embod-
iment, the housing 10 is mounted on the dashboard in
front of the driver DL in the vehicle with the left-hand steer-
ing wheel such that the wall portion 111 of the housing
10 becomes parallel to the vehicle horizontal plane and
the position adjustment reference plane 122a of the wall
portion 122 of the housing 10 is rotated by 23A° in the
counterclockwise direction with respect to the front-back
direction of the vehicle.
[0076] Adjustment of the posture of the concave mirror
unit 5 with respect to the housing 10 will be described.
The concave mirror unit 5 is rotated by the angle of 23B°
with respect to the housing 10 such that the reference
line 624 of the cover unit 6 indicates scales 128L. Then,
the concave mirror unit 5 and the housing 10 are fastened
together with male screws in a state in which the pair of
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flange portions 534 are overlapped on the pair of support
portions 117 and the female screw portions 118L and the
long holes 535 are overlapped with each other.
[0077] The cover unit 6 is located at a position adjusted
for the posture of the concave mirror unit 5 with respect
to the housing 10.
[0078] As described above, the mounting posture of
the housing 10 of the HUD device 1 with respect to the
vehicle and the posture of the concave mirror unit 5 with
respect to the housing 10 are adjusted both in the case
of installation for the driver DR in the vehicle with the right-
hand steering wheel and in the case of installation for the
driver DL in the vehicle with the left-hand steering wheel.
With this configuration, it is possible to allow both of the
drivers D in the vehicle with the right-hand steering wheel
and in the vehicle with the left-hand steering wheel to
view appropriate virtual images.
[0079] As described above, in the first embodiment,
each of the mounting posture of the housing 10 with re-
spect to the vehicle and the posture of the concave mirror
unit 5 with respect to the housing 10 are adjusted both
in the case of installation for the driver DR in the vehicle
with the right-hand steering wheel and in the case of in-
stallation for the driver DL in the vehicle with the left-hand
steering wheel. According to the first embodiment, it is
possible to realize installation using the single HUD de-
vice 1 such that both of the drivers D in the vehicle with
the right-hand steering wheel and in the vehicle with the
left-hand steering wheel can view appropriate virtual im-
ages. As described above, according to the first embod-
iment, it is possible to share a large number of compo-
nents in the case of installation for the driver DR in the
vehicle with the right-hand steering wheel and in the case
of installation for the driver DL in the vehicle with the left-
hand steering wheel.
[0080] In the first embodiment, it is possible to fix the
concave mirror unit 5 on the housing 10 in a state in which
the concave mirror unit 5 is rotated and positioned with
respect to the housing 10, by fastening the female screw
portions 118 and the long holes 535 in an overlapping
manner. Furthermore, according to the first embodiment,
by adjusting positions at which the female screw portions
118 and the long holes 535 overlap with each other, it is
possible to appropriately install the single HUD device 1
in vehicles with the right-hand steering wheel and vehi-
cles with the left-hand steering wheel of various vehicle
types.
[0081] In the first embodiment, the first reflecting mirror
3 and the second reflecting mirror 4 are arranged be-
tween the display 2 and the concave mirror 51, and the
ray path is folded inside the housing 10. With this con-
figuration, in the first embodiment, it is possible to reduce
a size of the housing 10, so that the size of the housing
10 can be set to a mountable size in the vehicle.
[0082] In the first embodiment, the cover unit 6 rotates
with respect to the housing 10 in conjunction with the
rotation of the concave mirror unit 5 with respect to the
housing 10. With this configuration, in the first embodi-

ment, when the HUD device 1 is shared by the vehicle
with the right-hand steering wheel and the vehicle with
the left-hand steering wheel, it is possible to locate the
transmission part 61 in a portion that is needed for trans-
mitting the video display light, in accordance with the pos-
ture of the concave mirror unit 5. According to the first
embodiment, it is possible to reduce a size of the trans-
mission part 61.
[0083] In contrast, as illustrated in FIG. 16, a case will
be described in which a transmission part 200 that does
not rotate in conjunction with the rotation of the concave
mirror unit 5 is installed. FIG. 16 is a plan view of a con-
cave mirror unit and a transmission part in a head-up
display device in which the transmission part does not
rotate in a linked manner with the concave mirror unit 5.
A ray path projected from the concave mirror 51 to the
windshield S is largely different between the case of in-
stallation in the vehicle with the right-hand steering wheel
and the case of installation in the vehicle with the left-
hand steering wheel because the concave mirror unit 5
is rotated with respect to the housing 10. Therefore, when
the HUD device 1 is shared by the vehicle with the right-
hand steering wheel and the vehicle with the left-hand
steering wheel, it is necessary to increase a size of the
transmission part 200.
[0084] In the first embodiment, the driving unit 52 is
arranged on the opposite side of the reflecting surface
of the concave mirror 51. With this configuration, in the
first embodiment, the driving unit 52 is not located on the
ray path projected from the concave mirror 51 when the
concave mirror unit 5 is rotated, so that it is possible to
reduce sizes of the concave mirror 51 and the concave
mirror unit 5. In the first embodiment, by reducing the
size of the concave mirror unit 5, it is possible to increase
degree of freedom of arrangement of other optical mem-
bers in the housing 10.
[0085] In the first embodiment, outer shapes of the
curved portions 532a of the wall portion 532 of the con-
cave mirror unit 5 is circular arcs, and the inner wall por-
tions 114 of the housing 10 are formed in circular arc
shapes corresponding to the curved portions 532a.
Therefore, in the first embodiment, it is possible to pre-
vent the video display light of the display 2 from leaking
from a joint between the housing 10 and the concave
mirror unit 5 when the concave mirror unit 5 is rotated.
[0086] In the first embodiment, the convex portion 116,
which serves as a rotation center when the concave mir-
ror unit 5 rotates with respect to the housing 10, is ar-
ranged on the housing 10 side, and the hole portion 537
that can be fitted to the convex portion 116 is formed on
the concave mirror unit 5 side. According to the first em-
bodiment, it is possible to precisely adjust the angle of
the concave mirror unit 5 on the vehicle horizontal plane.
[0087] In the first embodiment, it is possible to appro-
priately and easily set the angle of the concave mirror
unit 5 by the scales 128 and the reference line 624, in
accordance with the type of the vehicle, the vehicle with
the right-hand steering wheel, and the vehicle with the
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left-hand steering wheel.

[Second Embodiment]

[0088] With reference to FIG. 12 and FIG. 13, a HUD
device 1A will be described. FIG. 12 is a diagram illus-
trating a state in which a head-up display device accord-
ing to a second embodiment is mounted for a driver on
a vehicle with a right-hand steering wheel. FIG. 13 is a
diagram illustrating a state in which the head-up display
device according to the second embodiment is mounted
for a driver on a vehicle with a left-hand steering wheel.
In FIG. 12 and FIG. 13, for simplicity of explanation, some
members are omitted in the illustration. A basic configu-
ration of the HUD device 1A is the same as the HUD
device 1 of the first embodiment. In the following descrip-
tion, the same components as those of the HUD device
1 are denoted by the same or corresponding reference
symbols, and detailed explanation thereof will be omitted.
[0089] In the second embodiment, it is assumed that
the HUD device 1A is mounted on a vehicle with a right-
hand steering wheel and a vehicle with a left-hand steer-
ing wheel of a specific vehicle type. Therefore, it is suf-
ficient to set the angle A and the angle B so as to be
applied with the specific vehicle type.
[0090] In the second embodiment, for simplicity of ex-
planation, it is assumed that the HUD device 1A does
not include reflecting mirrors. For example, the HUD de-
vice 1A includes a display 2A, a concave mirror unit 5A,
a transmission part 61A, and a housing 10A.
[0091] On the housing 10A, female screw portions 14A
are formed on flange portions 13A that are formed on a
pair of side walls that face each other. The female screw
portions 14A are screwed together with male screws that
fasten the housing 10A and a mounted portion. In the
second embodiment, each of the female screw portions
14A includes a female screw portion 14AR, a female
screw portion 14AC, and a female screw portion 14AL
that are formed on each of the flange portions 13A.
[0092] When the HUD device 1A is mounted on the
vehicle with the right-hand steering wheel of the specific
vehicle type, the female screw portions 14AR, the female
screw portions 14AC, and the mounted portion of the
vehicle are fastened together. When the HUD device 1A
is mounted on the vehicle with the left-hand steering
wheel of the specific type, the female screw portions
14AL, the female screw portions 14AC, and the mounted
portion of the vehicle are fastened together. With use of
the female screw portions 14A, the posture of the HUD
device 1A is adjusted so as to be rotated by the angle of
23A° on a plane parallel to the vehicle horizontal plane
between the case for installation for the driver DR and
the case for installation for the driver Dl.
[0093] The concave mirror unit 5A includes a concave
mirror 51A and male screw portions 54A. An angle of the
concave mirror 51A with respect to the housing 10A is
adjustable in the concave mirror unit 5A. A female screw
portion 54AR and a female screw portion 54AL are ar-

ranged on each of the male screw portions 54A.
[0094] When the HUD device 1A is mounted on the
vehicle with the right-hand steering wheel of the specific
type, the female screw portions 54AR and the mounted
portion of the housing 10A are fastened together. When
the HUD device 1A is mounted on the vehicle with the
left-hand steering wheel of the specific type, the female
screw portions 54AL and the mounted portion of the
housing 10A are fastened together. With use of the fe-
male screw portions 54A, a posture of the concave mirror
51A is adjusted so as to be rotated by an angle of 23B°
on a plane parallel to the vehicle horizontal plane be-
tween the case of installation for the driver DL and the
case of installation for the driver DR.
[0095] The transmission part 61A is set in a certain
shape that does not block a ray projected from the con-
cave mirror 51A to the windshield S even when the HUD
device 1A is mounted on the vehicle with the right-hand
steering wheel or the vehicle with the left-hand steering
wheel.
[0096] As described above, in the second embodi-
ment, in the case of mounting on a vehicle of a specific
type, it is possible to easily adjust the mounting posture
of the housing 10A with respect to the vehicle by using
the female screw portions 14A both in the case of instal-
lation for the driver DL and in the case of installation for
the driver DR. In the second embodiment, in the case of
mounting on the vehicle of the specific type, it is possible
to easily adjust the mounting posture of the concave mir-
ror unit 5 with respect to the housing 10 by using the male
screw portions 54A both in the case of installation for the
driver DL and in the case of installation for the driver DR.
[0097] In this manner, according to the second embod-
iment, in the case of mounting on the vehicle of the spe-
cific type, by forming the female screw portions 14A and
the male screw portions 54A on the single HUD device
1, it is possible to share a large number of components
both in the case of installation for the driver DR in the
vehicle with the right-hand steering wheel and in the case
of installation for the driver DL in the vehicle with the left-
hand steering wheel.

[Third Embodiment]

[0098] With reference to FIG. 14 and FIG. 15, a HUD
device 1B will be described. FIG. 14 is a diagram illus-
trating a state in which a head-up display device accord-
ing to a third embodiment is mounted a driver on a vehicle
with a right-hand steering wheel. FIG. 15 is a diagram
illustrating a state in which the head-up display device
according to the third embodiment is mounted for a driver
on a vehicle with a left-hand steering wheel. A basic con-
figuration of the HUD device 1B is the same as the HUD
device 1 of the first embodiment and the HUD device 1A
of the second embodiment. The HUD device 1B is ob-
tained by reducing the size of the HUD device 1A of the
second embodiment. More specifically, the HUD device
1B is different from the first embodiment and the second
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embodiment in that the HUD device 1B includes a single
reflecting mirror.
[0099] The HUD device 1B includes a display 2B, a
reflecting mirror 3B, a concave mirror unit 5B, a trans-
mission part 61B, and a housing 10B.
[0100] The display 2B, the reflecting mirror 3B, and the
concave mirror unit 5B are assembled in an inner space
of the housing 10B. In the housing 10B, female screw
portions 14B are formed on flange portions 13B that are
formed on a pair of side wall portions that face each other.
[0101] A display surface of the display 2B faces a re-
flecting surface of the reflecting mirror 3B.
[0102] The reflecting surface of the reflecting mirror 3B
faces the display surface of the display 2B and a reflecting
surface of a concave mirror 51B. The reflecting mirror 3B
reflects a video display light that has entered from the
display 2B toward the concave mirror 51B. With use of
the reflecting mirror 3B, it is possible to reduce the size
of the HUD device 1B.
[0103] The reflecting surface of the concave mirror 51B
faces the reflecting surface of the reflecting mirror 3B and
a reflecting surface of the windshield S. The concave
mirror 51B reflects the video display light that has entered
from the reflecting mirror 3B toward the windshield S.
[0104] As described above, in the third embodiment,
with use of the single reflecting mirror 3B, it is possible
to reduce the size of the housing 10B. In this manner,
according to the third embodiment, even in the HUD de-
vice 1B with the reduced size, it is possible to share a
large number of components both in the case of instal-
lation for the driver DR in the vehicle with the right-hand
steering wheel and in the case of installation for the driver
DL in the vehicle with the left-hand steering wheel.
[0105] While the HUD device 1 according to the
present invention has been described above, the present
invention may be embodied in various different forms oth-
er than the above-described embodiments.
[0106] In the explanation described above, it is as-
sumed that the HUD device 1 includes the first reflecting
mirror 3 and the second reflecting mirror 4, but embodi-
ments are not limited to this example. It is satisfactory
that the HUD device 1 includes at least the display 2, the
concave mirror unit 5, and the housing 10 arranged in
the vehicle. The HUD device 1 may further include one
or more reflecting mirrors.
[0107] While it is explained that the optical members
are two-dimensionally arranged in the same plane, em-
bodiments are not limited to this example. The optical
members may be three-dimensionally arranged at differ-
ent heights in the vertical direction with respect to the
vehicle horizontal plane.
[0108] While it is explained that the female screw por-
tions 118 include the female screw portions 118R and
the female screw portions 118L, embodiments are not
limited to this example. It may be possible to use the
housing 10 including only the female screw portion 118R
when the HUD device 1 is installed in the vehicle with
the right-hand steering wheel, and use the housing 10

including only the female screw portion 118L when the
HUD device 1 is installed in the vehicle with the left-hand
steering wheel. With this configuration, it is possible to
more easily perform positioning.
[0109] While it is explained that the frame portion 621
is in the form of a plane, embodiments are not limited to
this example. The frame portion 621 may be formed in
an inclined shape or a curved shape for a measure
against reflection light by the transmission part 61.

Reference Signs List

[0110]

1 HUD device (display device)
2 display
3 first reflecting mirror
4 second reflecting mirror
5 concave mirror unit
51 concave mirror
53 casing
534 flange portion
535 long hole (second positioning portion)
537 hole portion
6 cover unit
61 transmission unit
62 holder
623 brim portion
624 reference line
10 housing
11 lower housing
116 convex portion
118 female screw portion (first positioning portion)
12 upper housing
128 scale
D driver (viewer)
K1 first central ray
K2 second central ray
L central line
N normal line
S windshield (reflection part)
V symmetric surface

Claims

1. A display device comprising:

a display configured to display a video;
a concave mirror configured to reflect a video
display light of the video displayed on the display
toward a reflection part that is formed in a curved
shape and that faces a viewer; and
a housing in which the display and the concave
mirror are assembled, wherein
an angle of the concave mirror with respect to
the housing is adjustable by rotating the concave
mirror on a reference plane of the housing in
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accordance with a relative positional relation-
ship among the housing, the reflection part, and
the viewer.

2. The display device according to claim 1, wherein a
mounting posture of the housing with respect to a
mounted portion is adjustable by rotating the housing
on the reference plane in accordance with the rela-
tive positional relationship among the housing, the
reflection part, and the viewer.

3. The display device according to claim 2, wherein
the housing is arranged such that the mounting pos-
ture of the housing is adjustable to a certain posture
by rotating the housing by a first certain angle with
respect to the mounted portion, the first certain angle
being twice an angle between a first central ray of
the video display light of the video displayed on the
display and a second central ray that is reflected by
the reflection part and reaches the viewer, both in a
case in which the viewer is located at a first position
in which the viewer faces the reflection part that is
formed in the curved shape with a symmetric curva-
ture with respect to a symmetric surface, the sym-
metric surface being a plane that passes through a
central portion in a left-right direction, that is parallel
to a front-back direction, and that is perpendicular to
the reference plane, and in a case in which the viewer
is located at a second position that is symmetric to
the first position with respect to the symmetric sur-
face, and
the concave mirror is arranged such that an angle
of the concave mirror is adjustable by rotating the
concave mirror by a second certain angle on the ref-
erence plane of the housing, the second certain an-
gle being twice an angle between a normal line of
the first central ray on the reference plane and a cen-
tral line of the concave mirror on the reference plane,
both in the case in which the viewer is located at the
first position and in the case in which the viewer is
located at the second position.

4. The display device according to claim 3, wherein
the housing includes a first positioning portion capa-
ble of determining a position of the concave mirror
at a certain position by rotating the concave mirror
by the second certain angle on the reference plane
of the housing, the second certain angle being twice
the angle between the normal line of the first central
ray on the reference plane and the central line of the
concave mirror on the reference plane, both in the
case in which the viewer is located at the first position
and in the case in which the viewer is located at the
second position, and
the concave mirror includes a second positioning
portion that is formed so as to correspond to the first
positioning portion and that is capable of adjusting
an angle of the concave mirror with respect to the

housing by matching a position of the first positioning
portion and a position of the second positioning por-
tion, both in the case in which the viewer is located
at the first position and in the case in which the viewer
is located at the second position.

5. The display device according to claim 4, wherein the
second positioning portion is formed in a long hole
shape that extends along a rotation direction of the
concave mirror with respect to the housing.

6. The display device according to any one of claims 1
to 5, further comprising:
a transmission part that is arranged above the con-
cave mirror, that transmits the video display light that
is reflected by the concave mirror and travels to the
reflection part, and that rotates in conjunction with
rotation of the concave mirror.

7. The display device according to claim 3 or 4, wherein
the first position is a driver seat in a vehicle with a
right-hand steering wheel,
the second position is a driver seat in a vehicle with
a left-hand steering wheel,
the housing is arranged such that the mounting pos-
ture of the housing with respect to the mounted por-
tion is adjustable both in a case in which the viewer
is located at the driver seat in the vehicle with the
right-hand steering wheel and in a case in which the
viewer is located at the driver seat in the vehicle with
the left-hand steering wheel, and
the concave mirror is arranged such that an angle
of the concave mirror with respect to the housing is
adjustable both in the case in which the viewer is
located at the driver seat in the vehicle with the right-
hand steering wheel and in the case in which the
viewer is located at the driver seat in the vehicle with
the left-hand steering wheel.

8. A method of installing a display device including:

a display configured to display a video;
a concave mirror configured to reflect a video
display light of the video displayed on the display
toward a reflection part that is formed in a curved
shape and that faces a viewer; and
a housing in which the display and the concave
mirror are assembled, the method comprising:

adjusting a mounting posture of the housing
to a certain posture by rotating the housing
by a first certain angle with respect to a
mounted portion, the first certain angle be-
ing twice an angle between a first central
ray of the video display light of the video
displayed on the display and a second cen-
tral ray that is reflected by the reflection part
and reaches the viewer, both in a case in
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which the viewer is located at a first position
in which the viewer faces the reflection part
that is formed in the curved shape with a
symmetric curvature with respect to a sym-
metric surface, and in a case in which the
viewer is located at a second position that
is symmetric to the first position with respect
to the symmetric surface, and
adjusting an angle of the concave mirror by
rotating the concave mirror by a second cer-
tain angle with reference to the reference
plane of the housing, the second certain an-
gle being twice an angle between a normal
line of the first central ray on the reference
plane of the housing and a central line of
the concave mirror on the reference plane.

23 24 



EP 3 722 134 A1

14



EP 3 722 134 A1

15



EP 3 722 134 A1

16



EP 3 722 134 A1

17



EP 3 722 134 A1

18



EP 3 722 134 A1

19



EP 3 722 134 A1

20



EP 3 722 134 A1

21



EP 3 722 134 A1

22



EP 3 722 134 A1

23



EP 3 722 134 A1

24



EP 3 722 134 A1

25



EP 3 722 134 A1

26



EP 3 722 134 A1

27



EP 3 722 134 A1

28



EP 3 722 134 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 134 A1

30

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 134 A1

31

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2014119718 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

