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(57) ABSTRACT

An image display device includes an image display com-
ponent, a projection component that forms an optical image
corresponding to an image displayed by the image display
component, a distance measurement component having a
detector that detects an indicator for performing an touch
operation relative to the optical image to acquire distance
information from the detector to the indicator, and a con-
troller that determines whether or not the indicator has
performed the touch operation relative to the optical image
based on the distance information and relative movement
information between the distance measurement component
and at least one of the image display component and the
projection component.
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IMAGE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation Nos. 2014-126922 filed on Jun. 20, 2014 and 2014-
126846 filed on Jun. 20, 2014. The entire disclosures of
Japanese Patent Application Nos. 2014-126922 and 2014-
126846 are hereby incorporated herein by reference.

BACKGROUND

Field of the Invention

This invention generally relates to an image display
device. More specifically, the present invention relates to an
image display device having a distance measurement com-
ponent for acquiring distance information to an indicator.

Background Information

Generally, an image display device comprising a distance
measurement component that acquires distance information
to an indicator is known in the art (see Japanese Laid-Open
Patent Application Publication No. 2011-27707 (Patent Lit-
erature 1), for example).

The above-mentioned Patent Literature 1 discloses a
game device comprising a time-of-flight type of distance
image sensor for acquiring distance information from a light
emitter to a person (an indicator). This game device is
provided with a household television set, the time-of-flight
distance image sensor, and an application processor. The
application processor acquires distance information from the
time-of-flight distance image sensor, and calculates, based
on the acquired distance information, operation information
indicating the amount of change and the direction of change
in the distance between the game device (light emitter) and
the person (indicator). The application processor is config-
ured to perform control so that the calculated operation
information is reflected in the content displayed on the
household television set (image display component).

Also, an image display devices is also known that com-
prises an imaging component in which the light of an image
from an image display component is incident from one side,
and which forms the incident image light into an optical
image in the air on the other side.

SUMMARY

It has been discovered that, with an image display device
comprising an image display component and an imaging
component, when distance information from the image
display device to the indicator is acquired, a time-of-flight
distance image sensor for acquiring distance information
from the image display device of the above-mentioned
Patent Literature 1 to the indicator can be applied to a
conventional image display device. In this case, a configu-
ration is possible in which the time-of-flight distance image
sensor is disposed in the image display device, and distance
information from the image display device to the indicator
(such as the user’s finger) is acquired by the time-of-flight
distance image sensor (distance measurement component).
Also, a configuration is possible in which there is provided
a controller that determines whether or not an indicator has
performed a touch operation based on the position used to
determine whether or not the indicator has performed a
touch operation, and the position of the indicator (the
distance information acquired by the distance measurement
component), using the position of the optical image when a
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touch operation is performed with the indicator as the
position used to determine whether or not the indicator has
performed a touch operation (virtual touch screen).

In general, the optical image formed in a space has a
narrow range of visibility, so only users of a certain height
(eye position) can see the entire optical image. Accordingly,
the position where the optical image is formed has to be
moved to match the height of the user. When this is done,
however, a problem is that moving the position where the
optical image is formed will sometimes prevent the system
from properly determined whether or not the indicator has
touched the optical image.

One aspect is to provide an image display device with
which it is possible to properly decide whether or not an
indicator has touched an optical image even when the
position where the optical image is formed has moved.

In view of the state of the known technology, an image
display device is provided that includes an image display
component, a projection component that forms an optical
image corresponding to an image displayed by the image
display component, a distance measurement component
having a detector that detects an indicator for performing an
touch operation relative to the optical image to acquire
distance information from the detector to the indicator, and
a controller that determines whether or not the indicator has
performed the touch operation relative to the optical image
based on the distance information and relative movement
information between the distance measurement component
and at least one of the image display component and the
projection component.

Also other objects, features, aspects and advantages of the
present disclosure will become apparent to those skilled in
the art from the following detailed description, which, taken
in conjunction with the annexed drawings, discloses one
embodiment of the image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 is a cross sectional view of the overall configura-
tion of an image display device in accordance with a first
embodiment;

FIG. 2 is a cross sectional view of the overall configura-
tion of the image display device in accordance with the first
embodiment;

FIG. 3 is a block diagram of the overall configuration of
the image display device in accordance with the first
embodiment;

FIG. 4 is a diagram illustrating distance screen data and
a touch detection plane in accordance with the first embodi-
ment;

FIG. 5 is a flowchart illustrating a touch detection pro-
cessing in accordance with the first embodiment;

FIG. 6 is a cross sectional view of the overall configura-
tion of an image display device in accordance with a second
embodiment;

FIG. 7 is a block diagram of the overall configuration of
the image display device in accordance with the second
embodiment;

FIG. 8 is a cross sectional view of the overall configura-
tion of an image display device in accordance with a third
embodiment;

FIG. 9 is a block diagram of the overall configuration of
the image display device in accordance with the third
embodiment;
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FIG. 10 is a block diagram of the configuration of an input
device in accordance with a fourth embodiment;

FIG. 11 is a schematic diagram of how an infrared laser
beam is scanned over an image displayed in midair, by the
input device in accordance with the fourth embodiment;

FIG. 12A is a schematic diagram of the state when an
indicator has moved into an image displayed in midair;

FIG. 12B is a schematic diagram of the state when an
indicator has moved into an image displayed in midair;

FIG. 13A is a schematic diagram of an example of the
state when a user performing input manipulation has mis-
perceived the image, and shows the state as viewed from the
front;

FIG. 13B is a schematic diagram of an example of the
state when a user performing input manipulation has mis-
perceived the image, and shows the state as viewed from the
side;

FIG. 14 is a flowchart of the processing flow for user input
manipulation with the input device in accordance with the
fourth embodiment;

FIG. 15 is a schematic diagram of an example of the state
when a user performing input manipulation has misper-
ceived the depth direction, and shows the state as viewed
from the side;

FIG. 16 is a flowchart of part of the processing flow for
user input manipulation with an input device in accordance
with a fifth embodiment;

FIG. 17 is a schematic diagram illustrating the simplified
configuration of the input device in accordance with a sixth
embodiment;

FIG. 18 is a flowchart of part of the processing flow for
user input manipulation with the input device in accordance
with the sixth embodiment; and

FIG. 19 is a flowchart of part of the processing flow in
accordance with a modification example of the sixth
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Selected embodiments will now be explained with refer-
ence to the drawings. It will be apparent to those skilled in
the art from this disclosure that the following descriptions of
the embodiments are provided for illustration only and not
for the purpose of limiting the invention as defined by the
appended claims and their equivalents.

First Embodiment

The configuration of an image display device 100 in
accordance with a first embodiment will be described
through reference to FIGS. 1 to 4.

As shown in FIG. 1, with the image display device 100 in
accordance with the first embodiment, an image display
device main body 1 is installed on the ground (a floor, etc.).

A display unit 2 is provided to the image display device
100. The display unit 2 includes a display unit housing 21
and a rotation mechanism 22. The display unit housing 21 is
disposed inside the image display device main body 1. The
rotation mechanism 22 is attached to the image display
device main body 1 and is configured to be able to rotate the
display unit housing 21.

A reflecting element aggregate board 3 is provided to the
image display device 100. The reflecting element aggregate
board 3 is formed in a flat shape. The reflecting element
aggregate board 3 is disposed on the upper side of the
display unit housing 21 (the arrow Z1 direction side), and is
attached to the rotation mechanism 22 on the arrow Y1
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direction side of the display unit housing 21. The reflecting
element aggregate board 3 is an example of the “projection
component or imaging component” of the present invention.
In the illustrated embodiment, the reflecting element aggre-
gate board 3 includes a dihedral corner reflector array, for
example. However, the reflecting element aggregate board 3
can be formed by any other optical element that forms an
optical image in midair corresponding to an image of an
image display component 4.

The image display component 4 is also provided to the
image display device 100. The image display component 4
is disposed inside the display unit housing 21.

A distance measurement component 5 is also provided to
the image display device 100. The distance measurement
component 5 is disposed on the upper side of the display unit
2 (the arrow Z1 direction side), and is attached to the image
display device main body 1.

A main body-side controller 6 is also provided to the
image display device 100. The main body-side controller 6
is disposed inside the image display device main body 1, and
is connected to the display unit 2 and the distance measure-
ment component 5. The main body-side controller 6 is an
example of the “controller” of the present invention.

A manipulation component 7 is also provided to the image
display device 100. The manipulation component 7 is
attached on the upper face of the image display device main
body 1 (the face on the arrow Z1 direction side), and on the
arrow Y1 direction side (the side where the user is located).
The manipulation component 7 is configured to be able to
accept manipulation from the user. More specifically, the
manipulation component 7 is equipped with a plurality of
buttons (not shown). The manipulation component 7 is
connected to the main body-side controller 6, and is con-
figured so that the result of pressing the buttons by the user
will be transmitted to the main body-side controller 6.

As shown in FIG. 1, in the first embodiment, the reflecting
element aggregate board 3 is configured to be able to rotate
integrally with the display unit housing 21 around a rota-
tional axis C1 that lies in the same plane as the reflecting
element aggregate board 3.

More specifically, a rotation driver 23 is provided near the
rotation mechanism 22 to which the reflecting element
aggregate board 3 is attached. The rotation driver 23 is
constituted by a motor with a rotational axle or the like, and
is configured to rotate the rotation mechanism 22 around the
rotational axis C1, which lies in the same plane as the
reflecting element aggregate board 3, in the arrow Al
direction (or the opposite direction from the arrow Al
direction) in the YZ plane, based on an instruction from the
main body-side controller 6. When the rotation mechanism
22 rotates in the arrow Al direction, the reflecting element
aggregate board 3 attached to the rotation mechanism 22 is
configured to rotate in the arrow Al direction (integrally
with the display unit housing 21).

A rotational displacement sensor 24 is provided near the
rotation mechanism 22. The rotational displacement sensor
24 includes a rotary encoder or the like, and is configured to
be able to acquire information about the rotational angle at
which the rotation mechanism 22 is rotated by the rotation
driver 23. The rotational displacement sensor 24 is con-
nected to the main body-side controller 6, and is configured
to transmit information about the acquired rotational angle
of the rotation mechanism 22 to the main body-side con-
troller 6. This information about the rotational angle is an
example of the “movement information” of the present
invention.
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As shown in FIG. 2, in the first embodiment, the image
display component 4 is disposed so as to have an inclination
angle B with respect to the reflecting element aggregate
board 3, and is configured to be able to move with respect
to the reflecting element aggregate board 3 while maintain-
ing the inclination angle B.

More specifically, a liquid crystal panel 41 is provided to
the image display component 4. The liquid crystal panel 41
is disposed on the lower side of the reflecting element
aggregate board 3 (the arrow Z2 direction side), and is
disposed so as to have the inclination angle B with respect
to the reflecting element aggregate board 3. The liquid
crystal panel 41 is also configured to display an image, and
is disposed so as to emit the light of the image toward the
bottom face 31 of the reflecting element aggregate board 3.
The bottom face 31 is an example of the “one side” in the
present invention.

A linear motion mechanism 42 and a linear motion driver
43 are provided to the image display component 4. The
linear motion mechanism 42 supports the liquid crystal
panel 41 and is attached to the display unit housing 21. The
linear motion driver 43 is constituted by a motor or the like,
and is configured to drive based on an instruction from the
main body-side controller 6. The linear motion driver 43 is
connected to the linear motion mechanism 42, and is con-
figured to move the liquid crystal panel 41 attached to the
linear motion mechanism 42 in the arrow D1 direction while
maintaining the inclination angle B when driven by the
linear motion driver 43.

More specifically, the liquid crystal panel 41 is provided
with a hole (not shown) that allows a shaft 42¢ having
trapezoidal threads of the linear motion mechanism 42 to
pass through and mesh. When the shaft 42¢ is drive around
its axis by the linear motion driver 43, the liquid crystal
panel 41 is moved in the arrow D1 direction. Specifically,
the linear motion mechanism 42 and the linear motion driver
43 are configured to be driven as linear actuators.

Also, a linear motion displacement detector 44 is pro-
vided near the linear motion mechanism 42. The linear
motion displacement detector 44 is configured to acquire
information about the movement distance the linear motion
mechanism 42 has been moved by the linear motion driver
43. Specifically, information about the movement distance
the linear motion mechanism 42 has been moved is
expressed as information about the relative movement
between the image display component 4 and the reflecting
element aggregate board 3. The linear motion displacement
detector 44 is connected to the main body-side controller 6,
and is configured to transmit the acquired information about
the movement distance of the linear motion mechanism 42
to the main body-side controller 6. This information about
the movement distance is an example of the “movement
information” of the present invention.

As shown in FIG. 2, in the first embodiment, the reflecting
element aggregate board 3 is configured so that light of the
image displayed by the liquid crystal panel 41 is incident
from the bottom face 31, and the incident image light is
formed as an optical image E corresponding to an image
incident in the air on the top face 32 side (the arrow Z1
direction side). The optical image E, as discussed below, is
configured as a virtual touch screen that accepts virtual
touch operations from the user by means of the distance
measurement component 5, the main body-side controller 6,
etc. The top face 32 is an example of the “other side” in the
present invention.

More specifically, the reflecting element aggregate board
3 is formed in a flat shape, parallel to the XY plane. The

10

15

20

25

30

35

40

45

50

55

60

65

6

reflecting element aggregate board 3 has holes (not shown)
formed in it, which pass through from the top face 32 to the
bottom face 31, and the inner walls of these holes have a
mirror finish. With the reflecting element aggregate board 3,
light that is incident on these through-holes from the liquid
crystal panel 41 is reflected by the mirror surfaces, and
changes the direction in which it is moving while passing
from the bottom face 31 to the top face 32 of the reflecting
element aggregate board 3. The reflecting element aggregate
board 3 is configured to form the light emitted from the top
face 32 side into the optical image E corresponding to the
image of the liquid crystal panel 41, at a position that is in
plane symmetry with the liquid crystal panel 41, with respect
to the reflecting element aggregate board 3. Specifically, the
reflecting element aggregate board 3 is configured to form
the optical image E on a face having an inclination angle
equal to the inclination angle B, on the top face 32 side (the
arrow Z1 direction side).

As shown in FIG. 1, in the first embodiment, the distance
measurement component 5 is provided with a detector 51
and a distance measurement component controller 52. The
detector 51 includes an infrared light source 51a that emits
light, and a CCD (charge coupled device) camera 516 that
receives light emitted from the infrared light source 51a and
reflected by an indicator (finger F). The infrared light source
51a is an example of the “light emitter” of the present
invention. The CCD camera 515 is an example of the “light
receiver” of the present invention.

As shown in FIG. 4, in the first embodiment, the distance
measurement component controller 52 is configured to
acquire distance image data about the distance from the
detector 51 to the finger F based on the elapsed time from the
point when the infrared light source 514 emits light until the
point when the CCD camera 515 receives the light emitted
from the infrared light source 51a and reflected by the
indicator (finger F). The distance measurement component
controller 52 is connected to the main body-side controller
6, and is configured to transmit the acquired distance image
data to the main body-side controller 6. The distance image
data is an example of the “distance information™ of the
present invention.

More specifically, as shown in FIG. 1, the infrared light
source 51a is configured to emit infrared light on the upper
side of the display unit 2 (the arrow Z1 direction side) and
toward the user (in the arrow Y1 direction), based on an
instruction from the distance measurement component con-
troller 52.

As shown in FIG. 3, the distance measurement component
controller 52 is provided with a light source controller 52a
and a detection controller 52b. The detection controller 525
is configured to acquire a control signal from the main
body-side controller 6, and is configured to transmit the
acquired control signal to the light source controller 52a.
The light source controller 52a is configured to drive the
infrared light source 51a based on the transmitted control
signal.

As shown in FIGS. 1 and 2, the CCD camera 515 is
configured to be able to receive light that has been emitted
from the infrared light source 51a and reflected. The CCD
camera 514 is also configured to capture as an image the
light that is emitted from the infrared light source 51a and
reflected, in an imaging region G above the display unit 2
(the arrow 71 direction side). The CCD camera 515 is also
configured to transmit the acquired imaging data to the
distance measurement component controller 52.

As shown in FIG. 3, the distance measurement component
controller 52 is provided with a signal integrator 52¢, a
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signal computer 524 and an image production component
52e¢. The signal integrator 52¢ is configured to acquire
imaging data from the CCD camera 5156 and integrate the
imaging data. The signal computer 524 is configured to
compute the distance from the distance measurement com-
ponent 5 to the indicator (finger F) by acquiring the imaging
data integrated by the signal integrator 52¢, and information
about the elapsed time from the point when the infrared light
source 51a emits light until the point when light emitted
from the infrared light source 51a and reflected by the
indicator (finger F) or the like is received by the CCD
camera 51b. The image production component 52¢ is con-
figured to produce distance image data (see FIG. 4), which
is data about a captured image having distance information,
based on imaging data and the computed distance data. For
example, the distance image data is configured to include
distance data for each pixel of a two-dimensional image. The
image production component 52¢ is connected to the main
body-side controller 6, and is configured to transmit the
produced distance image data to the main body-side con-
troller 6.

In the illustrated embodiment, the distance measurement
component controller 52 can include at least one microcom-
puter or processor. The distance measurement component
controller 52 can also include other conventional compo-
nents such as an input interface circuit, an output interface
circuit, and storage devices such as a ROM (Read Only
Memory) device and a RAM (Random Access Memory)
device. The internal RAM stores statuses of operational flags
and various control data. The internal ROM stores control
programs for various operations. The distance measurement
component controller 52 is capable of selectively controlling
any of the components in accordance with the control
program. It will be apparent to those skilled in the art from
this disclosure that the precise structure and algorithms for
the distance measurement component controller 52 can be
any combination of hardware and software that will carry
out the functions of the present invention. Specifically, the
light source controller 52a, the detection controller 524, the
signal integrator 52¢, the signal computer 524 and the image
production component 52¢ can be any combination of
hardware and software. In particular, the light source con-
troller 52a, the detection controller 525, the signal integrator
52c¢, the signal computer 524 and the image production
component 52e¢ can be a single processor or separate pro-
cessors, or control programs that perform the functions of
each components, respectively, on the processor of the
distance measurement component controller 52.

As shown in FIG. 3, a controller 61 is provided to the
main body-side controller 6. The controller 61 is configured
to control the entire image display device 100. For example,
the controller 61 is configured to control the output of the
image displayed on the liquid crystal panel 41, to control the
output of a control signal used for acquiring distance image
data to the distance measurement component 5, and to
control the acquisition of manipulation information from the
manipulation component 7.

The manipulation information from the manipulation
component 7 includes manipulation information indicating
the direction and distance the image display component 4
has been moved by the user, manipulation information
indicating the direction and distance the display unit 2 has
been moved by the user, and so forth.

A linear motion controller 62 is also provided to the main
body-side controller 6. The linear motion controller 62 is
configured to transmit a control signal for moving the liquid
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crystal panel 41 to the linear motion driver 43 based on the
manipulation information acquired by the controller 61.

A rotation controller 63 is also provided to the main
body-side controller 6. The rotation controller 63 is config-
ured to transmit a control signal for moving the display unit
2 to the rotation driver 23 based on manipulation informa-
tion acquired by the controller 61.

A touch detection plane production component 64 is also
provided to the main body-side controller 6. As shown in
FIG. 4, the touch detection plane production component 64
is configured to produce a touch detection plane H1 (and a
touch detection plane H2) by acquiring movement informa-
tion from the rotational displacement sensor 24 and the
linear motion displacement detector 44. More specifically,
the touch detection plane H1 (and the touch detection plane
H2) are virtual detection planes for the main body-side
controller 6 to recognize a position corresponding to the
optical image E formed on a plane having a specific distance
from the detector 51, as the plane virtually touched by the
user.

As shown in FIG. 3, a touch detection plane memory 65
is also provided to the main body-side controller 6. The
touch detection plane memory 65 is configured to store
information about the touch detection plane H1 (and the
touch detection plane H2) produced by the touch detection
plane production component 64.

An image memory 66 is also provided to the main
body-side controller 6. The image memory 66 is configured
to acquire distance image data from the distance measure-
ment component 5, and store the acquired distance image
data.

A touch determination component 67 is also provided to
the main body-side controller 6. The touch determination
component 67 is configured to read data about the touch
detection plane H1 (and the touch detection plane H2) stored
in the touch detection plane memory 65, and to read distance
image data stored in the image memory 66. The touch
determination component 67 is configured to determine
whether or not the finger F has touched the optical image E
by determining whether or not the finger F is disposed near
the touch detection plane H1 (and the touch detection plane
H2). Specifically, the touch determination component 67 is
configured to determine that there has been a touch, and to
transmit coordinate information about the touched position
to the controller 61, if the finger F is disposed near the touch
detection plane H1 (and the touch detection plane H2) (if it
is within a specific range of distance from the touch detec-
tion plane H1 (and the touch detection plane H2)). On the
other hand, the touch determination component 67 is con-
figured to determine that there has been no touch, and to
transmit to the controller 61 a signal indicating that there has
been no touch, if the finger F is not disposed near the touch
detection plane H1 (and the touch detection plane H2).
Specifically, in the illustrated embodiment, the touch deter-
mination component 67 determines whether or not the finger
F has touched the optical image E by determining whether
or not the finger F is located at the touch detection plane H1
(or H2). For example, if the finger F is located on the touch
detection plane H1 (or H2) or located closer to the distance
measurement component 5 than the touch detection plane
H1 (H2), then the touch determination component 67 deter-
mines that the finger F has touched the optical image E.

In the illustrated embodiment, the main body-side con-
troller 6 can include at least one microcomputer or proces-
sor. The main body-side controller 6 can also include other
conventional components such as an input interface circuit,
an output interface circuit, and storage devices such as a
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ROM (Read Only Memory) device and a RAM (Random
Access Memory) device. The internal RAM stores statuses
of operational flags and various control data. The internal
ROM stores control programs for various operations. The
main body-side controller 6 is capable of selectively con-
trolling any of the components in accordance with the
control program. It will be apparent to those skilled in the art
from this disclosure that the precise structure and algorithms
for the main body-side controller 6 can be any combination
of hardware and software that will carry out the functions of
the present invention. Specifically, the controller 61, the
rotation controller 63, the touch detection plane production
component 64, the touch determination component 67 can
be any combination of hardware and software. Specifically,
the controller 61, the rotation controller 63, the touch
detection plane production component 64, the touch deter-
mination component 67 can be a single processor or separate
processors, or control programs that perform the functions
of each components, respectively, on the processor of the
main body-side controller 6. Also, the touch detection plane
memory 65 and the image memory 66 can be a RAM device.

The controller 61 is configured to acquire coordinate
information about the touched position from the touch
determination component 67, or to acquire a signal indicat-
ing that there has been no touch.

The flow of touch detection processing performed with
the image display device 100 in the first embodiment will
now be described through reference to FIG. 5. The process-
ing of the image display device 100 is performed by the
main body-side controller 6.

In the first embodiment, whether or not the finger F has
touched the optical image E is determined based on move-
ment information about the image display component 4 that
has moved while maintaining a predetermined inclination
angle B with respect to the reflecting element aggregate
board 3 (information about movement distance), rotation
information about the reflecting element aggregate board 3
(the display unit 2) that has rotated around the rotational
center C1 (rotational angle information), and distance infor-
mation acquired by the distance measurement component 5
(distance image data). This will be described in specific
terms below.

First, in step S1, it is determined whether or not user
manipulation information has been acquired from the
manipulation component 7. If user manipulation information
has been acquired from the manipulation component 7, the
flow proceeds to step S2, but if user manipulation informa-
tion has not been acquired from the manipulation component
7, the flow proceeds to step S6.

In step S2, movement of the reflecting element aggregate
board 3 or the liquid crystal panel 41 is performed. Specifi-
cally, in step S1, the rotation driver 23 or the linear motion
driver 43 is driven based on user manipulation information
acquired from the manipulation component 7, and rotation
of the reflecting element aggregate board 3 (rotation of the
display unit 2; see FIG. 1) or movement of the liquid crystal
panel 41 (see FIG. 2) is performed.

As shown in FIG. 2, for example, the linear motion driver
43 is driven based on user manipulation information
acquired from the manipulation component 7, and the liquid
crystal panel 41 is moved in the arrow D1 direction. This
movement of the liquid crystal panel 41 in the arrow D1
direction causes the optical image E to move in the arrow D2
direction. The flow then proceeds to step S3.

In step S3, movement information is acquired. Specifi-
cally, movement information about the liquid crystal panel
41 or the reflecting element aggregate board 3 moved in step
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S2 is acquired by the linear motion displacement detector 44
or the rotational displacement sensor 24, and the acquired
movement information is transmitted to the touch detection
plane production component 64. The flow then proceeds to
step S4.

In step S4, a touch detection plane is produced. Specifi-
cally, the touch detection plane H2 (see FIG. 4) is produced
by the touch detection plane production component 64 based
on the movement information acquired in step S3.

As shown in FIGS. 2 and 4, for example, the touch
detection plane H1 is produced before the liquid crystal
panel 41 is moved in the arrow D1 direction (before the
optical image E is moved in the arrow D2 direction). The
touch detection plane H2 is produced after the liquid crystal
panel 41 has been moved in the arrow D1 direction (after the
optical image E has been moved in the arrow D2 direction).
In this case, as shown in FIG. 4, the optical image E after
movement is formed at a position closer to the distance
measurement component 5 (on the arrow Y2 direction side)
than the optical image E before movement, so the touch
detection plane H2 is formed larger than the size of the touch
detection plane H1. Also, since the optical image E after
movement is formed below the optical image E prior to
movement, the touch detection plane H2 is produced lower
than the touch detection plane H1 (on the arrow 72 direction
side). And then, the process proceeds to Step S5.

In step S5, the touch detection plane is stored. Specifi-
cally, the touch detection plane H2 produced by the touch
detection plane production component 64 is stored in the
touch detection plane memory 65. The flow then proceeds to
step S6.

The acquisition of distance image data from the distance
measurement component 5 is performed in step S6 if no user
manipulation information is acquired in step S1 or after step
S5. The flow then proceeds to step S7.

In step S7, the distance image data is stored in the image
memory 66. The flow then proceeds to step S8.

In step S8, it is determined whether or not the touch
detection plane H2 (the optical image E) has been touched.
Specifically, as shown in FIG. 4, the distance image data
stored in the image memory 66 in step S7 is read, and the
touch detection plane H2 stored in the touch detection plane
memory 65 in step S5 is read, and the two are compared.

As shown in FIG. 4, for example, it is determined that the
touch detection plane H2 (the optical image E) has been
touched if the finger F (indicator) is near the touch detection
plane H2 (the optical image E) in the distance image data
(indicated by the portion in FIG. 4 with the smallest line
spacing in the hatching). On the other hand, it is determined
that the touch detection plane H2 (the optical image E) has
not been touched if the finger F (indicator) is not near the
touch detection plane H2 (the optical image E). In the
example shown in FIG. 4, it is determined that a portion of
the finger F (the portion with the smallest line spacing in the
hatching) is touching, but it is determined that the rest of the
finger F (the portion other than the portion with the smallest
line spacing in the hatching) is not touching. If a part of the
touch detection plane H2 (the optical image E) is being
touched, the flow proceeds to step S9, and if none of the
touch detection plane H2 (the optical image E) is being
touched, the flow returns to step S1.

In step S9, information about the touched coordinates is
acquired. For instance, in the example shown in FIG. 4,
information is acquired about the coordinates of a portion of
the finger F (the portion with the smallest line spacing in the
hatching). In this case, information about the touched coor-
dinates out of the touch detection plane H2 is acquired. The
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flow then proceeds to step S1. Specifically, in the illustrated
embodiment, the information about the touched coordinates
can be acquired from the distance image data and the touch
detection plane H2. Specifically, as illustrated in FIG. 4, the
position of the finger F relative to the touch detection plane
H2 in the distance image data is acquired as the touched
coordinates relative to the optical image E (the touch detec-
tion plane H2).

The following effects can be obtained with the first
embodiment.

As discussed above, in the first embodiment, the main
body-side controller 6 is configured to determine whether or
not an indicator (the finger F) has touched the optical image
E based on information about the relative movement
between the distance measurement component 5 and the
image display component 4 and/or the reflecting element
aggregate board 3 (information about movement distance,
information about rotational angle, and the touch detection
plane H2), and distance information acquired by the distance
measurement component 5 (distance image data). Conse-
quently, even if the position where the optical image E is
formed has moved, the position (the touch detection plane
H1) for determining whether or not an indicator (the finger
F) has touched the optical image E can be moved to a
position (the touch detection plane H2) corresponding to the
position where the optical image E is formed, based on
movement information. As a result, even if the position
where the optical image E is formed has moved, it can be
properly determined whether or not the indicator (the finger
F) has touched the optical image E.

Also, as discussed above, in the first embodiment the
image display component 4 and the reflecting element
aggregate board 3 are configured to be able to move relative
to each other, and the main body-side controller 6 is con-
figured to determine whether or not the indicator (the finger
F) has touched the optical image E based on distance
information (distance image data) and information about the
relative movement of the image display component 4 and
the reflecting element aggregate board 3 (information about
the movement distance, and the touch detection plane H2).
Consequently, the position of the optical image E can be
moved without moving the entire image display device 100,
so the image display device 100 (the rotation mechanism 22
and the linear motion mechanism 42) can be kept from
becoming larger, while the optical image E can be moved to
a height at which it is easier for the user to see.

Also, as discussed above, in the first embodiment the
image display component 4 is disposed so as to have a
predetermined inclination angle B with respect to the reflect-
ing element aggregate board 3, and is configured to be able
to move with respect to the reflecting element aggregate
board 3 while maintaining the predetermined inclination
angle B. Consequently, the main body-side controller 6 is
configured to determine whether or not the indicator (the
finger F) has touched the optical image E based on move-
ment information about the image display component 4 that
has moved while maintaining the predetermined inclination
angle B relative to the reflecting element aggregate board 3
(information about movement distance, and the touch detec-
tion plane H2), and distance information (distance image
data). This allows the distance between the user and the
optical image E to be easily changed to a distance at which
it is easier for the user to see.

Also, as discussed above, in the first embodiment the
reflecting element aggregate board 3 is configured to be able
to rotate around the rotational axis C1 that lies in the same
plane as the reflecting element aggregate board 3. Also, the
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main body-side controller 6 is configured to determine
whether or not the indicator (the finger F) has touched the
optical image E based on rotation information about the
reflecting element aggregate board 3 that has rotated around
the rotational axis C1 that lies in the same plane as the
reflecting element aggregate board 3 (information about
rotational angle, and the touch detection plane H2), and
distance information (distance image data). This allows the
inclination angle of the optical image E to be easily changed
to an angle at which it is easier for the user to see.

Also, as discussed above, in the first embodiment the
detector 51 is provided with the infrared light source 51a
that emits light, and the CCD camera 515 that receives light
emitted from the infrared light source 51a and reflected by
the indicator (the finger F). Also, the distance measurement
component 5 is configured to acquire distance information
from the detector 51 to the indicator (the finger F) based on
the elapsed time from the point when the infrared light
source 51a emits light until the point when the CCD camera
5154 receives light emitted from the infrared light source 51a
and reflected by the indicator (the finger F). Consequently,
distance information from the detector 51 to the indicator
(the finger F) (distance image data) can be easily acquired by
measuring the elapsed time up to the point when the CCD
camera 515 receives light emitted from the infrared light
source 51a and reflected by the indicator (the finger F).

Thus, in the first embodiment, the image display device
100 comprises the display unit 2, the reflecting element
aggregate board 3, the image display component 4, the
distance measurement component 5 that acquires distance
information indicating the distance to the indicator (finger
F), and the main body-side controller 6 that determines
whether or not the indicator (finger F) has touched the
optical image E based on the distance information acquired
by the distance measurement component 5 and information
about relative movement between the distance measurement
component 5 and the reflecting element aggregate board 3
and/or the image display component 4.

In the illustrated embodiment, both the reflecting element
aggregate board 3 and the image display component 4 are
movable as illustrated in FIGS. 1 and 2. However, the
present invention is not limited to this. One of the reflecting
element aggregate board 3 and the image display component
4 can be immovably and fixedly attached relative to the
image display device main body 1.

In the illustrated embodiment, the image display device
100 is provided that comprises the display unit 2 having the
image display component 4 and the reflecting element
aggregate board 3 (e.g., the projection component) that is
configured to form the optical image E corresponding to the
image displayed by the image display component 4, with a
position of the optical image E being changeable by rela-
tively moving the image display component 4 and the
reflecting element aggregate board 3 (e.g., the projection
component), the distance measurement component 5 having
the detector 51 that is configured to detect the finger F (e.g.,
the indicator) for performing the touch operation relative to
the optical image E to acquire the distance image data (e.g.,
the distance information) from the detector 51 to the finger
F (e.g., the indicator), and the main body-side controller 6
(e.g., the controller) configured to determine whether or not
the finger F (e.g., the indicator) has performed the touch
operation relative to the optical image E based on the
distance image data (e.g., the distance information) and
relative movement information between the distance mea-
surement component 5 and at least one of the image display
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component 4 and the reflecting element aggregate board 3
(e.g., the projection component).

In the illustrated embodiment, the image display compo-
nent 4 and the reflecting element aggregate board 3 (e.g., the
projection component) are relatively movable with respect
to each other, and the main body-side controller 6 (e.g., the
controller) is configured to determine whether or not the
finger F (e.g., the indicator) has performed the touch opera-
tion relative to the optical image E based on the the distance
image data (e.g., the distance information) and relative
movement information between the image display compo-
nent 4 and the reflecting element aggregate board 3 (e.g., the
projection component).

In the illustrated embodiment, the image display compo-
nent 4 is arranged at a predetermined inclination angle with
respect to the reflecting element aggregate board 3 (e.g., the
projection component), and is movable with respect to the
reflecting element aggregate board 3 (e.g., the projection
component) while maintaining the predetermined inclina-
tion angle, and the main body-side controller 6 (e.g., the
controller) is configured to determine whether or not the
finger F (e.g., the indicator) has performed the touch opera-
tion relative to the optical image E based on the the distance
image data (e.g., the distance information) and movement
information of the image display component.

In the illustrated embodiment, the reflecting element
aggregate board 3 (e.g., the projection component) is rotat-
able about the rotational axis C1, and the main body-side
controller 6 (e.g., the controller) is configured to determine
whether or not the finger F (e.g., the indicator) has per-
formed the touch operation relative to the optical image E
based on the the distance image data (e.g., the distance
information) and rotation information of the reflecting ele-
ment aggregate board 3 (e.g., the projection component).

In the illustrated embodiment, the distance measurement
component 5 and at least one of the image display compo-
nent 4 and the reflecting element aggregate board 3 (e.g., the
projection component) are relatively movable with respect
to each other.

In the illustrated embodiment, the detector 51 includes the
infrared light source 51a (e.g., the light emitter) that is
configured to emit light and the CCD camera 515 (e.g., the
light receiver) that is configured to receive the light that has
been emitted from the infrared light source 51a (e.g., the
light emitter) and reflected by the finger F (e.g., the indica-
tor) as reflected light, and the distance measurement com-
ponent 5 is configured to acquire the the distance image data
(e.g., the distance information) from the detector 51 to the
finger F (e.g., the indicator) based on an elapsed time from
a time point when the infrared light source 51a (e.g., the
light emitter) emits the light until a time point when the CCD
camera 515 (e.g., the light receiver) receives the reflected
light.

In the illustrated embodiment, the detector 51 is config-
ured to capture an image to produce the distance image data,
and the main body-side controller 6 (e.g., the controller) is
configured to define the touch detection plane H1 or H2 in
the distance image data.

In the illustrated embodiment, the main body-side con-
troller 6 (e.g., the controller) is configured to calculate or
produce the touch detection plane H1 or H2 based on the
relative movement information between the distance mea-
surement component 5 and at least one of the image display
component 4 and the reflecting element aggregate board 3
(e.g., the projection component), and the main body-side
controller 6 (e.g., the controller) is configured to determine
that the finger F (e.g., the indicator) has performed the touch
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operation relative to the optical image E upon determining
that the finger F (e.g., the indicator) is located in a vicinity
of the touch detection plane H1 or H2 based on the the
distance image data (e.g., the distance information).

In the illustrated embodiment, the reflecting element
aggregate board 3 (e.g., the projection component) is con-
figured to receive light of the image displayed by the image
display component 4 on one side thereof, and is configured
to form the optical image E as a virtual touch screen on the
other side thereof.

In the illustrated embodiment, the display unit 2 further
has the display unit housing 21 (e.g., the housing) that
supports the image display component 4 and the reflecting
element aggregate board 3 (e.g., the projection component),
and the image display component 4 is movable with respect
to the display unit housing 21 (e.g., the housing).

In the illustrated embodiment, the reflecting element
aggregate board 3 (e.g., the projection component) is fixedly
supported by the display unit housing 21 (e.g., the housing).

Second Embodiment

Referring now to FIGS. 6 and 7, an image display device
200 in accordance with a second embodiment will now be
explained. In view of the similarity between the first and
second embodiments, the parts of the second embodiment
that are identical to the parts of the first embodiment will be
given the same reference numerals as the parts of the first
embodiment. Moreover, the descriptions of the parts of the
second embodiment that are identical to the parts of the first
embodiment may be omitted for the sake of brevity.

The configuration of the image display device 200 in
accordance with the second embodiment will now be
described through reference to FIGS. 6 and 7. In this second
embodiment, unlike the image display device 100 in the first
embodiment, in which the display unit and the reflecting
element aggregate board were configured to be able to rotate
integrally, the reflecting element aggregate board is config-
ured to be able to move in the up and down direction (the
vertical direction).

As shown in FIGS. 6 and 7, a display unit 202 is provided
to the image display device 200 in accordance with the
second embodiment. The display unit 202 is fixed to the
image display device main body 1, and includes a display
unit housing 221, a movement mechanism 222, a movement
driver 223 (see FIG. 7), and a movement displacement
detector 224 (see FIG. 7). The movement mechanism 222 is
constituted by a gear or the like, and the gear is disposed so
as to mesh with teeth 231 on a reflecting element aggregate
board 203 (discussed below). The movement driver 223 is
constituted by a motor or the like, and is configured to rotate
the gear of the movement mechanism 222 based on an
instruction from a main body-side controller 206. The move-
ment displacement detector 224 is configured to acquire
information (movement information) about the rotational
angle at which the movement driver 223 has rotated the
movement mechanism 222.

As shown in FIG. 6, in the second embodiment, the
reflecting element aggregate board 203 is disposed so as to
be parallel to the horizontal plane (the XY plane), and is
configured to be able to move in the up and down direction
(the vertical direction; the Z direction).

The reflecting element aggregate board 203 is connected
to the teeth 231 on the arrow Y1 direction side. The display
unit 202 is provided with a fixed component 232 that is fixed
to the display unit housing 221. The fixed component 232 is
configured to be able to go through the teeth 231 in the Z
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direction. The teeth 231 mesh with the movement mecha-
nism 222, and are configured so that when the movement
mechanism 222 rotates, the teeth 231 move in the Z direc-
tion. The reflecting element aggregate board 203 is config-
ured to move in the up and down direction (the Z direction)
when the teeth 231 move in the Z direction.

As shown in FIG. 6, for example, when the reflecting
element aggregate board 203 has moved to the arrow Z1
direction side by a movement distance 11 with respect to the
image display component 4, since the optical image E is
formed at a position that is in plane symmetry with the
image display component 4, with respect to the reflecting
element aggregate board 203, the position of the optical
image E after movement is moved in the arrow Z1 direction
by a movement distance 12 (twice the movement distance 11)
from the position of the optical image E prior to movement.

As shown in FIG. 7, in the second embodiment, the main
body-side controller 206 is configured to determine whether
or not the indicator (the finger F) has touched the optical
image E based on movement information about the reflect-
ing element aggregate board 203 that has moved in the up
and down direction (the vertical direction; the Z direction),
and distance information (distance image data).

More specifically, as shown in FIG. 7, the main body-side
controller 206 is provided with a controller 261, a movement
controller 263, and a touch detection plane production
component 264. The controller 261 is configured to acquire
user manipulation information from the manipulation com-
ponent 7, and transmit a control signal to the movement
controller 263. The movement controller 263 is configured
to control the operation of the movement driver 223 based
on the control signal from the controller 261.

The touch detection plane production component 264 is
configured to acquire movement information from the
movement displacement detector 224 and the linear motion
displacement detector 44, and to produce a touch detection
plane based on the acquired movement information. The
touch determination component 67 is configured to deter-
mine whether or not the indicator (the finger F) has touched
the optical image E based on a comparison of the produced
touch detection plane and the distance image data acquired
from the distance measurement component 5. The distance
image data and the method for comparing the produced
touch detection plane with the distance image data acquired
from the distance measurement component 5 in the second
embodiment are the same as the distance image data and the
method for comparing the produced touch detection plane
with the distance image data acquired from the distance
measurement component 5 in the first embodiment. Also, the
rest of the configuration of the image display device 200 in
accordance with the second embodiment is the same as that
of the image display device 100 in the first embodiment.

The following effects can be obtained with the second
embodiment.

With the second embodiment, as discussed above, the
reflecting element aggregate board 203 is disposed so as to
be parallel to the horizontal plane (the XY plane), and is
configured to be able to move in the up and down direction
(the vertical direction; the 7 direction). Also, the main
body-side controller 206 is configured to determine whether
or not the indicator (the finger F) has touched the optical
image E based on movement information about the reflect-
ing element aggregate board 203 that has moved in the up
and down direction (the vertical direction; the Z direction),
and distance information (distance image data). Conse-
quently, the height of the optical image E (its position in the
Z direction) can be easily changed to a height at which it is
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easier for the user to see (a height that matches the height of
the user). The rest of the effects of the image display device
200 in accordance with the second embodiment are the same
as those of the image display device 100 in the first embodi-
ment.

In the illustrated embodiment, the reflecting element
aggregate board 203 (e.g., the projection component) is
movable in the up and down direction or the vertical
direction (e.g., the first direction), and the main-body-side
controller 206 (e.g., the controller) is configured to deter-
mine whether or not the finger F (e.g., the indicator) has
performed the touch operation relative to the optical image
E based on the distance image data (e.g., the distance
information) and movement information of the reflecting
element aggregate board 203 (e.g., the projection compo-
nent).

In the illustrated embodiment, the reflecting element
aggregate board 203 (e.g., the projection component) is
movable with respect to the display unit housing 221 (e.g.,
the housing).

Third Embodiment

Referring now to FIGS. 8 and 9, an image display device
300 in accordance with a third embodiment will now be
explained. In view of the similarity between the first and
third embodiments, the parts of the third embodiment that
are identical to the parts of the first embodiment will be
given the same reference numerals as the parts of the first
embodiment. Moreover, the descriptions of the parts of the
third embodiment that are identical to the parts of the first
embodiment may be omitted for the sake of brevity.

The configuration of the image display device 300 in
accordance with the third embodiment will now be
described through reference to FIGS. 8 and 9. In this third
embodiment, unlike the image display device 100 in the first
embodiment, in which the distance measurement component
was fixed with respect to the image display device main
body, the distance measurement component and the display
unit are configured to be able to move integrally with respect
to the image display device main body.

As shown in FIGS. 8 and 9, with the image display device
300 in accordance with the third embodiment, a distance
measurement component 305 and a display unit 302 are
configured to be able to move integrally with respect to the
image display device main body 1. More specifically, as
shown in FIG. 8, the display unit 302 includes a display unit
housing 321, and the distance measurement component 305
is attached to the display unit housing 321. As shown in FIG.
9, the display unit 302 is provided with a rotation mecha-
nism 322 and a rotation driver 323. As shown in FIG. 8, the
rotation mechanism 322 is attached to the image display
device main body 1, and is configured so that the distance
measurement component 305 and the display unit 302 are
integrally rotated by the rotation driver 323 in the arrow J1
direction with respect to the image display device main body
1.

When the display unit 302 has rotated in the arrow J1
direction with respect to the image display device main body
1, the optical image E is rotated in the arrow J2 direction by
substantially the same rotational angle at which the display
unit 302 rotates. Since the distance measurement component
305 rotates integrally with the display unit 302, the imaging
region changes from the imaging region K1 to the imaging
region K2. However, there is no change in the relative
positional relation between the optical image E and the
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distance measurement component 305 before and after the
rotation of the distance measurement component 305.

As shown in FIG. 9, a main body-side controller 306 is
provided with a controller 361, a rotation controller 363, and
a touch detection plane production component 364. The
controller 361 is configured to acquire user manipulation
information from the manipulation component 7, and trans-
mit a control signal to the rotation controller 363. The
rotation controller 363 is configured to control the operation
of the rotation driver 323 based on the control signal from
the controller 361.

The touch detection plane production component 364 is
configured to acquire movement information from the linear
motion displacement detector 44, and produce a touch
detection plane based on the acquired movement informa-
tion. Specifically, the touch detection plane production com-
ponent 364 in accordance with the third embodiment differs
from the touch detection plane production component 64 in
accordance with the first embodiment in that it is configured
to produce a touch detection plane without using the move-
ment information of the rotation mechanism 322. The touch
determination component 67 is configured to determine
whether or not the indicator (the finger F) has touched the
optical image E based on a comparison of the produced
touch detection plane with the distance image data acquired
from the distance measurement component 305. The dis-
tance image data and the method for comparing the pro-
duced touch detection plane with the distance image data
acquired from the distance measurement component 305 in
the third embodiment are the same as the distance image
data and the method for comparing the produced touch
detection plane with the distance image data acquired from
the distance measurement component 5 in the first embodi-
ment. Also, the rest of the configuration of the image display
device 300 in accordance with the third embodiment is the
same as that of the image display device 100 in the first
embodiment.

The following effects can be obtained with the third
embodiment.

With the third embodiment, as discussed above, the
distance measurement component 305 and the display unit
302 are configured to be able to move integrally. When the
distance measurement component 305 and the display unit
302 are moved integrally to move the position of the optical
image E, there is no change in the relative positional relation
between the distance measurement component 305 and the
display unit 302. Accordingly, by integrally moving the
distance measurement component 305 and the display unit
302 to move the position of the optical image E, as illus-
trated in the third embodiment, it can be properly determined
whether or not the indicator (the finger F) has touched the
optical image E, without the main body-side controller 306
having to acquire information about the relative positions of
the distance measurement component 305 and the display
unit 302. The rest of the effects of the image display device
300 in accordance with the third embodiment are the same
as those of the image display device 100 in the first embodi-
ment.

In the illustrated embodiment, the distance measurement
component 305 and the display unit 302 are integrally
movable together.

In the illustrated embodiment, the display unit 302 further
has the display unit housing 321 (e.g., the housing) that
supports the image display component 4 and the reflecting
element aggregate board 3 (e.g., the projection component),
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and the distance measurement component 305 is fixedly
supported by the display unit housing 321 (e.g., the hous-
ing).

The embodiments disclosed herein are just examples in
every respect, and should not be interpreted as being limiting
in nature. The scope of the invention being indicated by the
appended claims rather than by the above description of the
embodiments, all modifications within the meaning and
range of equivalency of the claims are included.

In the first to third embodiments above, a liquid crystal
panel is used as the image display component of the present
invention, but the present invention is not limited to this.
Some image display component other than a liquid crystal
panel can be used as the image display component in the
present invention. For instance, a screen that is irradiated
with light projected from a projector can be used as the
image display component of the present invention.

Also, in the first to third embodiments above, the method
for acquiring distance image data from the distance mea-
surement component is a method in which distance image
data is acquired by computing the elapsed time from the
point when an infrared light source emits light until the point
when a CCD camera receives light reflected by an indicator,
but the present invention is not limited to this. With the
present invention, the method for acquiring distance image
data can be something other than a method in which the
elapsed time is computed from the point when an infrared
light source emits light until the point when a CCD camera
receives light reflected by an indicator. For instance, a
three-dimensional camera provided with two projectors can
be used, and the distance between the three-dimensional
camera and the indicator can be computed to acquire the
distance image data.

Also, in the first to third embodiments above, the display
unit is configured to rotate in the YZ plane, but the present
invention is not limited to this. With the present invention,
the display unit can be configured to rotate in a plane other
than the YZ plane. For instance, the display unit can be
configured to rotate in the XY plane.

Also, in the first to third embodiments above, the image
display device main body of the present invention is dis-
posed on the ground, but the present invention is not limited
to this. With the present invention, the image display device
main body can be configured to be disposed somewhere
other than on the ground. For instance, the image display
device main body can be configured to be disposed on a
ceiling, or on a wall.

Also, in the first to third embodiments above, the distance
information acquired by the distance measurement compo-
nent of the present invention is acquired as distance image
data, but the present invention is not limited to this. With the
present invention, the distance information acquired by the
distance measurement component can be acquired as some
information other than distance image data. Specifically, the
distance measurement component can acquire the positional
relation between the indicator (such as the user’s finger) and
the detector.

Also, in the first to third embodiments above, the amount
of displacement in the rotational angle or the movement
distance is used as the movement information of the present
invention, but the present invention is not limited to this.
With the present invention, the position after movement or
the rotational angle after rotation can be used as movement
information.

Also, in the first to third embodiments above, for the sake
of convenience the processing of the controller of the
present invention is described using a flow drive type of
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flowchart in which the processing is performed in order
along the processing flow, but the present invention is not
limited to this. With the present invention, the processing
operation of the controller can be performed by an event
drive type of processing in which processing is executed for
each event. In this case, it can be performed completely by
event drive, or event drive and flow drive can be combined.

Also, in the first to third embodiment above, the reflecting
element aggregate board 3, the image display component 4,
the reflecting element aggregate board 203, the display unit
302 are moved to change the position of the optical image
E to a position at which it is easier for the user to see the
optical image E. The the reflecting element aggregate board
3, the image display component 4, the reflecting element
aggregate board 203, the display unit 302 can be moved
either manually or automatically. For example, the the
reflecting element aggregate board 3, the image display
component 4, the reflecting element aggregate board 203,
the display unit 302 can be manually moved by the user to
adjust the position of the optical image E. Also, the the
reflecting element aggregate board 3, the image display
component 4, the reflecting element aggregate board 203,
the display unit 302 can be automatically moved based on
the user’s eye or face positions captured by the CCD camera
5154, and the like.

In the illustrated embodiments, the image display device
in accordance with one aspect comprises a display unit that
includes an image display component for displaying an
image, and a projection component on one side of which the
light of the image displayed by the image display component
is incident, and which forms the incident light of the image
into an optical image as a virtual touch screen corresponding
to the image in the air on the other side, the display unit
being configured so that the position where the optical image
is formed can be moved by moving the image display
component and/or the projection component, a distance
measurement component that includes a detector for detect-
ing an indicator which virtually touches the optical image,
and that acquires distance information indicating the dis-
tance from the detector to the indicator, and a controller that
determines whether or not the indicator has touched the
optical image based on information about the relative move-
ment between the distance measurement component and the
image display component and/or the projection component,
and the distance information acquired by the distance mea-
surement component.

With the image display device, as discussed above, the
controller is configured to determine whether or not the
indicator has touched the optical image based on the dis-
tance information acquired by the distance measurement
component and information about the relative movement
between the image display component and/or the projection
component and the distance measurement component. Con-
sequently, even if the position where the optical image is
formed should move, the position for determining whether
or not the indicator has touched the optical image can be
moved to a position that corresponds to the position where
the optical image is formed, based on movement informa-
tion. As a result, even if the position where the optical image
is formed has moved, it can be properly determined whether
or not the indicator has touched the optical image.

With the above image display device in accordance with
one aspect, it is preferable if the image display component
and the projection component are configured to be able to
move relative to each other, and the controller is configured
to determine whether or not the indicator has touched the
optical image based on the distance information and infor-
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mation about the relative movement between the image
display component and the projection component. With this
configuration, the position of the optical image can be
moved without moving the entire image display device, so
an increase in the size of the image display device (the
mechanism for moving the position of the optical image) can
be suppressed while the optical image can be moved to a
height position that is easier for the user to see.

In this case, it is preferable if the image display compo-
nent is disposed so as to have a predetermined inclination
angle with respect to the projection component, and is
configured to be able to move with respect to the projection
component while maintaining the predetermined inclination
angle, and the controller is configured to determine whether
or not the indicator has touched the optical image based on
the distance information and movement information about
the image display component that has moved while main-
taining the predetermined inclination angle with respect to
the projection component. With this configuration, the dis-
tance between the user and the optical image can be easily
changed to a distance at which it is easier for the user to see.

With the image display device comprising the image
display component configured to be able to move with
respect to the projection component while maintaining a
predetermined inclination angle, it is preferable if the pro-
jection component is configured to be able to rotate around
a predetermined rotational axis that lies in the same plane as
the projection component, and the controller is configured to
determine whether or not the indicator has touched the
optical image based on the distance information and infor-
mation about the rotation of the projection component that
has rotated around a predetermined rotational axis that lies
in the same plane as the projection component. With this
configuration, the inclination angle of the optical image can
be easily changed to an angle at which it is easier for the user
to see.

With the image display device configured so that the
image display component and the projection component are
able to move relative to each other, it is preferable if the
projection component is disposed so as to be parallel to a
horizontal plane, and is configured to be able to move in the
up and down direction, and the controller is configured to
determine whether or not the indicator has touched the
optical image based on the distance information and move-
ment information about the projection component that has
moved in the up and down direction. With this configuration,
the height of the optical image can be easily changed to a
height at which it is easier for the user to see (a height that
matches the height of the user).

With the above image display device in accordance with
one aspect, it is preferable if the distance measurement
component and the display unit are configured to be able to
move integrally. Here, when the distance measurement
component and the display unit are moved integrally to
move the position of the optical image, there is no change in
the relative positional relation between the distance mea-
surement component and the display unit. Accordingly, as
discussed above, if the position of the optical image is
moved by integrally moving the distance measurement
component and the display unit, then the controller will be
able to properly determine whether or not the indicator has
touched the optical image, without having to acquire infor-
mation about the relative positions of the distance measure-
ment component and the display unit.

With the above image display device in accordance with
one aspect, it is preferable if the detector includes a light
emitter that emits light, and a light receiver that receives
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light emitted from the light emitter and reflected by the
indicator, and the distance measurement component is con-
figured to acquire distance information from the detector to
the indicator based on the elapsed time from the point when
the light emitter emits light until the point when the light
receiver receives light emitted from the light emitter and
reflected by the indicator. With this configuration, distance
information from the detector to the indicator can be easily
acquired by measuring the elapsed time until the point when
the light receiver receives light emitted from the light
emitter and reflected by the indicator.

As discussed above, with the present invention, whether
or not an indicator has touched an optical image can be
properly determined even when the position where the
optical image is formed has moved.

Fourth Embodiment

The present invention can also relate to an input device.

There are conventional input devices with which input is
performed by using a fingertip to indicate an image dis-
played in midair (see Japanese Laid-Open Patent Applica-
tion 2013-205885, for example). With this input device, for
example, processing related to an input acceptance region of
the image displayed in midair (such as the portion where a
button is displayed) is executed by an operation in which this
input acceptance region is pressed.

However, with a configuration in which input manipula-
tion is performed on an image displayed in midair, the input
acceptance region intuitively grasped by the user can not
coincide with the input acceptance region that is assumed by
the device. If such mismatching occurs, there will be devia-
tion in the input position, and smooth input can be hindered,
such as by having to redo the input manipulation repeatedly.

In light of the above, it is another object to provide an
input device with which input manipulation can be per-
formed smoothly using an image displayed in midair.

Referring now to FIG. 10, an input device 401 in accor-
dance with a fourth embodiment will now be explained.

FIG. 10 is a block diagram of the configuration of the
input device 401 in accordance with the fourth embodiment.
The input device 401 is used to perform input manipulation
by using an indicator 403 to indicate an image I displayed in
midair by an image display device 402. Then indicator 403
can be a finger, a pointer, or the like, although this is not
meant to limit the indicator 403.

The image display device 402 that displays an image in
midair will now be described briefly. The image display
device 402 comprises an image light emitter 421 that emits
image light, an imaging element 422 that forms an image of
the image light emitted from the image light emitter 421, in
midair and on the opposite side from the image light emitter
421, and a display controller 423 that controls the image
light emitter 421.

The image light emitter 421 is able to provide image light
for many different images, such as images that are needed to
accept input manipulation (such as images that include an
input button or other such input acceptance region), and
images for giving notification related to input manipulation
(such as an image that conveys a message to the user). The
image light emitter 421 can be constituted, for example, by
a liquid crystal display, a plasma display, an organic EL
(electro-luminescence) display, or the like. The image light
emitter 421 can also be constituted by a projector and a
screen onto which light is projected from the projector.

The imaging element 422 can be a known dihedral or
two-sided corner reflector array consisting of a plurality of
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dihedral or two-sided corner reflectors disposed in a plural-
ity of rows and a plurality of columns. The imaging element
422 made up of a dihedral or two-sided corner reflector array
forms a mirror image of an optical image disposed in midair
on one side of the element face (the lower side in FIG. 10),
at a position in planar symmetry to the element face. This
allows the user to perceive that the image is being displayed
in midair.

The input device 401 comprises a controller 410 that
controls the various components that make up the device.
The controller 410 uses various kinds of program or data
stored in a memory (not shown) to execute control process-
ing as needed. The controller 410 is provided so as to be able
to exchange signals with the display controller 423 provided
to the image display device 402. The controller 410 is an
example of the processor of the present invention. In the
illustrated embodiment, the controller 410 can include at
least one microcomputer or processor. The controller 410
can also include other conventional components such as an
input interface circuit, an output interface circuit, and stor-
age devices such as a ROM (Read Only Memory) device and
a RAM (Random Access Memory) device. The internal
RAM stores statuses of operational flags and various control
data. The internal ROM stores control programs for various
operations. The controller 410 is capable of selectively
controlling any of the components in accordance with the
control program. It will be apparent to those skilled in the art
from this disclosure that the precise structure and algorithms
for the controller 410 can be any combination of hardware
and software that will carry out the functions of the present
invention.

The input device 401 comprises a light source unit 411
that direct a laser beam at the image I displayed in midair by
the image display device 402. The light source unit 411
includes a light source 511 that emits an infrared laser beam,
and a scanning mirror 512 (an example of an optical
scanner) that two-dimensionally scans the infrared laser
beam emitted from the light source 511. The scanning mirror
512 can be driven biaxially, that is, horizontally (X direc-
tion) and vertically (Y direction), and two-dimensionally
scans the laser beam over the image I. This scanning mirror
512 can be constituted, for example, by a resonant MEMS
(micro-electro-mechanical system) mirror.

Lenses another such optical members can be included as
needed in the light source unit 411. Also, in some cases the
light emitted from the light source 511 can be light other
than infrared light, such as visible light, but infrared light is
preferable.

The input device 401 comprises a light source driver 412
that drives the light source 511 under control from the
controller 410. The input device 401 also comprises a mirror
driver 413 that drives the scanning mirror 512 under control
from the controller 410. The input device 401 also comprises
a light receiver 414 that receives the infrared laser beam
emitted from the light source unit 411 and reflected by the
indicator 403 near the midair image 1. The light receiver 414
sends detected information to the controller 410 as needed.
The light receiver 414 includes a single light detection
element, but can in some cases include a plurality of light
detection elements.

A first detector 415, which includes the light source 511,
the scanning mirror 512, and the light receiver 414, is an
example of the first detector of the present invention. The
first detector 415 can detect the position and movement of
the indicator 403 with respect to the image I displayed in
midair. This will be described in further detail through
reference to FIGS. 11, 12A, and 12B.
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FIG. 11 is a schematic diagram of how an infrared laser
beam is scanned over the image I displayed in midair, by the
input device 401 in accordance with the fourth embodiment.
In FIG. 11, the X direction is the horizontal direction of the
screen, and the Y direction is the vertical direction of the
screen. FIGS. 12A and 12B are schematic diagrams of the
state when the indicator 403 has moved into the image I
displayed in midair. The amount by which the indicator 403
has moved into the image I is different in FIGS. 12A and
12B. The amount by which the indicator 403 has moved into
the image [ is greater in FIG. 12B than in FIG. 12A.

As shown in FIG. 11, the infrared laser beam emitted from
the light source 511 is scanned in a specific pattern by the
drive of the scanning mirror 512, so as to cover the entire
range of the image I (the screen). This scanning in a specific
pattern is repeated over and over. In FIG. 11 an example is
shown in which the infrared laser beam is scanned in a raster
pattern, but any other pattern can be used instead, so long as
the pattern covers the entire range of the image I.

When the indicator 403 approaches the image I, the
infrared laser beam emitted from the light source 511 is
reflected by the indicator 403. The light receiver 414 is
adjusted to detect reflected light from the indicator 403 that
has moved into a sensing layer SL.1 (see FIGS. 12A and
12B) that substantially coincides with the screen. Accord-
ingly, movement of the indicator 403 toward and away from
the image 1 can be detected by the first detector 415
constituted by the light source 511, the scanning mirror 512,
and the light receiver 414.

The controller 410 also ascertains the scanning timing of
the infrared laser beam emitted from the light source unit
411. Accordingly, the controller 410 can specify the position
in the XY direction of the indicator 403 that moves into the
image I, from the timing at which the reflected light is
received by the light receiver 414. As shown in FIGS. 12A
and 12B, if the amount by which the indicator 403 moves
into the image I differs, the size of the indicator 403 detected
at the sensing layer SL.1 (see W in FIGS. 12A and 12B) will
also differ. Accordingly, the controller 410 can specify the
position (movement) in the depth direction (a direction
perpendicular to the screen; the Z direction) of the indicator
403 that moves into the image I based on information
outputted from the light receiver 414.

As can be understood from the above description, if an
input acceptance region for input manipulation (such as an
image of an input button) is set in the image I displayed in
midair by the image display device 402, then input manipu-
lation can be performed by indicating the input acceptance
region with the indicator 403. However, when input manipu-
lation is performed on the image 1 displayed in midair, the
input acceptance region intuitively grasped by the user can
not always coincide with the input acceptance region
assumed by the device.

FIGS. 13A and 13B are schematic diagrams of an
example of the state when a user performing input manipu-
lation has misperceived the image. FIG. 13 A shows the state
as viewed from the front, and FIG. 13B shows the state as
viewed from the side. Because the user has misperceived the
image, he presses a position that is offset downward from the
input acceptance region A.

When this happens, the user will further press down in the
input acceptance region A, or will press the input acceptance
region A again, for example. The input device 401 recog-
nizes this user operation, detects that the user has misper-
ceived the image, and notifies the user of this misperception.

FIG. 14 is a flowchart of the processing flow for input
manipulation with the indicator 403 in the input device 401
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in accordance with the fourth embodiment. The processing
flow shown in FIG. 14 is just an example, and can be
suitably modified. First, the controller 410 uses the first
detector 415 to monitor whether or not the indicator 403 has
moved into the image I (step S11). The controller 410 detects
that the indicator 403 has moved into the image 1 when the
indicator 403 moves into the sensing layer SL1.

Upon deciding that the indicator 403 has moved into the
image I, the controller 410 finds the position (region) of the
indicator 403 in the XY direction (the screen direction), and
confirms whether or not the indicator 403 is within the input
acceptance region A (step S12). Information related to the
input acceptance region A can be acquired from the display
controller 423 of the image display device 402. Upon
deciding that the XY position of the indicator 403 is within
the input acceptance region A (Yes in step S12), the con-
troller 410 performs processing to execute an event corre-
sponding to this input acceptance region A (step S13).

On the other hand, if the controller 410 decides that the
XY position of the indicator 403 is outside the input accep-
tance region A (No in step S12), the controller 410 sets a
two-dimensional region R that includes the previously
acquired XY position of the indicator 403 (step S14). The
two-dimensional region R is a region that is centered on the
previously acquired position to which the indicator 403 has
advanced in the XY direction (advancement region), which
has been expanded by a few percent in the X direction and
the Y direction. The two-dimensional region R can in some
cases be the same as the previously acquired advancement
region of the indicator 403, but when subsequent processing
is taken into account, it is preferably somewhat larger than
the previously acquired region.

Upon setting the two-dimensional region R, the controller
410 confirms whether or not the indicator 403 has been
pressed further into the two-dimensional region R (step
S15). As discussed above, if the indicator 403 moves in a
direction (Z direction) perpendicular to the screen in a state
of having moved into the sensing layer SL1, this can be
detected by the controller 410. Accordingly, the controller
410 can confirm whether or not the indicator 403 has been
pressed further in.

Upon deciding that the indicator 403 has been pressed
further in (Yes in step S15), the controller 410 decides that
the user has misperceived the image, and performs process-
ing to notify the user that the input position of the indicator
403 has shifted (error notification) (step S16). Examples of
the method for notifying the user that the input position has
shifted include displaying the above-mentioned two-dimen-
sional region R in the image I, changing the color of a
particular input acceptance region A based on the positional
relation between the two-dimensional region R and the input
acceptance regions A (there are usually more than one), and
displaying in the image 1 a message to the effect that the
position has shifted. A combination of these can also be used
as the method for notifying the user of a shift in position. In
some cases, audio can be utilized as the method for notifying
the user of a shift in position.

When the image I is used to notify the user of a position
shift, the controller 410 performs a processing operation in
conjunction with the display controller 423 of the image
display device 402.

After processing has been performed to notify the user of
a shift in the input position, the controller 410 eliminates the
two-dimensional region R (step S17), ends the series of
processing on input manipulation, and awaits the next input
manipulation (step S11).
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Meanwhile, if the controller 410 decides that the indicator
403 has not been pressed in further (No in step S15), the
controller 410 confirms whether or not the indicator 403 has
been retracted from the image I (step S18). If the indicator
403 is no longer in the sensing layer SL1, the controller 410
detects that the indicator 403 has been retracted from the
image I. When the controller 410 decides that the indicator
403 has not been retracted from the image I (No in step S18),
the flow returns to step S15 since it is possible that the
indicator 403 will be pressed in later.

Ifit is determined that the indicator 403 has been retracted
from the image I (Yes in step S18), the controller 410
confirms whether or not the controller 410 has moved into
the two-dimensional region R at least a specific number of
times within a specific length of time (step S19). The specific
number of times can be just once, or can be two or more
times. If it is determined that the indicator 403 has moved
into the two-dimensional region R at least a specific number
of times within a specific length of time (Yes in step S19),
the controller 410 decides that the user is misperceiving the
image since input manipulation is being performed repeat-
edly in the two-dimensional region R. Accordingly, the flow
proceeds to the above-mentioned step S16, and processing is
performed to notify the user that the input position of the
indicator 403 has shifted.

If it is determined that the indicator 403 has not moved
into the two-dimensional region R at least a specific number
of times within a specific length of time (No in step S19), the
controller 410 decides that there is no misperception on the
part of the user, and the flow proceeds to step S17.

With the input device 401 in the fourth embodiment given
above, when the advancement position of the indicator 403
into the image I has deviated from the input acceptance
region A, and the indicator 403 is making a characteristic
movement, it is determined that the user is misperceiving the
image, and the user is notified of an error. Therefore, the
misperception can be corrected and the input manipulation
carried out smoothly. Also, with the input device 401 in the
fourth embodiment, an error notification is not given every
time a simple mistake causes the input position to shift,
which makes the input device 401 more convenient for the
user.

Thus, in the first embodiment, the input device 401
comprises the first detector 415 that is able to detect the
position and movement of the indicator 403 with respect to
the image I displayed in midair, and the controller (e.g., the
processor) 410 that performs input processing based on
information detected by the first detector 415. The controller
410 determines whether or not to notify the user of an error
based on the movement of the indicator 403, when deviation
is detected between the position where the indicator 403
moves into the image I, and an input acceptance region
included in the image I.

Fifth Embodiment

Referring now to FIG. 15, an input device in accordance
with a fifth embodiment will now be explained. In view of
the similarity between the fourth and fifth embodiments, the
parts of the fifth embodiment that are identical to the parts
of the fourth embodiment will be given the same reference
numerals as the parts of the fourth embodiment. Moreover,
the descriptions of the parts of the fifth embodiment that are
identical to the parts of the fourth embodiment may be
omitted for the sake of brevity.

In the fourth embodiment, the input device 401 is con-
figured to detect only user misperception in the screen

10

15

20

25

30

35

40

45

50

55

60

65

26
direction (the XY direction) and notify the user of this.
However, as shown in FIG. 15, it is conceivable that the user
will misperceive not only the screen direction, but also the
depth direction (a direction perpendicular to the screen; the
Z direction).

FIG. 15 is a schematic diagram of an example of the state
when a user performing input manipulation has misper-
ceived the depth direction, and shows the state as viewed
from the side. In FIG. 15, because the user is misperceiving
the XY direction, the indicator 403 moves to a position that
is offset from the input acceptance region A. Also, because
the user is misperceiving the Z direction, he will move the
indicator 403 to search for the input acceptance region A
while the indicator 403 has moved into the image I.

The input device in the fifth embodiment is configured
substantially the same as the input device 401 in the fourth
embodiment, but its configuration differs from the fourth
embodiment in that the user can be notified of the misper-
ception shown in FIG. 15, allowing input manipulation to
proceed smoothly. The following description will focus on
this difference, and the detailed configuration of the input
device will be omitted for the sake of brevity.

FIG. 16 is a flowchart of part of the processing flow for
user input manipulation with the input device in accordance
with the fifth embodiment. The processing executed by the
input device in the fifth embodiment is substantially the
same as the processing flow shown in FIG. 14, but part of it
is different. The controller 410 confirms whether or not the
indicator 403 has been pressed further in after positional
deviation of the indicator 403 in the screen direction (the XY
direction) has been detected and the two-dimensional region
R has been set (step S15). This point is the same as in the
fourth embodiment. The processing when the indicator 403
has not been pressed further in (No in step S15) is also the
same as in the fourth embodiment.

On the other hand, if it is determined that the indicator 403
has been pressed further in (Yes in step S15), the controller
410 performs processing that is different from that in the
fourth embodiment. Specifically, when it is determine that
the indicator 403 has been pressed further in, the controller
410 does not instantly perform processing to notify the user
of deviation in the input position (error notification), and
instead confirms whether or not the indicator 403 has left
within a specific length of time (step T1).

If it is determined that the indicator 403 has left within a
specific length of time (Yes in step T1), it is determine that
there is no user misperception of the Z direction. In this case,
just as in the fourth embodiment, the controller 410 simply
performs processing to notify the user that the input position
of the indicator 403 has shifted (step S16). On the other
hand, if it is determined that the indicator 403 has not left
within a specific length of time (No in step T1), the user is
misperceiving the Z direction, and it is predicted that the
indicator 403 will not be pulled out of the image I for some
time. In this case, the controller 410 performs processing to
notify the user not only that the input position of the
indicator 403 has shifted, but also that the indicator 403
should be pulled out of the image I (step T2). This notifi-
cation can involve the use of the image I, or in some cases
can involve the use of audio.

After steps S16 and T2, the flow proceeds to step S17, and
from there on the processing is the same as in the fourth
embodiment.

With the fifth embodiment given above, in addition to the
effect of the fourth embodiment, it can also be anticipated
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that there will be less misperception of the depth direction by
the user, so the user can carry out input manipulation more
smoothly.

Sixth Embodiment

Referring now to FIG. 17, an input device in accordance
with a sixth embodiment will now be explained. In view of
the similarity between the fourth and sixth embodiments, the
parts of the sixth embodiment that are identical to the parts
of the fourth embodiment will be given the same reference
numerals as the parts of the fourth embodiment. Moreover,
the descriptions of the parts of the sixth embodiment that are
identical to the parts of the fourth embodiment may be
omitted for the sake of brevity.

FIG. 17 is a schematic diagram illustrating the simplified
configuration of the input device in accordance with the
sixth embodiment. As shown in FIG. 17, if the user is
misperceiving the depth direction, there is the possibility
that the indicator 403 will not move into the image I, and no
input manipulation will be carried out. The input device of
the sixth embodiment includes a way to avoid such situa-
tions. The configuration of the input device in the sixth
embodiment is substantially the same as the configuration of
the input device 401 in the fourth embodiment or of the input
device in the fifth embodiment, so equivalent portions will
not be described again, and the description will focus on the
differences.

Basically, the input device in the sixth embodiment is
identical to the input device 401 in the fourth embodiment,
except for a second detector 416. As shown in FIG. 17, the
input device in the sixth embodiment includes not only the
first detector 415, but also the second detector 416 capable
of detecting movement (in and out) of the indicator 403 with
respect to a detection surface S set at a position away from
the image [ on the front side. The detection surface S is
substantially parallel to the plane of the image 1. The second
detector 416 is similar to the first detector 415 in that it
includes a light source, a scanning mirror, and a light
receiver. The light source is preferably a laser light source
that emits an infrared laser beam.

The scanning mirror included in the second detector 416
is provided so that a specific range of the detection surface
S can be scanned. This specific range is suitably set so as to
allow detection of a situation in which the indicator 403
approaching the image 1 leaves without moving into the
image . The scanning of the detection surface S can, for
example, be in a raster pattern, just as in the scanning of the
image I, and this pattern is scanned repeatedly. The light
receiver included in the second detector 416 is adjusted so
as to detect reflected light from the indicator 403 that has
moved into a sensing layer SL.2 that substantially coincides
with the detection surface S.

FIG. 18 is a flowchart of part of the processing flow for
user input manipulation with the input device in accordance
with the sixth embodiment. The processing executed by the
input device in the sixth embodiment is substantially the
same as the processing flow shown in FIG. 14, or the
processing flow shown in FIG. 16 (which is a modification
of the processing flow shown in FIG. 14), but differs in that
steps Ul to U4 are performed instead of the above-men-
tioned step S11.

The controller 410 monitors whether or not the indicator
403 has moved into the detection surface S (step Ul). If the
indicator 403 moves into the sensing layer SL.2, which is
provided so as to substantially coincide with the detection
surface S, the controller 410 detects that the indicator 403
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has moved into the detection surface S. If it is determined
that the indicator 403 has moved into the detection surface
S (Yes, in step U1), the controller 410 uses the first detector
415 to confirm whether or not the indicator 403 has moved
into the image I (step U2). If the indicator 403 moves into
the sensing layer SL1, which is provided so as to substan-
tially coincide with the image I, the controller 410 detects
that the indicator 403 has moved into the image I.

If it is determined that the indicator 403 has moved into
the image I (Yes in step U2), the controller 410 decides that
so far there is no user misperception of the depth direction,
so the flow proceeds to the above-mentioned step S12. The
processing from step S12 onward is the same as that in the
fourth embodiment or the fifth embodiment.

On the other hand, if it is determined that the indicator 403
has not moved into the image 1, the controller 410 confirms
whether or not the indicator 403 has left the detection
surface S (step U3) by using the second detector 416. If it is
determined that the indicator 403 has not left the detection
surface S (No in step U3), the controller 410 goes back to
step U2 and performs the processing from step U2 onward.
If it is determined that the indicator 403 has left the detection
surface S (Yes in step U3), the controller 410 determines that
the user is misperceiving the depth direction, and notifies the
user of inadequate insertion of the indicator 403 (error
notification) (step U4). This notification can involve the use
of'the image I, or in some cases can involve the use of audio.
When this notification is given, the processing related to
input manipulation in one example is temporarily ended, and
the system awaits the next input manipulation (step Ul).

With the sixth embodiment given above, once the indi-
cator 403 moves in and out with respect to the detection
surface S (leaving the detection surface S without moving
into the image I), it is determined that the user is misper-
ceiving the depth direction. This, however, is just one
example. Specifically, the configuration can be such that if
the movement of the indicator 403 in and out with respect to
the detection surface S is repeated for at least a specific
number of times, it is determined that the user is misper-
ceiving the depth direction.

Specifically, FIG. 19 is a flowchart of part of the process-
ing flow in accordance with a modification example of the
sixth embodiment. With the processing flow illustrated in
FIG. 18, if it is determined that the indicator 403 has left the
detection surface S (Yes in step U3), then the controller 410
determines that the user is misperceiving the depth direction,
and notifies the user of inadequate insertion of the indicator
403 (error notification) (step U4). On the other hand, with
the processing flow illustrated in FIG. 19, if it is determined
that the indicator 403 has left the detection surface S (Yes in
step U3), then the controller 410 determines whether or not
the movement of the indicator 403 in and out with respect to
the detection surface S has been repeated for at least a
specific number of times (step US). If the controller 410
determines that the movement of the indicator 403 in and out
with respect to the detection surface S has been repeated for
a number of times less than the specific number of times (No
in step U5), then the process returns to step Ul. On the other
hand, if the controller 410 determines that the movement of
the indicator 403 in and out with respect to the detection
surface S has been repeated for the specific number of times
(Yes in step US), then the process proceeds to step U4, and
the controller 410 notifies the user of inadequate insertion of
the indicator 403 (error notification) (step U4).

With the configuration of the sixth embodiment given
above, in addition to the effects of the fourth and fifth
embodiments, it is anticipated that user misperception of the
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depth direction can be reduced, allowing the user to perform
input manipulation more smoothly.

The embodiments given above are illustrative examples
of the present invention, and the scope of application of the
present invention is not limited to or by the configuration of
the embodiments given above. The above embodiments can
of course be suitably modified without departing from the
technological concept of the present invention.

For instance, in the above embodiments, the input device
401 and the image display device 402 are each provided as
a separate device, but this is not the only option, and the
input device can instead be configured to combine an image
display function. For example, an input manipulation func-
tion and an image display function can be realized by
incorporating the components that are necessary for an
image projection device into the input device of the present
invention.

In some cases, the configuration can be such that an
imaging element is used to detect the movement and posi-
tion of the indicator 403 with respect to the image I.

The processing flows for user input manipulation pro-
cessing with input devices in accordance with the fourth,
fifth and sixth embodiments can also be performed by the
image display devices 100, 200 and 300 in accordance with
the first, second and third embodiments.

Specifically, the processing flow as illustrated in FIG. 14
can be performed by the image display device 100 illustrated
in FIG. 3. Referring now to FIGS. 3, 4 and 14, the processing
flow performed by the image display device 100 will be
briefly explained. First, the main body-side controller 6 uses
the touch determination component 67 to determine whether
or not the finger F has moved into the optical image E (step
S11). The touch determination component 67 detects that the
finger F has moved into the optical image E when the finger
F moves into the touch detection plane H1 (without move-
ment of the reflecting element aggregate board 3 or the
liquid crystal panel 41) or the touch detection plane H2 (with
movement of the reflecting element aggregate board 3 or the
liquid crystal panel 41).

Upon deciding that the finger F has moved into the optical
image E, the touch determination component 67 transmit the
position (region or coordinate) of the finger F in the XY
direction (the screen direction) to the controller 61. Then, the
controller 61 confirms whether or not the finger F is within
an input acceptance region, such as input keys, defined in the
optical image E (step S12). In the illustrated embodiment,
the controller 61 also control the liquid crystal panel 41 to
display the optical image E on the liquid crystal panel 41.
Thus, the controller 61 also can achieve the information
(position or coordinate) related to the input acceptance
region. Upon deciding that the XY position of the finger F
is within the input acceptance region (Yes in step S12), then
the controller 61 also performs processing to execute an
event corresponding to this input acceptance region (step
S13).

On the other hand, if the controller 61 decides that the XY’
position of the finger F is outside the input acceptance region
(No in step S12), then the controller 61 sets a two-dimen-
sional region that includes the previously acquired XY
position of the finger F (step S14). The two-dimensional
region is a region that is centered on the previously acquired
position to which the finger F has advanced in the XY
direction (advancement region), which has been expanded
by a few percent in the X direction and the Y direction. The
two-dimensional region can in some cases be the same as the
previously acquired advancement region of the finger F, but
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when subsequent processing is taken into account, it is
preferably somewhat larger than the previously acquired
region.

Upon setting the two-dimensional region, the controller
61 confirms whether or not the finger F has been pressed
further into the two-dimensional region (step S15). If the
finger F moves in a direction perpendicular to the screen in
a state of having moved into the touch detection plane H1 (or
H2), this can be detected by the controller 61 based on the
distance image data (see FIG. 4) since the distance from the
detector 51 to the finger F becomes smaller. Accordingly, the
controller 61 can confirm whether or not the finger F has
been pressed further in.

Upon deciding that the finger F has been pressed further
in (Yes in step S15), then the controller 61 decides that the
user has misperceived the image, and performs processing to
notify the user that the input position of the finger F has
shifted (error notification) (step S16). Examples of the
method for notifying the user that the input position has
shifted include displaying the above-mentioned two-dimen-
sional region in the optical image E, changing the color of
a particular input acceptance region based on the positional
relation between the two-dimensional region and the input
acceptance region, and displaying in the optical image E a
message to the effect that the position has shifted. A com-
bination of these can also be used as the method for
notifying the user of a shift in position. In some cases, audio
can be utilized as the method for notifying the user of a shift
in position.

When the optical image E is used to notify the user of a
position shift, the controller 61 performs this display opera-
tion to drive the liquid crystal panel 41 and to display the
notification on the optical image E.

After processing has been performed to notify the user of
a shift in the input position, the controller 61 eliminates the
two-dimensional region (step S17), ends the series of pro-
cessing on input manipulation, and awaits the next input
manipulation (step S11).

Meanwhile, if the controller 61 decides that the finger F
has not been pressed in further (No in step S15), then the
controller 61 confirms whether or not the finger F has been
retracted from the optical image E (step S18). If the finger
F is no longer in the touch detection plane H1 (or H2), then
the controller 61 detects that the finger F has been retracted
from the optical image E. When the controller 61 decides
that the finger F has not been retracted from the optical
image E (No in step S18), then the flow returns to step S15
since it is possible that the finger F will be pressed in later.

If it is determined that the finger F has been retracted from
the optical image E (Yes in step S18), then the controller 61
confirms whether or not the controller 61 has moved into the
two-dimensional region at least a specific number of times
within a specific length of time (step S19). The specific
number of times can be just once, or can be two or more
times. If it is determined that the finger F has moved into the
two-dimensional region at least the specific number of times
within the specific length of time (Yes in step S19), then the
controller 61 decides that the user is misperceiving the
optical image E since input manipulation is being performed
repeatedly in the two-dimensional region. Accordingly, the
flow proceeds to the above-mentioned step S16, and pro-
cessing is performed to notify the user that the input position
of the finger F has shifted.

If it is determined that the finger F has not moved into the
two-dimensional region at least the specific number of times
within the specific length of time (No in step S19), then the
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controller 61 decides that there is no misperception on the
part of the user, and the flow proceeds to step S17.

The processing flow as illustrated in FIG. 14 can also be
performed by the image display device 200 illustrated in
FIG. 7 or by the image display device 300 illustrated in FIG.
9 in the same manner as performed by the image display
device 100 illustrated in FIG. 3. In view of the similarity
between the configuration of the image display device 100
and the configurations of the image display device 200 and
300, the detailed descriptions of the processing flow per-
formed by the image display device 200 or 300 will be
omitted for the sake of brevity.

In the illustrated embodiment, the main body-side con-
troller 6 (206, 306) (e.g., the controller) is configured to
determine whether or not to perform the error notification
based on movement of the finger F (e.g., the indicator) (step
S16) upon detecting deviation between a position of the
finger F (e.g., the indicator) on the optical image E and the
input acceptance region of the optical image E (No in step
S12).

In the illustrated embodiment, the main body-side con-
troller 6 (206, 306) (e.g., the controller) is configured to
perform the error notification (step S16) upon determining
that the finger F (e.g., the indicator) further moves into the
optical image E (Yes in step S15) after the deviation is
detected (No in step S12).

In the illustrated embodiment, the main body-side con-
troller 6 (206, 306) (e.g., the controller) is configured to
perform the error notification (step S16) upon determining
that the finger F (e.g., the indicator) repeatedly moves into
the two-dimensional region (e.g., the region) of the optical
image E that is deviated from the input acceptance region
(Yes in step S19) after the deviation is detected (No in step
S12).

Furthermore, the processing flow as illustrated in FIG. 16
can also be performed by the image display device 100
illustrated in FIG. 3. Referring now to FIGS. 3, 4 and 16, the
processing flow performed by the image display device 100
will be briefly explained. The processing executed by the
image display device 100 is substantially the same as the
above-mentioned processing flow shown in FIG. 14 and
performed by the image display device 100, but part of it is
different. The controller 61 confirms whether or not the
finger F has been pressed further in after positional deviation
of the finger F in the screen direction (the XY direction) has
been detected and the two-dimensional region has been set
(step S15). This point is the same as illustrated in FIG. 14.
The processing when the finger F has not been pressed
further in (No in step S15) is also the same as illustrated in
FIG. 14.

On the other hand, if it is determined that the finger F has
been pressed further in (Yes in step S15), then the controller
61 performs processing that is different from the processing
as illustrated in FIG. 14. Specifically, when it is determine
that the finger F has been pressed further in, then the
controller 61 does not instantly perform processing to notify
the user of deviation in the input position (error notification),
and instead confirms whether or not the finger F has left the
optical image E (touch detection plane H1 or H2) within a
specific length of time (step T1).

If it is determined that the finger F has left the optical
image E within the specific length of time (Yes in step T1),
then it is determine that there is no user misperception of the
Z direction (perpendicular to the optical image E). In this
case, just as illustrated in FIG. 14, the controller 61 simply
performs processing to notify the user that the input position
of the finger F has shifted (step S16). On the other hand, if
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it is determined that the finger F has not left the optical
image E within the specific length of time (No in step T1),
then the user is misperceiving the Z direction, and it is
predicted that the finger F will not be pulled out of the
optical image E for some time. In this case, the controller 61
performs processing to notify the user not only that the input
position of the finger F has shifted, but also that the finger
F should be pulled out of the optical image E (step T2). This
notification can involve the use of the optical image E, or in
some cases can involve the use of audio.

After steps S16 and T2, the flow proceeds to step S17, and
from there on the processing is the same as illustrated in
FIG. 14.

The processing flow as illustrated in FIG. 16 can also be
performed by the image display device 200 illustrated in
FIG. 7 or by the image display device 300 illustrated in FIG.
9 in the same manner as performed by the image display
device 100 illustrated in FIG. 3. In view of the similarity
between the configuration of the image display device 100
and the configurations of the image display device 200 and
300, the detailed descriptions of the processing flow per-
formed by the image display device 200 or 300 will be
omitted for the sake of brevity.

In the illustrated embodiment, the main body-side con-
troller 6 (206, 306) (e.g., the controller) is configured to
perform the error notification (step T2) upon determining
that the finger F (e.g., the indicator) stays in the optical
image E for at least a specific length of time (No in step T1)
after the deviation is detected (No in step S12).

Furthermore, the processing flow as illustrated in FIG. 18
can also be performed by the image display device 100
illustrated in FIG. 3. Referring now to FIGS. 3, 4 and 18, the
processing flow performed by the image display device 100
will be briefly explained. The processing executed by the
image display device 100 is substantially the same as the
processing flow shown in FIG. 14, or the processing flow
shown in FIG. 16 (which is a modification of the processing
flow shown in FIG. 14), but differs in that steps U1 to U4 are
performed instead of the above-mentioned step S11.

The controller 61 monitors whether or not the finger F has
moved into a detection surface by using the distance mea-
surement component 5 (the distance image data shown in
FIG. 4) (step U1). This detection surface is defined based on
the touch detection plane H1 (without movement of the
reflecting element aggregate board 3 or the liquid crystal
panel 41) or the touch detection plane H2 (with movement
of the reflecting element aggregate board 3 or the liquid
crystal panel 41). In particular, after the touch detection
plane production component 64 produces the touch detec-
tion plane H1 (or H2) corresponding to the optical image E,
the touch detection plane production component 64 also
produces the detection surface based on the location of the
touch detection plane H1 (or H2). Specifically, the detection
surface is set at a location spaced apart by a predetermined
distance from the touch detection plane H1 (or H2) (optical
image E) such that the detection surface is disposed closer
to the user (farther from the detector 51) than the touch
detection plane H1 (or H2) and is parallel to the the user
(farther from the detector 51) than the touch detection plane
H1 (or H2) in a manner similar to the relationship between
the sensing layer SL.1 (corresponding to the touch detection
plane H1 (or H2) and the sensing layer SL.2 (corresponding
to the detection surface) as illustrated in FIG. 17.

If the finger F moves into the detection surface (Yes, in
step Ul), then the controller 61 uses the touch detection
plane H1 (or H2) to confirm whether or not the finger F has
moved into the optical image E (step U2). If the finger F
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moves into the touch detection plane H1 (or H2), which is
provided so as to substantially coincide with the optical
image E, then the controller 61 detects that the finger F has
moved into the optical image E by using the distance
measurement component 5 (the distance image data shown
in FIG. 4).

If it is determined that the finger F has moved into the
optical image E (Yes in step U2), then the controller 61
decides that so far there is no user misperception of the depth
direction, so the flow proceeds to the above-mentioned step
S12. The processing from step S12 onward is the same as
illustrated in FIG. 14 or FIG. 16.

On the other hand, if it is determined that the finger F has
not moved into the optical image E, then the controller 61
confirms whether or not the finger F has left the detection
surface (step U3). If it is determined that the finger F has not
left the detection surface (No in step U3), then the controller
61 goes back to step U2 and performs the processing from
step U2 onward. If it is determined that the finger F has left
the detection surface (Yes in step U3), then the controller 61
determines that the user is misperceiving the depth direction,
and notifies the user of inadequate insertion of the finger F
(error notification) (step U4). This notification can involve
the use of the optical image E, or in some cases can involve
the use of audio. When this notification is given, the pro-
cessing related to input manipulation in one example is
temporarily ended, and the system awaits the next input
manipulation (step Ul).

With the processing as illustrated in FIG. 18 and per-
formed by the image display device 100 illustrated in FIG.
3, once the finger F moves in and out with respect to the
detection surface (leaving the detection surface without
moving into the optical image E), it is determined that the
user is misperceiving the depth direction. This, however, is
just one example. Specifically, the configuration can be such
that if the movement of the finger F in and out with respect
to the detection surface is repeated for at least a specific
number of times, it is determined that the user is misper-
ceiving the depth direction.

Specifically, FIG. 19 is a flowchart of part of the process-
ing flow in accordance with a modification example of the
processing as illustrated in FIG. 18 and performed by the
image display device 100 illustrated in FIG. 3. With the
processing flow illustrated in FIG. 18, if it is determined that
the finger F has left the detection surface (Yes in step U3),
then the controller 61 determines that the user is misper-
ceiving the depth direction, and notifies the user of inad-
equate insertion of the finger F (error notification) (step U4).
On the other hand, with the processing flow illustrated in
FIG. 19, if it is determined that the finger F has left the
detection surface (Yes in step U3), then the controller 61
determines whether or not the movement of the finger F in
and out with respect to the detection surface has been
repeated for at least a specific number of times (step US). If
the controller 61 determines that the movement of the finger
F in and out with respect to the detection surface has been
repeated for a number of times less than the specific number
of times (No in step U5), then the process returns to step U1.
On the other hand, if the controller 61 determines that the
movement of the finger F in and out with respect to the
detection surface has been repeated for the specific number
of times (Yes in step U5), then the process proceeds to step
U4, and the controller 61 notifies the user of inadequate
insertion of the finger F (error notification) (step U4).

The processing flow as illustrated in FIGS. 18 and 19 can
also be performed by the image display device 200 illus-
trated in FIG. 7 or by the image display device 300 illus-
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trated in FIG. 9 in the same manner as performed by the
image display device 100 illustrated in FIG. 3. In view of the
similarity between the configuration of the image display
device 100 and the configurations of the image display
device 200 and 300, the detailed descriptions of the pro-
cessing flow performed by the image display device 200 or
300 will be omitted for the sake of brevity.

Also, in the illustrated embodiment, the detection surface
is produced relative to the touch detection plane H1 (or H2)
based on the distance information obtained by the detector
51. However, of course, the detection surface can be pro-
duced in the same manner as explained in the sixth embodi-
ment. In this case, the image display device 100 (200, 300)
has the second detector 416 (see FI1G. 17) that scan a specific
scan range to define the detection surface. Of course, the
position of the specific scan range (e.g., the detection
surface) is configured to be adjustable according to the
position of the the touch detection plane H1 (or H2).

In the illustrated embodiment, the image display device
100 (200, 300) further comprises the detector 51 (e.g., the
second detector) or the second detector 416 (e.g., the second
detector) configured to detect the movement of the finger F
(e.g., the indicator) with respect to the detection surface
(e.g., the detection plane) that is set at a position away from
the optical image E, the main body-side controller 6 (206,
306) (e.g., the controller) being configured to perform the
error notification (step U4) upon determining that an opera-
tion in which the the finger F (e.g., the indicator) moves out
from the detection surface (e.g., the detection plane) (Yes in
step U3) without moving into the optical image E (No in step
U2) is performed at least a specific number of times (Yes in
step U5) after the finger F (e.g., the indicator) moves into the
detection surface (e.g., the detection plane) (Yes in step Ul).

In the illustrated embodiments, the input device com-
prises a first detector that is able to detect the position and
movement of an indicator with respect to an image displayed
in midair, and a processor that performs input processing
based on information detected by the first detector. The
processor is configured to determine whether or not to notify
the user of an error based on the movement of the indicator,
when deviation is detected between the position where the
indicator moves into the image, and an input acceptance
region included in the image (first configuration).

With the input device in this configuration, if the indicator
undergoes a characteristic movement when the position
where the indicator moves into the image has deviated from
the input acceptance region, the user can be notified of an
error. If this characteristic movement is assumed to be a
movement that is often performed when the user does not
perceive the image properly, then misperception by the user
can be corrected.

The first detector is preferably configured to include a
light source, an optical scanner for scanning light emitted
from the light source, and a light receiver for receiving
reflected light produced when the light scanned by the
optical scanner is reflected by the indicator. With this
configuration, the information obtained from the detector is
not complicated, and response can be improved.

With the input device of the first configuration, the
configuration can be such that the processor performs the
processing to notify the user of an error upon determining
that the indicator was pushed in further with respect to the
image after the deviation was detected (second configura-
tion). With this configuration, it is possible to correct user
misperception of the screen direction with respect to the
image.
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With the input device of the first or second configuration,
the configuration can be such that the processor performs the
processing to notify the user of an error upon determining
that the indicator has repeatedly moved into a region devi-
ated from the input acceptance region after the deviation was
detected (third configuration). With this configuration, it is
possible to correct user misperception of the screen direction
with respect to the image.

With the input device any of the first to third configura-
tions, the configuration can be such that the processor
performs the processing to notify the user of an error upon
determining that a state in which the indicator has moved in
with respect to the image has continued for at least a specific
length of time after the deviation was detected (fourth
configuration). With this configuration, in addition to user
misperception of the screen direction with respect to the
image, it is also possible to correct misperception of the
depth direction (a direction perpendicular to the screen).

With the input device any of the first to fourth configu-
rations, the configuration can further comprise a second
detector that is able to detect the movement of the indicator
with respect to a detection plane that is set at a position away
from the image, wherein the processor performs the pro-
cessing to notify the user of an error upon determining that
an operation in which the indicator leaves the detection
plane without moving into the image has been performed at
least a specific number of times after the indicator moved
into the detection plane (fifth configuration). With this
configuration, in addition to user misperception of the screen
direction with respect to the image, it is also possible to
correct misperception of the depth direction (a direction
perpendicular to the screen). The specific number of times
can be just once, or can be two or more times.

The present invention provides an input device with
which input manipulation can be performed smoothly using
an image displayed in midair.

In understanding the scope of the present invention, the
term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other
unstated features, elements, components, groups, integers
and/or steps. The foregoing also applies to words having
similar meanings such as the terms, “including”, “having”
and their derivatives. Also, the terms “part,” “section,”
“portion,” “member” or “element” when used in the singular
can have the dual meaning of a single part or a plurality of
parts unless otherwise stated.

As used herein, the following directional terms “forward”,
“rearward”, “front”, ‘“rear”, “up”, “down”, “above”,
“below”, “upward”, “downward”, “top”, “bottom”, “side”,
“vertical”, “horizontal”, “perpendicular” and “transverse” as
well as any other similar directional terms refer to those
directions of the image display device in an upright position.
Accordingly, these directional terms, as utilized to describe
the image display device should be interpreted relative to an
image display device in an upright position on a horizontal
surface.

While only selected embodiments have been chosen to
illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes
and modifications can be made herein without departing
from the scope of the invention as defined in the appended
claims. For example, unless specifically stated otherwise,
the size, shape, location or orientation of the various com-
ponents can be changed as needed and/or desired so long as
the changes do not substantially affect their intended func-
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tion. Unless specifically stated otherwise, components that
are shown directly connected or contacting each other can
have intermediate structures disposed between them so long
as the changes do not substantially affect their intended
function. The functions of one element can be performed by
two, and vice versa unless specifically stated otherwise. The
structures and functions of one embodiment can be adopted
in another embodiment. It is not necessary for all advantages
to be present in a particular embodiment at the same time.
Every feature which is unique from the prior art, alone or in
combination with other features, also should be considered
a separate description of further inventions by the applicant,
including the structural and/or functional concepts embod-
ied by such feature(s). Thus, the foregoing descriptions of
the embodiments according to the present invention are
provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents.

What is claimed is:

1. An image display device comprising:

an image display component;

a projection component including an optical element that
forms an optical image in midair, the optical image
corresponding to an image displayed by the image
display component;

a distance measurement component having a detector that
detects an indicator for performing an touch operation
relative to the optical image to acquire distance infor-
mation from the detector to the indicator;

a main body that supports the image display component,
the projection component and the distance measure-
ment component to change a position of the optical
image in midair; and

a controller that determines whether or not the indicator
has performed the touch operation relative to the opti-
cal image based on the distance information and rela-
tive movement information between the distance mea-
surement component and at least one of the image
display component and the projection component;

wherein the image display component and the projection
component are relatively movable with respect to each
other, and

the controller determines whether or not the indicator has
performed the touch operation relative to the optical
image based on the distance information and relative
movement information between the image display
component and the projection component.

2. The image display device according to claim 1, wherein

the image display component is arranged at a predeter-
mined inclination angle with respect to the projection
component, and is movable with respect to the projec-
tion component while maintaining the predetermined
inclination angle, and

the controller determines whether or not the indicator has
performed the touch operation relative to the optical
image based on the distance information and movement
information of the image display component.

3. The image display device according to claim 1, wherein

the projection component is rotatable about a rotational
axis, and

the controller determines whether or not the indicator has
performed the touch operation relative to the optical
image based on the distance information and rotation
information of the projection component.

4. The image display device according to claim 1, wherein

the projection component is movable in a first direction,
and
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the controller determines whether or not the indicator has
performed the touch operation relative to the optical
image based on the distance information and movement
information of the projection component.
5. The image display device according to claim 1, wherein
the image display component or the projection component
is relatively immovable with respect to the distance
measurement component.
6. The image display device according to claim 1, wherein
the distance measurement component, the image display
component and the projection component are integrally
movable together.
7. The image display device according to claim 1, wherein
the detector includes a light emitter that emits light and a
light receiver that receives the light that has been
emitted from the light emitter and reflected by the
indicator as reflected light, and
the distance measurement component acquires the dis-
tance information from the detector to the indicator
based on an elapsed time from a time point when the
light emitter emits the light until a time point when the
light receiver receives the reflected light.
8. The image display device according to claim 1, wherein
the detector captures an image to produce a distance
image data, and
the controller defines a touch detection plane in the
distance image data.
9. The image display device according to claim 1, wherein
the controller calculates a touch detection plane based on
the relative movement information between the dis-
tance measurement component and at least one of the
image display component and the projection compo-
nent, and
the controller determines that the indicator has performed
the touch operation relative to the optical image upon
determining that the indicator is located in a vicinity of
the touch detection plane based on the distance infor-
mation.
10. The image display device according to claim 1,
wherein
the controller determines whether or not to perform an
error notification based on movement of the indicator
upon detecting deviation between a position of the
indicator on the optical image and an input acceptance
region of the optical image.
11. The image display device according to claim 10,
wherein
the controller detects the deviation between the position
of the indicator on the optical image and the input
acceptance region of the optical image while the indi-
cator is located in the optical image, and performs the
error notification upon determining that the indicator
proceeds into the optical image after the deviation
between the position of the indicator on the optical
image and the input acceptance region of the optical
image is detected.
12. The image display device according to claim 10,
wherein
the controller performs the error notification upon deter-
mining that the indicator repeatedly moves into a
region of the optical image that is deviated from the
input acceptance region after the deviation is detected.
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13. The image display device according to claim 10,

wherein

the controller performs the error notification upon deter-
mining that the indicator stays in the optical image for
at least a specific length of time after the deviation is
detected.

14. The image display device according to claim 1,

wherein

the projection component receives light of the image
displayed by the image display component on one side
thereof, and forms the optical image as a virtual touch
screen on the other side thereof.

15. The image display device according to claim 5, further

comprising

a housing that supports the image display component and
the projection component, and

the image display component is movable with respect to
the housing.

16. The image display device according to claim 15,

wherein

the projection component is fixedly supported by the
housing.

17. The image display device according to claim 15,

wherein

the projection component is movable with respect to the
housing.

18. The image display device according to claim 6, further

comprising

a housing that supports the image display component and
the projection component, and

the distance measurement component is fixedly supported
by the housing.

19. An image display device comprising;

an image display component;

a projection component that forms an optical image
corresponding to an image displayed by the image
display component;

a distance measurement component having a detector that
detects an indicator for performing an touch operation
relative to the optical image to acquire distance infor-
mation from the detector to the indicator;

a controller that determines whether or not the indicator
has performed the touch operation relative to the opti-
cal image based on the distance information and rela-
tive movement information between the distance mea-
surement component and at least one of the image
display component and the projection component,

a second detector that detects movement of the indicator
with respect to a detection plane that is set at a position
away from the optical image,

the controller determining whether or not to perform an
error notification based on the movement of the indi-
cator upon detecting deviation between a position of
the indicator on the optical image and an input accep-
tance region of the optical image,

the controller performing the error notification upon
determining that an operation in which the indicator
moves out from the detection plane without moving
into the optical image is performed at least a specific
number of times after the indicator moves into the
detection plane.



