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IMAGE DISPLAY APPARATUS FOR
VEHICLE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present mvention relates to an 1image display appa-
ratus for a vehicle which 1s mounted on a vehicle or the like

and 1s suitable for displaying various types ol image infor-
mation.

BACKGROUND ART

In recent years, as one of techniques for superimposing
images on each other 1 a real space, an image display
apparatus for a vehicle (so-called head up display (herein-
alter referred to as HUD)) for displaying various informa-
tion on a front glass (also referred to as a windshield) of the
vehicle has been put 1nto practical use. For example, infor-
mation for the driver 1s provided as image information to be
displayed, thereby being capable of supporting the driving
operation of the vehicle.

In a basic configuration of the HUD, an optically gener-
ated 1mage 1s projected onto the windshield, the reflected
image light 1s incident on driver’s eyes, and the dniver
visually recognizes the virtual image 1n front of the wind-
shield. In this situation, the appearance of the image (virtual
image) varies depending on a position (eye point) of the
driver’s eyes. In other words, if a direction of the image light
projected from the HUD does not match the position of the
driver’s eyes, the driver cannot visually recognize the image
normally.

Therefore, in order to adjust the projection direction
according to the position of the driver’s eyes, the HUD 1s
provided with a mirror (concave mirror) for retlecting the
generated 1mage light toward the windshield and a mirror
drive mechanism for changing the angle of the mirror ({or
example, refer to Patent Literature 1).

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 2003-
107391

SUMMARY OF INVENTION

Technical Problem

In the conventional HUD including PTL 1, although a
mirror drive mechanism for changing the angle of the mirror
1s provided, the mirror drive mechanism has only a function
to rotate the mirror. For that reason, the driver can adjust the
angle of the mirror according to a height of his eyes to set
the 1image (virtual image) to be visually recognized, but the
appearance of the image changes. For example, a reflection
position on the windshield surface or a position at which the
virtual 1mage 1s formed 1s moved, resulting 1n a possibility
of blocking a part of a front viewing field necessary for

10

15

20

25

30

35

40

45

50

55

60

65

2

driving. In addition, an angle (depression angle) at which to
look down on the image changes, which may cause the
driver to feel uncomiortable.

There are also cases in which the display position of the
image 1s desirable to be moved according to not only the
position of the driver’s eyes but also the driving operation
and the road condition. A display position moving function
for that purpose 1s also required to be realized with a simple
structure.

It 1s an object of the present invention to provide an 1mage
display apparatus for a vehicle which can visually recognize

an 1mage more suitably with a simple structure even 1f a
position of driver’s eyes changes.

Solution to Problem

According to the present invention, 1n order to solve the
above problem, there 1s provided an 1image display apparatus
for a vehicle which 1s mounted on a vehicle, projects an
image light on a windshield, and forms a virtual 1mage 1n
front of the windshield to display an image for a driver,
including: an 1image display unit that includes a light source
and a display element and emits the 1mage light; a mirror
that retlects the 1image light emitted from the image display
unit toward the windshield; a mirror drive unit that changes
an angle and a position of the mirror; and a control unit that
determines change amounts 1n the angle and the position of
the mirror and controls the mirror drive unit, in which the
control umt determines the change amounts 1n the angle and
the position of the mirror in conjunction with each other to
cnable the virtual image to be visually recognized and
prevent a display state of the image for the driver from
changing even if a position of the driver’s eyes changes.

It 1s preferable that the mirror drive unit includes a link
mechanism having three rotary motors which rotate the
mirror and two movable arms which couple the rotary
motors with each other.

Advantageous Elflects of Invention

According to the present invention, there can be provided
an 1mage display apparatus for a vehicle which can visually
recognize an image more suitably with a simple structure
even 1f the position of the driver’s eyes changes.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram illustrating an outline of a
head up display mounted on a vehicle.

FIG. 2 1s a block diagram showing an internal configu-
ration of a head up display 100.

FIG. 3 1s a diagram showing an example of a hardware
configuration relating to acquisition of vehicle information.

FIG. 4 1s a schematic diagram showing an image display
state by the head up display.

FIG. 5 are flowcharts showing a basic operation of the
head up display.

FIG. 6 are flowcharts showing the details of a process 1n
FIG. 5.

FIG. 7 1s a diagram 1llustrating a conventional mirror
adjustment method 1.

FIG. 8 1s a diagram 1illustrating a mirror adjustment
method 2 according to the present example (Example 1).

FIG. 9 1s a diagram 1illustrating a mirror adjustment
method 3 according to the present example.

FIG. 10 1s a diagram 1illustrating a mirror adjustment
method 4 according to the present example.
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FIG. 11 are diagrams showing an example of an adjust-
ment mechanism of a mirror drive unit 4.

FI1G. 12 are diagrams 1llustrating an adjustment operation
by the adjustment mechanism of FIG. 11(b).

FIG. 13 1s a diagram showing an analysis model of a
mirror adjustment mechanism.

FI1G. 14A 15 a diagram showing analysis results in the case
of the mirror adjustment method 1 (conventional).

FIG. 14B 1s a diagram showing the analysis results 1n the
case of the mirror adjustment method 1 (conventional).

FIG. 15A 15 a diagram showing analysis results in the case
of the mirror adjustment method 2 (the present example).

FIG. 15B 1s a diagram showing the analysis results 1n the
case¢ of the mirror adjustment method 2 (the present
example).

FIG. 16 A 1s a diagram showing analysis results in the case
of the mirror adjustment method 3 (the present example).

FIG. 16B 1s a diagram showing the analysis results 1n the
case of the mirror adjustment method 3 (the present
example).

FIG. 17 A 1s a diagram showing analysis results in the case
of the mirror adjustment method 4 (the present example).

FIG. 17B 1s a diagram showing the analysis results 1n the
case of the mirror adjustment method 4 (the present
example).

FIG. 18 1s a diagram showing an example ol various
sensors 1n the vehicle used for automatic mirror adjustment
(Example 2).

FIG. 19 are flowcharts showing the operation of the
automatic mirror adjustment.

FIG. 20 15 a block diagram showing an internal configu-
ration of a head up display according to an example 3.

FIG. 21 1s a block diagram showing an example of a
hardware configuration relating to acquisition of vehicle
information.

FIG. 22 1s a diagram showing an example of an image
display state as viewed from a driver’s seat.

FI1G. 23 1s a cross-sectional view showing a video display
operation 1n a vehicle.

FIG. 24 1s a top view of an inside of the vehicle showing
the 1mage display operation.

FIG. 25A are diagrams showing a specific drive mecha-

nism of an HUD drive unait.

FIG. 25B are diagrams showing a specific drive mecha-
nism of the HUD drive unit.

FIG. 26 1s a flowchart showing a display area moving
operation by HUD position adjustment.

FIG. 27 1s a diagram showing an example of an image
display state as viewed from a driver’s seat according to an
example 4.

FIG. 28 1s a cross-sectional view of the inside of the
vehicle showing the 1mage display operation.

FIG. 29 1s a flowchart showing a display area moving
operation by adjusting a projection angle and a mirror
position.

FIG. 30 1s a diagram showing an example of an image
display state as viewed from a dniver’s seat according to an
example 5.

FIG. 31 1s a cross-sectional view of the inside of the
vehicle showing the image display operation.

FIG. 32 1s a flowchart showing a display area moving
operation by switching a dimming mirror between a retlec-
tive state and a non-reflective state.

FIG. 33 1s a diagram showing an example of an image
display state as viewed from a driver’s seat according to an
example 4.
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FIG. 34 1s a cross-sectional view of the inside of the
vehicle showing the image display operation.

FIG. 35 1s a flowchart showing an enlarged image display
operation by mirror movement.

DESCRIPTION OF EMBODIMENTS

First, a basic configuration of an image display apparatus
for a vehicle will be described.

FIG. 1 1s a schematic diagram illustrating an outline of a
head up display (heremafter referred to as HUD) which 1s
mounted on a vehicle. The HUD 100 mounted on the vehicle
1 projects an 1mage light generated by an image display
device 2 onto a front glass (hereinafter referred to as
windshield 7) of the vehicle 1 through a mirror 3. The 1image
light reflected by the windshield 7 1s incident on drniver’s
eyes, and the driver visually recognizes the image from the
HUD. The mmage to be displayed includes Information
related to driving and supports a driving operation. The
inside of the HUD 100 includes a vehicle information
acquisition unit 3 that acquires various kinds of vehicle
information 50, a control umt 10 that generates image
information to be displayed based on the vehicle information
50, a mirror drive unit 4 that drives the mirror 3, a speaker
6 that outputs voice information to the driver, and so on. The
vehicle information 50 includes speed information and gear
information indicating a driving condition of the vehicle as
well as operation signals by the operator such as an HUD
display on/off signal and an HUD mirror adjustment signal
associated with adjustment of the mirror 3 of the HUD.

FIG. 2 1s a block diagram showing the internal configu-
ration of the HUD 100. Various types of vehicle information
50 are mput to the vehicle information acquisition unit 3 and
transmitted to the control unit 10. An electronic control unit
(ECU) 11 1nside the control unit 10 generates an 1mage
signal to be displayed by the HUD based on the input vehicle
information. In addition, the electronic control unit 11
generates a control signal for the mirror 3 and a voice signal
of the speaker 6 based on the vehicle information. The image
display device 2 includes a light source 21 such as an LED
or a laser, an 1llumination optical system 22, and a display
clement 23 such as a liquid crystal element, and emits an
image light generated by the display element 23 toward the
mirror 3.

The control unit 10 includes a voice output unit 12 that
outputs a voice signal to the speaker 6, a nonvolatile
memory 13 that stores a program to be executed by the ECU
11, a memory 14 that stores image information and control
information, a light source adjustment unit 15 that controls
the light source 21 of the image display device 2, a distortion
correction unit 16 that corrects a distortion of the image
signal to be displayed, a display element drive unit 17 that
drives the display element 23 based on the corrected image
signal, a mirror adjustment unit 18 that outputs a drive signal
to the mirror drive unit 4, a centroid calculation unit 19 that
calculates a centroid position of the driver, and the like.

FIG. 3 1s a diagram showing an example of a hardware
configuration relating to acquisition of the vehicle informa-
tion 50 1 the HUD. A hardware configuration of parts of the
vehicle information acquisition unit 5 and the control unit 10
will be shown i FIG. 3. The vehicle information 50 1s
acquired by an information acquisition device such as vari-
ous types of sensors that are connected to the ECU 11 under
the control of the ECU 11, for example.

The mnformation acquisition devices include, for example,
a vehicle speed sensor 101, a shift position sensor 102, a
steering wheel angle sensor 103, a headlight sensor 104, an
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1lluminance sensor 105, a chromaticity sensor 106, a ranging
sensor 107, an inirared sensor 108, an engine start sensor
109, an acceleration sensor 110, a gyro sensor 111, a
temperature sensor 112, a road-to-vehicle communication
wireless receiver 113, a vehicle-to-vehicle communication
wireless receiver 114, a camera (inside of the vehicle) 115,
a camera (outside of the vehicle) 116, a GPS receiver 117,
a VICS (vehicle information and communication system
(registered trademark)) receiver 118, a load sensor 119, a
posmon sensor 120, an HUD display on/ofl sensor 121, an
HUD mirror adjustment sensor 122, and so on. However, all
of those devices are not always prowded and other types of
device may be provided. The vehicle information 50 that can
be acquired by the provided devices may be approprately
used.

The vehicle speed sensor 101 acquires speed information
of the vehicle 1. The shift position sensor 102 acquires
current gear information of the vehicle 1. The steering wheel
angle sensor 103 acquires steering wheel angle information.
The headlight sensor 104 acquires lamp lighting information
relating to on/ofl of the headlight. The 1lluminance sensor
105 and the chromaticity sensor 106 acquire external light
information. The ranging sensor 107 acquires distance infor-
mation between the vehicle 1 and an external object. The
infrared sensor 108 acquires infrared information relating to
the presence or absence of the object and a distance to the
object at a short distance of the vehicle 1. The engine start
sensor 109 detects engine on/ofl information.

The acceleration sensor 110 and the gyro sensor 111
acquire acceleration gyro information including acceleration
and angular velocity as information on a posture and behav-
ior of the vehicle 1. The temperature sensor 112 acquires
temperature information inside and outside the vehicle 1.
The road-to-vehicle communication wireless receiver 113
and the vehicle-to-vehicle communication wireless receiver
114 acquire road-to-vehicle communication information
received by a road-to-vehicle communication between the
vehicle 1 and roads, signs, signals, and the like, and a
vehicle-to-vehicle communication information received by a
vehicle-to-vehicle communication between the vehicle 1
and other surrounding vehicles, respectively.

The camera (inside of the vehicle) 115 and the camera
(outside of the vehicle) 116 capture moving i1mages of
situations 1nside ol and outside of the vehicle, respectively,
and acquire camera image information (inside of the vehicle/
outside of the vehicle). The camera (inside of the vehicle)
115 1mages, for example, a posture of the driver, the position
and movement of the eyes, and so on. The obtained moving
image 1s analyzed, thereby being capable of grasping a
fatigue situation of the driver, the position of a visual line,
and so on. Also, the camera (outside of the vehicle) 116
images surrounding situations of the front and rear of the
vehicle 1. The obtained moving 1mage 1s analyzed, thereby
being capable of grasping, for example, the presence or
absence of moving objects such as other vehicles and
persons around the vehicle 1, buildings and terrain, and road
surface conditions (rain and snow cover, freezing, irregu-
larities, or the like) and the like.

The GPS receiver 117 and the VICS receiver 118 acquire
GPS information obtained by receiving a GPS signal and
VICS mformation obtained by receiving a VICS signal,
respectively. The GPS receiver 117 and the VICS receiver
118 may be implemented as a part of a car navigation system
acquiring and using those pieces ol information.

The load sensor 119 and the position sensor 120 detect the
position and posture of the driver. The HUD display on/off
sensor 121 detects whether a power supply of the HUD 1s on
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or off. The HUD mirror adjustment sensor 122 detects an
adjustment signal of the HUD muirror and acquires informa-
tion as to whether a mirror adjustment process i1s to be
executed or not.

In addition, although various types of sensors exist out-
side the HUD, the sensors (121, 122, and so on) related to
the HUD may be provided inside the HUD.

FIG. 4 1s a schematic diagram showing an image display
state by the HUD. An image light for display 1s emitted from
the 1mage display device 2 installed at a bottom of a
dashboard of the vehicle 1. The image light 1s reflected by
a first mirror 3b and a second mirror 3a (for example, a
concave mirror, a free curved surface mirror, a mirror having
an asymmetric shape i an optical axis, or the like), and
projected toward the windshield 7. The first mirror 3b 1s
fixed and the second mirror 3a 1s rotatable by the mirror
drive unit 4. In the following description, the second mirror
3a will be simply referred to as “mirror 3”.

The image light converged and projected from the mirror
3 1s reflected by the windshield 7, enters the driver’s eyes 8,
and forms an 1mage on a retina so that the image can be
visually recognized. In this situation, the driver looks at the
virtual 1mage 9 existing in front of the windshield 7. A
reflection position of the image light in the windshield 7 1s
indicated by reference numeral 70. In other words, the driver
looks at the virtual 1mage 9 in a forward direction of the
reflection position 70.

FIG. 5 are flowcharts showing a basic operation of the
HUD. FIG. 5A shows an 1nitial operation and FIG. 5B shows
a normal operation including various types of adjustments.
The following processing 1s controlled by the electronic
control unit (ECU) 11, and the details of the processing will
be described along the tlow.

In an iitial operation (S100) of (a), when receiving a
signal 1indicating that a power supply (ignition) 1s on from
the engine start sensor 109 (5101), the vehicle information
acquisition unit 5 acquires the vehicle information 50
(5102). First, an appropriate brightness level 1s calculated
according to the external light information by the 1llumi-
nance sensor 105 (5103), and the light source adjustment
unmt 15 1s controlled to set the brightness level of the light
source 21 (5104). In addition, the mformation (for example,
current vehicle speed information) selected by the driver 1s
extracted from the acquired vehicle information 50 to deter-
mine the image to be displayed (S105). The correction of the
image distortion caused by the projection optical system (for
example, a curved surface shape of the windshield 7) is
implemented on the display image by the distortion correc-
tion unit 16 (8106). The drive signal 1s supplied to the
display element 23 by the display element drive unit 17
(5107). It 1s determined whether the on signal has been
received or not, by the HUD display on/off sensor 121
(5108), and the processing waits for the reception of the on
signal (S109). Upon receiving the on signal, the light source
21 of the mmage display device 2 1s turned on, and a
projection display of the image, that 1s, the normal operation
of the HUD starts (S110).

In the normal operation (5S110) of FIG. 5B, the vehicle
information 50 1s subsequently acquired through the vehicle
information acquisition unit 5 (S111). It 1s determined
whether or not the mirror adjustment signal from the HUD
mirror adjustment sensor 122 has been received (Sll2) If
the mirror adjustment signal has been received, the mirror
adjustment process 1s 1implemented (S113). In the mirror
adjustment process, the angle or the like of the mirror 3 i1s
adjusted by the mirror drive unit 4, and the details of the
mirror adjustment process will be described later. Thereatter,
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a brightness level adjustment process (S114) of the display
image and a display image change process (S115) are
implemented, and the display element 1s controlled to update
the display (5116), which will be described 1n detail later. It

1s determined whether the ofl signal has been received or
not, by the on/off sensor 121 (S117), and the processing of
S111 and the subsequent steps 1s repeated until recerving the
ofl signal. Upon receiving the off signal, the light source 21
of the image dlsplay device 2 1s turned ofl and the projection
dlsplay of the image 1s completed (S118).

FIG. 6 are flowcharts showing the details of the process-
ing of FIG. 5, in which (a) shows the mirror adjustment
process (S113), (b) shows the brightness level adjustment
process (S114), and (¢) shows the display image change

process (S115).

In the mirror adjustment process (S200) of (a), upon
receiving the mirror adjustment signal from the HUD muirror
adjustment sensor 122 by the driver’s operation, the mirror
adjustment unit 18 determines the adjustment amount, and
the mirror drive unit 4 rotates the mirror 3 1 a forward
direction (or a reverse direction) (S201). It 1s determined
whether the mirror adjustment signal has disappeared or not
(S202), and the mirror 3 1s continued to rotate during a
pertod of receiving the mirror adjustment signal (S203).
When the driver stops the operation and the signal disap-
pears, the rotation operation of the mirror 3 i1s stopped
(S204) and the adjustment process 1s terminated (S205). The
direction of rotation (forward/reverse) of the mirror 3 1n
S201 1s selectable by the drniver. Alternatively, the rotation
direction (forward/reverse) may be automatically switched
to the other when a rotation end 1s reached. As a result, the
driver can adjust the mirror 3 to an optimum angle while
watching the display image of the HUD

In the brightness level adjustment process (S210) of (b),
an appropriate brightness level 1s calculated according to the
current external light information by the 1llumination sensor
105 (S211). It 1s determined whether a change in the
brightness level 1s necessary or not (S212), and 11 the change
1s necessary (S212), the light source adjustment unit 15 1s
controlled to change and set the brightness level of the light
source 21 (5213). With the above processing, the adjustment
of the brightness level 1s terminated (5214), and thereafter
the 1mage 1s displayed at the changed brightness level.

In the display 1mage change process (5220) of FIG. 6C,
the content of the display image 1s changed based on the
latest vehicle information 50 (S221). For example, the
display speed 1s changed based on the current speed infor-
mation from the vehicle speed sensor, and a guide arrow
display 1s changed based on navigation information from the
GPS receiver or the VICS recerver. It 1s needless to say that
an item to be displayed 1s selectable by the driver, and when
the item has been changed, the content of the display image
1s switched to the content corresponding to the new 1tem. In
the above manner, the display image based on the latest
information 1s determined and supplied to the display ele-
ment 23 (5222), and the change process i1s terminated
(S223).

The above 1s the basic configuration and basic operation
of the image display apparatus for a vehicle (head up
display). Next, a mechanism for suitably adjusting the
rotation and position of the mirror according to the position
of the driver’s eyes 1n the present invention will be described
with reference to examples.

EXAMPLE 1

In an example 1, an example of a mirror adjustment
mechanism of a head up display (HUD) according to the
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present invention will be described. For ease of understand-

ing, the description will be given as compared with a

conventional adjustment mechanism.

FIG. 7 1s a diagram illustrating a conventional mirror
adjustment method 1. The image light emitted from the
image display device 2 1s reflected by the mirror 3, reflected
at the reflection position 70 of the windshield, and 1s incident
on the driver’s eyes 8, and the drniver visibly recognizes the
image light as the virtual image 9. When the position of the
cyes 8 (hereinafter referred to as an eye point) changes to A,
B, and C according to a height of the driver, there 1s a case
in which the image light emitted from the image display
device 2 cannot be 1incident on each eye point or there 1s a
case 1 which a part of the image 1s lost even 1f the 1image
light can be 1incident on the eye point. In order to cope with
the above drawbacks, in the conventional adjustment
method 1, a mechanism 1n which the mirror 3 1s pivoted by
the mirror drive unit 4 1s employed. According to the above
mechanism, the driver can visually recognize the virtual
image 9 by adjusting the rotational position of the mirror 3
to A, B, and C according to the eye point of the driver.

However, 1n the above adjustment method 1, since only
the rotation mechanism of the mirror 1s used, when the
driver visually recognizes the display image, the following
phenomena are mvolved as problems.

(1) Since the retlection position 70 of the windshield moves
to A, B, or C, a position at which the visual line of the
driver crosses the windshield moves.

(2) An angle (heremafter referred to as a depression angle)
of the visual line at which the driver looks down on the
virtual 1mage 9 changes.

(3) The position of the virtual image 9 visually recognized
by the driver moves to A, B, and C.

Any of those movements (changes) will give the driver an
uncomiortable feeling. In the case where the changes of (1)
to (3) are large, since a part of a viewing field ahead of the
windshield necessary for driving may be blocked, which 1s
not preferable. Incidentally, although a mechanism for
adjusting the entire HUD or the entire projection optical
system up and down according to the eye point of the driver
1s also enabled, there 1s a disadvantage that a moving
mechanism 1s 1ncreased 1n size.

Therefore, 1n the present example, the problems described
above are solved by configuring not only the rotation

mechanism of the mirror but also the moving mechanism of
the mirror in the mirror drive unit 4. In other words, the
position of the rotation axis of the mirror can be moved in
the vertical direction and the front and rear direction by the
mirror moving mechanism. Hereinafter, specific adjustment
methods 2, 3, and 4 will be described.

FIG. 8 1s a diagram 1illustrating the mirror adjustment
method 2 according to the present example. In the adjust-
ment method 2, the reflection position 70 of the windshield
1s fixed 1n order to cope with the above problem (1).

The mirror drive unit 4 makes 1t possible to not only rotate
the mirror 3, but also move the mirror rotation axis in the
vertical direction and the front and rear direction. When the
driver’s eye point 8 changes to A, B, and C, the mirror drive
unit 4 combines the rotation and movement of the mirror 3
together as shown in FIG. 8 to set the mirror 3 to states of
A, B, and C. As a result, the retlection position 70 of the
windshield can be fixed to one position without moving.
Meanwhile, a specific example of the setting condition will
be described later.

FIG. 9 1s a diagram 1llustrating the mirror adjustment
method 3 according to the present example. In the adjust-
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ment method 3, 1n order to cope with the above problem (2),
the depression angle of the driver 1s fixed.

When the driver’s eye point 8 changes to A, B, and C, the
mirror drive unit 4 moves the mirror 3 to the positions of A,
B, and C while keeping the rotation angle of the mirror 3
constant as shown 1n FIG. 9, thereby being capable of fixing
the depression angle 01 of the driver at a fixed angle. A
specific example of the setting condition 1n that case will
also be described later.

FIG. 10 1s a diagram 1llustrating the mirror adjustment
method 4 according to the present example. In the adjust-
ment method 4, 1n order to cope with the above problem (3),
the position of the virtual image 9 visually recognized by the
driver 1s fixed.

When the drniver’s eye point 8 changes to A, B, and C, the
rotation and movement of the mirror 3 are combined
together as shown 1n FIG. 10 to set the mirror 3 in the states
of A, B, and C, thereby being capable of fixing the position
of the virtual image 9 visually recognized by the dniver. A
specific example of the setting condition 1n that case will
also be described later.

As described above, according to the adjustment methods
2 to 4, the problems (1), (2) and (3) with the conventional art
can be solved by combining the moving mechamsm of the
mirror 3. Also, the driver can select an appropriate method
from the adjustment methods 2 to 4 according to the driving
condition and the visibility condition and implement the
selected method (in this situation, the adjustment method 1
may be included in an option).

FIG. 11 are diagram showing an example of the adjust-
ment mechanism of the mirror drive unit 4. (a) shows a case
of the conventional adjustment method 1, and (b) shows a
case of the adjustment methods 2 to 4 in the present
example.

In the conventional adjustment mechanism of (a), the
mirror drive umt 4 1s configured to rotate the mirror 3 with
a single rotary motor 40 which 1s attached to a fixed arm 49.
In contrast to the conventional adjustment mechanism, in the
adjustment mechanism of the present example 1n (b), the
mirror drive unit 4 1s configured to rotate and move the
mirror 3 with the use of three rotary motors 41, 42, 43 and
two movable arms 44, 45.

FI1G. 12 are diagrams illustrating the adjustment operation
by the adjustment mechanism 1n FIG. 11(b). As shown 1n (a),
the mirror 3 1s attached to the rotary motor 43, and the rotary
motor 43 1s fixed to a housing through a link mechanism
including the movable arms 44, 45 and the two rotary motors
41, 42. The rotary motors are rotated 1n a predetermined
direction, thereby being capable of descending a height
position of the mirror 3 as shown in (b) and ascending the
height position of the mirror 3 as shown 1n (¢). (d) shows a
movement position L, (X, y) of the mirror 3 by a calculation
formula, 1n which the mirror 3 can be moved to a desired
position according to lengths L, and L, of the movable arms
44 and 45 and rotation angles 0, and 0, of the rotary motors
41 and 42. It 1s needless to say that the rotation angle of the
mirror 3 1s given by the rotation angle 0, of the rotary motor
43.

Since the mirror adjustment mechanism shown in this
example can be realized with a simple structure, the HUD
apparatus can be easily mounted on the vehicle without
being increased 1n size.

Hereinafter, analysis results of the adjustment amount
(position and rotation angle) of the mirror 3 to follow a
change 1n the position of the eye point are shown 1in the
respective adjustment methods 1 to 4.
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FIG. 13 1s a diagram showing an analysis model of the
mirror adjustment mechanism. In the analysis, when the
coordinates of the eye point 8 are set to (X1, Y1), and a
height 1s changed to A (Y1=+100 mm), B (Y1=0 mm) and
C (Y1=-100 mm) 1n a height direction, coordinates (X2, Y2)
and a rotation angle (02) of the mirror 3 to follow the change
of the eye point 8 are obtained. Further, changes in coordi-
nates (X3, Y3) of the reflection position 70 of the wind-
shield, center coordinates (X4, Y4) of the virtual image 9,
and a depression angle (01) at which to look down on the
virtual 1image 9 at that time are calculated.

The preconditions for the analysis are assumed to be 2000
mm 1n a distance to the virtual image 9, 30 deg. in an
inclination angle 00 of the windshield 7, 8 deg. 1n a
depression angle 01 at a reference position (position B) of
the eye point, and the windshield made of a tlat glass. The
conditions for allowing the image to be normally visually
recognized at each eye point are that an incident angle ol
and a reflection angle a2 of the image light at the windshield
reflection position 70 are equal to each other and an optical
path length r1+r2 1s kept constant.

FIGS. 14A and 14B show the analysis results 1n the case
of the mirror adjustment method 1 (conventional) 1n FIG. 7.
The analysis results for the respective eye points A, B, and
C are shown 1n a table 1n FIG. 14A and shown in a graph 1n
FIG. 14B. In the adjustment method 1, the center coordi-
nates (X2, Y2) of the mirror are fixed and only the rotation
angle (02) of the mirror 1s changed. For that reason, all of the
windshield reflection center coordinates (X3, Y3), the
depression angle (01), and the virtual 1image center coordi-
nates (X4, Y4) are changed.

FIGS. 15A and 15B show the analysis results 1n the case
of the mirror adjustment method 2 (one of the examples) of
FIG. 8. The analysis results for the respective eye points A,
B, and C are shown 1n a table in FIG. 15A, and shown 1n a
graph 1n FIG. 15B. In the adjustment method 2, the center
coordinates (X2, Y2) of the mirror and the rotation angle
(02) of the mirror are changed so that the windshield
reflection center coordinates (X3, Y3) are kept constant.

FIGS. 16 A and 16B show the analysis results in the case
of the mirror adjustment method 3 (one of the examples) of
FIG. 9. The analysis results for the respective eye points A,
B, and C are shown 1n a table in FIG. 16A, and shown 1n a
graph 1n FIG. 16B. In the adjustment method 3, the center
coordinates (X2, Y2) of the mirror are changed so that the
depression angle (01) 1s kept constant. In that method, the
rotation angle (02) of the mirror 1s kept constant.

FIGS. 17A and 17B show the analysis results 1n the case
of the mirror adjustment method 4 (one of the examples) of
FIG. 10. The analysis results for the respective eye points A,
B, and C are shown 1n a table in FIG. 17A, and shown 1n a
graph In FIG. 17B. In the adjustment method 4, the center
coordinates (X2, Y2) of the mirror and the rotation angle
(02) of the mirror are changed so that the virtual 1image
center coordinates (X4, Y4) are kept constant.

In this manner, the adjustment amounts of the center
coordinates (X2, Y2) and the rotation angle (02) of the
mirror to follow the change 1n the eye point are different
among the respective adjustment method 2 to 4 and values
of the center coordinates (X2, Y2) and the rotation angle
(02) are required to be changed in conjunction with each
other. Therefore, 1n the mirror adjustment unit 18, the
adjustment amounts of the center coordinates (X2, Y2) and
the rotation angle (02) of the mirror corresponding to each
position of the eye points 1n each adjustment method are
stored 1n association with each other, and the center coor-
dinates (X2, Y2) and the rotation angle (02) are adjusted
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while keeping the relationship of the adjustment amount
between the center coordinates (X2, Y2) and the rotation

angle (02). Incidentally, it 1s assumed that the driver deter-
mines an optimum adjustment amount (coordinates and
rotation angle) of the mirror while viewing the display
image. In other words, the mirror adjustment unit 18
acquires an operation signal from the drniver from the HUD
mirror adjustment sensor 122, and determines an end point
of the adjustment operation.

In the respective analyses described above, the case in
which the eye point changes 1in the height direction (Y
direction) has been described, but also 1n the case where the
eye point changes 1n the anteroposterior direction (X direc-
tion), the same mirror adjustment as that in the respective
adjustment methods 2 to 4 can be performed by applying the
analysis method described with reference to FIG. 13.

According to the first example, since the mirror can be
adjusted so that the windshield reflection position and the
virtual image position do not move even if the position of the
driver’s eyes changes, the driver can view the 1mage more
suitably without any uncomiortable feeling. Since the mirror
adjustment mechanism used in the above example can be
realized with a simple structure, the apparatus can be easily
mounted on the vehicle without an increase 1n the size.

EXAMPLE 2

In the example 1, the configuration 1n which the optimum
position 1n the mirror adjustment 1s determined while the
driver views the image, that 1s, a manual adjustment method
1s employed. On the contrary, 1n an example 2, a method 1n
which the position of the driver’s eyes 1s calculated, and the
position of the mirror 1s automatically adjusted to an opti-
mum state according to the calculated position of the driv-
er’s eyes. In the present example, 1n order to detect the
posmon of the driver’s eyes, the centroid position of the
driver 1s obtained according to the position and load of the
driver, and the position of the eyes 1s calculated according to
the centroid position.

As a result, when the driver changes to another driver, or
when the driver’s posture changes even with the same driver,
the most visible 1mage display can be performed by follow-
ing the position of the driver’s eyes at that time. It should be
noted that the adjustment mechanism of the mirror employs
the respective adjustment methods described 1n the example
1, and the mirror drive unit 4 1s configured to adjust the
coordinates of the mirror and the rotation angle 1n conjunc-
tion with each other.

FIG. 18 1s a diagram showing an example of various
sensors 1n the vehicle used for automatic mirror adjustment.
Load sensors (load cells, displacement sensors, and so on)
119 for detecting a load of the driver are each disposed 1n a
headrest 119a, a back surface 119b, and a seat 119¢ of the
driver’s seat. In addition, position sensors 120 that detect the
position of the driver are each disposed 1n a headrest (height
position) 120a, a back surface (inclination) 120b, and a seat
surface (anteroposterior position) 120c. With the above
configuration, the centroid calculation unit 19 in the control
unit 10 calculates a driving posture and physique informa-
tion (height, weight) of the driver to derive a centroid
position 65 of the driver and the position of the eye point 8.
In this example, a relationship between the centroid position
65 and the eye point 8 1s estimated based on the physique
information.

If the position of the eye point 8 1s known, as described
in the example 1, the mirror adjustment unit 18 calculates
the mirror adjustment amount and optimally adjusts the
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position and angle of the mirror 3 through the mirror drive
umt 4. Since the mirror adjustment unit 18 stores the
optimum adjustment amount (coordinates and rotation
angle) of the mirror corresponding to each position of the
eye point 8 1 advance, the mirror adjustment unit 18 can
automatically adjust the mirror to the optimum state. Fur-
ther, the mirror adjustment unit 18 monitors the centroid
position of the drniver during the operation. When the cen-
troid position 1s deviated, the mirror adjustment unit 18
determines that the eye point position 1s also changed, and
automatically corrects the mirror to the optimum state while
following the eye point position.

The deviation direction of the centroid position, that 1s,
the deviation direction of the eye point can be not only the
height direction but also the anteroposterior direction and
the right and left direction as viewed from the driver. Coping
with the deviation 1n the height direction 1s described 1n the
example 1. The mirror can be adjusted optimally for the
change in the anteroposterior direction. In the case of a
change 1n the right and left direction, since distortion occurs
in the 1mage viewed by the driver, the image correction
process 1s performed by the distortion correction unit 16.

FIG. 19 are flowcharts showing the operation of auto-
matic mirror adjustment, 1n which (a) shows 1nitial adjust-
ment and (b) shows adjustment during driving.

In the 1mmitial adjustment (S300) of (a), the detection results
are acquired from the load sensor 119 through the vehicle
information acquisition unit 5 (S301), and the detection
results are acquired from the position sensor 120 (S302).
The centroid calculation unit 19 in the control unit 10
calculates the height and weight of the drniver according to
those detection results (S303) and calculates the centroid
position 65 and the eye point 8 position (S304). The calcu-
lated value 1s stored as an initial value. The mirror adjust-
ment umt 18 calculates the mirror adjustment amount
according to the calculated position of the eye point, and
optimally adjusts the position and angle of the mirror 3
through the mirror drive unit 4 (58305). Thereatter, the
operation shifts to the HUD normal operation (5306).

In the adjustment (S310) during the operation i (b)
(S310), the centroid calculation unit 19 monitors the cen-
troid position of the dniver and monitors a change from the
initial value of the centroid position (S311). When the
centroid position moves in the vertical direction (Yes 1n
S312), or when the centroid position moves in the antero-
posterior direction (Yes in S313), the mirror adjustment
amount corresponding to the movement amount 1s calcu-
lated by the mirror adjustment unit 18 (5314), and the
position and angle of the mirror 3 are adjusted through the
mirror drive unit 4 (S315). In addition, when the centroid
position has moved 1n the rnight and left direction (Yes in
S5316), the distortion correction unit 16 corrects the distor-
tion of the image (S317). Thereatter, the process returns to
the centroid position monitoring (S311), and repeats the
above flow.

According to the flow described above, even when the
driver changes to another driver or when the driver’s posture
during driving changes, the display image follows the driv-
er’s change or the change in the posture without deviating
from the wvisual line of the driver, which 1s excellent 1n the
usability for the driver.

Although there 1s a method of using a camera to detect the
position of the drniver’s eyes, there are the following draw-
backs. In the case of the camera system, the position of the
visual line of the driver 1s detected by image recognition, but
detection accuracy depends on surrounding environment,
weather, or the like. In particular, under dark conditions
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during might driving, the detection precision extremely
decreases due to the decrease 1in the amount of light and

contrast 1n the vehicle, and the follow-up performance is
poor. In general, the movement of the visual line 1s fre-
quently performed during driving, however, if the mirror
adjustment 1s carried out one by one following the frequent
movement of the visual line, there i1s a fear that the driver
may have an adverse eflect such as eye fatigue and sickness.

On the other hand, 1n the present example, the centroid
position of the drniver i1s calculated with the use of a load
sensor, a position sensor, or the like, and follow-up control
according to the centroid movement i1s performed. There-
fore, since the detection value 1s stable and the display video
1s also stable, there 1s no uncomiortable feeling given to the
driver.

In the above examples 1 and 2, the configuration has been
described 1n which the image display area 1s mainly moved
in the vertical direction according to the position (eye point)
of the driver’s eyes. In the following examples 3 to 5, a
configuration for moving the display area in the right and left
direction will be described.

EXAMPLE 3

In an example 3, 1n order to move the display area of the
image in the right and left direction, a configuration for
moving the entire HUD 1n the dashboard 1n the right and left
direction will be described. The reasons why there 1s a need
to move the display area in the right and left direction wall
be described below, for example.

(1) A case 1n which the position (eye point) of the driver’s
cyes moves 1n the right and left direction.

(2) A case 1 which the posture (centroid position) of the
driver moves 1n the right and left direction.

(3) A case 1n which a vehicle traveling direction changes
according to driving operation (steering wheel operation
or direction indicator).

(4) A case 1n which the driver’s visual line direction changes
according to road guidance (right/left turn sign and inter-
section distance).

(5) A case 1n which the driver’s visual line direction changes
due to an obstacle (an interruption car or a rush-out
pedestrian).

The change 1n those situations 1s acquired as vehicle
information by information acquisition devices (various
types of sensors and so on) mounted on the vehicle, and the
control unit of the HUD automatically displays the image at
an optimum position. First of all, an entire configuration will
be described.

FI1G. 20 15 a block diagram showing an internal configu-
ration of a head up display 100a. The internal configuration
additionally has a function of moving the entire HUD 100a
to the right and left 1in relation to the present example.
Meanwhile, FIG. 20 shows a case in which the image
display device 2 1s installed on a roof of the vehicle and
projects an 1image, and a case in which a dimming mirror 30
capable of switching between reflection and non-reflection 1s
used as the mirror 3 1n relation to examples 4 and 5 which
will be described later.

The functions added to the configuration i FIG. 2 are as
tollows. The HUD position adjustment unit 24 determines a
movement position of the HUD 100a and transmuits a control
signal to the HUD drive umt 25. The HUD drive unit 25
includes a rail guide and a drive motor as will be described
later, and moves the HUD 100a to the right and left. The
projection angle adjustment unit 26 determines a projection

direction (projection angle) when the 1mage display device
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2 1s 1nstalled on the roof of the vehicle, and the projection
angle drive unit 27 changes a direction of the projection unit
of the image display device 2. When the dimming mirror 30
1s used, the dimming mirror control unit 28 generates a
reflection/non-retlection switching signal of the dimming
mirror 30, and the dimming mirror voltage supply unit 29
applies a predetermined voltage to the dimming mirror 30 to
switch between a mirror state (ON state) and a transparent
state (OFF state).

FIG. 21 1s a block diagram showing an example of a
hardware configuration relating to acquisition of the vehicle
information 50. A direction indicator sensor 123 1s added to
the configuration of FIG. 3. In the present example, 1n order
to automatically move the display area in the right and left
direction, for example the following sensors are used.

(1) Position of the driver’s eyes . . . camera (side the vehicle)

115

(2) Posture of the driver . . . load sensor 119, position sensor
120

(3) Driving operation . . . steering wheel angle sensor 103,

direction indicator sensor 123
(4) Road guide . . . GPS recerver 117, VICS receiver 118
(5) Obstacle . . . camera (outside the vehicle) 116

Signals from those sensors are transmitted to the HUD
position adjustment unit 24 through the electronic control
umt (ECU) 11, and the HUD drive unit 25 moves the
position of the HUD to an optimum position and displays the
1mage.

FIG. 22 1s a diagram showing an example of the image
display state as viewed from the driver’s seat. An 1mage (in
this example, a vehicle speed value “60 km/h™) 1s displayed
so as to be superimposed on scenery ahead through the
windshield 7. The display position (that 1s, the reflection
position 70 on the windshield 7) 1s moved in the right and
lett direction, for example, in conjunction with the operation
of a steering wheel 73. For that purpose, the HUD 100a
housed 1n a lower portion of a dashboard 71 1s configured to
be movable to the right and left along a driving groove 72.

FIG. 23 1s a cross-sectional view of the inside of the
vehicle showing the image display operation. A groove 72 1s
provided 1n the dashboard 71 to accommodate the HUD
100a. The HUD 100a 1s movable by the HUD drive unit 25
along the groove 72 1n a depth direction of the drawing. The
image light projected from the HUD 100a 1s reflected by the
windshield 7 (reflection position 70) and 1s incident on the
driver’s eyes 8, so that the driver views the virtual image 9
ahead of the reflection position 70.

FIG. 24 1s a top view of the 1nside of the vehicle showing
the image display operation. The position of the HUD 100a
1s moved 1n the right and ledt direction by the HUD drive unit
25 (1n this case, a drive belt 1s used) to move the reflection
position 70 of the image as viewed from the driver’s eyes 8,
that 1s, the position of the virtual image 9 ahead, thereby
being capable of moving the display position of the image in
the right and left direction as shown 1n FIG. 22.

FIGS. 25A and 25B are diagrams showing two systems of
a specific drive mechanism of the HUD drive unit 25.

FIG. 25A show a curved rail drive system 1n which (a) 1s
a perspective view of the mside of the vehicle, (b) 1s a top
view ol the drnive unit, and (¢) 1s an enlarged view of the
drive unit. The HUD 100a 1s fixedly mounted on a moving
table 79 and the moving table 79 moves 1n the right and left
direction along the curved rail 74 by a driving force of the
motor 75 attached to the table. The drniving force of the
motor 75 1s transmitted to a driving roller (driving gear)
which 1s directly connected to the motor 73, and the driving
roller 1s meshed with a gear of the curved rail 74 to cause the
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moving table 79 to travel. In that case, with the use of the
curved rail 74, a projection direction (an angle in the right
and left direction) of the HUD 100a 1s changed according to
a curvature at the same time, and the image can be displayed
at an optimum projection angle as viewed from the driver’s
seat according to the right and left moving position. The type
of the motor 75 1s not particularly limited, but a stepping
motor or a servo motor 1s suitable.

FIG. 25B show a case of a linear rail+a rotation drive
system, 1n which (a) 1s a perspective view of the 1nside of the
vehicle, (b) 1s a side view of the drive umt, and (c¢) 1s an
enlarged view of the drive unit. The HUD 100a 1s attached
onto the moving table 79 through a rotary stage 78, and the
moving table 79 1s moved in the right and left direction
along the linear guide shait 77 by the motor 75 and the drive
belt 76. The moving table 79 1s fixed at a predetermined
position on the drive belt 76, and the drive belt 76 recipro-
cates between a driving roller (or a pulley) that transmuits the
driving force of the motor 75 and a driven roller (or a pulley)
that 1s installed on the opposite side. The rotary stage 78 1s
configured to change the projection direction of the HUD
100a, thereby being capable of displaying the image with an
optimum projection angle according to the right and left
moving position of the HUD 100a. Stmilarly, 1n this case,
the motor 75 1s not particularly limited, but a stepping motor
or a servomotor 1s suitable.

FIG. 26 1s a flowchart showing a display area moving
operation by the HUD position adjustment. A process for
adjusting the HUD position 1s added based on the HUD
normal operation shown in FIG. 5(b). Heremafter, an
example 1n which the display area 1s moved in conjunction
with the steering wheel operation will be described.

When steering angle information from the steering wheel
angle sensor 103 1s acquired as the vehicle information 50 1n
S111, the HUD position adjustment unit 24 calculates an
appropriate HUD position according to the steering angle
information in S401. For that reason, an appropriate display
position (that 1s, the HUD position) for the direction and size
of the steering angle 1s determined 1n advance. For example,
the amount of movement of the display position in the right
and lett direction 1s set to be substantially proportional to the
s1ze of the steering angle.

In S402, the HUD position adjustment unit 24 determines
whether the current HUD position 1s appropriate or not. The
process proceeds to S405 1f the current position 1s appro-
priate, and proceeds to S403 11 the position 1s appropriate,
and performs the HUD position adjustment process.

In the HUD position adjustment 1 S403, the HUD 1s
moved to an appropriate position by the HUD drive unit 25
(the motor 75, the drive belt 76, and so on), and the
projection direction 1s also adjusted according to the HUD
position. In S404, setting of the distortion correction corre-
sponding to the moved HUD position 1s updated. Since the
display position moves to the right and left to cause distor-
tion to occur in the 1mage as viewed from the driver, the
setting of the 1mage correction process by the distortion
correction unit 16 1s changed.

It 1s determined whether the HUD position has been
changed or the mirror adjustment signal has been received or
not, i S405. If vyes, the mirror adjustment process 1s
performed 1n S113. Because a relationship between the
image projection angle to the windshield 7 and the curvature
of the reflective surface changes with the movement of the
HUD position, a depression angle of the display image as
viewed from the driver may change. In order to keep the
depression angle constant, a vertical angle of the mirror 1s
adjusted. An inclination of the HUD drive mechanism 1n the
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anteroposterior direction may be provided so that the change
in the depression angle of the display image caused by the

HUD movement may be absorbed by the inclination.

Since S114 and subsequent steps are the same as those in
FIG. 5(b), a description of those steps will be omatted.

In this example, 1t has been described that the display area
of the image 1s moved 1n the right and leit direction by taking
the change 1n the steering wheel angle as an example. It 1s
needless to say that the same can be applied to a change in
the above conditions (1) to (5).

According to the present example, since the display area
of the 1mage moves to the right and left according to the
position of the driver’s eyes and the driving situation, there
1s advantageous 1n that the image can be suitably displayed
according to the change in the visual line of the dniver.

EXAMPLE 4

Similarly, in an example 4, the image display area 1s
moved 1n the right and left direction. However, an 1image
display device with a variable projection direction 1is
installed on a roof 1n the vehicle and a mirror installed on the
dashboard 1s moved to the right and lett.

FIG. 27 1s a diagram showing an example of the image
display state as seen from the driver’s seat. The image
display device 2 1s installed on the roof and the projection
direction 1s variable in the right and leit direction. On the
other hand, on the dashboard 71, the mirror 3 which receives
an 1mage projection light from the image display device 2 1s
moved by the mirror drive belt 46. The movement position
of the mirror 3 1s linked with the projection direction of the
image display device 2. With the above configuration, the
reflection position 70 of the image can be moved in the left
and right direction.

FIG. 28 1s a cross-sectional view showing the inside of the
vehicle showing the image display operation. The image
display device 2 1s installed on the roof and the projection
direction 1s changed by the projection angle drive unit 27.
The mirror 3 on the dashboard 71 1s configured to move 1n
a depth direction of the drawing by the mirror drive belt 46
which 1s a mechanism of the mirror drive unit 4. This makes
it possible to move the display position of the virtual image
9 1n the nght and left direction.

FIG. 29 1s a flowchart showing the display area moving
operation by adjustment of the projection angle and the
mirror position. Steps for adjusting the projection angle and
the mirror position are added to the HUD normal operation
in FIG. 5(b). Stmilarly, a case 1n which the display area 1s
moved 1n conjunction with the steering wheel operation will
be exemplified.

In S111, when the steering angle information from the
steering wheel angle sensor 103 1s acquired as the vehicle
information 30, the projection angle adjustment unit 26
calculates an appropriate 1mage projection angle of the
image display device 2 according to the steering angle
information 1n S411. For that reason, the appropriate 1mage
projection angle for the direction and size of the steering
angle 1s determined 1n advance.

In S412, the projection angle adjustment unit 26 deter-
mines whether the current 1mage projection angle 1s appro-
priate or not. If the current image projection angle 1s
approprate, the process proceeds to S416, and if the current
image projection angle i1s different from the approprate
projection angle, the process proceeds to S413, and performs
a projection angle and mirror position adjustment process.

In the 1image projection angle adjustment process of 5413,
the 1mage display device 2 installed on the roof 1s rotated by
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the projection angle drive unit 27 so as to adjust the image
projection direction to an appropriate projection angle. In

S414, the mirror 3 1s moved to a p031t1011 corresponding to
the projection direction by the mirror drive unit 4 (mirror
drive belt 46) with a change 1n the projection angle. In S415,
the distortion correction setting corresponding to the moved
mirror position 1s updated. Since the display position 1s
moved to the right and left, and distortion occurs i the
image viewed from the driver, the setting of the image
correction process by the distortion correction unit 16 1s
changed.

In S416, 1t 1s determined whether or not the mirror
position has been changed or the mirror adjustment signal
has been received. I yes, the mirror adjustment process
(angle adjustment) 1s performed 1 S113. Because a rela-
tionship between the image projection angle to the wind-
shield 7 and the curvature of the retlective surface changes
with the movement of the mirror position, a depression angle
of the display image as viewed from the driver may change.
In order to keep the depression angle constant, a vertical
angle of the mirror 1s adjusted. An inclination of the mirror
drive mechanism 1n the anteroposterior direction may be
provided so that the change in the depression angle of the
display i1mage caused by the mirror movement may be
absorbed by the inclination.

Since S114 and subsequent steps are the same as those 1n
FIG. 5(b), a description of those steps will be omitted.

In that flowchart, the projection angle adjustment unit 26
first determines the 1mage projection angle of the image
display device 2 according to a steering angle, and the mirror
drive unit 4 moves the mirror 3 according to the determined
image projection angle. Conversely, the moving position of
the mirror 3 may be first determined by the mirror adjust-
ment umt 4 according to the steering angle and the projec-
tion angle drive unit 27 may change the image projection
angle according to the determined moving position.

Similarly, 1n this example, 1t has been described that the
display area of the image 1s moved in the right and leit
direction by taking the change 1n the steering wheel angle as
an example. It 1s needless to say that the same can be applied
to a change 1n the above conditions (1) to (5).

According to the present example, since the moving
mechanism of only the mirror 1s used instead of the moving,
mechanism of the entire HUD, the configuration 1s simpli-
fled and the moving speed of the display position 1is
improved.

EXAMPLE 5

Likewise, 1n an example 5, the image display area 1s
moved 1n the right and direction. In addition, an 1mage
display device with a wide viewing angle 1s installed on a
roof 1n the vehicle, multiple dimming mirrors are disposed
on the dashboard in the right and left direction, and the
respective dimming mirrors are switched between a reflec-
tion state and a non-retlection state.

FIG. 30 1s a diagram showing an example of the image
display state as seen from the dniver’s seat. The image
display device 2 with the wide Viewing angle 1s 1nstalled on
the roof, and the multlple dimming mirrors 30 are disposed
on the dashboard 71 in the rnight and left direction. Since the
image display device 2 has a display characteristic of a wide
viewing angle, the image light can be simultaneously irra-
diated to the respective dimming mirrors 30. In this
example, each of the dimming mirrors 30 i1s a device capable
of switching between a reflective state (=mirror surface
state) and a non-reflective state (=transparent state) upon
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receiving a predetermined voltage. In other words, the image
1s displayed at the position of the dimming mirror 30 which
1s 1n the reflective state (ON state), but the image 1s not
displayed at the position of the dimming mirror 30 which 1s
in the non-reflective state (OFF state). With the selection of
the dimming mirror 30 to be 1n the reflective state (ON
state), the 1mage reflection position 70 can be moved 1n the
right and left direction.

FIG. 31 1s a cross-sectional view of the inside of the
vehicle showing the image display operation. The image
display device 2 with a wide viewing angle is installed on
the roof, multiple dimming mirrors 30 are disposed on the
dashboard 71 1n the depth direction of the drawing. The
dimming mirror control unit 28 selects the dimming mirror
30 to be in the reflective state (ON state), and receives a
predetermined voltage by the dimming mirror voltage sup-
ply umt 29, thereby being capable of moving the display
position of the virtual image 9 1n the right and left direction.

FIG. 32 1s a flowchart showing the operation of moving,
the display area by switching the dimming mirror between
the retlective state and the non-reflective state. A process for
switching the dimming mirror to another 1s added to the
HUD normal operation i FIG. 5(b). Similarly, in this
example, a case 1 which the display area 1s moved 1n
conjunction with the steering wheel operation will be exem-
plified.

In S111, upon acquiring the steering angle information
from the steering wheel angle sensor 103 as the vehicle
information 350, the dimming mirror control umt 28 calcu-
lates an appropriate 1mage display area according to the
steering angle mformation 1 S421. For that reason, an
appropriate image display area for the direction and the size
of the steering angle 1s determined 1n advance.

In S422, the dimming mirror control unit 28 determines
whether or not the current image display area (the position
of the dimming mirror which 1s in the ON state) 1s appro-
priate. If the display area 1s appropriate, the process pro-
ceeds to S425, and 1f the display area 1s different from the
appropriate display area, the process proceeds to S423 to
switch the dimming mirror 30 to another.

In the dimming mirror switching process of S423, a
predetermined voltage 1s applied to the dimming mirror 30
corresponding to an appropriate display area by the dimming
mirror voltage supply unit 29 to switch the dimming mirror
30 to the reflective state (ON state). The other mirrors 30 are
switched to the non-retlective state (OFF state). In S424, the
distortion correction setting corresponding to the dimming
mirror switched to the ON state 1s updated. This 1s because
the display position moves to the right and left, and distor-
tion occurs in the mmage viewed from the driver, and
therefore the setting of the 1image correction process by the
distortion correction unit 16 1s changed.

In S425, 1t 1s determined whether or not the dimming
mirror has been switched to another or the mirror adjustment
signal has been received. If vyes, the mirror adjustment
process (angle adjustment) 1s performed 1n S113. Because a
relationship between the i1mage projection angle to the
windshield 7 and the curvature of the retlective surface
changes with the movement of the dimming mirror position
which 1s 1n the ON state, the depression angle of the display
image as viewed from the driver may change. In order to
keep the depresswn angle constant, a vertical angle of the
dimming mirror 1s adjusted. Incidentally, when the multiple
dimming mirrors 30 are disposed, an inclination of the
dimming mirrors 30 1n the anteroposterior direction may be
provided according to the position of the respective mirrors,
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thereby being capable of absorbing a change in the depres-
sion angle of the display image caused by the mirror
switching.

Since S114 and the subsequent steps are the same as those
in FIG. 3(b), a description of those steps will be omitted.

Similarly, 1n this case, it has been described that the
display area of the image 1s moved in the right and leit
direction by taking the change of the steering wheel angle as
an example, but 1t goes without saying that the same can be
applied to a change 1n the above conditions (1) to (35).

According to the present example, since the moving
mechanism of the mirror becomes unnecessary, the HUD
configuration becomes simpler and the display position can
be switched at high speed.

EXAMPLE 6

In an example 6, a configuration for enlarging the display
area will be described. A size of an area 1n which one 1image
can be displayed by one HUD 1s limited by a size of the
mirror, or the like. In the present example, the 1mage 1s
displayed while the mairror 1s moved at high speed, to
thereby enlarge the display area.

FIG. 33 1s a diagram showing an example of the image
display state as viewed from the driver’s seat. The image
light 1s emitted from the HUD installed on a bottom of the
dashboard 71 and displayed at the retlection position 70 of
the windshield 7. In this example, multiple partial images A,
B, and C are alternately displayed on the reflective position
70 while shifting the partial images A, B, and C 1n a vertical
direction, thereby being capable of enlarging the display
area more than a case 1n which a single image (for example,
only the image B) 1s displayed.

FI1G. 34 1s a cross-sectional view showing the inside of the
vehicle showing the 1mage display operation. The image
light emitted from the 1image display device 2 1s reflected at
the mirror 3 and the reflection position 70 of the windshield
and the driver visually recognizes the image as the virtual
image 9. At that time, the image 1s displayed while the
mirror 3 1s rotated by a predetermined angle 0 by the mirror
drive unit 4, as a result of which the display positions of the
reflection position 70 and the virtual 1mage 9 can be shifted
in the vertical direction like A, B, and C. Then, the respective
partial images A, B, and C shown 1n FIG. 33 are displayed
in synchronization with the rotational position of the mirror
(that 1s, the display positions A, B, and C). Conversely, the
rotation position of the mirror may be controlled 1mn syn-
chronization with timing of generating the partial images A,
B, and C. The partial images A, B, and C can be generated
by changing the cutting position of the entire 1mage (draw-
ing start position) in the vertical direction.

The motion of the mirror by the mirror drive unit 4 may
be either a reciprocating motion between A and C or a
rotational motion 1n one direction. However, in the case of
the moving image, the mirror 1s made to move at high speed
to follow the change speed. In addition, when the motion of
the mirror 1s a continuous motion, since the i1mage 1s
displayed only at the timing when the rotational position of
the mirror coincides with the display position of each partial
image, an eflective display time (duty ratio) becomes short.
In order to lengthen the effective display time, 1t 1s preferable
that the motion of the mirror 1s 1ntermittent motion (step
teed) 1nstead of continuous motion.

FI1G. 35 1s a flowchart showing an enlarged image display
operation by the mirror motion. Processes for the mirror
motion and the display image switching are added to the

HUD normal operation of FIG. 5(b).
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In S501, the mirror drive unit 4 starts a reciprocating (or
rotating) motion of the mirror 3. In this example, the mirror

motion 1s a continuous motion for simplicity. In S502, the
display element drive unit 17 determines a division speci-
fication of the display image (for example, division into
partial images A, B, and C), and the mirror adjustment unit
18 sets mirror angles (display angles) 0 ,, 0., and 0O for
displaying the respective partial images A, B, and C and
stores the set mirror angles 1n the memory 14.

In S503, the angle 0 of the current mirror 1s acquired from
the mirror drive unit 4, and 1n S504, the mirror adjustment
unit 18 compares the current mirror angle 0 with the display
angles 0 ,, 0, and 0. As a result of the comparison, if the
current mirror angle 0 1s different from any of the display
angles 0 ,, 05, and 0, the process advances to S505, and the
display element drive unit 17 outputs a black image to the
image display device 2. Alternatively, the light source
adjustment unit 15 may turn off the light source 21.

As a result of the comparison, if the current mirror angle
0 coincides with the display angle 0 ,, the process proceeds
to S506, and the display element drive unit 17 cuts out the
partial image A and outputs the partial image A to the image
display device 2 and displays the partial image A. Likewise,
i the current mirror angle 0 coincides with the display angle
05, the process advances to S3507, and the display element
drive unit 17 cuts out and displays the partial image B. If the
current mirror angle 0 coincides with the display angle 0.,
the process proceeds to S508, and the display element drive
umt 17 cuts out and displays the partial image C.

In S112, 1t 1s determined whether the mirror adjustment
signal has been received or not, and 1f the mirror adjustment
signal has been recerved, the process proceeds to Step S3509,
the values of the display angles 0 ,, 0., and 0, set 1n S502
are changed according to the mirror adjustment signal. S114
and the subsequent steps are the same as those 1 FIG. 5(b).

S503 to S117 are repeatedly executed 1n this manner to
display the partial images A, B, and C alternately, as a result
of which the entire image can be displayed. According to the
present example, with the use of one HUD, the display area
of the image 1s enlarged so that the image of a large screen
can be displayed.

The present mnvention 1s not limited to the embodiments
described above, but the present invention includes various
modifications. For example, a part of one embodiment
configuration can be replaced with another embodiment
configuration, and the configuration of one embodiment can
be added with the configuration of another embodiment.
Also, 1n a part of the respective embodiment configurations,
another embodiment configuration can be added, deleted, or
replaced.

REFERENCE SIGNS LIST

. vehicle,

: 1mage display device,

. MIrror,

. mirror drive unit,

: vehicle information acquisition unit,
. speaker,

. windshield,

. driver’s eye (eye point),

. virtual 1mage,

10: control unit,

11: electronic control unit (ECU),
15: light source adjustment unit,
16: distortion correction unit,

17: display element drive unit,
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18:
19:

mirror adjustment unit,

centroid calculation unit,

21: light source,

23: display element,

24: HUD position adjustment unit,
25: HUD drive unit,

26: projection angle adjustment unit,
2'7: projection angle drive unit,

28: dimming mirror control unit,

29: dimming mirror voltage supply unit,
30: dimming mirror,

41, 42, 43: rotary motor,

44, 45: movable arm,

50: vehicle information,

65: centroid position,

70: windshield reflection position,
100, 100a: head up display (HUD),

119: load sensor,
120: position sensor

The 1nvention claimed 1s:

1. An 1mage display apparatus for a vehicle which 1s
mounted on a vehicle, and 1s configured to project an 1image
light on a windshield and to form a virtual image 1n front of
the windshield to display an 1mage for a driver, the image
display apparatus comprising;:

an 1mage display unit that includes a light source and a

display element and emits the image light;

a mirror configured to reflect the image light emitted from

the 1mage display unit toward the windshield;

a mirror drive unit that 1s controlled to change an angle

and a position of the mirror; and

a control umt configured to determine change amounts in

the angle and the position of the mirror and controls the
mirror drive unit,

wherein the control unit 1s configured to determine the

change amounts 1 the angle and the position of the
mirror 1 conjunction with each other to cause the
virtual 1mage to be visually recognized and prevent a
display state of the image for the driver from changing

when a position of the driver’s eyes changes, and
wherein the mirror drive unit includes a link mecha-
nism having three rotary motors configured to rotate the
mirror and two movable arms which couple the rotary
motors with each other.

2. The image display apparatus for a vehicle according to
claim 1,

wherein the control unit 1s configured to determine the

change amounts 1n the angle and the position of the
mirror 1 conjunction with each other to prevent a
reflection position of the image light in the windshield
from changing when 11 the position of the driver’s eyes
changes.

3. The image display apparatus for a vehicle according to
claim 1,

wherein the control unit 1s configured to determine the

change amounts in the angle and the position of the
mirror 1 conjunction with each other to prevent an
angle of a visual line at which the driver looks down on
the virtual image from changing when 11 the position of
the driver’s eyes changes.

4. The image display apparatus for a vehicle according to
claim 1,

wherein the control unit 1s configured to determine the

change amounts 1 the angle and the position of the
mirror 1 conjunction with each other to prevent a
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position of the virtual image visually recognized by the
driver from changing when 1f the position of the
driver’s eyes changes.

5. The image display apparatus for a vehicle according to
claim 1,

wherein the control unit calculates a centroid position of

the driver and estimates the position of the driver’s eyes
according to detection results of a load sensor and a
position sensor provided i a driver’s seat of the
vehicle, and controls the mirror drive unit to change the
angle and position of the mirror according to the
estimated position of the driver’s eyes by selecting an
optimum adjustment amount from a plurality of previ-
ously stored optimum adjustment amounts based on the
estimated position of the driver’s eyes.

6. An image display apparatus for a vehicle which is
mounted on a vehicle, and is configured to project an image
light on a windshield and to form a virtual image in front of
the windshield to display an image for a driver, the image
display apparatus comprising:

an image display device that includes a light source and

a display element and emits the image light,

a mirror configurved to reflect the image light emitted from

the image display device toward the windshield;

a mirror drive device that is controlled to change an angle

and a position of the mirror; and

a controller configured to determine change amounts in

the angle and the position of the mirror and controls the
mirror drive device,
wherein the controller is configured to determine the
change amounts in the angle and the position of the
mirror in conjunction with each other to cause the
virtual image to be visually vecognized when a position
of the driver’s eves changes, and
wherein the mirror drive device is placed in a housing that
houses the mirror, and includes a rotation mechanism
configured to votate the mivror around a mivvor votation
axis, and a moving mechanism configured to move a
position of the mirror rotation axis in a vertical direc-
tion and in a front and rear direction.
7. The image display apparatus for a vehicle according to
claim 6,
wherein the controller is configured to determine the
change amounts in the angle and the position of the
mirror in comnjunction with each other to prevent a
reflection position of the image light in the windshield
from changing when the position of the driver’s eyes
changes.
8. The image display apparatus for a vehicle accorvding to
claim 6,
wherein the controller is configured to determine the
change amounts in the angle and the position of the
mirror in conjunction with each other to prevent an
angle of a visual line at which the driver looks down on
the virtual image from changing when the position of
the driver’s eyes changes.
9. The image display apparatus for a vehicle according to
claim 6,
wherein the controller is configured to determine the
change amounts in the angle and the position of the
mirror in conjunction with each other to prevent a
position of the virtual image visually recognized by the
driver from changing when the position of the driver’s
eves changes.
10. The image display apparatus for a vehicle according
to claim 6,
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wherein the controller calculates a centroid position of
the driver and estimates the position of the driver’s
eves according to detection results of a load sensor and
a position sensor provided in a driver’s seat of the
vehicle, and controls the mirror drive device to change 5
the angle and position of the mirrvor according to the
estimated position of the driver’s eyes by selecting an

optimum adjustment amount from a plurality of previ-
ously stoved optimum adjustment amounts based on the

estimated position of the driver’s eyes. 10
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