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(57) ABSTRACT

To provide a function of easily preventing burn-in at low cost
without disturbing mixed reality being experienced by a user,
a mixed reality presenting system includes a display control
unit configured to display a confirmation image on a display
unit when a first time period has elapsed since the display
control unit had performed control to start display on the
display unit, and to control display on the display unit in
response to an operation performed on the confirmation
image by a user of the mixed reality presenting system.
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MIXED REALITY PRESENTING SYSTEM,
VIRTUAL REALITY PRESENTING SYSTEM,
DISPLAY APPARATUS, INFORMATION
PROCESSING APPARATUS, CONTROL
METHOD, AND PROGRAM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a system for pre-
venting burn-in of the screen of a display apparatus in a
system for presenting mixed reality or virtual reality.

[0003] 2. Description of the Related Art

[0004] In recent years, active researches have been per-
formed on mixed reality (MR) aiming at seamless coupling of
the real and the virtual spaces. An image display apparatus for
presenting mixed reality has, for example, the following con-
figuration. Specifically, the image display apparatus superim-
poses, onto real space images captured by an imaging appa-
ratus such as a video camera, virtual reality space images (for
example, virtual objects, text information drawn by using
computer graphics) generated according to the position and
orientation of the imaging apparatus. For example, a head-
mounted display (HMD) can be used for such an image dis-
play apparatus.

[0005] Theimage display apparatus isimplemented also by
the optical see-through method for displaying, on an optical
see-through type display mounted on a user’s head, a virtual
space image generated according to the position and orienta-
tion of the user’s viewpoint.

[0006] Meanwhile, Japanese Patent Application No. 2007-
281654 also discusses a method for preventing burn-in when
displaying an image on a display. Specifically, in the method,
an audio-video (AV) apparatus outputs video data to a display
apparatus configured to display a video image on a display
screen, and a control apparatus capable of performing data
communication mutually with the AV apparatus detects that
the video data output from the AV apparatus is in a still image
state. In a case where the control apparatus detects that the
video data is in the still image state, the control apparatus
stops reproducing the video data, and changes the state of a
power source unit of the AV apparatus from an ON state to an
OFF state by executing a power source changeover program,
thereby preventing burn-in.

[0007] Japanese Patent Application No. 2002-251667 dis-
cusses a method for detecting by using a sensor whether auser
wears an HMD, and if the user does not wear the HMD,
turning OFF the power of the HMD to effectively prevent
unnecessary power consumption when the HMD is not in use.

[0008] However, with the method discussed in Japanese
Patent Application No. 2007-281654, since the control appa-
ratus detects that the video data is in the still image state and
controls the power source, there may be a case where the
control apparatus stops the video data or turns OFF the power
of'the display while the user is experiencing mixed reality via
the HMD. This case causes a problem that the mixed reality
video image is suddenly interrupted to make the user unable
to continue experiencing it, which disturbs the user’s immer-
sive feeling.

[0009] The method discussed in Japanese Patent Applica-
tion No. 2002-251667 has a problem that it cannot be easily
performed because it involves the cost for adding a hardware
configuration.
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SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention, a
mixed reality presenting system includes a display apparatus
and an information processing apparatus configured to gen-
erate a combined image to be displayed on the display appa-
ratus. The display apparatus includes an imaging unit config-
ured to capture a real space image, a first output unit
configured to output the captured real space image to the
information processing apparatus, and a display unit config-
ured to acquire a combined image of the captured real space
image and virtual space data from the information processing
apparatus, and to display the acquired combined image. The
information processing apparatus includes a first display con-
trol unit configured to control display on the display unit, and
a second output unit configured to acquire the real space
image captured by the imaging unit from the display appara-
tus, to combine the real space image with the virtual space
data, and to output the combined image to the display appa-
ratus. When a first time period has elapsed since the first
display control unit had performed control to start display on
the display unit, the first display control unit displays a con-
firmation image on the display unit, and controls display on
the display unit in response to an operation performed on the
confirmation image by a user of the mixed reality presenting
system.

[0011] According to the present invention, it becomes pos-
sible to easily prevent burn-in at low cost without disturbing
mixed reality being experienced by the user.

[0012] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is ablock diagram illustrating an example of
a functional configuration of a system according to a first
exemplary embodiment.

[0014] FIG. 2 is a block diagram illustrating an example of
a hardware configuration of an information processing appa-
ratus applicable to the system according to an exemplary
embodiment.

[0015] FIG. 3 is a flowchart illustrating processing per-
formed by an information processing apparatus according to
the first exemplary embodiment.

[0016] FIG. 4 is a flowchart illustrating processing per-
formed by an apparatus control unit according to the first
exemplary embodiment.

[0017] FIG. 5is ablock diagram illustrating an example of
a functional configuration of a system according to a second
exemplary embodiment.

[0018] FIG. 6 is a flowchart illustrating processing per-
formed by an information processing apparatus according to
the second exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0019] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below with
reference to the drawings.

[0020] FIG. 1is ablock diagram illustrating an example of
a functional configuration of a virtual reality presenting sys-
tem according to a first exemplary embodiment. As illustrated
in FIG. 1, the virtual reality presenting system according to
the present exemplary embodiment includes an information
processing apparatus 1000, a display apparatus 1100, exter-
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nal display apparatuses 1410 and 1420, a control apparatus
1500, image distribution units 1610 and 1620, and an input
unit 1300. The information processing apparatus 1000
includes a display control unit 1010, a data storage unit 1020,
a position and orientation acquisition unit (i.e., position and
orientation measurement unit) 1030, a communication unit
1040, a virtual space generation unit 1050, and an image
generation unit 1060. The information processing apparatus
1000 and the control apparatus 1500 are connected so that
data communication therebetween can be performed. There-
fore, the information processing apparatus 1000 and the con-
trol apparatus 1500 may be wiredly or wirelessly connected
with each other. The display apparatus 1100 and the control
apparatus 1500 are connected such that data communication
therebetween can be performed. Therefore, the display appa-
ratus 1100 and an apparatus control unit 1510 may be wiredly
or wirelessly connected with each other. Although, in the
present exemplary embodiment, the external display appara-
tuses 1410 and 1420 are described as external display appa-
ratuses, either one apparatus may be included as an external
display apparatus.

[0021] The information processing apparatus 1000 accord-
ing to the present exemplary embodiment will be described
below.

[0022] The information processing apparatus 1000
includes the display control unit 1010, the position and ori-
entation acquisition unit 1030, the data storage unit 1020, the
virtual space generation unit 1050, the communication unit
1040, the image generation unit 1060, and the input unit 1300.
[0023] The display control unit 1010 transmits a control
signal to display units 1110 of the display apparatus 1100 via
the communication unit 1040 to perform processing for con-
trolling display on the display units 1110. Although the pro-
cessing on the display units 1110 of the display apparatus
1100 by the display control unit 1010 includes processing for
turning display on the display units 11100N and OFF, and
screen saver processing, the processing is not limited thereto.
Although, in the present exemplary embodiment, the display
control unit 1010 turns display on the display units 11100N
and OFF, the display control unit 1010 may control ON/OFF
of'the power source of the display apparatus 1100 itself. This
processing will be described in detail below with reference to
the flowchart illustrated in FIG. 3.

[0024] The position and orientation acquisition unit 1030
measures the position and orientation of a user’s viewpoint in
the virtual space by using the result of measurement by a
magnetic sensor 1130, and outputs the measurement result to
the data storage unit 1020.

[0025] As described above, the data storage unit 1020 is
used to store various types of information, and includes a
random access memory (RAM) and a hard disk drive device.
In addition to the above-described information to be stored in
the data storage unit 1020, the data storage unit 1020 also
stores information described as known information in the
present exemplary embodiment.

[0026] The virtual space generation unit 1050 generates
virtual space data based on data of the virtual space stored in
the data storage unit 1020. The virtual space data includes
data related to each virtual object constituting the virtual
space, and data related to a light source for irradiating the
virtual space.

[0027] The communication unit 1040 transmits a display
panel ON signal and a display panel OFF signal stored in the
data storage unit 1020 to the apparatus control unit 1510.
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[0028] The image generation unit 1060 generates a virtual
space image viewed from a viewpoint in the virtual space
generated by the virtual space generation unit 1050. Then, the
image generation unit 1060 outputs the generated virtual
space image to the display units 1110 of the display apparatus
1100 via the image distribution units 1610 and 1620. The
image generation unit 1060 may simultaneously display the
virtual space image on the external display units 1410 and
1420. The technique for generating a virtual space image
viewed from a viewpoint having a predetermined position
and orientation is a known technique, and detailed description
thereof will be omitted.

[0029] The input unit 1300 is a unit capable of inputting
user operations, and is used to start, shut down, and operate
the information processing apparatus 1000. For example, the
input unit 1300 is also used to input an operation performed
on a confirmation image (described below) to restart process-
ing. As long as the above-described purpose can be achieved,
the input unit 1300 may be an input apparatus of any type, for
example, a mouse, a button type apparatus such as a key-
board, and an input apparatus configured to perform input by
recognizing user gesture.

[0030] The control apparatus 1500 according to the present
exemplary embodiment will be described below.

[0031] As described above, the control apparatus 1500 is
connected with the display apparatus 1100 and the informa-
tion processing apparatus 1000 to perform data communica-
tion therewith. The control apparatus 1500 includes a com-
munication unit (not illustrated) and the apparatus control
unit 1510.

[0032] The apparatus control unit 1510 receives the display
panel ON/OFF signal for the display units 1110 from the
communication unit 1040 via a communication unit (not
illustrated), and transmits the display panel ON/OFF signal to
the display apparatus 1100 via a communication unit (not
illustrated) to control display on the display units 1110 (dis-
play ON/OFF or screen saver). The apparatus control unit
1510 includes a power source of the display apparatus 1100.
When the user turns ON the power source of the display
apparatus 1100 included in the apparatus control unit 1510,
the power of the display apparatus 1100 is turned ON, and
accordingly the power of'the display units 1110 is also turned
ON. When the user turns OFF the power source of the display
apparatus 1100, the power of the display apparatus 1100 is
turned OFF, and accordingly the power of the display units
1110 is also turned OFF. The apparatus control unit 1510 also
receives virtual space images from the image distribution
units 1610 and 1620 via a communication unit (not illus-
trated), and transmits the virtual space images to the display
units 1110 via a communication unit (not illustrated). Even if
the apparatus control unit 1510 receives no control signal
from the display control unit 1010 via the communication
unit 1040 as described below, in a case where a predetermined
condition is satisfied, the apparatus control unit 1510 controls
display on the display units 1110. Although, in the present
exemplary embodiment, the control apparatus 1500 is pro-
vided outside the display apparatus 1100, the display appa-
ratus 1100 may be provided with the function of the control
apparatus 1500. In other words, the display apparatus 1100
and the control apparatus 1500 may be integrally formed.
[0033] Thedisplay apparatus 1100 according to the present
exemplary embodiment will be described below.

[0034] The display apparatus 1100 includes the display
units 1110, the magnetic sensor 1130, and a communication
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unit (not illustrated). The display apparatus 1100 may be a
display apparatus including a liquid crystal display (LCD) or
organic electro-luminescence (EL) display, and can be an
HMD apparatus which enables the user to observe an image,
a handheld display (HHD) apparatus which enables the user
to observe an image while holding it with a hand and looking
it into like binoculars, or a display terminal such as a tablet or
a smart phone, for example. The present exemplary embodi-
ment is described to use a stereo type HMD as the display
apparatus 1100. The display apparatus 1100 displays an
image transmitted from the information processing apparatus
1000. The display units 1110 of the display apparatus 1100
are provided for the right and left eyes, respectively. The
display units 1110 are disposed so as to be respectively posi-
tioned in front of right and left eyes of the user who wears the
display apparatus 1100 on the head.

[0035] Eachofthedisplay units 1110 includes an LCD. The
images output from the information processing apparatus
1000 and distributed by the image distribution units 1610 and
1620 via a communication unit (not illustrated) and the appa-
ratus control unit 1510 are respectively displayed on each of
the display units 1110 for the user’s right and left eyes.
[0036] The magnetic sensor 1130 measures changes of a
magnetic field generated by a magnetic field generation appa-
ratus 1120, measures the position and orientation of the dis-
play apparatus 1100, and transmits the result of the measure-
ment to the data storage unit 1020 of the information
processing apparatus 1000.

[0037] The magnetic field generation apparatus 1120 gen-
erates a magnetic field for measuring the position and orien-
tation of the display apparatus 1100, and transmits data of the
generated magnetic field to the data storage unit 1020 of the
information processing apparatus 1000. Changes of the gen-
erated magnetic field are measured by the magnetic sensor
1130.

[0038] The external display apparatuses 1410 and 1420
display, via the image distribution units 1610 and 1620,
respectively, images generated by the image generation unit
1060. The external display apparatuses 1410 and 1420 dis-
play the same images as the screens displayed on the display
units 1110 of the display apparatus 1100, respectively. The
external display apparatuses 1410 and 1420 function as a
display apparatus for displaying the contents of processing
performed by the information processing apparatus 100. The
external display apparatuses 1410 and 1420 are provided to
allow a third person (a person other than the user wearing the
display apparatus 1100) to observe the image viewed by the
user. The external display apparatuses 1410 and 1420 also
allow the user to confirm the image before wearing the dis-
play apparatus 1100. As described below, even in a state
where display on the display units 1110 is OFF, the external
display apparatuses 1410 and 1420 can also be used by the
user to respond to the confirmation image displayed for the
user.

[0039] FIG. 3 is a flowchart illustrating processing per-
formed by the information processing apparatus 1000 to
transmit the display panel ON/OFF signal to the apparatus
control unit 1510, generate a virtual space image, and output
the generated virtual space image to the image distribution
units 1610 and 1620.

[0040] In step S3000, the display control unit 1010 trans-
mits the display panel ON signal to the apparatus control unit
1510 via the data storage unit 1020 and the communication
unit 1040. Then, the processing proceeds to step S3010. Fur-
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ther, to determine whether the user is using the display appa-
ratus before transmitting the display panel ON signal, the
display control unit 1010 may transmit the display panel ON
signal only when a camera has the stereo configuration.
[0041] Instep S3010, the position and orientation acquisi-
tion unit 1030 measures the position and orientation of the
display apparatus 1100 in a world coordinate system, and
stores the measurement result of the position and orientation
of the viewpoint in the data storage unit 1020. Then, the
processing proceeds to step S3020.

[0042] Instep S3020, the virtual space generationunit 1050
sets the measurement result of the position and orientation of
the viewpoint stored in the data storage unit 1020 as a position
and orientation of the user’s viewpoint in the virtual space.
Then, the processing proceeds to step S3030.

[0043] Instep S3030, the virtual space generationunit 1050
generates a virtual space based on the position and orientation
of the user’s viewpoint set in step 3020 and a virtual object.
Then, the processing proceeds to step S3040.

[0044] Instep S3040, the image generation unit 1060 reads
the virtual space from the data storage unit 1020, generates
images which can be viewed from the position and orientation
of the user’s viewpoint, and outputs the generated images to
the image distribution units 1610 and 1620. The image dis-
tribution unit 1610 outputs the images to the external display
apparatus 1410 and the apparatus control unit 1510. The
apparatus control unit 1510 outputs the images to the display
units 1110 of the display apparatus 1100. Then, the process-
ing proceeds to step 3050.

[0045] In step S3050, after transmitting the display panel
ON signal in step S3000, display control unit 1010 deter-
mines whether 30 minutes (first time period) have elapsed.
When 30 minutes have not elapsed (NO in step S3050), the
processing returns to step S3010. On the other hand, when 30
minutes have elapsed, the processing proceeds to step S3060.
[0046] Instep S3060, the display control unit 1010 displays
a confirmation image on the display units 1110. Then, the
processing proceeds to step S3070. The confirmation image
according to the present exemplary embodiment refers to an
image used to determine whether the user continues using the
mixed reality presenting system. Specifically, the confirma-
tion image is used to determine whether the user successively
uses the system after the user has experienced virtual reality
for a predetermined time period since the images had been
displayed on the display units 1110. Controlling display on
the display units 1110 according to whether the user performs
an operation within a second time period (described below)
since the confirmation image has been displayed enables
preventing burn-in due to fixed display on the display units
1110 of the display apparatus 1100 which has been taken off
and left by the user. Further, in the present exemplary embodi-
ment, the confirmation image includes a RESTART button for
indicating that the user continues using the mixed reality
presenting system. Of course, the confirmation image may
include a button for continuing the use and a button for ending
the use.

[0047] In steps 3070 and 3080, display control unit 1010
determines whether the user presses the RESTART button
displayed in the confirmation image via the input unit 1300
before 5 minutes (second time period) elapses since the con-
firmation image has been displayed. When the user presses
the RESTART button before 5 minutes elapses (YES in step
S3070), the processing returns to step S3000. On the other
hand, when the user does not press the RESTART button
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before 5 minutes elapses (NO in step S3070, YES in step
S3080), the processing proceeds to step S3090. In step S3090,
the display control unit 1010 transmits the display panel OFF
signal to the apparatus control unit 1510 via the data storage
unit 1020 and the communication unit 1040.

[0048] In a case where the display control unit 1010 does
not receive a response from the user within the second time
period since the confirmation image has been displayed (NO
in step S3070, YES in step S3080), then in step S3090, the
display control unit 1010 automatically turns OFF display on
the display units 1110, thereby preventing burn-in due to
fixed display on the display units 1110 of the display appara-
tus 1100 which has been taken off and left by the user. In other
words, the second time period is a waiting time for a response
from the user.

[0049] In step S3090, the display control unit 1010 trans-
mits the display panel OFF signal to the apparatus control unit
1510 via the data storage unit 1020 and the communication
unit 1040, and the apparatus control unit 1510 transmits the
display panel OFF signal to the display units 1110 to turn OFF
display on the display units 1110 (first display control). Then,
the processing ends. Even after display on the display units
1110 is turned OFF, the display control unit 1010 keeps
displaying the confirmation image on the external display
apparatuses 1410 and 1420 to receive a user operation made
on the confirmation image. Upon reception of a RESTART
instruction from the user (equivalent to step S3070), the pro-
cessing returns to step S3000.

[0050] As described above, the display units 1110 of the
display apparatus 1100 can be controlled by the information
processing apparatus 1000.

[0051] FIG. 4is a flowchart of processing performed by the
apparatus control unit 1510 to transmit the display panel
ON/OFF signal to the display apparatus 1100.

[0052] Instep S4000, the apparatus control unit 1510 turns
ON the power source of the display apparatus 1100 based on
the signal from the apparatus control unit 1510 of the control
apparatus 1500 in response to a user operation. When the
power source of the display apparatus 1100 is turned ON,
display on the display units 1110 is also turned ON. Then, the
processing proceeds to step S4010.

[0053] Instep S4010,the apparatus control unit 1510 deter-
mines whether the display panel ON signal transmitted in step
S3000 is transmitted from the display control unit 1010 to the
display units 1110 via the communication unit 1040. When
the display panel ON signal is transmitted to the display units
1110 (YES in step S4010), the processing proceeds to step
S4030. On the other hand, when the display panel ON signal
is not transmitted to the display units 1110 (NO in step
S4010), the processing proceeds to step S4020.

[0054] Instep S4020,the apparatus control unit 1510 deter-
mines whether 5 minutes (fourth time period) have elapsed
since the processing in step S4000 had been performed. When
5 minutes have elapsed (YES in step S4020), the processing
proceeds to step S4040. On the other hand, when 5 minutes
have not elapsed (NO in step S4020), the processing returns to
step S4010. In the processing, even if the apparatus control
unit 1510 does not receive the display panel ON signal from
the display control unit 1010 within 5 minutes, the display
control unit 1010 turns ON display on the display units 1110.
Even if the user cannot confirm the image in an environment
where, for example, the external display apparatuses 1410
and 1420 are not connected, this processing allows the user to
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operate the information processing apparatus 1000 while
wearing the display apparatus 1100 for a certain time period
(fourth time period).

[0055] Instep S4030,the apparatus control unit 1510 deter-
mine whether 40 minutes (third time period) have elapsed
since it had confirmed the reception of the display panel ON
signal from the display controlunit 1010 in step S4020. When
40 minutes have elapsed (YES in step S4030), the processing
proceeds to step S4040. On the other hand, when 40 minutes
have not elapsed (NO in step S4030), the processing in step
S4030 is repeated. Even if the apparatus control unit 1510
does not receive the display panel ON signal from the display
control unit 1010 because, for example, the power of the
information processing apparatus 1000 is turned OFF, this
processing enables the apparatus control unit 1510 to auto-
matically turn OFF display on the display units 1110 in step
4040 (second display control). In other words, the second
display control functions if the display control unit 1010
cannot normally control display on the display units 1110 as
described with reference to FIG. 3. Therefore, it is desirable
that the third time period is longer than the sum of the firstand
the second time periods.

[0056] Instep S4040, the apparatus control unit 1510 of the
control apparatus 1500 turns OFF display on the display units
1110 of the display apparatus 1100. In a case where the
apparatus control unit 1510 receives the display panel ON
signal from the display control unit 1010 even after display on
the display units 1110 is turned OFF, the processing restarts
from step S4010 to turn ON display on the display units 1110.
[0057] Referring to FIG. 4, during the processing in steps
S4030 and S4040, since the display panel ON signal from the
display control unit 1010 is present, the information process-
ing apparatus 1000 parallelly performs the processing from
step S3000 illustrated in FIG. 3. For example, even if the
measurement of the third time period is started after the
processing in step S4030, in a case where the user responds to
the confirmation image in step S3070, the measurement of the
third time period is reset. Specifically, the timing to start
measuring the third time period is changed from step S4030 to
step S3070.

[0058] In any step of the above-described flowcharts, the
user can terminate the virtual reality presenting system via the
apparatus control unit 1510 and the input unit 1300.

[0059] Although, in the present exemplary embodiment,
30, 5, 40, and 5 minutes are set as the first, second, third, and
fourth time periods, respectively, the values are to be consid-
ered as examples and not limited thereto. In other words, the
time periods may be set to any desired values suitable for the
target scene and the user. The time periods may be customized
by the user via the input unit 1300. The time periods may be
set to variable values, not fixed values, according to such
parameters as the number of operations and operation hours.
[0060] As described above, according to the present exem-
plary embodiment, it becomes possible to provide a function
of reliably preventing burn-in of the display units 1110 of the
display apparatus 1100 at low cost.

[0061] In the first exemplary embodiment, the display
apparatus 1100 is an apparatus for providing the user with a
virtual reality space. In a second exemplary embodiment, the
present invention is applied by using as the display apparatus
1100 a video see-through type HMD for presenting a mixed
reality space combining captured real space images with a
virtual space image (mixed reality presenting system). FIG. 5
illustrates a case where a video see-through type HMD 5100
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is used. Components equivalent to those in FIG. 1 are
assigned with the same reference numerals and redundant
descriptions thereof will be omitted.

[0062] The display apparatus 5100 according to the second
exemplary embodiment includes imaging units 5110 in addi-
tion to the configuration of the display apparatus 1100
according to the first exemplary embodiment.

[0063] Each of the imaging units 5110 has an imaging
function of capturing a real space moving image. The imaging
units 5110 sequentially output real space images for each
frame constituting the captured moving image to an apparatus
control unit 5210 via a communication unit (not illustrated)
(first output). The apparatus control unit 5210 transmits the
real space images to an image input unit 5040 via a commu-
nication unit (not illustrated). The imaging units 5110 are
provided for right and left eyes, respectively. The imaging
units 5110 capture a real space moving image to be viewed
from the right eye and a real space moving image to be viewed
from the left eye, respectively, of the user who wears the
display apparatus 5100 on the head.

[0064] An information processing apparatus 5000 will be
described below.

[0065] The image input unit 5040 acquires a real space
image for the right eye and a real space image for the left eye,
transmitted from the apparatus control unit 5210. Then, the
image input unit 5040 stores the acquired real space images in
the data storage unit 1020. In the present exemplary embodi-
ment, the image input unit 5040 performs transmission of
various signals to the apparatus control unit 1510 performed
by the communication unit 1040 in the first exemplary
embodiment. In other words, signals are transmitted via a unit
for acquiring real space images from the apparatus control
unit 5210. Of course, similar to the first exemplary embodi-
ment, signals may be transmitted by using a dedicated com-
munication unit.

[0066] An image generation unit 5060 configures a virtual
space based on the virtual space data generated by the virtual
space generation unit 1050. The virtual space data includes
data related to each virtual object constituting the virtual
space, and data related to a light source for irradiating the
virtual space. Then, the image generation unit 5060 generates
a virtual space image viewed from the viewpoint. Then, the
image generation unit 5060 draws the real space images
stored in the data storage unit 1020. Then, the image genera-
tion unit 5060 superposes the virtual space image onto the
drawn real space images to generate a combined image of the
real space images and the virtual space image on a relevant
memory. Then, the image generation unit 5060 divides the
generated combined image into two images for the right and
left eyes, and outputs the resultant images to the image dis-
tribution units 1610 and 1620, respectively (second output).
At this time, the virtual space generation unit 1050 may
generate real space data based on information such as depth.
[0067] FIG. 6 is a flowchart illustrating processing per-
formed by the information processing apparatus 5000 to
transmit the display panel ON/OFF signal to the apparatus
control unit 5210, generate a mixed reality image, and output
generated images to the image distribution units 1610 and
1620, respectively. Steps equivalent to those in FIG. 3 are
assigned the same step numbers and redundant descriptions
thereof will be omitted.

[0068] In step S5000, the apparatus control unit 5210
acquires the real space images (imaging result) transmitted
from the imaging units 5110, transmits the acquired images to
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the image input unit 5040, and stores them in the data storage
unit 1020. Then, the processing proceeds to step S3010.
[0069] In step S5040, the image generation unit 5060 gen-
erates a space in which the real space images are superim-
posed onto the virtual space viewed from the viewpoint.
Then, the processing proceeds to step S3050. Processing in
step S3050 and subsequent steps is similar to that described in
the first exemplary embodiment, and descriptions thereof will
be omitted.

[0070] As described in the first exemplary embodiment
with reference to FIG. 4, the apparatus control unit 5210
performs processing for transmitting the display panel
ON/OFF signal to the display units 1110 of the display appa-
ratus 5100 also in the second exemplary embodiment. This
processing is also similar to that described in the first exem-
plary embodiment, and descriptions thereof will be omitted.
[0071] As described above, according to the present exem-
plary embodiment, it becomes possible to provide a function
of reliably preventing burn-in at low cost.

[0072] FIG. 2 is a block diagram illustrating an example of
ahardware configuration of the information processing appa-
ratus according to an exemplary embodiment of the present
invention.

[0073] A central processing unit (CPU) 2001 controls the
entire computer by using programs and data stored in a RAM
2002 and a read-only memory (ROM) 2003, and at the same
time performs each of the processes described above to be
performed by the information processing apparatus 5000 in
the above-described exemplary embodiments.

[0074] The RAM 2002 includes an area for temporarily
storing programs and data loaded from an external storage
device 2007 and a storage medium drive 2008. The RAM
2002 further includes an area for temporarily storing data
received from the outside via an interface (I/F) 2009. The
outside refers to, for example, the magnetic field generation
apparatus 1120, and the control apparatuses 1500 and 5200.
The RAM 2002 further includes a work area used by the CPU
2001 to execute each of the processes. In other words, the
RAM 2002 can appropriately provide various areas. For
example, the RAM 2002 also functions as the data storage
unit 1020 illustrated in FIG. 1.

[0075] The ROM 2003 stores, for example, computer set-
ting data and a boot program.

[0076] A keyboard 2004 and a mouse 2005 are examples of
operation input apparatuses which are operated by a com-
puter user to input various instructions to the CPU 2001.
[0077] A display unit 2006 includes a cathode-ray tube
(CRT) or an LCD, and can display the result of processing by
the CPU 2001 by using images and texts. The display unit
2006 may display the result on the external display appara-
tuses 1410 and 1420, and other display apparatuses. For
example, the display unit 2006 can display a message to be
displayed for position and orientation measurement of the
display apparatuses 1100 and 5100.

[0078] The external storage device 2007 is a large-capacity
information storage device represented by a hard disk drive
device. The external storage device 2007 stores an operating
system (OS), and programs and data for causing the CPU
2001 to execute each of the processes described above to be
performed by the information processing apparatus 5000.
The relevant program includes programs corresponding to the
position and orientation acquisition unit 1030, and the image
generation units 1060 and 5060, respectively. The relevant
data includes virtual space data, and information described
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above as known information. The program and data stored in
the external storage device 2007 are appropriately loaded into
the RAM 2002 under the control of the CPU 2001. When the
CPU 2001 executes processing by using a loaded program
and data, each of the processes described above to be per-
formed by the information processing apparatus 5000 is
implemented. The external storage device 2007 may be used
as the data storage unit 1040 illustrated in FIGS. 1 and 5.
[0079] The storage medium drive 2008 reads programs and
data stored on a storage media such as a compact disc read
only memory (CD-ROM) and a digital versatile disc read
only memory (DVD-ROM), and writes programs and data to
the relevant storage medium. A part or all of programs and
data described to be stored in the external storage device 2007
may be stored on the storage medium. A program and data
read from the storage medium by the storage medium drive
2008 are output to the external storage device 2007 and the
RAM 2002.

[0080] The I/F 2009 includes an analog video port or a
digital input/output port such as an Institute of Electrical and
Electronics Engineers (IEEE)1394 compliant port for con-
necting the control apparatuses 1500 and 5200, or an Ethernet
(registered trademark) port for outputting a combined image
to the display apparatuses 1100 and 5100. Data received via
the I/F 2009 is input to the RAM 2002 and the external storage
device 2007. A part of the function of the image input unit
5040 illustrated in FIG. 5 is implemented by the I/F 2009. In
a case where a sensor system is used to acquire the position
and orientation, the sensor system is connected to the I/F
2009.

[0081] A bus 2010 connects the above-described units.
[0082] Although, in the first and the second exemplary
embodiments, a stereo display type HMD having right and
left display units is used as the display apparatuses 1100 and
5100, the present invention is not limited thereto. For
example, the display apparatuses 1100 and 5100 may be a
monocular HMD having one display unit. Instead of an
HMD, the display apparatuses 1100 and 5100 may be a dis-
play apparatus having a position and orientation measure-
ment function. Further, a position and orientation measure-
ment apparatus may be separated from the display
apparatuses 1100 and 5100. Further, the display apparatuses
1100 and 5100 may be a display apparatus having an imaging
apparatus, and the imaging apparatus may be separated from
the display apparatuses 1100 and 5100.

[0083] Although, in the first and the second exemplary
embodiments, a magnetic sensor is used as a sensor for mea-
suring the position and orientation, the position and orienta-
tion may be measured by extracting features of the real space
through image processing. The position and orientation may
be measured by using infrared light, by using a supersonic
wave, or in a mechanical way.

[0084] Although, in the above-described exemplary
embodiments, each unit configuring a system illustrated in
FIGS. 1 and 5 is configured by hardware, a part of the units
may be configured by software. In this case, a computer
implementing the remaining part by hardware executes the
software to operate as the system described in the above-
described exemplary embodiments.

[0085] Embodiments of the present invention can also be
realized by a computer of a system or apparatus that reads out
and executes computer executable instructions recorded on a
storage medium (e.g., non-transitory computer-readable stor-
age medium) to perform the functions of one or more of the
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above-described embodiment(s) of the present invention, and
by a method performed by the computer of the system or
apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more of
a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed computing
systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

[0086] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0087] This application claims the benefit of Japanese
Patent Application No. 2013-060272 filed Mar. 22, 2013,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A mixed reality presenting system comprising a display
apparatus, and an information processing apparatus config-
ured to generate a combined image to be displayed on the
display apparatus, the display apparatus including:

an imaging unit configured to capture a real space image;

a first output unit configured to output the captured real

space image to the information processing apparatus;
and

a display unit configured to acquire a combined image of

the captured real space image and virtual space data
from the information processing apparatus, and to dis-
play the acquired combined image,

the information processing apparatus including:

a first display control unit configured to control display on

the display unit; and

a second output unit configured to acquire the real space

image captured by the imaging unit from the display
apparatus, to combine the real space image with the
virtual space data, and to output the combined image to
the display apparatus,

wherein, when a first time period has elapsed since the first

display control unit had performed control to start dis-
play on the display unit, the first display control unit
displays a confirmation image on the display unit, and
controls display on the display unit in response to an
operation performed on the confirmation image by a
user of the mixed reality presenting system.

2. The mixed reality presenting system according to claim
1, wherein, when a second time period has elapsed with no
operation performed by the user since the confirmation image
had been displayed, the first display control unit controls
display on the display unit.

3. The mixed reality presenting system according to claim
2, further comprising a control apparatus configured to con-
trol the display apparatus,
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wherein, the control apparatus includes a second display
control unit configured to control display on the display
unit when a third time period has elapsed since the first
display control unit had performed control to start dis-
play on the display unit.

4. The mixed reality presenting system according to claim

3, wherein the display apparatus and the control apparatus are
integrally formed.

5. The mixed reality presenting system according to claim
3, wherein, when the user performs an operation on the dis-
played confirmation image before a second time period
elapses, the timing when the second display control unit starts
measuring whether the third time period has elapsed is
changed from the timing when the information processing
apparatus outputs the virtual space data to the display appa-
ratus to the timing when the user performs the operation
before the second time period elapses.

6. The mixed reality presenting system according to claim
3, wherein at least either one of the first display control unit
and the second display control unit performs control to turn
OFF display on the display unit.

7. The mixed reality presenting system according to claim
1, wherein the display apparatus is a head-mounted display
apparatus or a handheld display apparatus.

8. The mixed reality presenting system according to claim
7, wherein the information processing apparatus further
includes a position and orientation acquisition unit config-
ured to acquire a position and orientation of a user’s head.

9. The mixed reality presenting system according to claim
8, wherein the position and orientation acquisition unit
extracts a feature from the real space image to acquire the
position and the orientation.

10. A display apparatus connected with an external appa-
ratus, the display apparatus comprising:

an imaging unit configured to capture a real space image;

an output unit configured to output the captured real space
image to the external apparatus;

a display unit configured to acquire a combined image of
the captured real space image and virtual space data
from the external apparatus, and to display the acquired
combined image; and

a display control unit configured to control display on the
display unit,

wherein, when a first time period has elapsed since the
display control unit had performed control to start dis-
play on the display unit, the display control unit controls
display on the display unit.

11. An information processing apparatus connected with
an external display apparatus, the information processing
apparatus comprising:

a display control unit configured to control display on a

display unit of the external display apparatus; and

an output unit configured to acquire a real space image
from the external display apparatus, to combine the real
space image with virtual space data, and to output the
combined image to the external display apparatus,

wherein, when a first time period has elapsed since the first
display control unit had performed control to start dis-
play on the display unit, the display control unit displays
a confirmation image on the display unit, and controls
display on the display unit in response to an operation
performed by a user on the confirmation image.
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12. A method for controlling a mixed reality presenting
system including a display apparatus, and an information
processing apparatus configured to control the display appa-
ratus, the method comprising:

capturing a real space image by an imaging unit of the

display apparatus;

outputting the captured real space image by a first output

unit of the display apparatus;
acquiring a combined image of the captured real space
image and virtual space data from the information pro-
cessing apparatus, and displaying the acquired com-
bined image by a display unit of the display apparatus;

controlling display on the display unit by a first display
control unit of the information processing apparatus;

acquiring the captured real space image from the display
apparatus, combining the real space image with the vir-
tual space data, and outputting the combined image to
the display apparatus by a second output unit of the
information processing apparatus; and

displaying a confirmation image on the display unit when a

first time period has elapsed since the first display con-
trol unit had performed control to start display on the
display unit, and controlling display on the display unit
in response to an operation performed by a user on the
confirmation image.

13. A computer-readable storage medium storing a pro-
gram for causing a computer to perform the method accord-
ing to claim 12.

14. A method for controlling a display apparatus connected
with an external apparatus, the method comprising:

capturing a real space image by an imaging unit;

outputting the captured real space image to the external
apparatus by an output unit;

acquiring a combined image of the captured real space

image and virtual space data from the external appara-
tus, and displaying the acquired combined image by a
display unit;

controlling display on the display unit by a display control

unit; and

displaying a confirmation image on the display unit based

on a signal from the external apparatus when a first time
period has elapsed since the display control unit had
performed control to start display on the display unit,
and controlling display on the display unit in response to
an operation performed by a user on the confirmation
image.

15. A computer-readable storage medium storing a pro-
gram for causing a computer to perform the method accord-
ing to claim 14.

16. A method for controlling an information processing
apparatus connected with an external display apparatus, the
method comprising:

controlling display on a display unit;

acquiring a real space image from the external display

apparatus, combining the real space image with virtual
space data, and outputting the combined image to the
external display apparatus; and

displaying a confirmation image on the display unit when a

first time period has elapsed since performing control to
start display on the display unit, and controlling display
on the display unit in response to an operation performed
by a user on the confirmation image.
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17. A computer-readable storage medium storing a pro-
gram for causing a computer to perform the method accord-
ing to claim 16.

18. A virtual reality presenting system comprising a dis-
play apparatus, and an information processing apparatus con-
figured to generate an image to be displayed on the display
apparatus, the display apparatus including:

an acquisition unit configured to acquire an image from the

information processing apparatus; and

a display unit configured to display the acquired image,

the information processing apparatus including:

a display control unit configured to control display on the

display unit; and

an output unit configured to output to the display apparatus

an image to be displayed on the display apparatus, and
wherein, when a first time period has elapsed since the
display control unit had performed control to start dis-
play on the display unit, the display control unit displays
a confirmation image on the display unit, and controls
display on the display unit in response to an operation
performed by a user on the confirmation image.

19. A method for controlling a virtual reality presenting
system including a display apparatus, and an information
processing apparatus configured to generate an image to be
displayed on the display apparatus, the method comprising:

acquiring, by the display apparatus, an image from the

information processing apparatus;

displaying, by the display apparatus, the acquired image;

controlling, by the information processing apparatus, dis-

playing by display apparatus; and

outputting, by the information processing apparatus, to the

display apparatus an image to be displayed by the dis-
play apparatus,

wherein, when a first time period has elapsed since control

had been performed to start display by the display appa-
ratus, displaying a confirmation image by the display
apparatus, and controlling display on the display appa-
ratus in response to an operation performed by a user on
the confirmation image.

20. A computer-readable storage medium storing a pro-
gram for causing a computer to perform the method accord-
ing to claim 19.

21. A mixed reality presenting system comprising a display
apparatus, and an information processing apparatus config-
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ured to generate a combined image to be displayed on the
display apparatus, the display apparatus including:

an imaging unit configured to capture a real space image;

a first output unit configured to output the captured real

space image to the information processing apparatus;
and

a display unit configured to acquire a combined image of

the captured real space image and virtual space data
from the information processing apparatus, and to dis-
play the acquired combined image,

the information processing apparatus including:

a display control unit configured to control display on the

display unit; and

a second output unit configured to acquire the real space

image captured by the imaging unit from display appa-
ratus, to combine the real space image with the virtual
space image, and to output the combined image to the
display apparatus, and

wherein the display control unit displays a confirmation

image on the display unit at a predetermined time inter-
val, and controls display on the display unit in response
to an operation performed on the confirmation image by
a user of the mixed reality presenting system.

22. A system comprising a display apparatus, and an infor-
mation processing apparatus configured to generate a virtual
image to be displayed on the display apparatus, the display
apparatus including:

a display unit configured to acquire a virtual image and to

display the virtual image;

the information processing apparatus including:

a first display control unit configured to control display on

the display unit; and
a second output unit configured to generate a virtual image
and to output the virtual image to the display apparatus,

wherein, when a first time period has elapsed since the first
display control unit had performed control to start dis-
play on the display unit, the first display control unit
displays a confirmation image on the display unit, and
controls display on the display unit in response to an
operation performed on the confirmation image by a
user of the system.
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