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FIG.1

(57) Abstract: A head-mountable display device (1) is
provided including an image display device (11) configured
to be communicable with an input device (2) and to display
an operation image and an auxiliary image overlaid upon the
operation image. The auxiliary image indicates three-dimen-
sional positional information of atarget object relative to an
input operation surface of the input device.
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Description

Title of Invention: HEAD-MOUNTED DISPLAY AND IN-

FORMATION DISPLAY APPARATUS

Technical Field
The present technology relates to a head-mounted display and an information display
apparatus.

Background Art

A head-mounted display (HMD) that is mounted on the head of auser to be capable
of presenting an image to the user through adisplay or the like located in front of the
eyes is known. The HMDs are classified into a non-see-through HMD that transmits no
external light therethrough and displays only apredetermined image to the user and a
see-through HMD that allows the user to visually recognize the outside world and, for
example, displays apredetermined image to be overlapped with the field of view of the
user. For example, Japanese Patent Application Laid-open No. 2008-070817 describes
anon-see-through HMD including an operation input part such as abutton on an HMD
main body.

On the other hand, in recent years, as an input method for an information processing
apparatus and the like, instead of abutton and the like having alarge occupied area and
alimited diversification, atouch panel method that is capable of switching indicated
items (graphical user interfaces (GUIS)), to thereby present the plurality of GUIs to the
user is becoming the mainstream. In this context, Japanese Patent Application Laid-
open No. 2010-145861 (hereinafter, referred to as PTL 2) describes a see-through
HMD in which an input operation is made with an input operation surface of atouch
panel being located within afield of view of the user.

Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-open No. 2008-0708 17
PTL 2: Japanese Patent Application Laid-open No. 2010-145861
Summary of Invention

However, in the see-through HMD described in PTL 2, it is necessary to locate the
input operation surface of the touch panel within the field of view through the HMD
for use, and hence a contradiction between an input operation and adisplay on a screen
islikely to occur, which causes aproblem of operability.

In view of the above-mentioned circumstances, there is aneed for providing a head-
mounted display and an information display apparatus that match the intuition of auser
and have excellent operability.
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According to an embodiment, ahead-mountable display device is provided including
an image display device configured to be communicable with an input device and to
display an operation image and an auxiliary image overlaid upon the operation image.
In this embodiment, the auxiliary image indicates three-dimensional positional in-
formation of atarget object relative to an input operation surface of the input device.

According to another embodiment, a method of displaying an image on a head-
mountable display device isprovided. The method includes receiving, by an image
display device of the head-mountable display device, three-dimensiona positional in-
formation of atarget object relative to an input device, and includes displaying on the
image display device an operation image and an auxiliary image overlaid upon the
operation image. In this embodiment, the auxiliary image indicates the three-di-
mensional positional information of the target object relative to an input operation
surface of the input device.

In another embodiment, an information display system isprovided including a head-
mountable display device including an image display device that is configured to
display aprimary image and an auxiliary image overlaid upon the primary image. The
information display system aso includes an input device configured to measure three-
dimensional positional information of atarget object relative to an input operation
surface of the input device. In this embodiment, the auxiliary image represents the
three-dimensiona positional information of the target object.

By wearing the head-mounted display (HMD), the user can visually recognize the in-
formation on the relative position of the detection target such as afinger that comes
close to the input operation surface by the use of the auxiliary image in the operation
image presented by the HMD. Accordingly, it becomes possible for the user to make
an operation that matches intuition while viewing the operation image displayed by the
HMD without checking the input operation surface.

In the head-mounted display, the receiver may be configured to further recelve an
image signal outputted from the input device, and the display processor may be
configured to cause, based on the image signal, the image display element to display
the image.

In the HMD having such a configuration, not only a dedicated input device but also,
for example, aportable terminal equipped with atouch panel can be used as the input
device. Accordingly, it becomes possible for the HMD to use various applications and
the like of the portable termina and the like.

The display processor is configured to move, based on the operation signal, the
auxiliary image in adisplay area of the image.

Accordingly, the user can check the relative position over time of the detection target
that isheld in contact with the input operation surface by the use of the operation
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image. It becomes possible to further enhance the operability.

Further, the operation signal may contain information on aproximity distance of the
detection target to the input operation surface, and the display processor may be
configured to change, depending on the proximity distance of the detection target to
the input operation surface, adisplay mode of the auxiliary image.

Accordingly, for example, the HMD can reflect to the operation image a change in
height position from the user's input operation surface. Accordingly, itispossible to
know an operation position with respect to the input operation surface while viewing
the operation image, and hence touch input operability to an absolute position is
enhanced and auser-friendly and intuitive input operation is achieved.

The head-mounted display may further include an arithmetic unit configured to
calculate, based on the operation signal, a coordinate position of the detection target on
the input operation surface. The display processor may be configured to cause the
image display element to display the operation image based on the coordinate position
of the detection target that is calculated by the arithmetic unit.

The head-mounted display is allowed to process asignal detected by the input device
and to be applicable also to an input device having a simple apparatus configuration.

According to another embodiment of the present technology, thereisprovided an in-
formation display apparatus, including: an input device and a head-mounted display.

The input device includes an input operation surface, and a sensor unit configured to
detect proximity of adetection target to the input operation surface and to output in-
formation on a coordinate position of the detection target on the input operation
surface.

The head-mounted display includes an image display element configured to form an
image to be presented to auser, and adisplay processor configured to cause the image
display element to form, based on an output of the sensor unit, an operation image in
which an auxiliary image showing aposition of the detection target is overlapped on
the image.

With the information display apparatus, the head-mounted display is capable of
presenting to the user the image based on the input operation on the input device. Thus,
it becomes possible for the user to make an operation that matches intuition without
checking the input operation surface.

According to still another embodiment of the present technology, there isprovided
an information display apparatus, including: an input device and a head-mounted
display.

The input device includes an input operation surface, and a sensor unit configured to
detect proximity of adetection target to the input operation surface.

The head-mounted display includes an image display element configured to form an
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image to be presented to auser, an arithmetic unit configured to calculate, based on an
output of the sensor unit, a coordinate position of the detection target on the input
operation surface, and adisplay processor configured to cause the image display
element to form, based on the coordinate position of the detection target that is
calculated by the arithmetic unit, an operation image in which an auxiliary image

showing aposition of the detection target is overlapped on the image.
With this information display apparatus, it is possible to simplify the configuration of

the input device. Accordingly, it ispossible to reduce the weight of the input device
and to provide the information display apparatus that reduces fatigue even during a
prolonged operation.

Asdescribed above, according to the present technology, it becomes possible to
provide ahead-mounted display and an information display apparatus that match the
intuition of auser and have excellent operability.

Brief Description of Drawings

[fig.l]Fig. lisaschematic perspective view showing an information display apparatus
according to afirst embodiment of the present technology.

[fig.2]Fig. 2 isablock diagram showing aninternal configuration of an input device
according to the first embodiment of the present technology.

[fig-3]Fig. 3isaview explaining a coordinate position of a detection target that
operates the input device.

[fig.4]Fig. 4 isablock diagram showing an internal configuration of a head-mounted
display (HMD) according to the first embodiment of the present technology.
[fig.5]Fig. 5isaflowchart in an operation example of the information display
apparatus according to the first embodiment of the present technology.

[fig.6]Figs. 6 are views each explaining atypical operation example of the information
display apparatus according to the first embodiment of the present technology, in
which Fig. 6A shows an input operation surface of an input device on which auser
makes an input operation and Fig. 6B shows an operation screen presented to the user
through the HMD.

[fig.7]Fig. 7 isablock diagram showing aninternal configuration of an input device
according to a second embodiment of the present technology.

[fig.8]Fig. 8isablock diagram showing an internal configuration of an HMD
according to the second embodiment of the present technology.

[fig.9]Figs. 9 are views each explaining atypical operation example of an information
display apparatus according to the second embodiment of the present technology, in
which Fig. 9A shows an input operation surface of an input device on which auser
makes an input operation and Fig. 9B shows an operation screen presented to the user
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through the HMD.

[fig. 10] Fig. 10 isablock diagram showing an internal configuration of an input device
according to athird embodiment of the present technology.

[fig. 1l]Figs. 11are schematic views each explaining an example in which adisplay
mode of an auxiliary image changes depending on adistance between afinger and an
input operation surface in afourth embodiment of the present technology.

[fig. 12] Figs. 12 are schematic views each explaining an example in which the display
mode of the auxiliary image changes depending on the distance between the finger and
the input operation surface in the fourth embodiment of the present technology.
[fig.I3]Figs. 13 are schematic views each explaining an example in which the display
mode of the auxiliary image changes depending on the distance between the finger and
the input operation surface in the fourth embodiment of the present technol ogy.

[fig. 14] Figs. 14 are schematic views each explaining an example in which adisplay
mode of an auxiliary image changes depending on adistance between afinger and an
input operation surface in afifth embodiment of the present technology.

[fig.I5]Figs. 15 are views each explaining the fifth embodiment of the present
technology.

[fig. 16] Figs. 16 are views each explaining a sixth embodiment of the present
technology.

[fig.17]Fig. 17 isaperspective view showing amodified example of a configuration of
an input device to be applied to the embodiments of the present technology.

[fig.I8]Fig. 18 isaperspective view showing amodified example of the configuration
of the input device to be applied to the embodiments of the present technology.
Description of Embodiments

Hereinafter, embodiments according to the present technology will be described with
reference to the drawings.

<First embodiment

(Information display apparatus)

Fig. 1lisaschematic perspective view showing an information display apparatus
according to an embodiment of the present technology. The information display
apparatus 100 according to this embodiment includes a head-mounted display (HMD)
1 and an input device 2.

The HMD 1is configured as a see-through HMD in this embodiment. The HMD 1
has a glasses-like shape as awhole. The HMD 1is configured to allow auser putting
the HMD 1o0n his head to visualy recognize the outside world and to be capable of
presenting to the user an image based on information outputted from the input device
2.
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The input device 2 is communicably connected to the HMD 1in awireless manner.
Alternatively, the input device 2 may be configured to be communicable to the HMD 1
in awired manner, for example, with acable. In this embodiment, the input device 2 is
congtituted of, for example, a portable terminal equipped with atouch panel and
configured to be connectable also to the Internet and the like. Alternatively, the input
device 2 may function as a so-called remote controller of the HMD 1and may be
configured to be capable of making input operations relating to various settings and the
like of the HMD 1.

Hereinafter, the input device 2 and the HMD 1 will be described.

(Input device)

The input device 2 includes, for example, acasing 2A having a size that the user can
hold it. The casing 2A is almost cuboid having alongitudinal direction in an X-axis
direction, alateral direction in aY-axis direction, and athickness direction in aZ-axis
direction. Aninput operation surface 2 1isformed in one surface of the casing 2A. The
input operation surface 21 belongs to atwo-dimensional coordinate system having co-
ordinate axes in an X-axis and a'Y-axis orthogonal to the X-axis. The input operation
surface 21 has arectangular shape perpendicular to aZ-axis, having long sides paralel
to the X-axis direction and short sides paralel to the Y-axis direction.

The input device 2 has afunction of considering, for example, afinger of the user as
adetection target and detecting an xy-coordinate position of the finger that touches the
input operation surface 21 and a change of the xy-coordinate position. The input device
2 also has afunction of detecting proximity of the finger with respect to the input
operation surface 21 and outputs information on aheight position of the finger from
the input operation surface 21. Accordingly, in addition to amoving direction, a
moving speed, an amount of movement, and the like of the finger on the input
operation surface 21, a spaced distance of the finger from the input operation surface
21isobtained. It should be noted that the detection target is not limited to the finger of
the user and the detection target may be a stylus or the like.

In this embodiment, the input operation surface 21is constituted of a light-
transmissive display cover or the like. An input operation by the detection target is
made on the input operation surface 21 and the input operation surface 21 also has a
function as a screen for displaying an image. The input operation surface 21is
provided, for example, to cover an opening portion 2 1A formed in a surface of the
casing 2A. A rim of the input operation surface 21 isfixed to the casing 2A. Further,
the material, thickness, and size, and the like of the input operation surface 21 are set
so that the input operation surface 21 can be deflected and deformed due to a contact
pressure above a predetermined level. Examples of the material constituting the input
operation surface 21 include atransparent plastic plate, aglass plate, and a ceramic
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plate made of an acrylic resin, apolycarbonate resin, and apolyethylene terephthalate
(PET).

Fig. 2 isablock diagram showing an internal configuration of the input device 2. The
input device 2 includes the casing 2A, the input operation surface 21, atouch sensor
22, adisplay element 24, acontroller 25, a storage unit 26, atransceiver 27, a commu-
nication unit 28, and abattery BT. The touch sensor 22 constitutes a "sensor unit" in
this embodiment.

The touch sensor 22 has apanel shape having almost the same shape and size as the
input operation surface 21. The touch sensor 22 isprovided directly beneath the input
operation surface 21 to detect the detection target (finger) that isheld in contact with
the input operation surface 21. The touch sensor 22 detects the coordinate position cor-
responding to the movement in an xy-plane of the detection target on the input
operation surface 21 and outputs adetection signal corresponding to the coordinate
position.

In this embodiment, for the touch sensor 22, a capacitance type touch panel that is
capable of electrostatically detecting the detection target that isheld in contact with the
input operation surface 21isused. The capacitance type touch panel may be a
projected capacitive type touch panel or may be a surface capacitive type touch panel.
The touch sensor 22 of this kind typically includes afirst sensor electrode 22x for x-
position detection, in which aplurality of first wirings parallel to the y-axis direction
are arranged in the x-axis direction, and a second sensor electrode 22y for Y -position
detection, in which aplurality of second wirings paralel to the x-axis direction are
arranged in the y-axis direction. The first and second sensor electrodes 22x and 22y are
provided to be opposed to each other in the z-axis direction. In the touch sensor 22, by,
for example, adriver circuit of the controller 25 to be described later, asigna current
is successively supplied to the first and second wirings.

The touch sensor 22 isnot particularly limited aslong asit is a sensor capable of
detecting the coordinate position of the detection target. In addition to those described
above, various types of sensors such as aresistive film sensor, an infrared sensor, an
ultrasonic sensor, a surface acoustic wave sensor, an acoustic pulse recognition sensor,
and an infrared image sensor are applicable.

The display element 24 isprovided directly beneath the input operation surface 21
and the touch sensor 22. The display element 24 in this embodiment is not particularly
limited and aliquid-crystal display, an organic EL display, or the like may be used.
Accordingly, it becomes possible to display animage of acharacter, apattern, or the
like on the input operation surface 21.

The controller 25 is constituted of, typically, acentral processing unit (CPU) or a
micro-processing unit (MPU). In this embodiment, the controller 25 includes an



WO 2013/088725 PCT/JP2012/007974

[0033]

[0034]

[0035]

arithmetic unit 251 and asignal generator 252 and executes various functions
according to programs stored on the storage unit 26. The arithmetic unit 251 executes
predetermined arithmetic processing on an electrical signal outputted from the touch
sensor 22 to generate an operation signal containing information on arelative position
of the detection target that comes close to the input operation surface 21. Based on the
arithmetic result, the signal generator 252 generates an image signal for causing the
display element 24 to display an image. The controller 25 includes the driver circuit for
driving the touch sensor 22. The driver circuit isincorporated into the arithmetic unit
251 in this embodiment.

Specifically, based on asigna outputted from the touch sensor 22, the arithmetic unit
251 calculates an xy-coordinate position of the finger on the input operation surface 21
and a height position (proximity distance) of the finger from the input operation
surface 21. Further, based on the calculation result, the arithmetic unit 251 detects, for
example, that the detection target islocated in apredetermined xy-coordinate position.
Moreover, when detecting atouch of the finger to the input operation surface 21in the
coordinate position (most-proximate distance of finger with respect to input operation
surface 21), the arithmetic unit 251 executes predetermined processing assigned to a
GUI corresponding to the coordinate position. The processing result by the arithmetic
unit 251istransmitted to the signal generator 252.

In this embodiment, for example, by adetection method called a self-capacitance
method, capacitances of the sensor electrodes 22x and 22y are individually detected.
The self-capacitance method is aso called single-electrode method, in which asingle
electrode isused for sensing. The electrode for sensing has afloating capacitance with
respect to aground potential. When agrounded detection target such as ahuman body
(finger) comes close to the electrode, the floating capacitance of the electrode
increases. By detecting the increase in capacitance, the arithmetic unit 251 calculates
the proximity distance of the finger with respect to the input operation surface 21 and
position coordinates of the finger on the input operation surface 21. The arithmetic unit
251 determines contact (touch) of the finger with respect to the input operation surface
21 when the amount of increase in capacitance becomes equal to or larger than a pre-
determined threshold.

Here, the position of the finger opposed to the input operation surface 21is defined
assuch apoint that adistance between the finger that makes an operation and the input
operation surface 21is minimum. Fig. 3 shows an XY Z-space assuming that the input
operation surface (touch panel surface) 21that is detectable in anon-contact manner is
an XY-plane and auser side in aperpendicular direction from the XY-plane is+Z. In
this embodiment, in afinger-position-detection enabled area of the touch panel (only
when Z ?0 isestablished), such apoint that adistance between the hand that makes an
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operation (including both of one-handed operation and two handed operation) and the
touch panel becomes minimum is defined as afinger position (X, Yy, z). A z-coordinate
corresponds to the proximity distance of the finger to the input operation surface 21.
The arithmetic unit 251 determines that z = O is established when the amount of
increase in capacitance of the touch sensor 22 becomes equal to or larger than the pre-
determined threshold of the amount of increase in capacitance.

Based on the processing result transmitted from the arithmetic unit 251, the signal
generator 252 generates an image signal for forming adisplay image to be displayed
by the display element 24. At this time, the signal generator 252 may also generate a
signal for displaying an auxiliary image such as apointer in aposition of an image on
the input operation surface 21, the position corresponding to the xy-coordinate position
of the detection target. Further, the signal generator 252 may also generate asignal for
changing adisplay mode of the auxiliary image depending on a contact pressure of the
detection target.

The operation signal relating to the xy-coordinate position and the proximity distance
of the finger that are calculated by the arithmetic unit 251 of the controller 25 and the
image signal generated by the signal generator 252 are transmitted to the HMD 1
through the transceiver 27. Further, although not shown, the input device 2 includes an
A/D converter that converts adetection signal (analog signal) outputted from the touch
sensor 22 into adigital signal and a D/A converter that converts adigital signal into an
analog signal.

The storage unit 26 is constituted of arandom access memory (RAM), aread only
memory (ROM), another semiconductor memory, and the like and stores programs and
the like to be used for various arithmetic operations by the controller 25. For example,
the ROM is constituted of anon-volatile memory and stores programs and setting
values for causing the controller 25 to execute arithmetic processing such as cal-
culation of the xy-coordinate position and the proximity distance of the detection
target. Further, for example, anon-volatile semiconductor memory allows the storage
unit 26 to store the xy-coordinate position and the proximity distance of the detection
target and programs and the like for executing functions each corresponding to the xy-
coordinate position and the proximity distance. In addition, the programs stored on the
semiconductor memory and the like in advance may be set to be loaded into the RAM
and executed by the arithmetic unit 251 of the controller 25.

The transceiver 27 isconfigured to be capable of transmitting various control signals
generated by the controller 25 to the HMD 1, for example, in awireless manner.
Further, the transceiver 27 is configured to be capable of receiving a predetermined
signa transmitted from the HMD 1. On the other hand, the communication unit 28is
connected to acommunication network such asthe Internet. The communication unit
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28 isused, for example, to download apredetermined program such as an application
into the input device 2. Transmission and reception of information in the commu-
nication unit 28 may be performed in awired manner using aLAN cable or the like or
may be performed in awireless manner, for example, in high-speed data commu-
nication.

The battery BT constitutes apower supply of the input device 2 and supplies a
necessary electric power to each section within the casing 2A. The battery BT isa
primary cell or secondary cell. Further, the battery BT may be constituted of a solar
cell. In addition, the input device 2 may further include an external switch (not shown)
that controls activation or the like of the input device 2 due to pressing.

The input device 2 may be configured as an apparatus dedicated to the information
display apparatus 100. Alternatively, the input device 2 may be configured as a stand-
alone electronic apparatus such as aportable apparatus. Accordingly, even when the
input device 2 isnot connected to the HMD 1, the input device 2 can beused as an in-
formation display terminal equipped with atouch display independently of the HMD 1.

(HMD)

The HMD 1lis asee-through HMD and configured to present apredetermined image
in afield of view of auser while allowing the user to visually recognize the outer
world. The HMD 1 according to this embodiment includes image display apparatuses
11 and a support portion 16 and has a glasses-like shape as awhole. For example, by
employing the see-through HMD asthe HMD 1, the user is allowed to visually
recognize the outer world even when he is operating the input device 2, which achieves
an improvement in safety during an operation.

The support portion 16 can be mounted on the head of the user. During mounting, the
image display element 14 to be described later is configured to be supported in front of
the eyes of the user. Although the shape of the support portion 16 is not particularly
limited, the shape of the support portion 16 may be the glasses-like shape as awhole in
this embodiment. The support portion 16 has, for example, atemple structure capable
of being worn on the left and right ears of the user. For example, nose pads 161 may be
attached near abridge of the support portion 16. Further, earphones 162 may be
provided to the support portion 16. Examples of material constituting the support
portion 16 include, although not particularly limited, ametal, an aloy, and aplastic.

The image display apparatuses 11include casings 11A and are provided, for
example, in predetermined positions of the support portion 16. The arrangement of the
image display apparatuses 11isnot particularly limited. For example, the image
display apparatuses 11 are provided outside the left and right eyes of the user such that
the casings 11A are not included in the field of view.

Fig. 4 isablock diagram showing an internal configuration of each of the image
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display apparatuses 11. The image display apparatus 11 includes, in this embodiment,
the casing 11A, atransceiver (receiver) 12, acontroller 13, an image display element
14, and a storage unit 15. In this embodiment, the controller 13 constitutes a "display
processor."

The transceiver 12 receives from the transceiver 27 of the input device 2, the
operation signal containing the information on the relative position (xy-coordinate
position and proximity distance) of the detection target that comes close to the input
operation surface 21. In addition, the transceiver 12 may also receive the image signal
of the display image to be displayed on the input operation surface 21 of the input
device 2. A method of transmitting those signals is not particularly limited. For
example, asawireless communication, acommunication between apparatuses, such as
"Wi Fi" (registered trademark), "ZigBee" (registered trademark), and "Bluetooth"
(registered trademark) or acommunication over the Internet may be used. Alter-
natively, awired communication via, for example, auniversal seria bus (USB) or a
high-definition multimedia interface (HDMI) may be used.

The controller 13 istypically constituted of aCPU or an MPU and executes various
functions according to programs stored on the storage unit 15. In this embodiment,
based on the operation signal and the image signal that are received by the transceiver
12, the controller 13 generates acontrol signal for causing the image display element
14 to form an image to be presented to the user. Accordingly, it becomes possible to
cause the image display element 14 to display an operation image in which, for
example, the auxiliary image showing the position of the detection target is overlapped
on the same image as the display image displayed the input operation surface 21. The
shape of the auxiliary image isnot particularly limited and the auxiliary image is con-
stituted of, for example, an annular (ring shaped) pointer or an area having aluminance
or color saturation changed.

The image obtained by removing the auxiliary image from the operation image is
typicaly equivalent to the display image on the input operation surface 21. Thus, con-
sistency and unity of the input operations by both of the HMD 1 and the input device 2
are enhanced. Here, "equivalent” means to be substantialy the same. It isunnecessary
for the image obtained by removing the auxiliary image from the operation image to be
precisely identical to the display image on the input operation surface 21in display
luminance, display size, aspect ratio, and the like. Therefore, such an image includes,
in addition to the image identical to the display image on the input operation surface
21, for example, an image similar to the display image (enlarged or size-reduced image
of the display image) and adistorted image in comparison with the display image. In
addition, as the image to be displayed by the HMD 1, in addition to the display image
of the input device 2 and the auxiliary image, other images may be displayed con-
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currently or selectively.

In this embodiment, the image display element 14 includes aliquid-crystal element
(LCD) 141 and an optical system 142 and is configured to present an image formed by
the LCD 141 to the user through the optical system 142. The image display element 14
is configured to be capable of increasing or decreasing the size of the image to be
presented to the user to be an arbitrary size by an input operation by the input device 2
or an input operation by a suitable input apparatus provided to the HMD 1.

Inthe LCD 141, aplurality of pixels are arranged in amatrix form. The LCD 141
modulates light incident from alight source (not shown) constituted of light-emitting
diodes (LEDs) or the like according to the control signal generated by the controller 13
for each pixel and outputs light for forming the image to be presented to the user. The
LCD 141 may use asingle-plate system concurrently outputting image light beams
corresponding to R (red), G (green), and B (blue) colors, for example, or three-plate
system outputting each of the image light beams corresponding to those colors.

The optical system 142 is configured to be capable of deviating light outputted from
the LCD 141 and guiding it to the eye of the user. The optical system 142 may be con-
stituted of, for example, alight guide plate that is constituted of atransparent substrate
capable of guiding light by total reflection and areflection volume holographic grating
that allows diffraction reflection. The light guide plate isformed in, for example, a
rectangular or circular flat plate shape or the like and is provided in front of the eye of
the user like alens of glasses. The reflection volume holographic grating or the like is
suitably provided in the light guide plate and is produced to be capable of reflecting
light outputted from the LCD 141 to guide it to the eye of the user. Further, other than
the holographic grating, for example, areflective plate or the like may be employed.

By reflecting light outputted from the LCD 141 on apredetermined position, it
becomes possible for the thus configured optical system 142 to present the operation
image in the field of view of the user. Further, when the light guide plate isformed of a
transparent substrate, it becomes possible to present the operation image in the field of
view in an overlapping manner while allowing the user to visually recognize the outer
world.

The storage unit 15 is constituted of aRAM, aROM, another semiconductor
memory, and the like and stores programs and the like to be used for various arithmetic
operations by the controller 13.

A speaker 17 converts an electrical audio signal transmitted from the input device 2
or generated by the controller 13 or the like into aphysical vibration to provide the
user with an audio through the earphones 162. It should be noted that the configuration
of the speaker 17 isnot particularly limited.

It should be noted that the present technology isnot limited to the configuration in
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which the two image display apparatuses 11 are provided corresponding to both eyes.
For example, aconfiguration in which asingle image display apparatus 11 may be
provided corresponding to only one of the left and right eyes is also possible.

(Operation example of information display apparatus)

Next, abasic operation example of the information display apparatus 100 will be
described.

Fig. 5isaflowchart in an operation example of the HMD 1 (controller 13) and the
input device 2 (controller 25). Figs. 6 are views each explaining atypical operation
example of the information display apparatus 100, in which Fig. 6A shows the input
operation surface 21 of the input device 2 on which auser makes an input operation
and Fig. 6B shows an operation screen presented to the user through the HMD 1. The
X-axis direction and the Y -axis direction in the figures correspond to the X-axis
direction and the Y -axis direction of the input operation surface 21, respectively. The
Z-axis direction in the figures corresponds to the Z-axis direction of the input operation
surface 21.

On the input operation surface 21 of the activated input device 2, an image v
(display image) in which, for example, aplurality of GUIs are displayed is displayed
(Fig. 6A). For example, the image vl isascreen for selecting various applications and
each of the GUIs is an icon applied to each of the applications.

At this time, animage V| similar to the image v ispresented aso to the user
wearing the HMD 1that is connected to the input device 2 and activated, in the field of
view through the HMD 1.

Using the touch sensor 22, the input device 2 determines whether or not proximity of
the finger (detection target) of the user on the input operation surface 21 has been
detected (Step ST101). When the proximity has been detected (YES in Step ST101),
the touch sensor 22 outputs to the controller 25 detection signals relating to the xy-
coordinate position on the input operation surface 21 to which the finger has come
close and the proximity distance of the finger.

Based on the detection signal, the arithmetic unit 251 of the controller 25 calculates
the xy-coordinate position of the finger that comes close to the input operation surface
21 and the proximity distance thereof (Step ST102). The signal relating to the xy-
coordinate position that is calculated by the arithmetic unit 251is outputted to the
transceiver 27.

The transceiver 27 transmits the operation signals on the xy-coordinate position and
the proximity distance to the transcelver 12 of the HMD 1.

Based on the operation signal and the image signal that are received by the
transceiver 12, the controller 13 of the HMD 1generates asignal for controlling an
operation image V10 in which the auxiliary image (pointer P) showing aposition of
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the detection target is overlapped on the image V1. The image display element 14 to
which the control signal is outputted presents the operation image V10 to the user
(Step ST 103 and Fig. 6B). Accordingly, it becomes possible for the user to perform a
desired operation by checking the movement of the pointer P in the operation image
V10 presented by the HMD 1without viewing the input operation surface 21 held in
the hand of the user. It becomes possible to make an operation that matches the
intuition of the user. It should be noted that, at this time, the image to be displayed on
the input operation surface 21 may be only theimage vl or may be an image in which
apointer or the like is overlapped on the image vl.

Further, when the finger of the user moves on the input operation surface 21 (see
arrows in Figs. 6A and 6B), information on the xy-coordinate position that changes
over time is obtained by the touch sensor 22. This information is processed as the
operation signal by the controller 25 of the input device 2 and is outputted to the
controller 13 of the HMD 1viathe transceivers 27 and 12. Accordingly, based on the
operation signal, the controller 13 can output to the LCD 141 the control signal for
moving the pointer P. Based on the movement of the finger of the user, it becomes
possible to move the pointer Pin adisplay area of the image V1.

The controller 25 of the input device 2 selects aGUI (hereinafter, referred to as
selection GUI) that isthe closest to the calculated xy-coordinate position as a selection
candidate (Step ST 104). Correspondingly, GUIs being selection candidates of the
images vl and V 10 to be displayed on the input operation surface 21 and the HMD 1
may be, for example, changed in display mode such as aframe color. Further, it
becomes possible for the user to check the GUIs as the selection candidates by visually
recognizing the image V10 displayed by the HMD 1.

The controller 25 determines, over time, proximity or contact state between the
finger and the input operation surface 21 (Steps ST101 to ST105). Here, when the user
moves the finger away from the input operation surface 21 by apredetermined distance
or more, the touch sensor 22 outputs a signal associated with non-proximity of the
finger. Based on the output of the touch sensor 22, the controller 25 determines non-
contact between the input operation surface 21 and the finger (NO in Step ST105).

On the other hand, when the user touches the input operation surface 21, the touch
sensor 22 outputs a signal associated with contact of the finger. Based on the output of
the touch sensor 22, the controller 25 determines that the finger of the user isheld in
contact with the input operation surface 21 (YES in Step ST105).

The selection candidate GUI is selected (determined) by atouch operation of the user
with respect to adisplay position of the selection candidate GUI on the input operation
surface 21. Based on the output of the touch sensor 22, the controller 25 determines, in
the arithmetic unit 251, whether or not the touch operation has been made. Here,
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whether or not the touch operation has been made isdetermined based on the amount
of change in capacitance outputted from the touch sensor 22 isequa to or larger than
the predetermined threshold. When the finger isheld in contact with the input
operation surface 21 (YES in Step ST105), the controller 25 determines that the GUI
asthe selection candidate isthe selection GUI, and executes aprogram corresponding
to this selection GUI that is stored on the storage unit 26 (Step ST 106). An activated
application image and aweb image (moving image and still image) are displayed not
only on the input operation surface 21but also in the field of view of the HMD 1.

On the other hand, when the calculated proximity distance issmaller than the prede-
termined threshold (NO in Step ST 105), the controller 25 determines that the selection
candidate GUI has not been selected. In this case, the controller 25 returns to Step
ST101 and repeats the above-mentioned processing.

In recent years, so-called absolute-position touch input operation type portable ap-
paratuses that each input information by directly touching an object (menu, operation
icon, and the like) displayed on atouch display with the finger are widely used. With
such aportable apparatus, it isnecessary for the user to stare at the screen of the
portable apparatus and the finger position during an input operation by its nature.
Therefore, there are problems in that users who make operations while walking are
likely to fail to pay attention what isin front of them and to have stiff neck and arms in
prolonged use. Further, due to alimitation of the size of avideo display area, that is,
the size of the portable apparatus, there may be difficulty in viewing the display
because it issmall. In addition, there isaso aproblem in that the finger hides the
display during an input operation.

On the other hand, an input operation in the traditional head-mounted display (HMD)
isperformed often by an old-fashioned input apparatus such as a cross key, atrack
ball, or atouch pad and istherefore inferior to the absolute -position input operation in
intuitiveness and operability. Further, aso due to the problem of its input operability,
there isfew interactive applications for the traditional HMD and the use of the tra-
ditional HMD islimited to constantly and unilaterally displaying avideo or an image
(television footage, video footage, slide show, etc.).

Here, aslong asthe same absolute-position touch input operation as that described
above can be realized when the screen of the portable apparatus equipped with the
touch display isdisplayed in the field of view of the HMD, it becomes possible to
comfortably use traditional rich applications of the apparatus equipped with the touch
display in alarge screen without viewing the hand and the like. However, only
displaying the screen of the portable apparatus equipped with the touch display in the
field of view of the HMD makes operations difficult because the user loses arelative
position between the finger and the screen when moving the finger away from the
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screen. On the other hand, in the case where a dedicated input apparatus represented by
the old-fashioned input apparatus is used to allow an operation without viewing the
screen, it is necessary to modify traditional applications that has been already
optimized for the absolute-position touch input operation or to create new applications.

In contrast, inthe HMD 1or the information display apparatus 100 according to this
embodiment, the operation image V10 in which the auxiliary image (pointer P)
showing the position of the finger is overlapped on the image vI displayed on the input
operation surface 21 is configured to be displayed in the field of view of the HMD 1.
Accordingly, it becomes possible for the user to make a predetermined operation by
checking the movement of the pointer P in the operation image V10 presented by the
HMD 1without viewing the input operation surface 21 held in the hand. Further, even
when the finger isreleased from the input operation surface 21, the coordinate position
of the finger is displayed in the operation image V10, and hence an absolute-position
touch input operation that is intuitive and has good operability becomes possible.

Further, according to this embodiment, the HMD 1is capable of displaying the
operation image V 10 in an arbitrary size, and hence it is possible to provide a user-
friendly use environment using alarge screen that meets user's desire. In addition, the
finger does not hide the screen displayed by the HMD 1 and it becomes possible to
prevent an erroneous operation and lowering in visibility.

In addition, according to this embodiment, the see-through head-mounted display is
employed as the HMD 1, and hence it is possible to operate the input device 2 while
ensuring the field of view in front of the user.

<Second embodiment

Figs. 7 to 9 are views each explaining a second embodiment of the present
technology. Fig. 7 is ablock diagram showing an internal configuration of an input
device according to this embodiment. Fig. 8is ablock diagram showing an internal
configuration of an image display apparatus according to a head-mounted display of
this embodiment. Figs. 9 are views each explaining atypical operation example of the
information display apparatus, in which Fig. 9A shows an input operation surface of
the input device on which the user makes an input operation and Fig. 9B shows an
operation screen presented to the user through the HMD. In this embodiment, de-
scriptions of the same portions as the configurations and actions of the first em-
bodiment will be omitted or smplified and portions different from the first em-
bodiment will be mainly described.

The second embodiment is different from the first embodiment in that an input
device 20 according to this embodiment does not include adisplay element and an
image is not displayed on an input operation surface 210. That is, in this configuration,
adetection signal of an xy-coordinate position detected by atouch sensor 220 is set to
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be transmitted as an operation signal to an HMD 10 via atransceiver 270. Accordingly,
asshown in Fig. 9A, the image is not displayed on the input operation surface 210 and
the input device 20 includes only a so-called touch panel (touch pad). That is, the input
device 20 according to this embodiment is set as aremote controller dedicated to the
HMD 10.

The input device 20 includes a controller 250 including adriver circuit that drives the
touch sensor 220 and a storage unit 260, the storage unit 260 storing programs and the
like for controlling operations of the transceiver 270 and acommunication unit 280
that isinstalled if necessary. In this embodiment, on the input operation surface 210 of
the input device 20, only an input operation by the detection target is made. Therefore,
the input operation surface 210 can be constituted of a non-light-transmissive material.
The touch sensor 220 has the same configuration as the touch sensor 22 described
above in the first embodiment and therefore adescription thereof isomitted.

In this embodiment, a controller 130 according to an image display apparatus 110 of
the HMD 10 includes an arithmetic unit 131 and adisplay processor 132. Based on the
operation signal outputted from the touch sensor 220 of the input device 20, the
arithmetic unit 131 calculates the xy-coordinate position of the finger. Based on the
processing result inputted from the arithmetic unit 131, the display processor 132
generates an image to be displayed by an image display element 140. At this time, the
display processor 132 generates a signal for displaying an auxiliary image such as a
pointer in aposition of the image on the input operation surface 210, the position cor-
responding to the xy-coordinate position of the detection target. Accordingly, asshown
in Fig. 9B, it becomes possible for the HMD 10 to display an operation image V30
similar to the operation image V10 according to the first embodiment to the user.

In addition, the image to be presented to the user by the HMD 10 may be obtained
via the communication unit 280 of the input device 20 over the Internet or the like. Al-
ternatively, the HMD 10 may be provided with a communication unit 170 so asto
generate an image based on information obtained directly by the HMD 10. In addition,
programs (operating system and application software) necessary for displaying an
operation screen may be stored on storage unit 150 of the HMD 10 so asto be ex-
ecutable by the controller 130 of the HMD 10.

In this embodiment, the configuration of the input device 20 can be simplified. Ac-
cordingly, it becomes possible to reduce the size and weight of the input device 20.
Therefore, it becomes possible to provide the input device 20 that causes less fatigue
for the user even during aprolonged touch operation and iseasy to carry.

<Third embodiment

Fig. 10 isablock diagram showing an internal configuration of an input device
according to athird embodiment of the present technology. In this embodiment, de-
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scriptions of the same portions as the configurations and actions of the first em-
bodiment will be omitted or ssmplified and portions different from the first em-
bodiment will be mainly described.

The third embodiment is different from the first embodiment in that an input device
30 according to this embodiment includes a portable terminal 31that is communicable
to the HMD 1 and a sensor panel 32 that is electrically connectable to the portable
terminal 31in awireless or wired manner and the portable terminal 31 and the sensor
panel 32 are configured as separate members.

The portable terminal 31 has the same functions as the input device 2 according to
the first embodiment. However, the portable terminal 31 does not include atouch
sensor for detecting an operation position (finger) of the user and is configured to
calculate a coordinate position and aproximity distance by the controller 25 based on a
coordinate signal of an operation position that is outputted from the sensor panel 32.
The transceiver 27 of the portable terminal 31has afunction of receiving an output of
atouch sensor 322 that is transmitted from the sensor panel 32 and afunction of
transmitting an operation signal generated in the controller 25 to the HMD 1.

The sensor panel 32 includes an input operation surface 321, the touch sensor 322, a
drive unit 323 that drives the touch sensor 322, and atransmitter 324. The touch sensor
322 is capable of outputting information on the coordinate position and the proximity
distance of the detection target to the input operation surface 321. The transmitter 324
transmits the output of the touch sensor 322 to the portable terminal 31. The touch
sensor 322 has the same configuration as the touch sensor 22 described above in the
first embodiment and therefore adescription thereof is omitted.

In the information display apparatus according to this embodiment, an input signal
inputted into the sensor panel 32 is transmitted to the HMD 1 viathe portable terminal
31. Therefore, even when the portable terminal 31 do not have a non-contact detection
function for the finger of the user, the same action and effect as those of the first em-
bodiment can be obtained.

<Fourth embodiment

Figs. 11to 13 are views each explaining afourth embodiment of the present
technology. In this embodiment, the same portions as the configurations and actions of
the first embodiment will be denoted by the same reference symbols, descriptions
thereof will be omitted or simplified, and portions different from the first embodiment
will be mainly described.

The fourth embodiment is different from the first embodiment in that, in which em-
bodiment, adisplay mode of an auxiliary image (pointer) P4 is changed depending on
aproximity distance of adetection target (finger) to the input operation surface 21.

Figs. 11and 12 each show an example in which as a distance z between the input
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operation surface 21 and afinger F becomes larger, an annular pointer P4 on an image
V4isdisplayed in alarger size. Figs. 11A and 1IB each show a state (first state) when
the finger F is spaced away from the input operation surface 21 by the finger F. Figs.
12A and 12B each show a state (second state) when the finger F is close to the input
operation surface 21 with adistance smaller than the distance z.

By changing the size of the pointer P4 depending on arelative distance between the
finger F and the input operation surface 21 in this manner, it becomes easy for the user
to determine a spaced distance and aproximity distance of the finger F to the input
operation surface 21. Accordingly, it ispossible to enhance absolute-position touch
input operability.

On the other hand, Fig. 13A shows the display mode of the pointer P4 on the image
V4 inthe first state and Fig. 13B shows the display mode of the pointer P4 on the
image V4 in the second state. In this example, asthe finger F becomes closer to the
input operation surface 21, adisplay density of the pointer P4 is set to increase. Also
by changing the display density of the pointer P4 depending on the relative distance
between the finger F and the input operation surface 21 in this manner, the same action
and effect as those described above can be obtained.

It should be noted that in addition to those described above, by changing the display
mode such as apointer display color, apointer transparency, or apointer brightness
(contrast), the display mode of the pointer may be changed depending on the proximity
distance of the finger to the input operation surface.

<Fifth embodiment

Next, referring to Figs. 14 and 15, afifth embodiment of the present technology will
be described. Figs. 14A and 15A each show an input operation surface of an input
device on which the user makes an input operation. Figs. 14B and 15B each show an
operation screen to be presented to the user via an HMD. In this embodiment, the same
portions as the configurations and actions of the first embodiment will be denoted by
the same reference symbols, descriptions thereof will be omitted or smplified, and
portions different from the first embodiment will be mainly described.

The fifth embodiment is different from the first embodiment in that, in this em-
bodiment, another image including adisplay image vI of the input device 2is
displayed in the field of view of the HMD 1. For example, in the examples shown in
Figs. 14A and 14B, in an operation image V51 displayed in the field of view of the
HMD 1, not only the pointer P but also an image V2 expressing an outer appearance of
the input device 2 are displayed while being overlapped on animage V| corresponding
to the display image vl. Accordingly, it ispossible to provide the user wearing the
HMD 1with feeling asif he makes an operation while actually viewing the input
device 2.
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Next, the display image vI of the input device 2 shown in Fig. 15A shows a state in
which aplurality of indicated items S, S2, S3, and $4 are displayed in sequence to
move from alower portion to an upper portion of a screen by a movement operation of
the finger from the lower portion to the upper portion of the screen. On the other hand,
asshown in Fig. 15B, in the field of view of the HMD 1, an operation image V52 in
which an indicated item S5 being a next candidate of the indicated items follows the
indicated item $4 is displayed. Such an operation image V52 isformed in the HMD 1
based on an image signal of the operation signal transmitted from the input device 2. It
should be noted that a selection operation is actually unable to be made on the
indicated item S5 not displayed in the display image vl, and hence the indicated item
S5 may be displayed in adifferent form from other indicated items Sl to $4 so that the
user can identify the indicated item S5.

According to the above-mentioned example, it is possible to realize an assist function
of an input operation for the user. Thus, it becomes possible to provide amore user-
friendly operation environment. Further, such afunction is applicable to not only the
display of the list of selection candidates but also anavigation map image and the like.

<Sixth embodiment

Next, referring to Figs. 16A and 16B, a sixth embodiment of the present technology
will be described. In this embodiment, the same portions as the configurations and
actions of the first embodiment will be denoted by the same reference symbols, de-
scriptions thereof will be omitted or ssmplified, and portions different from the first
embodiment will be mainly described.

An HMD according to this embodiment is configured to be capable of displaying, by
an arbitrary operation, an operation image V10 displayed in the field of view of the
HMD in another display area at adifferent mode.

For example, the HMD according to this embodiment may be set to display the
operation image V10 near the center of afield of view FV as shown in Fig. 16A. In the
see-through HMD, the operation image V10 is displayed while being overlapped with
the field of view in front of the user, and hence the operation image V10 sometimes
becomes an obstruction, for example, when the user walks on a crowded street. In view
of this, in the HMD according to this embodiment, by making a predetermined
operation to move the operation image V 10 to the edge of afield of view FV or reduce
the display size of the operation image V10, as shown in Fig. 16B, awaker W or the
like who is opposed to the user before him is made viewable, for example. Ac-
cordingly, itispossible to prevent the display of the operation image V10 from in-
terfering with safe walking.

Asthe predetermined operation, an input operation on apredetermined switch
separately provided to the HMD may be used or apredetermined gesture input and the
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like on the input operation surface 21 of the input device 2 may be used. Alternatively,
amotion sensor such as an angular velocity sensor or an acceleration sensor may be
provided to the HMD to detect a predetermined motion of the user, for example,
shaking the head wearing the HMD in apredetermined direction and the display area,
the display size, and the like of the operation image V10 may be changed.

Although the embodiments of the present technology have been described, the
present technology is not limited thereto and various modifications can be made based
on the technical concept of the present technology.

For example, although, in each of the above embodiments, the input device has been
described as aportable terminal or the like that is held by the user for use, the input
device is not limited thereto. For example, the input device may be as awristwatch that
the user wears on the wrist or may be as awristband that the user wears on the arm. Al-
ternatively, the input device may be in aform to be attached or adhere to clothes. Thus,
in the present technology, input devices in various forms may be used as long as they
are such apparatuses that the detection target can be held in contact with the input
operation surface.

Further, although, in each of the above embodiments, the see-through HMD has been
described, the present technology is not limited thereto and a non-see-through HMD
may be employed. Also in this case, it becomes possible for the user to make an
operation that matches intuition by making an operation while visually recognizing an
image presented by the HMD without viewing the input operation surface of the input
device.

Further, the HMD may be provided with an image pickup element so as to take an
image of the outside. Accordingly, for example, it becomes also possible to cause the
HMD and the input device to display the taken image.

Although, in each of the above embodiments, the example in which the pointer as the
auxiliary image has an annular shape, the shape of the auxiliary image is off course not
limited thereto. For example, any shapes including an arrow shape, atriangle shape, a
guadrangle shape, acircular shape, and the like may be employed.

Further, although, in each of the above embodiments, the capacitance volume touch
sensor is used for detecting the proximity of the finger with respect to the input
operation surface, the present technology is not limited thereto. For example, as shown
in Fig. 17, an input device 500 including distance sensors 501 provided at four corners
of arectangular input operation surface 510 and an input device 600 including a
camera 601 near an input operation surface 610 as shown in Fig. 18 may also be ap-
plicable to the present technology. In the input device 500 shown in Fig. 17, based on
outputs of the respective distance sensors 501, for example, applying triangulation, a
coordinate position and aproximity distance of afinger F on an input operation surface
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510 are detected. On the other hand, in the input device 600 shown in Fig. 18, by
processing an image of afinger F that is obtained by the camera 601, a coordinate
position and aproximity distance of the finger F on the input operation surface 610 are
detected.

It should be noted that the present technology may take the following configurations.

(1) A head-mountable display device comprising:

an image display device configured to be communicable with an input device and to
display an operation image and an auxiliary image overlaid upon the operation image,

wherein the auxiliary image indicates three-dimensional positional information of a
target object relative to an input operation surface of the input device.

(2) The head-mountable display device according to Item (1), wherein the image
display deviceis at least partially see-through.

(3) The head-mountable display device according to Item (1), wherein the auxiliary
image represents the three-dimensional positional information of the target object
through at least one of aposition of the auxiliary image, a size of the auxiliary image,
and a shape of the auxiliary image.

(4) The head-mountable display device according to Item (1), wherein the three-
dimensional positional information of the target object includes a distance of the target
object to an input operation surface of the input device, and the distance of the target
object to the input operation surface of the input device isrepresented by at least a
relative size of the displayed auxiliary image.

(5) The head-mountable display device according to Item (4), wherein the image
display deviceis configured to change the size of the auxiliary image in response to a
detected change in distance of the target object relative to the input operation surface
of the input device.

(6) The head-mountable display device according to Item (4), wherein the three-
dimensiona positional information of the target object includes XY coordinate
position information of the target object relative to the surface of the input device, and
the distance of the target object to the input operation surface of the input deviceisZ
coordinate position information of the target object.

(7) The head-mountable display device according to Item (1), wherein the image
display device includes acasing, atransceiver, acontroller, an image display element,
and a storage unit, wherein the transceiver is configured to receive an operation signal
from the input device, the operation signal including the three-dimensiona positional
information of the target object.

(8) The head-mountable display device according to Item (1), wherein the operation
image is representative of an image displayed on the input operation surface of the
input device.
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(9) The head-mountable display device according to Item (8), wherein the image
display deviceis configured to receive an image signa from the input device, the
image signal including information to generate the operation image on the image
display device.

(10) The head-mountable display device according to Item (1), wherein the image
display deviceis configured to display aprimary image, the operation image being
overlaid upon the primary image, and the auxiliary image being overlaid upon the
operation image.

(12) The head-mountable display device according to Item (1), wherein the image
display deviceis configured to display an indication of contact or non-contact of the
target object with the input device.

(12) The head-mountable display device according to Item (11), wherein upon a
change from a contact condition to anon-contact condition of the target object with the
input device, acoordinate position of the target object corresponding to the prior
contact condition is displayed in the operation image, thereby enabling an absolute-
position touch input operation of the image display device.

(13) A method of displaying an image on a head-mountable display device, the method
comprising:

receiving, by an image display device of the head-mountable display device, three-
dimensional positional information of atarget object relative to an input device;
displaying on the image display device an operation image and an auxiliary image
overlaid upon the operation image,

wherein the auxiliary image indicates the three-dimensional positional information of
the target object relative to an input operation surface of the input device.

(14) The method according to Item (13), wherein the image display deviceis at least
partially see-through.

(15) The method according to Item (13), wherein the auxiliary image represents the
three-dimensional positional information of the target object through at least one of a
position of the auxiliary image, a size of the auxiliary image, and a shape of the
auxiliary image.

(16) The method according to Item (13), wherein the three-dimensional positional in-
formation of the target object includes a distance of the target object to an input
operation surface of the input device, and the distance of the target object to the input
operation surface of the input device is represented by at least arelative size of the
displayed auxiliary image.

(17) The method according to Item (16), further comprising:

detecting a change of adistance of the target object relative to the input operation
surface of the input device; and



24

WO 2013/088725 PCT/JP2012/007974

changing the size of the auxiliary image in response to the detected change of the
distance of the target object.

(18) The method according to Item (16), wherein the three-dimensional positional in-
formation of the target object includes XY coordinate position information of the target
object relative to the surface of the input device, and the distance of the target object to
the input operation surface of the input device is Z coordinate position information of
the target object.

(19) The method according to Item (13), wherein the image display device includes a
casing, atransceiver, acontroller, an image display element, and a storage unit, the
method further comprising:

receiving, by the transceiver, an operation signal from the input device, the operation
signal including the three-dimensional positional information of the target object.

(20) The method according to Item (13), wherein the operation image is representative
of an image displayed on the input operation surface of the input device.

(21) The method according to Item (20), further comprising receiving, by the image
display device, an image signal from the input device, the image signal including in-
formation to generate the operation image on the image display device.

(22) The method according to Item (13), further comprising displaying aprimary
image on the image display device, the operation image being overlaid upon the
primary image, and the auxiliary image being overlaid upon the operation image.

(23) The method according to Item (13), further comprising displaying an indication of
contact or non-contact of the target object with the input device on the image display
device.

(24) The method according to Item (23), further comprising displaying a coordinate
position of the target object corresponding to the prior contact condition in the
operation image upon achange from acontact condition to a non-contact condition of
the target object with the input device, thereby enabling an absolute-position touch
input operation of the image display device.

(25) An information display system comprising:

ahead-mountable display device including an image display device that is configured
to display aprimary image and an auxiliary image overlaid upon the primary image;
and

an input device configured to measure three-dimensional positional information of a
target object relative to an input operation surface of the input device,

wherein the auxiliary image represents the three-dimensional positional information of
the target object.

(26) The information display system of Item (25), wherein the input device includes a
touch sensor selected from the group consisting of aresistive film sensor, an infrared
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sensor, an ultrasonic sensor, a surface acoustic wave sensor, an acoustic pulse
recognition sensor, and an infrared image sensor.

(27) The information display system of Item (25), wherein the input device includes an
input operation surface extending in X-axis and Y-axis directions, and perpendicular to
aZ-axis direction, the input device configured to detect an XY coordinate position of
an object relative to the input operation surface in the X-axis and Y -axis directions,

and configured to detect a distance of the object from the input operation surface in the
Z-axis direction.

(28) The information display system of Item (25), wherein the input device includes a
sensing electrode that has afloating capacitance with respect to aground potential.

It should be noted that the present technology may also take the following config-
urations.

(1) A head-mounted display, including:

areceiver configured to receive an operation signal containing information on a
relative position of a detection target that comes close to an input operation surface, the
operation signal being transmitted from an input device;

an image display element configured to form an image to be presented to auser; and

adisplay processor configured to cause the image display element to display, based
on the operation signal, an operation image in which an auxiliary image showing a
position of the detection target is overlapped on the image.

(2) The head-mounted display according to Item (1), in which

the receiver is configured to further receive an image signal outputted from the input
device, and

the display processor is configured to cause, based on the image signal, the image
display element to display the image.

(3) The head-mounted display according to Item (1) or (2), in which

the display processor is configured to move, based on the operation signal, the
auxiliary image in adisplay area of the image.

(4) The head-mounted display according to any one of Items (1) to (3), in which

the operation signal contains information on aproximity distance of the detection
target to the input operation surface, and

the display processor is configured to change, depending on the proximity distance of
the detection target to the input operation surface, adisplay mode of the auxiliary
image.

(5) The head-mounted display according to any one of Items (1) to (4), further
including an arithmetic unit configured to calculate, based on the operation signal, a
coordinate position of the detection target on the input operation surface, in which

the display processor is configured to cause the image display element to display the
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operation image based on the coordinate position of the detection target that is
calculated by the arithmetic unit.

(6) An information display apparatus, including:

an input device including

an input operation surface, and

a sensor unit configured to detect proximity of adetection target to the input operation
surface and to output information on a coordinate position of the detection target on the
input operation surface; and

ahead-mounted display including

an image display element configured to form an image to be presented to auser, and
adisplay processor configured to cause the image display element to form, based on an
output of the sensor unit, an operation image in which an auxiliary image showing a
position of the detection target is overlapped on the image.

(7) Theinformation display apparatus according to Item (6), in which

the input device further includes a display element configured to display an image on
the input operation surface, and

the head-mounted display is configured to display an image in which the auxiliary
image is overlapped on adisplay image displayed on the input operation surface, as the
operation image.

(8) Theinformation display apparatus according to Item (6) or (7), in which

the sensor unit includes a capacitance sensor configured to detect achangein ca-
pacitance between the input operation surface and the detection target.

(9) Theinformation display apparatus according to any one of Items (6) to (8), in
which

the sensor unit is configured to detect amovement of the detection target on the input
operation surface, and

the head-mounted display is configured to display the auxiliary image that moves
depending on the detected movement of the detection target.

(10) The information display apparatus according to any one of Items (6) to (9), in
which

the head-mounted display is configured to change, depending on a proximity distance
of the detection target to the input operation surface, adisplay mode of the auxiliary
image.

(12) The information display apparatus according to Item (7), in which

the head-mounted display is configured to further display an image expressing an outer
appearance of the input device around the display image.

(12) An information display apparatus, including:

an input device including
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an input operation surface, and
a sensor unit configured to detect proximity of adetection target to the input operation
surface; and
ahead-mounted display including
an image display element configured to form an image to be presented to auser,
an arithmetic unit configured to calculate, based on an output of the sensor unit, a co-
ordinate position of the detection target on the input operation surface, and
adisplay processor configured to cause the image display element to form, based on
the coordinate position of the detection target that is calculated by the arithmetic unit,
an operation image in which an auxiliary image showing a position of the detection
target is overlapped on the image.

The present application contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 201 1-275573 filed in the Japan Patent Office on
December 16, 201 1, the entire content of which ishereby incorporated by reference.

Reference Signs List
1 head-mounted display (HMD)
2, 20, 30 input device
13, 130 controller (display processor)
131 arithmetic unit
132 display processor
14, 140 image display element
21, 210 input operation surface
22, 220 touch sensor (sensor unit)
24 display element
100 information display apparatus
P pointer (auxiliary image)
V10 operation image
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Claims

A head-mountable display device comprising:

an image display device configured to be communicable with an input
device and to display an operation image and an auxiliary image
overlaid upon the operation image,

wherein the auxiliary image indicates three-dimensional positional in-
formation of atarget object relative to an input operation surface of the
input device.

The head-mountable display device according to Claim 1, wherein the
image display deviceis at least partially see-through.

The head-mountable display device according to Claim 1, wherein the
auxiliary image represents the three-dimensional positional information
of the target object through at least one of aposition of the auxiliary
image, asize of the auxiliary image, and a shape of the auxiliary image.
The head-mountable display device according to Claim 1, wherein the
three-dimensional positional information of the target object includes a
distance of the target object to an input operation surface of the input
device, and the distance of the target object to the input operation
surface of the input device isrepresented by at least arelative size of
the displayed auxiliary image.

The head-mountable display device according to Claim 4, wherein the
image display device is configured to change the size of the auxiliary
image in response to a detected change in distance of the target object
relative to the input operation surface of the input device.

The head-mountable display device according to Claim 4, wherein the
three-dimensional positional information of the target object includes
XY coordinate position information of the target object relative to the
surface of the input device, and the distance of the target object to the
input operation surface of the input device is Z coordinate position in-
formation of the target object.

The head-mountable display device according to Claim 1, wherein the
image display device includes acasing, atransceiver, acontroller, an
image display element, and a storage unit, wherein the transceiver is
configured to receive an operation signal from the input device, the
operation signal including the three-dimensional positional information
of the target object.

The head-mountable display device according to Claim 1, wherein the
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operation image is representative of an image displayed on the input
operation surface of the input device.

The head-mountable display device according to Claim 1, wherein the
image display device is configured to display aprimary image, the
operation image being overlaid upon the primary image, and the
auxiliary image being overlaid upon the operation image.

The head-mountable display device according to Claim 1, wherein the
image display deviceis configured to display an indication of contact
or non-contact of the target object with the input device.

A method of displaying an image on ahead-mountable display device,
the method comprising:

receiving, by an image display device of the head-mountable display
device, three-dimensional positional information of atarget object
relative to an input device,

displaying on the image display device an operation image and an
auxiliary image overlaid upon the operation image,

wherein the auxiliary image indicates the three-dimensional positional
information of the target object relative to an input operation surface of
the input device.

The method according to Claim 11, wherein the image display deviceis
at least partialy see-through.

The method according to Claim 11, wherein the auxiliary image
represents the three-dimensional positional information of the target
object through at least one of aposition of the auxiliary image, asize of
the auxiliary image, and a shape of the auxiliary image.

The method according to Claim 11, wherein the three-dimensional po-
sitional information of the target object includes a distance of the target
object to an input operation surface of the input device, and the distance
of the target object to the input operation surface of the input deviceis
represented by at least arelative size of the displayed auxiliary image.
The method according to Claim 14, further comprising:

detecting achange of adistance of the target object relative to the input
operation surface of the input device; and

changing the size of the auxiliary image in response to the detected
change of the distance of the target object.

The method according to Claim 14, wherein the three-dimensional po-
sitional information of the target object includes XY coordinate
position information of the target object relative to the surface of the
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input device, and the distance of the target object to the input operation
surface of the input device isZ coordinate position information of the
target object.

The method according to Claim 11, wherein the image display device
includes acasing, atransceiver, acontroller, an image display element,
and a storage unit, the method further comprising:

receiving, by the transceiver, an operation signal from the input device,
the operation signal including the three-dimensional positional in-
formation of the target object.

The method according to Claim 11, wherein the operation image is rep-
resentative of an image displayed on the input operation surface of the
input device.

The method according to Claim 11, further comprising displaying a
primary image on the image display device, the operation image being
overlaid upon the primary image, and the auxiliary image being
overlaid upon the operation image.

The method according to Claim 11, further comprising displaying an
indication of contact or non-contact of the target object with the input
device on the image display device.

A information display system comprising:

ahead-mountable display device including an image display device that
is configured to display aprimary image and an auxiliary image
overlaid upon the primary image; and

an input device configured to measure three-dimensional positional in-
formation of atarget object relative to an input operation surface of the
input device,

wherein the auxiliary image represents the three-dimensional positional
information of the target object.
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