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1
HEAD-UP DISPLAY APPARATUS FOR
VEHICLE

TECHNICAL FIELD

The present invention relates to a head-up display appa-
ratus for a vehicle which is mounted in a vehicle.

BACKGROUND ART

A head-up display apparatus which is mounted in a
vehicle has been conventionally known (see Patent Docu-
ment 1, for example).

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: JP-A-H8-192664

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

With respect to apparatuses mounted in vehicles such as
the above-described head-up display apparatus, there is a
need that proper display is performed based on the charac-
teristic that that they are mounted in vehicles.

The present invention has been implemented in view of
the foregoing situation, and has an object to perform proper
display based on the characteristic that an apparatus is
mounted in a vehicle.

Means of Solving the Problem

In order to attain the above object, a head-up display
apparatus for a vehicle that displays a virtual image is
characterized in that a plurality of virtual images having
different focal distances are displayed, for example.

Effect of the Invention

According to the present invention, the head-up display
apparatus can perform proper display based on the charac-
teristic that the apparatus is mounted in a vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a display mode of a virtual
image based on a head-up display apparatus for a vehicle
according to a first embodiment.

FIG. 2 is a diagram showing an area where a virtual image
is displayed.

FIG. 3 is a diagram showing a functional construction of
the head-up display apparatus for the vehicle.

FIG. 4 is a diagram showing a display example of a virtual
image when the vehicle travels.

FIG. 5 is a flowchart showing the operation of the head-up
display apparatus for the vehicle.

FIG. 6 is a diagram showing a display example of a virtual
image when the vehicle stops.

FIG. 7 is a diagram showing a display example of a virtual
image.

FIG. 8 is a diagram showing an area where a virtual image
is displayed in a head-up display apparatus for a vehicle
according to a second embodiment.
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FIG. 9 is a diagram showing a functional construction of
the head-up display apparatus for the vehicle.

FIG. 10 is a flowchart showing the operation of the
head-up display apparatus for the vehicle.

FIG. 11 is a diagram showing a display example of a
virtual image when the vehicle stops.

MODES FOR CARRYING OUT THE
INVENTION

Embodiments according to the present invention will be
described hereunder with reference to the drawings.

First Embodiment

FIG. 1 is a diagram which schematically shows a mode
suitable for description with respect to a display mode of a
visual image based on a head-up display device 1 for a
vehicle according to an embodiment. FIG. 2 is a diagram
which schematically shows a mode suitable for description
with respect to construction of the vehicle head-up display
device 1 and an area where a visual image is displayed by
the device.

As shown in FIG. 1, the vehicle head-up display device 1
is equipped at a predetermined position below a front
windshield 11 in a vehicle 10, and it projects light (image
light) for displaying a visual image to a projection face 13
formed on the front windshield 11 through a reflection
mirror 12, whereby the virtual image is displayed (pro-
jected) in front of an occupant of the vehicle 10. The
projection face 13 may be configured so that a seal having
a half mirror function is attached to the projection face 13 or
the projection face 13 is subjected to proper processing or
the like so that the vehicle occupant can visually recognize
the virtual image more clearly.

As shown in FIGS. 1, 2, the vehicle head-up display
device 1 has an upper projection unit 15« and a lower
projection unit 15/.

The upper projection unit 15% contains an upper light
source 16w having a light source such as a lamp or the like,
an upper optical modulator 17« for modulating light emitted
from the upper light source 16« in accordance with an image
to be displayed as a visual image and outputting the modu-
lated light, and an upper projection optical system 18« for
subjecting the modulated light output from the upper optical
modulator 17« to various kinds of adjustment such as focus
adjustment, enlargement/reduction, etc. to project light (im-
age light) for displaying the visual light. Furthermore, the
upper projection unit 15z has an upper focal distance
adjusting unit 19 for performing adjustment of the interval
distance between the upper projection optical system 18«
and the upper reflection mirror 12 and other adjustments of
the projection optical system, thereby adjusting the focal
distance of the virtual image to be displayed with the light
projected from the upper projection unit 15u.

Here, as shown in FIG. 2, a front windshield correspond-
ing area A1 is formed in the area corresponding to the front
windshield 11. An upper virtual image displayable area A2u
is formed in an area which is located at an upper portion of
the front windshield corresponding area A1 and provided so
as to extend over a substantially upper half portion of the
front windshield corresponding area Al. The upper virtual
image displayable area A2u is a largest area where a virtual
image can be displayed by the upper projection unit 15u.
That is, various kinds of mechanisms related to the upper
projection unit 15« are adjusted so that a virtual image to be
displayed on the basis of an image projected by the upper
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projection unit 15« is displayed within the upper virtual
image displayable area A2u, and the upper projection unit
15u can display a virtual image at any position within the
upper virtual image displayable area A2u.

Here, the displaying of a virtual image within the upper
virtual image displayable area A2z means that the virtual
image is formed so that the vehicle occupant of the vehicle
10 can visually recognize the virtual image within the area
concerned, but it does not mean that an image is projected
within the area concerned. In the following description,
when “a virtual image is displayed in a specific area” is
expressed, it means that the virtual image is formed so that
the vehicle occupant of the vehicle 10 can visually recognize
the virtual image within the specific area.

As shown in FIG. 2, an upper virtual image display area
A3u is formed in an area corresponding to an upper portion
of the upper virtual image displayable area A2u, that is, an
area corresponding to an upper area of the front windshield
11. The upper virtual image display area A3 is an area in
which the upper projection unit 15« actually displays a
virtual image. That is, the upper projection unit 15« can
display a virtual image at any position of the upper virtual
image displayable area A2u, but actually displays a virtual
image within the upper virtual image display area A3u by
software-based means.

As shown in FIG. 2, the lower projection unit 15/ has a
lower light source 16/, a lower optical modulator 17, a lower
projection optical system 18/ and a lower focal distance
adjusting unit 19/ as in the case of the upper projection unit
15u. A lower virtual image displayable area A2/ as a largest
area where a virtual image can be displayed by the lower
projection unit 15/ is formed in an area which is located at
a lower portion of the front windshield corresponding area
Al and provided so as to extend over a substantially lower
half portion of the front windshield corresponding area Al,
and a lower virtual image display area A3/ is formed at the
lower portion of the lower virtual image displayable area
A2]. The lower virtual image display area A3/ is an area
where the lower projection unit 15/ actually displays a
virtual area, and is formed in an area corresponding to the
lower area of the front windshield 11.

FIG. 3 is a block diagram showing the functional con-
struction of the vehicle head-up display device 1.

A traveling state detector 20 (traveling state detecting
means) detects the traveling state of the vehicle 10 and
outputs it to a controller 21. Particularly, in this embodiment,
the traveling state detector 20 is connected to a sensor for
detecting the state of a parking brake, detects on the basis of
a detection value of the sensor whether the vehicle 10 is set
to be stopped while the parking brake is actuated, and
outputs a detection result to the controller 21. Furthermore,
the traveling state detector 20 calculates the speed of the
vehicle 10 on the basis of a vehicle speed pulse of the vehicle
10, and outputs it to the controller 21. Any method may be
used as a method of determining the speed of the vehicle 10.

A road condition recognizer 22 recognizes the road con-
dition around the vehicle 10, and outputs a recognition result
to the controller 21. Particularly, in this embodiment, the
road state recognizer 22 is provided at a predetermined
position of the front portion of the vehicle 10, and connected
to a camera 23 for imaging a front side of the vehicle 10. On
the basis of an imaging result of the camera 23, the road
condition recognizer 22 determines whether any other
vehicle exists in front of the vehicle 10, and outputs the
determination result to the controller 21.

A content management unit 25 is a function block for
managing contents, and has at least the following function.
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That is, the content managing unit 25 is connected to a
short-distance radio communication module 26 for perform-
ing radio communication in conformity with the standards
for short-distance radio communication such as Bluetooth
(registered trademark), and configured to be communicable
with a cellular phone 27 owned by an occupant of the
vehicle 10 or the like through the module. A terminal which
communicates with the content managing unit 25 is not
limited to the cellular phone 27, but may be a notebook PC,
a tablet terminal or the like.

An application having at least the following two functions
is preinstalled in the cellular phone 27.

A first function is the following function: when a recep-
tion-detectable mail such as a mail based on SMS, a Web
mail or the like is received, the reception concerned is
notified to the content managing unit 25 through the short-
distance radio communication module 26. The content man-
aging unit 25 can arbitrarily inquire about reception or
non-reception of a mail to the cellular phone 27 under the
control of the controller 21, and acquire reception or non-
reception of a mail.

A second function is the following function: when news
such as news conformed with the standards for RSS or the
like is distributed, information representing the news is
output to the content managing unit 25 as data of a prede-
termined format. The content management unit 25 can
arbitrarily inquire about distribution or non-distribution of
new news to the cellular phone 27 under the control of the
controller 21, and acquire information representing the new
news when the new news has been distributed.

Furthermore, the content managing unit 25 is connected
to an in-vehicle audio device 28. The content managing unit
25 communicates with the in-vehicle audio device 28 in
conformity with a predetermined protocol to acquire infor-
mation on a content reproduced by the in-vehicle audio
device 28 and output the information to the controller 21.
When the in-vehicle audio device 28 reproduces music
recorded in CD, a hard disc or the like, the information on
the content is information on the music being reproduced,
for example, the title of the music, an artist’s name, a
reproduction time, etc. When the in-vehicle audio device 28
reproduces a radiobroadcast program, the information is
information on the program being reproduced.

A navigation managing unit 29 is connected to an in-
vehicle navigation device 30 mounted in the vehicle 10, and
arbitrarily obtains information on navigation from the device
concerned. Then, the navigation managing unit 29 outputs
information on proper navigation to the controller 21 at a
proper timing while the in-vehicle navigation device 30
performs navigation.

For example, when the navigation managing unit 29
detects that the vehicle 10 approaches to a position at a
predetermined distance (for example, 700 m) from an inter-
section at which the vehicle should turn to the right/left, the
navigation managing unit 29 outputs information represent-
ing this fact to the controller 21. Furthermore, for example
when the navigation managing unit 29 detects that the
vehicle 10 approaches to a position at a predetermined
distance from a destination, the navigation managing unit 29
outputs information representing this fact to the controller
21. Furthermore, the timing (trigger) at which the navigation
managing unit 29 outputs the information on the navigation
and also the information to be output are determined in
advance.

The controller 21 has CPU, control programs executed by
CPU, ROM for storing data associated with the control
programs, RAM functioning as a working area, and other
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peripheral circuits and peripheral equipment, and concen-
trically controls the respective parts of the vehicle head-up
display device 1.

As shown in FIG. 3, the controller 21 has an upper display
controller 354, and a lower display controller 35/. The
functions of the respective function blocks equipped to the
controller 21 are executed by the cooperation between
hardware and software, for example by CPU’s reading of the
programs or the like. The functions of the respective func-
tion blocks will be described later.

Next, a mode of a virtual image displayed by the vehicle
head-up display device 1 will be described in detail.

As described above, the upper projection unit 15« dis-
plays a virtual image in the upper virtual image display area
A3u, and the lower projection unit 15/ displays a virtual
image in the lower virtual image display area A3/.

According to this embodiment, when a virtual image is
displayed, the focal distance of a virtual image displayed in
the upper virtual image display area A3u is set to be longer
than the focal distance of a virtual image displayed in the
lower virtual image display area A3/. The reason for this is
as follows.

That is, the upper virtual image display area A3u is an area
formed at the upper portion of the front windshield 11, and
a target which the occupant of the vehicle 10 visually
recognizes through the upper portion of the front windshield
11 is normally a building, a mountain, the sky or the like
which is far away from the eyes of the vehicle occupant.
Therefore, the probability that the focal point of the vehicle
occupant’s eyes when the occupant visually recognizes the
outside of the vehicle through the upper portion of the front
windshield 11 is matched with the focal point when the
occupant visually recognizes a target located in the distance
is high. According to this embodiment, in consideration of
this, by adjusting the focal distance of the virtual image with
the upper focal distance adjusting unit 19#, the focal dis-
tance of the virtual image displayed in the upper virtual
image display area A3u is set to be longer than the focal
distance of the virtual image displayed in the lower virtual
image display area A3/. For example, the focal distance of
the virtual image displayed in the upper virtual image
display area A3u is set to the focal distance corresponding to
a building, a mountain or the like located in the distance or
the focal distance of the sky, for example. Accordingly,
when the occupant of the vehicle 10 visually recognizes the
virtual image displayed in the upper virtual image display
area A3u, the load for focusing the eyes is reduced, and thus
the comfort is enhanced.

The lower virtual image display area A3/ is an area
formed at the lower portion of the front windshield 11. A
target which the occupant of the vehicle 10 visually recog-
nizes through the lower portion of the front windshield 11 is
the hood (bonnet) of the vehicle 10 in the neighborhood of
the occupant’s eyes or a rear portion of another vehicle
traveling at the front side of the vehicle 10. Therefore, the
probability that the focal point of the occupant when the
occupant visually recognizes the outside of the vehicle
through the lower portion of the front windshield 11 is
matched with the focal point when the occupant visually
recognizes a target located in the neighborhood of the
occupant is high. According to this embodiment, in consid-
eration of this, by adjusting the focal distance of the virtual
image with the lower focal distance adjusting unit 19/, the
focal distance of the virtual image displayed in the lower
virtual image display area A3/ is set to be shorter than the
focal distance of the virtual image displayed in the upper
virtual image display area A3wu. For example, the focal
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distance of the virtual image displayed in the lower virtual
image display area A3/ is set to the focal distance corre-
sponding to the hood (bonnet). Accordingly, a load of
focusing the eyes when the occupant of the vehicle 10
visually recognizes the virtual image displayed in the lower
virtual image display area A3/ is reduced, and the comfort is
enhanced.

That is, according to this embodiment, in consideration of
the characteristic that the probability that with respect to
targets visually-recognized through the front windshield 11,
a target located at an upper side exists at a nearer position
than a target located at a lower side is high, the focal distance
of a virtual image displayed at the upper side is set to be
longer than the focal distance of a virtual image displayed at
the lower side, thereby reducing the load when the occupant
focuses his/her eyes on the virtual images.

Next, a display mode of a virtual image “under traveling”
of the vehicle 10 will be described by citing a specific
example.

In this example, during traveling of the vehicle 10, only
the lower virtual image display area A3/ is set to a virtual
image displayable area. In other words, display of a virtual
image in the upper virtual image display area A3u is
prohibited. Accordingly, display of a virtual image at a
proper position in consideration of the traveling of the
vehicle is performed.

FIG. 4(A) is a diagram showing an example of a virtual
image displayed under traveling.

In the example of FIG. 4(A), a virtual image G1 associ-
ated with information representing that the vehicle should
turn to the right at an intersection located ahead of the
vehicle by 700 m is displayed in the lower virtual image
display area A3/

The operation of the vehicle head-up display device 1
when the virtual image G1 associated with the example of
FIG. 4(A) is displayed will be described hereunder.

In the example of FIG. 4(A), it is set as one of triggers for
displaying the virtual image associated with the information
on the navigation that the interval distance between the
intersection at which the vehicle should turn to the right/left
and the vehicle 10 is equal to 700 m. During traveling, the
lower display controller 35/ monitors, on the basis of an
input from the navigation managing unit 29, whether the
interval distance between an intersection at which the
vehicle should turn to the right/left and the vehicle 10 is
equal to 700 m. When the interval distance is equal to 700
m (in this example, it is assumed that the vehicle turns to the
right at an intersection which is located ahead of the vehicle
by 700 m), the lower virtual image display area A3/ gener-
ates image date associated with the information representing
this fact, that is, image data associated with the virtual image
G1. Subsequently, the lower display controller 35/ modu-
lates light emitted from the lower light source 16/ on the
basis of the generated image data through the lower optical
modulator 17/ of the lower projection unit 15/, and then
projects the image (light for the virtual image G1) from the
lower projection optical system 18/, whereby the virtual
image G1 is displayed in the lower virtual image display
area A3/. As described above, the virtual image G21 is
displayed at a proper timing and at a proper position as
shown in FIG. 4(A).

FIG. 4(B) is a diagram showing another example of the
virtual image displayed during traveling.

In the example of FIG. 4(B), a virtual image G2 associ-
ated with information representing that attention should be
paid to another forehand vehicle and a virtual image G3
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associated with information representing the speed of the
vehicle 10 are displayed in the lower virtual image display
area A3l

The operation of the vehicle head-up display device 1
when the virtual images G2, G3 associated with the example
of FIG. 4(B) will be described hereunder.

In the example of FIG. 4(B), when another vehicle exists
in front of the vehicle 10, it is set as one of triggers for
displaying the virtual image G2 that the vehicle 10 travels at
a speed which is equal to or higher than a predetermined
speed. During traveling, the lower display controller 35/
monitors on the basis of inputs from the traveling state
detector 20 and the road condition recognizer 22 whether
another vehicle exists in front and the vehicle 10 is set to
travel at a speed which is equal to or higher than the
predetermined speed. When the vehicle 10 falls into the
above state, the lower display controller 35/ generates image
data associated with the virtual image G2, and controls the
lower projection unit 15/ on the basis of the image data,
whereby the virtual image G2 is displayed in the lower
virtual image display area A3/

Furthermore, in the example of FIG. 4(B), during travel-
ing, the virtual image G3 associated with the information
representing the speed of the vehicle 10 is displayed at a
predetermined position within the lower virtual image dis-
play area A3/. Furthermore, during traveling, the lower
display controller 35/ detects the speed of the vehicle 10 on
the basis of an input from the traveling state detector 20 at
a predetermined sampling period, generates image data
associated with the virtual image G3 based on the detected
speed of the vehicle 10, and controls the lower projection
unit 15/ on the basis of the generated image data to display
the virtual image G3 in the lower virtual image display area
A3l

The information displayed in the lower virtual image
display area A3/ is not limited to that exemplified in FIG.
4(B). For example, the device may be configured so that a
pedestrian is detectable on the basis of an output of a camera
23, another imaging device or a sensor, and when a pedes-
trian is detected, this fact may be displayed to invite atten-
tion. Furthermore, the device may be configured so that it is
detectable on the basis of an output of a camera 23, another
imaging device or a sensor whether the vehicle 10 deviates
from the traffic lane, and when it is detected that the vehicle
deviates from the traffic lane, this fact may be displayed to
give warning. All the existing techniques may be used for
the detection of a pedestrian and detection of deviation from
traffic lanes.

That is, a virtual image associated with information on the
driving is broadly displayable in the lower virtual image
display area A3/

Next, the operation of the vehicle head-up display device
1 when the vehicle 10 under traveling makes a stop will be
described.

FIG. 5 is a flowchart showing the operation of the vehicle
head-up display device 1 when the vehicle 10 under trav-
eling stops. It is assumed that the vehicle 10 is traveling at
the start time point of the flowchart of FIG. 5.

FIG. 6 is a diagram showing an example of a virtual image
displayed when the vehicle stops.

Referring to FIG. 5, the controller 21 monitors on the
basis of an input from the traveling state detector 20 whether
the vehicle 10 stops while applying a parking brake (step
SA1). When the vehicle 10 stops (step SA1l: YES), the
controller 21 allows display of a virtual image to the upper
virtual image display area A3w which is prohibited from
displaying a virtual image under traveling, whereby the
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upper virtual image display area A3u is shifted to a virtual
image displayable state (step SA2).

Subsequently, the upper display controller 35z of the
controller 21 acquires information to be displayed as a
virtual image in the upper virtual image display area A3u
(step SA3).

The processing of the step SA3 will be described in detail
by referring to FIG. 6 as an example. In the example of FIG.
6, when the cellular phone 27 receives a new mail, a virtual
image G4 associated with information representing this fact
is displayed in the upper virtual image display area A3« in
response to the stop of the vehicle 10. When new news is
distributed to the cellular phone 27, a virtual image G5
associated with information representing the news is dis-
played in the upper virtual image display area A3u in
response to the stop of the vehicle 10. When a content is
reproduced by the in-vehicle audio device 28, a virtual
image G6 associated with information on the content is
displayed in the upper virtual image display area A3wu in
response to the stop of the vehicle 10.

The respective virtual images G4, G5 and G6 are virtual
images which are simultaneously displayed with common
light, and thus they should be originally captured as one
virtual image. However, for convenience of explanation,
these virtual images are represented by difference reference
numerals, and described while discriminated from one
another.

In step SA3, the upper display controller 35« controls the
content managing unit 25 to inquire about reception or
non-reception of a mail (s) to the cellular phone 27. When
a mail is received, the upper display controller 35« acquires
information representing reception of the mail as informa-
tion to be displayed as a virtual image (virtual image G4).

Furthermore, in step SA3, the upper display controller
35u controls the content managing unit 25 to inquire about
distribution or non-distribution of new news to the cellular
phone 27. When the distribution of the new news is per-
formed, the upper display controller 35 acquires informa-
tion representing the new news as information to be dis-
played as a virtual image (virtual image G5).

Furthermore, in step SA3, the upper display controller
35u controls the content managing unit to inquire whether
any content is reproduced by the in-vehicle audio device 28.
When some content is reproduced, the upper display con-
troller 354 acquires information on the content as informa-
tion to be displayed as a virtual image (virtual image G6).

Subsequently, the upper display controller 35« generates
image data containing various information acquired in step
SA3 (step SA4). With respect to each information, the
position at which the information is displayed as a virtual
image in the upper virtual image display area A3u is
predetermined, and proper image data is generated in con-
formity with the position at which each information should
be displayed in step SA4.

Subsequently, the upper display controller 35# modulates
light emitted from the upper light source 16« on the basis of
the image data generated in step SA4 through the upper
optical modulator 17« of the upper projection unit 15, and
then projects an image (light) from the upper projection
optical system 18u, thereby displaying the virtual images
G4, G5 and G6 in the lower virtual image display arca A3/
(step SAS).

When the parking brake is released after stopping, the
upper display controller 35« stops the display of the virtual
image in the upper virtual display area A3w, and then
prohibits the display of the virtual image in the area con-
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cerned. Accordingly, the virtual image is displayed in the
upper virtual display area A3u only during stopping.

As described above, in this embodiment, virtual images
associated with information on the speed of the vehicle 10
and information relating to the driving such as information
on navigation, information on the traveling condition of the
vehicle 10, etc. are displayed in the lower virtual image
display area A3/. Furthermore, virtual images associated
with information on mails, entertainment-based information
(information containing information other than the informa-
tion on the driving) such as information on news, informa-
tion on reproduction of the in-vehicle audio device 28, etc.
are displayed in the upper virtual image display area A3u.
The reason for this is as follows. That is, with respect to a
virtual image displayed in the upper virtual image display
area A3u, during stopping of the vehicle, the vehicle occu-
pant can visually recognize the virtual image without drop-
ping his/her eyes and with relax while leaning against the
seat backrest of the vehicle 10 and resting the back of the
head of the vehicle occupant on a head rest. Therefore,
during stopping, the vehicle occupant can more conformably
visually recognize the virtual image displayed in the upper
virtual image display area A3u as compared with a virtual
image displayed in the lower virtual image display area A3/.
In consideration of this, the vehicle head-up display device
1 according to this embodiment displays the virtual image
associated with each information described above in the
upper virtual image display area A3u.

On the other hand, it is improper to display a virtual image
in the upper virtual display area A3u during the driving. In
consideration of this, the vehicle head-up display device 1
according to this embodiment executes display of a virtual
image in the upper virtual image display area A3u during
only stopping.

As described above, the vehicle head-up display device 1
according to this embodiment displays plural virtual images
different in focal distance.

According to this construction, as described above, it is
possible that the focal distance of the virtual image dis-
played at the upper side is set to be longer than the focal
distance of the virtual image displayed at the lower side in
the front windshield corresponding area A1, thereby enhanc-
ing the comfort of the vehicle occupant. That is, proper
display can be performed in consideration of the character-
istic that the vehicle head-up display device 1 is mounted in
a vehicle.

The vehicle head-up display device 1 according to this
embodiment projects light to the projection face 13 formed
on the front windshield 11, and displays a virtual image in
the front windshield corresponding area Al as the area
corresponding to the front windshield 11. In this embodi-
ment, plural virtual display areas which are different in focal
distance of a virtual image to be displayed, that is, the upper
virtual image display area A3u and the lower virtual image
display area A3/ are formed in the front windshield corre-
sponding area Al.

According to this construction, a virtual image having a
proper focal distance can be displayed every thus-formed
virtual display area.

In this embodiment, the projection face 13 is formed on
the front windshield 11. However, the projection face is not
necessarily formed on the front windshield 11, and it may be
formed on a member which is provided so as to correspond
to the front windshield 11. For example, a dedicated half
mirror may be provided as the projection face 13 at a proper
position in the neighborhood of the front windshield 11, so
that virtual images are formed in the upper virtual display
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area A3u and the lower virtual image display area A3/ by
projecting light to the half mirror.

Furthermore, in this embodiment, with respect to the
plural virtual image display areas (the upper virtual image
display area A3u and the lower virtual image display area
A3]) formed in the front windshield corresponding area Al,
the focal distance of the virtual image displayed in the
virtual image display area (the upper virtual image display
area A3u) located at the upper side is set to be longer than
the focal distance of the virtual image displayed in the
virtual image display area (the lower virtual image display
area A3/) located at the lower side.

The reason for this is as follows. With respect to targets
which are visually recognized through the front windshield
11, the probability that a target located at the upper side
exists at a nearer position than a target located at the lower
side is high, and in consideration of this characteristic, the
focal distance of the virtual image displayed at the upper
side is set to be longer than the focal distance of the virtual
image displayed at the lower side, whereby the load imposed
on the vehicle occupant when the vehicle occupant focuses
his/her eyes.

In this embodiment, at least the upper virtual image
display area A3u formed in the area corresponding to the
upper area of the front windshield 11 and the lower virtual
image display area A3/ formed in the area corresponding to
the lower area of the front windshield 11 are formed in the
front windshield corresponding area Al.

According to the foregoing, a virtual image having a
proper focal distance corresponding to a position in the front
windshield corresponding area Al can be displayed in each
of the upper virtual image display area A3« and the lower
virtual image display area A3/

Furthermore, in this embodiment, a virtual image associ-
ated with information relating to the driving is displayed in
the lower virtual image display area A3/, and a virtual image
associated with information containing information other
than the information relating to the driving is displayed in
the upper virtual image display area A3u.

According to this construction, the virtual image dis-
played in the upper virtual image display area A3u can be
visually recognized with relax by the vehicle occupant.

Furthermore, in this embodiment, the traveling state
detector 20 (the traveling state detecting means) for detect-
ing the traveling state is provided, and the vehicle head-up
display device 1 displays a virtual image in the upper virtual
image display area A3u when the traveling state detector 20
detects that the vehicle 10 is under stopping.

According to this construction, considering that it is
improper to display a virtual image in the upper virtual
image display area A3w during the driving, display of a
virtual image in the upper virtual image display areas A3u
can be executed only during the stopping.

Still furthermore, in this embodiment, the projection unit
for projecting light (image light) for displaying a virtual
image is provided for each of the plural virtual image display
areas formed in the front windshield corresponding area Al.

Accordingly, the focal distance of the virtual image to be
displayed can be surely different among the plural virtual
image display areas with a simple construction.

In this embodiment, the projecting portion is provided
every virtual image display area to display virtual images
whose focal distances are different among the virtual image
display areas. However, the construction for displaying
virtual images whose focal distances are different among the
virtual image display areas is not limited to the above
construction. For example, it may be implemented by oper-
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ating a projection optical system based on one projecting
unit and a reflection lens or by using software-based means.

Modification of First Embodiment

Next, a modification of the first embodiment will be
described.

In the first embodiment, the types of information associ-
ated with virtual images displayed in the upper virtual image
display area A3u have been described by citing specific
examples, but it is needless to say that the type of informa-
tion is not limited to the above examples. For example, as
shown in FIG. 7(A), a virtual image associated with infor-
mation representing the appellation of a building or the like
which can be visually recognized through the upper portion
of the front windshield 11 may be displayed by using the
technique of AR (Augmented Reality) as shown in FIG.
7(A). Furthermore, as shown in FIG. 7(A), when informa-
tion is achievable from a short sentence contribution infor-
mation service, a contributed short sentence may be dis-
played. In addition, various kinds of distributed information
such as information associated with various kinds of SNS
(Social Networking Service), information on sites of the
Internet, road traffic information, etc., still pictures such as
photographs, etc., moving pictures such as movies, promo-
tion video, etc., may be displayed in the upper virtual image
display area A3u.

Furthermore, in this embodiment, on the basis of a mail
received by the cellular phone 27, the vehicle head-up
display device 1 displays the virtual image G4 associated
with information on a mail in the upper virtual image display
area A3u, and also on the basis of news distributed to the
cellular phone 27, the vehicle head-up display device 1
displays the virtual image G5 associated with information
representing the news in the upper virtual image display area
A3u. However, the vehicle head-up display device 1 or the
in-vehicle navigation device 30 connected to this device
may be configured to directly acquire mails, news or other
entertainment-based information by accessing to an external
server and receiving distribution from the external server. In
this case, the vehicle head-up display device 1 or the
equipment connected to the device 1 may be provided with
a communication module for communicating with the exter-
nal server through a network such as the Internet or the like,
or communicates with the external server through the cel-
Iular phone 27.

As shown in FIGS. 7(B) and 7(C), the focal distance of
the virtual image may be made different between the right
and left sides in the front windshield corresponding area Al.

Describing the examples of FIG. 7(B), (C) in more detail,
an area A4 in which a camera picture for compensating for
a driver’s blind spot is displayed is formed at the lower left
side when the front windshield corresponding area Al is
viewed from the vehicle occupant. In the example of FIG.
7(B), a dedicated camera device for imaging a picture for
compensating the driver’s blind spot is mounted in the
vehicle 10, and a proper input from the camera device to the
vehicle head-up display device 1 can be performed.

The focal distance of a virtual image displayed in the area
A4 is set to be shorter than the focal distance of a virtual
image displayed at the right side of the area A4. For
example, the focal distance of a virtual image displayed in
the area A4 in FIG. 7(B) is set to be shorter than the focal
distance of a virtual image G7 displayed in FIG. 7(C).

That is, the picture for compensating for the driver’s blind
spot is a picture which is assumed to be visually recognized
when the vehicle 10 is started to move, backed, stopped or
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the like. In such a situation, the driver visually recognizes
meters provided to the vehicle 10, the state of a gear or the
like or visually recognizes the neighborhood of the vehicle
10 in many cases. When the driver who visually recognizes
the meters, the state of the gear or the like visually recog-
nizes the virtual image, the load imposed on the driver who
focuses his/her eyes can be reduced by shortening the focal
distance of the virtual image displayed in the area A4.

In order to set the focal distance of the virtual image
displayed in the area A4 to be shorter than the focal distance
of'the virtual image displayed at the right side of the arca A4,
a projecting unit for displaying the virtual image in the area
A4 may be provided.

As described above, proper display based on the fact that
the vehicle head-up display device 15 is provided in the
vehicle 10 can be performed by making the focal distance of
the virtual image different between the right and left sides.

When the field of vision through the front windshield 11
is bad due to night or because the vehicle 10 exists in a
tunnel or the like, a virtual image on the driving may be
displayed in the upper virtual image display area A3u during
traveling.

For example, when the brightness of the surrounding of
the vehicle 10 is detected by using an illuminance sensor or
the like and the brightness is equal to a predetermined
threshold value or less, a virtual-image displayable area is
set with respect to a predetermined area in the upper virtual
image display area A3. A virtual image associated with
information on the driving, for example, information repre-
senting the presence or absence of a pedestrian, information
representing a road condition (for example, the shape of a
road, the presence or absence of a preceding vehicle, road
congestion or the like) or information on navigation is
displayed in the area concerned. As means for acquiring the
information associated with the virtual image to be dis-
played may be used any means, for example, means for
acquiring the information on the basis of an output of the
camera 23, means for acquiring the information through a
network or the like.

By maximizing the use of the characteristic that the focal
distance of the virtual image displayed in the upper virtual
image display area A3/ is long, the virtual image can be
displayed in a proper style even under a condition that the
field of vision through the front windshield 11 is bad with the
construction as described above.

Second Embodiment

Next, a second embodiment will be described.

FIG. 8 is a schematic diagram which shows, in a suitable
style for description, the construction of the vehicle head-up
display device 15 according to the second embodiment and
an area in which a virtual image is displayed by the device.
With respect to constituent elements of the vehicle head-up
display device 15 according to the second embodiment, the
same constituent elements as the vehicle head-up display
device 1 according to the first embodiment are represented
by the same reference numerals, and the description thereof
is omitted.

As shown in FIG. 8, the vehicle head-up display device 16
has a projection unit 15m for projecting light for a virtual
image, and the projection unit 15m has a light source 16m,
an optical modulator 17m and a projection optical system
18m. An image (light) emitted from the projection optical
system 18m is projected to the projection face 13 formed on
the front windshield 11 through a reflection mirror 12m to
form a virtual image (image).
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As shown in FIG. 8, a virtual image displayable area A5
is formed in the front windshield corresponding area Al.
The virtual image displayable area A5 is the maximum area
where a virtual image can be displayed by the projection unit
15m. That is, the projection unit 15m can display a virtual
image (image) at any position within the virtual image
displayable area AS.

In the virtual image displayable area A5, the lower virtual
image display area A3/ described in the first embodiment is
formed in the area corresponding to the lower area of the
front windshield 11.

FIG. 9 is a block diagram showing the functional con-
struction of the vehicle head-up display device 15.

As is apparent from the comparison between FIGS. 3 and
9, the controller 21 of the vehicle head-up display device 15
according to this embodiment has a display controller 35m
in place of the upper display controller 35x and the lower
display controller 35/

Next, the operation of the vehicle head-up display device
15 will be described.

As in the case of the first embodiment, in the vehicle
head-up display device 15 according to this embodiment,
only the lower virtual image display area A3/ is set as an area
for displaying a virtual image while the vehicle 10 travels
(=a period excluding a period when the vehicle is stopped
with the parking brake being activated). Accordingly, the
display of a virtual image at a proper position which
considers the situation that the vehicle 10 is under traveling
is performed. During traveling, the virtual image associated
with the information on the driving is displayed in the lower
virtual image display area A3/ as shown in the examples of
FIGS. 4(A), (B).

On the other hand, when the vehicle 10 stops, the vehicle
head-up display device 15 performs the following operation.

FIG. 10 is a flowchart showing the operation of the
vehicle head-up display device 15 when the vehicle 10 under
traveling stops. It is assumed that the vehicle 10 is traveling
at the start time point of the flowchart of FIG. 10.

Referring to FIG. 10, the display controller 35m of the
controller 21 monitors on the basis of an input from the
traveling state detector 20 whether the vehicle 10 is stopped
under the state that the parking brake is activated (step SB1).
When the vehicle 10 stops (step SB1: YES), the controller
21 releases prohibition of display of virtual images in the
areas other than the lower virtual image display area A3/,
and allows display of virtual images in the whole area of the
virtual image displayable area A5 (step SB2). That is, the
whole area of the virtual image displayable area AS is set as
the virtual-image displayable area.

Subsequently, the display controller 35m controls the
projection unit 15m to display a proper image (step SB3). At
this time, the display controller 35m can also display a
virtual image in an area other than the lower virtual image
display area A3/

For example, it is assumed that a virtual image associated
with a television picture is set to be displayed in an area A6
from the center of the virtual image displayable area A5 to
the upper portion thereof (see FIG. 11) while the vehicle 10
stops with the parking brake being activated). The vehicle 10
is provided with a television device, and the vehicle head-up
display device 15 is assumed to receive a proper input from
the television device. In this case, the display controller 35m
displays a virtual image associated with a television picture
in the area from the center of the virtual image displayable
area A5 to the upper portion thereof as shown in FIG. 11.

The following effect can be achieved by performing the
operation as described above.
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That is, during traveling of the vehicle 10, the state that a
virtual image is displayed in a limited proper area is main-
tained. During stopping of the vehicle 10, a virtual image is
allowed to be displayed in an area which corresponds to the
virtual image displayable area A5 and is remarkably broader
and easier to be visually recognized by the vehicle occupant
as compared with the lower virtual image display area A3/.
Therefore, as compared with a case where virtual images are
displayed in only the lower virtual image display area A3/,
a larger variety of information can be supplied to the vehicle
occupant. Furthermore, for example, when a virtual image
associated with a movie or promotion video picture is
displayed, pictures having presence can be supplied.

The area which enables display of a virtual image during
stopping is not limited to the virtual image displayable area
AS5. For example, the area corresponding to the upper virtual
image display area A3u of the first embodiment described
above may be set as the area which enables display of a
virtual image during stopping. That is, the virtual image is
allowed to be displayed in the area other than the lower
virtual image display area A3/, whereby the effect described
above can be achieved.

Furthermore, the information associated with the virtual
image displayed during stopping is not limited to the above
examples. That is, any information such as mails, informa-
tion relating to news distribution, contents which are
described as examples in the first embodiment may be used.

The invention described with reference to the second
embodiment is applicable to vehicle head-up display devices
whose types are different from the type of vehicle head-up
display device for forming a virtual image by projecting
light to the projection face. For example, the present inven-
tion is applicable to a vehicle head-up display device in
which the front windshield 11 is constructed by a translucent
type liquid panel or other types of panels and an image is
directly displayed on the shield. That is, the present inven-
tion is broadly applicable to a vehicle head-up display
device for displaying an “image” such as a virtual image, a
picture or the like.

As described above, the vehicle head-up display device
15 according to this embodiment changes the mode of the
area for displaying the virtual image (image) in accordance
with the traveling state detected by the traveling state
detector 20.

According to this embodiment, the virtual image can be
displayed in only the proper area corresponding to the
traveling state of the vehicle 10. That is, the vehicle head-up
display device 15 can perform proper display based on the
fact that the vehicle head-up display device 15 is mounted in
the vehicle 10.

In this embodiment, the vehicle head-up display device 15
changes the mode of the area for displaying the virtual image
(image) in the front windshield corresponding area Al
according to the traveling state detected by the traveling
state detector 20.

More specifically, when it is detected by the traveling
state detector 20 that the vehicle 10 is under traveling, the
area corresponding to the lower area of the front windshield
11 is set as a virtual-image (image) display area, and when
it is detected by the traveling state detector 20 that the
vehicle 10 is under stopping, the area containing the area
other than the lower portion of the front windshield 11 is set
as the virtual-image (image) display area.

Accordingly, during traveling of the vehicle 10, the state
that a virtual image is displayed in a limited proper area is
maintained. During stopping of the vehicle 10, a virtual
image can be displayed in an area which is remarkably
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broader and easier to be visually recognized by the vehicle
occupant as compared with the lower virtual image display
area A3/, which corresponds to the virtual image displayable
area AS. Therefore, as compared with the case where a
virtual image is displayed in only the lower virtual image
display area A3/, a larger variety of information can be
supplied to the vehicle occupant. Furthermore, for example
when a virtual image associated with a movie or a promotion
video picture is displayed, pictures giving presence can be
supplied.

The above-described embodiments merely show a mode
of the present invention, and any modification and applica-
tion may be made within the present invention. For example,
the vehicle head-up display device may be configured by
combining at least a part of the technique described with
reference to the first embodiment and at least a part of the
technique described with reference to the second embodi-
ment. For example, in the vehicle head-up display device 1
according to the first embodiment, the display modes of the
upper virtual image display area A3u and the lower virtual
image display area A3/ may be changed in accordance with
the traveling state of the vehicle 10.

DESCRIPTION OF REFERENCE NUMERALS

1, 15 vehicle head-up display device

10 vehicle

11 front windshield

13 projection face

15/ lower projection unit

15m projection unit

154 upper projection unit

20 traveling state detector (traveling state detecting

means)

21 controller

35/ lower display controller

35m display controller

35u upper display controller

A1 front windshield corresponding area

A3/ lower virtual image display area (virtual image dis-

play area)

A3u upper virtual image display area (virtual image

display area)

The invention claimed is:

1. A vehicle head-up display device comprising:

a projection unit projecting light to form an upper virtual
image display area formed in an area corresponding to
an upper area of a front windshield or a projection face
formed on a member that is provided so as to corre-
spond to the front windshield, and a lower virtual image
display area formed in an area corresponding to a lower
area of the front windshield or the projection face
formed on the member that is provided so as to corre-
spond to the front windshield and display a virtual
image in a front windshield corresponding area as an
area corresponding to the front windshield; and

a controller

setting a focal distance of a virtual image to be displayed
in the upper virtual image display area to be longer than
a focal distance of a virtual image to be displayed in the
lower virtual image display area,

setting the focal distance of the virtual image to be
displayed in the upper virtual image display area to be
a focal distance corresponding to a focal point of
vehicle occupant’s eyes when the vehicle occupant
visually recognizes a target through the area corre-
sponding to the upper virtual image display area,

10

25

30

35

40

45

50

55

60

65

16

setting the focal distance of the virtual image to be
displayed in the lower virtual image display area to be
a focal distance corresponding to a focal point of the
vehicle occupant’s eyes when the vehicle occupant
visually recognizes a target through the area corre-
sponding to the lower virtual image display area,

displaying a virtual image associated with information
other than information relating to driving in the upper
virtual image display area during stopping of a vehicle,
and

prohibiting display of the virtual image associated with
the information other than the information relating to
the driving in the upper virtual image display area
during not stopping of the vehicle,

wherein the controller is connected with an illuminance
sensor to detect brightness of surrounding of the
vehicle,

when the brightness is equal to or less than a predeter-
mined threshold value, and when the vehicle is travel-
ing, the virtual image associated with the information
relating to the driving is displayed in the upper virtual
image display area,

the focal distance of the virtual image in the upper virtual
image display area is long when the virtual image is
displayed in a condition that the brightness is equal to
or less than the predetermined threshold value,

wherein the front windshield is divided at a center in a
lateral direction into a right area and a left area of the
front windshield,

wherein the controller forms a right-side virtual image
display area in an area corresponding to the right area
of the front windshield and a lefi-side virtual image
display area in an area corresponding to the left area of
the front windshield which are away from one another,
and virtual images to be displayed in the right-side
virtual image display area and the left-side virtual
image display area are different in focal distance.

2. The vehicle head-up display device according to claim
1, wherein with respect to a plurality of virtual image display
areas formed in the front windshield corresponding area, the
projection unit for projecting light is provided for each of the
areas.

3. A vehicle head-up display device comprising:

a projection unit projecting light to form an upper virtual
image display area formed in an area corresponding to
an upper area of a front windshield or a projection face
formed on a member that is provided so as to corre-
spond to the front windshield, and a lower virtual image
display area formed in an area corresponding to a lower
area of the front windshield or the projection face
formed on the member that is provided so as to corre-
spond to the front windshield and display a virtual
image in a front windshield corresponding area as an
area corresponding to the front windshield;

a blind spot image projection unit projecting light to form
a virtual image display area formed in the lower virtual
image display area of the front windshield correspond-
ing area so as to display a blind spot image for
compensating a vehicle occupant’s blind spot; and

a controller

setting a focal distance of a virtual image to be displayed
in the upper virtual image display area to be longer than
a focal distance of a virtual image to be displayed in the
lower virtual image display area,

setting the focal distance of the virtual image to be
displayed in the upper virtual image display area to be
a focal distance corresponding to a focal point of
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vehicle occupant’s eyes when the vehicle occupant
visually recognizes a target through the area corre-
sponding to the upper virtual image display area,

setting the focal distance of the virtual image to be
displayed in the lower virtual image display area to be
a focal distance corresponding to a focal point of the
vehicle occupant’s eyes when the vehicle occupant
visually recognizes a target through the area corre-
sponding to the lower virtual image display area,

displaying a virtual image associated with information
other than information relating to driving in the upper
virtual image display area during stopping of a vehicle,
and

prohibiting display of the virtual image associated with
the information other than the information relating to
the driving in the upper virtual image display area
during not stopping of the vehicle,

wherein the controller is connected with an illuminance
sensor to detect brightness of surrounding of the
vehicle,

when the brightness is equal to or less than a predeter-
mined threshold value, and when the vehicle is travel-
ing, the virtual image associated with the information
relating to the driving is displayed in the upper virtual
image display area,

5
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the focal distance of the virtual image in the upper virtual
image display area is long when the virtual image is
displayed in a condition that the brightness is equal to
or less than the predetermined threshold value,

wherein the controller is connected with at least one
camera device, which is mounted in the vehicle, and the
blind spot image for compensating the vehicle occu-
pant’s blind spot is transmitted from the camera device
to the blind spot image projection unit, and

the blind spot image projection unit displays the blind

spot image for compensating for the vehicle occupant’s
blind spot in the lower virtual image display area of the
front windshield corresponding area.

4. The vehicle head-up display device according to claim
3, wherein the front windshield corresponding area as area
corresponding to the front windshield is divided at a center
in a lateral direction into a left area and a right area,

the blind spot image projection unit displays the blind

spot image in the left area of the lower virtual image
display area, and

a focal distance of the blind spot image displayed in the

left area of the lower virtual image display area is set
to be shorter than a focal distance of the right area of
the front windshield corresponding area.

#* #* #* #* #*



