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(57) ABSTRACT 

First, the interval between a left virtual camera and a right 
virtual camera is determined based on the relative position 
and the relative orientation of an outer imaging section (left) 
with respect to a marker, which are calculated from a result of 
marker recognition in the left real world image, and on the 
relative position and the relative orientation of an outer imag 
ing section (right) with respect to the marker, which are 
calculated from a result of marker recognition in the right real 
world image. After the interval between the left virtual cam 
era and the right virtual camera is determined, the positions 
and the orientations of the left virtual camera and the right 
virtual camera are determined based on the determined inter 
val such that the relationship between the position and the 
orientation of the left virtual camera, and the position and the 
orientation of the right virtual camera is ideal. 
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COMPUTER-READABLE STORAGE 
MEDIUM, IMAGE DISPLAY APPARATUS, 
IMAGE DISPLAY SYSTEM, AND IMAGE 

DISPLAY METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The disclosures of Japanese Patent Application No. 
2010-134545, filed on Jun. 11, 2010, Japanese Patent Appli 
cation No. 2010-134575, filed on Jun. 11, 2010, and Japanese 
Patent Application No. 2010-135507, filed on Jun. 14, 2010 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a computer-read 
able storage medium, an image display apparatus, an image 
display system, and an image display method, and more par 
ticularly, to a computer-readable storage medium, an image 
display apparatus, an image display System, and an image 
display method for stereoscopically displaying a real world 
image onto which a 3-dimensional virtual object is Superim 
posed, on a screen of a stereoscopic display apparatus capable 
of providing a stereoscopic view. 
0004 2. Description of the Background Art 
0005. In recent years, development of an AR (Augmented 
Reality) technique has been advanced in which a virtual 
object is Superimposed onto an image of a real world and the 
resultant image is displayed, whereby the virtual object 
appears to be present in the real world. 
0006 For example, a stereoscopic display apparatus dis 
closed in Patent Literature 1 (Japanese Laid-Open Patent 
Publication No. 2008-146109) calculates the relative posi 
tions and relative orientations of a camera for a right eye and 
a camera for a left eye with respect to a marker placed in the 
real world, from respective images shot by the camera for a 
right eye and the camera for a left eye, which are attached to 
a head mounted display, and then, based on the result of the 
calculation, generates an image of a virtual object for a right 
eye and an image for the virtual object for a left eye. Then, the 
Stereoscopic display apparatus Superimposes the image of the 
virtual object for a right eye and the image for the virtual 
object for a left eye onto the images shot by the camera for a 
right eye and the camera for a left eye, respectively, and 
displays the resultant composite images on an LCD (liquid 
crystal display) for a right eye and an LCD for a left eye, 
respectively. 
0007. In addition, Non-Patent Literature 1 (Hirokazu 
Kato, Mark Billinghurst, “Marker Tracking and HMD Cali 
bration for a Video-Based Augmented Reality Conferencing 
System.” iwar, pp.85, 2nd IEEE and ACM International 
Workshop on Augmented Reality, 1999) discloses a method 
of based on the position and the orientation of a marker in an 
image shot by a camera, calculating the relative positions and 
the relative orientations of the marker and the camera with 
respect to each other in the real world. 
0008. However, in the case where the relative positions 
and the relative orientations of the marker and the camera 
with respect to each other in the real world are calculated 
based on the position and the orientation of the marker in an 
image shot by the camera, if the image shot by the camera is 
blurred or if the accuracy of marker recognition is not perfect, 
error occurs in a result of calculation. Therefore, in the ste 

Dec. 15, 2011 

reoscopic display apparatus disclosed in Patent Literature 1, 
the relative position and orientation of the camera for a right 
eye with respect to the marker calculated based on an image 
shot by the camera for a right eye are not always accurate, and 
also, the relative position and orientation of the camera for a 
left eye with respect to the marker calculated based on an 
image shot by the camera for a left eye are not always accu 
rate. An image for a right eye including a virtual object, and an 
image for a left eye including the virtual object that are 
generated based on a result of calculation that is not accurate, 
do not have consistency with each other, that is, they are 
inconsistence with each other. As a result, a user cannot 
normally stereoscopically view the virtual object. 

SUMMARY OF THE INVENTION 

0009. Therefore, an object of the present invention is to 
provide a computer-readable storage medium, an image dis 
play apparatus, an image display System, and an image dis 
play method that are capable of displaying a virtual object So 
as to be normally stereoscopically visible. 
0010. The present invention has the following features to 
attain the object mentioned above. 
0011. A computer-readable storage medium of the present 
invention is a computer-readable storage medium having 
stored therein an image display program which stereoscopi 
cally displays a real world image onto which a 3-dimensional 
virtual object is Superimposed, on a screen of a stereoscopic 
display apparatus capable of providing a stereoscopic view, 
by using outputs from a real camera for a right eye and a real 
camera for a left eye, the image display program causing a 
computer to function as first position orientation calculation 
means, virtual camera setting means, right virtual space 
image generation means, left virtual space image generation 
means, and display control means. The first position orienta 
tion calculation means recognizes a predetermined shooting 
target in a piece of real world image data outputted from one 
of the real camera for a right eye and the real camera for a left 
eye, among pieces of real world image data respectively out 
putted from the real camera for a right eye and the real camera 
for a left eye, and calculates position orientation information 
indicating relative positions and relative orientations of the 
one of the real cameras and the predetermined shooting target 
with respect to each other. The virtual camera setting means 
determines the position and the orientation of a right virtual 
camera for generating an image for a right eye, and the posi 
tion and the orientation of a left virtual camera for generating 
an image for a left eye, in a predetermined virtual space, by 
using the position orientation information calculated by the 
first position orientation calculation means. The right virtual 
space image generation means generates a right virtual space 
image indicating the predetermined virtual space as it is 
looked at from the right virtual camera. The left virtual space 
image generation means generates a left virtual space image 
indicating the predetermined virtual space as it is looked at 
from the left virtual camera. The display control means super 
imposes the right virtual space image onto the piece of real 
world image data outputted from the real camera for a right 
eye, and Superimposes the left virtual space image onto the 
piece of real world image data outputted from the real camera 
for a left eye, to output images for a stereoscopic view to the 
Stereoscopic display apparatus. 
0012. It is noted that the virtual camera setting means may 
determine the position and the orientation of the right virtual 
camera for generating the image for a right eye, and the 
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position and the orientation of the left virtual camera for 
generating the image for a left eye, in the predetermined 
virtual space, without using a result of recognition of the 
predetermined shooting target in the piece of real world 
image data outputted from the other one of the real cameras 
which is different from the one of the real camera in the first 
position orientation calculation means. 
0013. According to the above configuration, even if the 
predetermined shooting target can be recognized only in one 
of the two pieces of real world image data respectively out 
putted from the two real cameras, the position and the orien 
tation of one of the two virtual cameras are determined based 
on the position orientation information calculated based on 
the one, of the two pieces of real world image data, in which 
the predetermined shooting target can be recognized, and the 
position and the orientation of the other one of the two virtual 
cameras are determined based on the position and the orien 
tation of the one of the two virtual cameras which have been 
determined. Therefore, even if the predetermined shooting 
target can be recognized only in one of the two pieces of real 
world image data respectively outputted from the two real 
cameras, a virtual object can be appropriately displayed in a 
Stereoscopic manner. In addition, even if the predetermined 
shooting target can be recognized in both the two pieces of 
real world image data respectively outputted from the two real 
cameras, a virtual object can be appropriately displayed in a 
Stereoscopic manner merely by recognizing the predeter 
mined shooting target in one of the two pieces of real world 
image data. Thus, a load of processing on the computer can be 
reduced. 
0014. In another preferable configuration, the virtual cam 
era setting means may determine the positions and the orien 
tations of the right virtual camera and the left virtual camera 
such that the relationship between the relative orientations of 
the right virtual camera and the left virtual camera with 
respect to each other is the same as the relationship between 
designed relative orientations of the real camera for a right 
eye and the real camera for a left eye with respect to each 
other. 
0015. According to the above configuration, even if the 
position orientation information calculated based on the piece 
of real world image data outputted from one of the two real 
cameras, and the position orientation information calculated 
based on the piece of real world image data outputted from the 
other one of the two real cameras do not accurately corre 
spond to the respective relative orientations of the two real 
cameras because of error in recognition of the predetermined 
shooting target, errorin attachment of the two real cameras, or 
the like, the relative orientations of the right virtual camera 
and the left virtual camera can be set appropriately. Therefore, 
a virtual object can be appropriately displayed in a stereo 
scopic manner. 
0016. In another preferable configuration, the virtual cam 
era setting means may include: a first virtual camera orienta 
tion determination section for determining the orientation of 
one of the right virtual camera and the left virtual camera that 
corresponds to the one of the real cameras in the first position 
orientation calculation means, by using the position orienta 
tion information calculated by the first position orientation 
calculation means; and a second virtual camera orientation 
determination section for, based on the orientation of the one 
of the right virtual camera and the left virtual camera deter 
mined by the first virtual camera orientation determination 
section, determining the orientation of the other one of the 
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right virtual camera and the left virtual camera such that the 
relationship between the relative orientations of the right 
virtual camera and the left virtual camera with respect to each 
other is the same as the relationship between designed relative 
orientations of the real camera for a right eye and the real 
camera for a left eye with respect to each other. 
0017. In another preferable configuration, the image dis 
play program may further cause the computer to function as 
virtual camera relative position relationship determination 
means for determining a relative position relationship 
between the right virtual camera and the left virtual camera. 
The virtual camera setting means may include: a first virtual 
camera position determination section for determining the 
position of one of the right virtual camera and the left virtual 
camera that corresponds to the one of the real cameras in the 
first position orientation calculation means, by using the posi 
tion orientation information calculated by the first position 
orientation calculation means; and a second camera position 
determination section for determining the position of the 
other one of the right virtual camera and the left virtual 
camera So as to be separated, by the relative position deter 
mined by the virtual camera relative position relationship 
determination means, from the position of the one of the right 
virtual camera and the left virtual camera determined by the 
first virtual camera position determination section. 
0018. It is noted that the “relative position relationship' 
mentioned above may be the distance between the left virtual 
camera and the right virtual camera, or may be the relative 
position of one of the virtual cameras with respect to the other 
one of the virtual cameras. 
0019. It is noted that the virtual camera relative position 
relationship determination means may determine the relative 
position relationship between the right virtual camera and the 
left virtual camera, based on a result of recognition of the 
predetermined shooting target in the two pieces of real world 
image data respectively outputted from the two real cameras, 
or may determine the relative position relationship between 
the right virtual camera and the left virtual camera, based on 
the designed relative relationship between the real camera for 
a right eye and the real camera for a left eye. 
0020. According to the above configuration, even if the 
position orientation information calculated based on the piece 
of real world image data outputted from one of the two real 
cameras, and the position orientation information calculated 
based on the piece of real world image data outputted from the 
other one of the two real cameras do not accurately corre 
spond to the relative position relationship between the two 
real cameras because of error in recognition of the predeter 
mined shooting target, error in attachment of the two real 
cameras, or the like, the relative position relationship between 
the right virtual camera and the left virtual camera can be set 
appropriately. Therefore, a virtual object can be appropriately 
displayed in a stereoscopic manner. 
0021. In another preferable configuration, the virtual cam 
era setting means may include: a first virtual camera position 
determination section for determining the position of one of 
the right virtual camera and the left virtual camera that cor 
responds to the one of the real cameras in the first position 
orientation calculation means, by using the position orienta 
tion information calculated by the first position orientation 
calculation means; a first virtual camera orientation determi 
nation section for determining the orientation of the one of the 
right virtual camera and the left virtual camera that corre 
sponds to the one of the real cameras in the first position 
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orientation calculation means, by using the position orienta 
tion information calculated by the first position orientation 
calculation means; and a second virtual camera position 
determination section for determining the position of the 
other one of the right virtual camera and the left virtual 
camera so as to be present, in a direction based on the orien 
tation of the one of the right virtual camera and the left virtual 
camera determined by the first virtual camera orientation 
determination section, from the position of the one of the right 
virtual camera and the left virtual camera determined by the 
first virtual camera position determination section, 
0022. It is noted that the second virtual camera position 
determination section may determine the position of the other 
one of the right virtual camera and the left virtual camera so 
as to be present, in the lateral direction of the orientation of the 
one of the right virtual camera and the left virtual camera 
determined by the first virtual camera orientation determina 
tion section, from the position of the one of the right virtual 
camera and the left virtual camera determined by the first 
virtual camera position determination section. 
0023. In another preferable configuration, the image dis 
play program may further cause the computer to function as 
virtual cameras distance determination means for determin 
ing the distance between the right virtual camera and the left 
virtual camera. The second virtual camera position determi 
nation section may determine the position of the other one of 
the right virtual camera and the left virtual camera so as to be 
separated by the distance determined by the virtual cameras 
distance determination means, in the direction based on the 
orientation of the one of the right virtual camera and the left 
virtual camera determined by the first virtual camera orien 
tation determination section, from the position of the one of 
the right virtual camera and the left virtual camera determined 
by the first virtual camera position determination section. 
0024. In another preferable configuration, the virtual cam 
era relative position relationship determination means may 
determine the relative position relationship between the right 
virtual camera and the left virtual camera, based on a parallax 
between the pieces of real world image data respectively 
outputted from the real camera for a right eye and the real 
camera for a left eye. 
0025. According to the above configuration, the relative 
position relationship between the right virtual camera and the 
left virtual camera is determined based on the parallax 
between the two pieces of real world image data. Therefore, 
even if the relative position relationship between the two real 
cameras is not known, or even if the relative position relation 
ship between the two real cameras has error because of error 
in the attachment of the two real cameras, the right virtual 
camera and the left virtual camera can be set appropriately. 
0026. In another preferable configuration, the relative 
position relationship which is determined by the relative posi 
tion relationship determination means may be the interval 
between the right virtual camera and the left virtual camera. 
0027. In another preferable configuration, the image dis 
play program may further cause the computer to function as 
second position orientation calculation means for recogniz 
ing the predetermined shooting target in the piece of real 
world image data outputted from the other one of the real 
cameras which is different from the one of the real cameras in 
the first position orientation calculation means, among the 
two pieces of real world image data respectively outputted 
from the two real cameras, and calculating position orienta 
tion information indicating relative positions and relative ori 
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entations of the other one of the real cameras and the prede 
termined shooting target with respect to each other. The 
virtual camera relative position relationship determination 
means may calculate the distance between the one of the real 
cameras and the other one of the real cameras, based on the 
information, about the relative positions of the one of the real 
cameras and the predetermined shooting target, which is cal 
culated by the first position orientation calculation means, 
and on the information, about the relative positions of the 
other one of the real cameras and the predetermined shooting 
target, which is calculated by the second position orientation 
calculation means. 
0028. In another preferable configuration, the first posi 
tion orientation calculation means may include first transform 
matrix generation means for, based on the piece of real world 
image data outputted from the one of the real cameras, gen 
erating a first transform matrix that transforms a coordinate 
value represented in a coordinate system whose origin is the 
position of the predetermined shooting target, into a coordi 
nate value represented in a first shooting section coordinate 
system whose origin is the position of the one of the real 
cameras. The second position orientation calculation means 
may include second transform matrix generation means for, 
based on the piece of real world image data outputted from the 
other one of the real cameras, generating a second transform 
matrix that transforms a coordinate value represented in a 
coordinate system whose origin is the position of the prede 
termined shooting target, into a coordinate value represented 
in a second shooting section coordinate system whose origin 
is the position of the other one of the real cameras. 
0029. In another preferable configuration, the virtual cam 
era relative position relationship determination means may 
execute processing of calculating the relative position rela 
tionship between the right virtual camera and the left virtual 
camera every time a new piece of real world image data is 
outputted from each of the two real cameras, and may deter 
mine the relative position relationship between the right vir 
tual camera and the left virtual camera, based on results of a 
plurality of the calculations of the relative position relation 
ship obtained by the processing being executed a plurality of 
times. 
0030. According to the above configuration, influence of 
error in recognition of the predetermined shooting target in 
each piece of real world image data is reduced. Therefore, 
reliability of the relative position relationship between the 
right virtual camera and the left virtual camera determined by 
the virtual camera relative position relationship determina 
tion means is improved. 
0031. In another preferable configuration, the virtual cam 
era relative position relationship determination means may 
determine the relative position relationship between the right 
virtual camera and the left virtual camera, based on the results 
of the plurality of calculations of the relative position rela 
tionship, only when all the results of the plurality of calcula 
tions of the relative position relationship are within a prede 
termined range. 
0032. According to the above configuration, reliability of 
the relative position relationship between the right virtual 
camera and the left virtual camera determined by the virtual 
camera relative position relationship determination means is 
improved. 
0033. In another preferable configuration, the image dis 
play program may further cause the computer to function as 
depth variation determination means for determining whether 
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or not the depth distance from each of the two real cameras to 
the predetermined shooting target has varied beyond a prede 
termined range in comparison with the depth distance as it 
was when the virtual camera relative position relationship 
determination means determined the relative position rela 
tionship between the right virtual camera and the left virtual 
camera. The virtual camera relative position relationship 
determination means may determine again the relative posi 
tion relationship between the right virtual camera and the left 
virtual camera, when the result of the determination by the 
depth variation determination means is positive. 
0034. The magnitude of influence of error in attachment of 
the two real cameras varies depending on the depth distance 
from each of the two real cameras to the predetermined shoot 
ing target. According to the above configuration, the influence 
of error in attachment of the two real cameras can appropri 
ately be corrected as necessary at any time. 
0035. In another preferable configuration, the image dis 
play program may further cause the computer to function as 
depth distance calculation means for calculating the depth 
distance from each of the two real cameras to the predeter 
mined shooting target, based on a piece of real world image 
data that includes the predetermined shooting target. The 
depth variation determination means may determine whether 
or not the depth distance from each of the two real cameras to 
the predetermined shooting target has varied beyond the pre 
determined range by comparing a reference depth distance 
calculated by the depth distance calculation means at a time 
when the virtual camera relative position relationship deter 
mination means determined the relative position relationship 
between the right virtual camera and the left virtual camera, 
with the latest depth distance calculated by the depth distance 
calculation means after the calculation of the reference depth 
distance. 
0036. In another preferable configuration, the depth dis 
tance calculation means may execute processing of calculat 
ing the depth distance from each of the two real cameras to the 
predetermined shooting target every time a new piece of real 
world image data is outputted from each of the two real 
cameras, and may calculate the reference depth distance, 
based on results of a plurality of the calculations of the depth 
distance obtained by the processing being executed a plurality 
of times. 
0037 According to the above configuration, influence of 
error in recognition of the predetermined shooting target in 
each piece of real world image data is reduced. Therefore, 
reliability of the depth distance from each of the two real 
cameras to the predetermined shooting target calculated by 
the depth distance calculation means is improved. 
0038. In another preferable configuration, the depth dis 
tance calculation means may determine the reference depth 
distance, based on the results of the plurality of calculations 
of the depth distance, only when all the results of the plurality 
of calculations of the depth distance are within a predeter 
mined range. 
0039. According to the above configuration, reliability of 
the depth distance from each of the two real cameras to the 
predetermined shooting target calculated by the depth dis 
tance calculation means is improved. 
0040. In another preferable configuration, the image dis 
play program may further cause the computer to function as: 
second position orientation calculation means for recogniz 
ing the predetermined shooting target in the piece of real 
world image data outputted from the other one of the real 
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cameras which is different from the one of the real cameras in 
the first position orientation calculation means, among the 
two pieces of real world image data respectively outputted 
from the two real cameras, and calculating position orienta 
tion information indicating relative positions and relative ori 
entations of the other one of the real cameras and the prede 
termined shooting target with respect to each other, and real 
camera selection means for selecting one of the two real 
cameras in accordance with the position of the predetermined 
shooting target in at least one of the two pieces of real world 
image data respectively outputted from the two real cameras. 
The virtual camera setting means may, if the real camera 
selected by the real camera selection means is the one of the 
real cameras, determine the position and the orientation of the 
right virtual camera, and the position and the orientation of 
the left virtual camera, by using the position orientation infor 
mation indicating the relative positions and relative orienta 
tions of the one of the real cameras and the predetermined 
shooting target, which is calculated by the first position ori 
entation calculation means, and if the real camera selected by 
the real camera selection means is the other one of the real 
cameras, determine the position and the orientation of the 
right virtual camera, and the position and the orientation of 
the left virtual camera, by using the position orientation infor 
mation indicating the relative positions and relative orienta 
tions of the other one of the real cameras and the predeter 
mined shooting target, which is calculated by the second 
position orientation calculation means. 
0041 According to the above configuration, even if the 
predetermined shooting target is out of a shooting area of one 
of the real cameras, the right virtual camera and the left virtual 
camera can be set appropriately. Therefore, it is possible to 
keep stereoscopically displaying a virtual object. 
0042. In another preferable configuration, the real camera 
selection means may switch the real camera for a left eye to 
the real camera for a right eye, in accordance with entrance of 
the position of the predetermined shooting target in the piece 
of real world image data outputted from the real camera for a 
left eye of the two real cameras into a right end area of the 
piece of real world image data, and may switch the real 
camera for a right eye to the real camera for a left eye, in 
accordance with entrance of the position of the predetermined 
shooting target in the piece of real world image data outputted 
from the real camera for a right eye of the two real cameras 
into a left end area of the piece of real world image data. 
0043. In another preferable configuration, the pieces of 
real world image data to be used by the first position orienta 
tion calculation means and the display control means may be 
outputted in real time from the real cameras. 
0044 According to the above configuration, it is possible 
to make a virtual object on the screen of the stereoscopic 
display apparatus appear as if the virtual object were present 
in real time in the real world. 
0045. In another preferable configuration, the computer 
may be included in an information processing apparatus hav 
ing the two real cameras and the stereoscopic display appa 
ratuS. 

0046. An image display apparatus according to the present 
invention stereoscopically displays a real world image onto 
which a 3-dimensional virtual object is Superimposed, on a 
screen of a stereoscopic display apparatus capable of provid 
ing a stereoscopic view, by using outputs from a real camera 
for a right eye and a real camera for a left eye, and comprises 
first position orientation calculation means, virtual camera 
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Setting means, right Virtual space image generation means, 
left virtual space image generation means, and display control 
means. The first position orientation calculation means rec 
ognizes a predetermined shooting target in a piece of real 
world image data outputted from one of the real camera for a 
right eye and the real camera for a left eye, among pieces of 
real world image data respectively outputted from the real 
camera for a right eye and the real camera for a left eye, and 
calculates position orientation information indicating relative 
positions and relative orientations of the one of the real cam 
eras and the predetermined shooting target with respect to 
each other. The virtual camera setting means determines the 
position and the orientation of a right virtual camera for 
generating an image for a right eye, and the position and the 
orientation of a left virtual camera for generating an image for 
a left eye, in a predetermined virtual space, by using the 
position orientation information calculated by the first posi 
tion orientation calculation means. The right virtual space 
image generation means generates a right Virtual space image 
indicating the predetermined virtual space as it is looked at 
from the right virtual camera. The left virtual space image 
generation means generates a left virtual space image indi 
cating the predetermined virtual space as it is looked at from 
the left virtual camera. The display control means Superim 
poses the right virtual space image onto the piece of real 
world image data outputted from the real camera for a right 
eye, and Superimposes the left virtual space image onto the 
piece of real world image data outputted from the real camera 
for a left eye, to output images for a stereoscopic view to the 
Stereoscopic display apparatus. 
0047. An image display system according to the present 
invention stereoscopically displays a real world image onto 
which a 3-dimensional virtual object is Superimposed, on a 
screen of a stereoscopic display apparatus capable of provid 
ing a stereoscopic view, by using outputs from a real camera 
for a right eye and a real camera for a left eye, and comprises 
a predetermined shooting target, first position orientation cal 
culation means, virtual camera setting means, right virtual 
space image generation means, left Virtual space image gen 
eration means, and display control means. The first position 
orientation calculation means recognizes the predetermined 
shooting target in a piece of real world image data outputted 
from one of the real camera for a right eye and the real camera 
for a left eye, among pieces of real world image data respec 
tively outputted from the real camera for a right eye and the 
real camera for a left eye, and calculates position orientation 
information indicating relative positions and relative orienta 
tions of the one of the real cameras and the predetermined 
shooting target with respect to each other. The virtual camera 
setting means determines the position and the orientation of a 
right virtual camera for generating an image for a right eye, 
and the position and the orientation of a left virtual camera for 
generating an image for a left eye, in a predetermined virtual 
space, by using the position orientation information calcu 
lated by the first position orientation calculation means. The 
right virtual space image generation means generates a right 
virtual space image indicating the predetermined virtual 
space as it is looked at from the right virtual camera. The left 
virtual space image generation means generates a left virtual 
space image indicating the predetermined virtual space as it is 
looked at from the left virtual camera. The display control 
means Superimposes the right virtual space image onto the 
piece of real world image data outputted from the real camera 
for a right eye, and Superimposes the left virtual space image 
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onto the piece of real world image data outputted from the real 
camera for a left eye, to output images for a stereoscopic view 
to the stereoscopic display apparatus. 
0048. An image display method according to the present 
invention stereoscopically displays a real world image onto 
which a 3-dimensional virtual object is Superimposed, on a 
screen of a stereoscopic display apparatus capable of provid 
ing a stereoscopic view, by using outputs from a real camera 
for a right eye and a real camera for a left eye, and comprises 
a first position orientation calculation step, a virtual camera 
setting step, a right virtual space image generation step, a left 
virtual space image generation step, and a display control 
step. The first position orientation calculation step recognizes 
a predetermined shooting target in a piece of real world image 
data outputted from one of the real camera for a right eye and 
the real camera for a left eye, among pieces of real world 
image data respectively outputted from the real camera for a 
right eye and the real camera for a left eye, and calculates 
position orientation information indicating relative positions 
and relative orientations of the one of the real cameras and the 
predetermined shooting target with respect to each other. The 
virtual camera setting step determines the position and the 
orientation of a right virtual camera for generating an image 
for a right eye, and the position and the orientation of a left 
virtual camera for generating an image for a left eye, in a 
predetermined virtual space, by using the position orientation 
information calculated in the first position orientation calcu 
lation step. The right virtual space image generation step 
generates a right virtual space image indicating the predeter 
mined virtual space as it is looked at from the right virtual 
camera. The left virtual space image generation step gener 
ates a left virtual space image indicating the predetermined 
virtual space as it is looked at from the left virtual camera. The 
display control step Superimposes the right virtual space 
image onto the piece of real world image data outputted from 
the real camera for a right eye, and Superimposes the left 
virtual space image onto the piece of real world image data 
outputted from the real camera for a left eye, to output images 
for a stereoscopic view to the stereoscopic display apparatus. 
0049 According to the present invention, it is possible to 
display a virtual object so as to be normally stereoscopically 
visible. 
0050. These and other objects, features, aspects and 
advantages of the present invention will become more appar 
ent from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051 FIG. 1 is a front view of a game apparatus 10 in its 
opened State; 
0.052 FIG. 2 is a side view of the game apparatus 10 in its 
opened State; 
0053 FIG. 3 shows a left side view, a front view, a right 
side view, and a rear view of the game apparatus 10 in its 
closed State; 
0054 FIG. 4 is a cross-sectional view of an upper housing 
21 shown in FIG. 1 taken along a line A-A'; 
0055 FIG. 5A is a diagram illustrating a state in which a 
slider 25a of a 3D adjustment switch 25 is positioned at the 
lowermost position (a third position); 
0056 FIG. 5B is a diagram illustrating a state in which the 
slider 25a of the 3D adjustment switch 25 is positioned at a 
position (a first position) above the lowermost position; 
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0057 FIG.5C is a diagram illustrating a state in which the 
slider 25a of the 3D adjustment switch 25 is positioned at the 
uppermost position (a second position); 
0058 FIG. 6 is a block diagram illustrating an internal 
configuration of the game apparatus 10; 
0059 FIG. 7 shows an example of a stereoscopic image 
displayed on a screen of an upper LCD 22; 
0060 FIG. 8 shows another example of a stereoscopic 
image displayed on the screen of the upper LCD 22. 
0061 FIG. 9 shows a marker 61: 
0062 FIG. 10 shows another example of a stereoscopic 
image displayed on the screen of the upper LCD 22. 
0063 FIG. 11 shows a memory map of a main memory 32 
of the game apparatus 10; 
0064 FIG. 12 shows an example of variables stored in the 
main memory 32: 
0065 FIG. 13 is a flowchart showing a flow of marker 
processing: 
0066 FIG. 14 is a flowchart showing a flow of main pro 
ceSS1ng: 
0067 FIG. 15 is a flowchart showing the details of updat 
ing processing: 
0068 FIG. 16 is a flowchart showing the details of virtual 
cameras interval determination processing: 
0069 FIG. 17 is a flowchart showing the details of view 
matrix generation processing: 
0070 FIG. 18 is a flowchart showing the details of main 
real world image setting processing: 
(0071 FIG. 19 is a flowchart showing the details of display 
mode Switching processing: 
0072 FIG. 20 shows an example of a left real world image 
and a right real world image; 
0073 FIG. 21 shows the position and the orientation of a 

left virtual camera 63L calculated in accordance with a result 
of marker recognition processing: 
0074 FIG.22 shows the position and the orientation of a 
right virtual camera 63R calculated in accordance with a 
result of marker recognition processing 
0075 FIG. 23 shows an area cut from the left real world 
image, based on a stereoscopic view Zero distance; 
0076 FIG. 24 shows an area cut from the right real world 
image, based on the stereoscopic view Zero distance; 
0077 FIG. 25 shows a position relationship between a 
virtual object 62 and a left virtual camera 63Li: 
0078 FIG. 26 shows a method of generating an image for 
a left eye; 
007.9 FIG. 27 shows a method of calculating coordinates 
of a right virtual camera 63R represented in a left virtual 
camera coordinate system; 
0080 FIG. 28 shows ew and ed; 
0081 FIG. 29 shows a method of calculating coordinates 
of the left virtual camera 63L and coordinates of the right 
virtual camera 63R represented in a marker coordinate sys 
tem; 
0082 FIG. 30 shows the position of the right virtual cam 
era 63R determined based on the position and the orientation 
of the left virtual camera 63Li: 
I0083 FIG.31 shows the position of the left virtual camera 
63L determined based on the position and the orientation of 
the right virtual camera 63R; 
0084 FIG. 32 shows IV.Z; 
0085 FIG.33 is a diagram illustrating a reason for calcu 
lating EyeWidth again; 
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I0086 FIG. 34 is a diagram illustrating the reason for cal 
culating EyeWidth again; 
I0087 FIG. 35 is a diagram illustrating the reason for cal 
culating EyeWidth again; 
I0088 FIG. 36 is a diagram illustrating the reason for cal 
culating EyeWidth again; 
I0089 FIG. 37 is a diagram illustrating a left projection 
matrix; 
0090 FIG. 38 is a diagram illustrating a right projection 
matrix; 
0091 FIG. 39 is a diagram illustrating a method of deter 
mining whether or not to Switch a main real world image from 
the left real world image to the right real world image; and 
0092 FIG. 40 is a diagram illustrating a method of deter 
mining whether or not to Switch the main real world image 
from the right real world image to the left real world image. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0093 (Structure of Game Apparatus) 
0094. Hereinafter, a game apparatus according to one 
embodiment of the present invention will be described. FIG. 
1 to FIG. 3 are each a plan view of an outer appearance of a 
game apparatus 10. The game apparatus 10 is a hand-held 
game apparatus, and is configured to be foldable as shown in 
FIG. 1 to FIG. 3. FIG. 1 and FIG. 2 show the game apparatus 
10 in an opened state, and FIG.3 shows the game apparatus 10 
in a closed State. FIG. 1 is a front view of the game apparatus 
10 in the opened state, and FIG. 2 is a right side view of the 
game apparatus 10 in the opened State. The game apparatus 10 
is able to shoot an image by means of an imaging section, 
display the shot image on a screen, and store data of the shot 
image. The game apparatus 10 can execute a game program 
which is stored in an exchangeable memory card or a game 
program which is received from a server or another game 
apparatus, and can display, on the screen, an image generated 
by computer graphics processing, such as an image shot by a 
virtual camera set in a virtual space, for example. 
0.095 Initially, an external structure of the game apparatus 
10 will be described with reference to FIG. 1 to FIG. 3. The 
game apparatus 10 includes a lowerhousing 11 and an upper 
housing 21 as shown in FIG. 1 to FIG. 3. The lower housing 
11 and the upper housing 21 are connected to each other so as 
to be openable and closable (foldable). In the present embodi 
ment, the lowerhousing 11 and the upper housing 21 are each 
formed in a horizontally long plate-like rectangular shape, 
and are connected to each other at long side portions thereof 
so as to be pivotable with respect to each other. 
(0096. As shown in FIG. 1 and FIG. 2, projections 11A 
each of which projects in a direction orthogonal to an inner 
side surface (main surface) 11B of the lower housing 11 are 
provided at the upper long side portion of the lower housing 
11, whereas a projection 21A which projects from the lower 
side surface of the upper housing 21 in a direction orthogonal 
to the lower side surface of the upper housing 21 is provided 
at the lower long side portion of the upper housing 21. Since 
the projections HA of the lowerhousing 11 and the projection 
21A of the upper housing 21 are connected to each other, the 
lower housing 11 and the upper housing 21 are foldably 
connected to each other. 
(0097 (Description of Lower Housing) 
0098. Initially, a structure of the lower housing 11 will be 
described. As shown in FIG. 1 to FIG.3, in the lower housing 
11, a lower LCD (Liquid Crystal Display) 12, a touch panel 
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13, operation buttons 14A to 14L (FIG. 1, FIG. 3), an analog 
stick 15, an LED 16A and an LED 16B, an insertion opening 
17, and a microphone hole 18 are provided. Hereinafter, these 
components will be described in detail. 
0099. As shown in FIG. 1, the lower LCD12 is accommo 
dated in the lower housing 11. The lower LCD 12 has a 
horizontally long shape, and is located Such that a long side 
direction thereof corresponds to a long side direction of the 
lower housing 11. The lower LCD 12 is positioned at the 
center of the lowerhousing 11. The lower LCD12 is provided 
on the inner side Surface (main Surface) of the lower housing 
11, and a screen of the lower LCD12 is exposed at an opening 
of the lower housing 11. When the game apparatus 10 is not 
used, the game apparatus 10 is in the closed State, thereby 
preventing the screen of the lower LCD 12 from becoming 
unclean and damaged. The number of pixels of the lower 
LCD 12 may be, for example, 256 dotsx 192 dots (width:X 
height). The lower LCD12 is a display device for displaying 
an image in a planar manner (not in a stereoscopically visible 
manner), which is different from the upper LCD 22 as 
described below. Although an LCD is used as a display device 
in the present embodiment, any other display device Such as 
a display device using an EL (Electro Luminescence), or the 
like may be used. In addition, a display device having any 
resolution may be used as the lower LCD 12. 
0100. As shown in FIG. 1, the game apparatus 10 includes 
the touch panel 13 as an input device. The touch panel 13 is 
mounted on the screen of the lower LCD 12. In the present 
embodiment, the touch panel 13 may be, but is not limited to, 
a resistive film type touch panel. A touch panel of any type 
Such as electrostatic capacitance type may be used. In the 
present embodiment, the touch panel 13 has the same reso 
lution (detection accuracy) as that of the lower LCD 12. 
However, the resolution of the touch panel 13 and the reso 
lution of the lower LCD 12 may not necessarily be the same. 
Further, the insertion opening 17 (indicated by dashed line in 
FIG. 1 and FIG.3(d)) is provided on the upper side surface of 
the lower housing 11. The insertion opening 17 is used for 
accommodating a touch pen 28 which is used for performing 
an operation on the touch panel 13. Although an input on the 
touch panel 13 is usually made by using the touch pen 28, a 
finger of a user may be used for making an input on the touch 
panel 13, besides the touch pen 28. 
0101 The operation buttons 14A to 14L are each an input 
device for making a predetermined input. As shown in FIG. 1, 
among operation buttons 14A to 14L, a cross button 14A (a 
direction input button 14A), a button 14B, a button 14C, a 
button 14D, a button 14E, a power button 14F, a selection 
button 14J, a HOME button 14K, and a start button 14L are 
provided on the inner side surface (main surface) of the lower 
housing 11. The cross button 14A is cross-shaped, and 
includes buttons for indicating an upward, a downward, a 
leftward, or a rightward direction. The button 14B, button 
14C, button 14D, and button 14E are positioned so as to form 
a cross shape. The buttons 14A to 14E, the selection button 
14J, the HOME button 14K, and the start button 14L are 
assigned functions, respectively, in accordance with a pro 
gram executed by the game apparatus 10, as necessary. For 
example, the cross button 14A is used for selection operation 
and the like, and the operation buttons 14B to 14E are used 
for, for example, determination operation and cancellation 
operation. The power button 14F is used for powering the 
game apparatus 10 on/off. 
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0102 The analog stick 15 is a device for indicating a 
direction, and is provided to the left of the lower LCD12 in an 
upper portion of the inner side Surface of the lower housing 
11. As shown in FIG.1, the cross button 14A is provided to the 
left of the lower LCD 12 in the lower portion of the lower 
housing 11. That is, the analog stick 15 is provided above the 
cross button 14A. The analog stick 15 and the cross button 
14A are positioned so as to be operated by a thumb of a left 
hand with which the lowerhousing is held. Further, the analog 
Stick 15 is provided in the upper area, and thus the analog stick 
15 is positioned such that a thumb of a left hand with which 
the lower housing 11 is held is naturally positioned on the 
position of the analog stick 15, and the cross button 14A is 
positioned such that the thumb of the left hand is positioned 
on the position of the cross button 14A when the thumb of the 
left hand is slightly moved downward from the analog stick 
15. The analog stick 15 has a top, corresponding to a key, 
which slides parallel to the inner side surface of the lower 
housing 11. The analog stick 15 acts in accordance with a 
program executed by the game apparatus 10. For example, 
when a game in which a predetermined object appears in a 
3-dimensional virtual space is executed by the game appara 
tus 10, the analog stick 15 acts as an input device for moving 
the predetermined object in the 3-dimensional virtual space. 
In this case, the predetermined object is moved in a direction 
in which the top corresponding to the key of the analog stick 
15 slides. As the analog stick 15, a component which enables 
an analog input by being tilted by a predetermined amount, in 
any direction, Such as the upward, the downward, the right 
ward, the leftward, or the diagonal direction, may be used. 
(0103 Four buttons, that is, the button 14B, the button 14C, 
the button 14D, and the button 14E, which are positioned so 
as to form a cross shape, are positioned such that a thumb of 
a right hand with which the lower housing 11 is held is 
naturally positioned on the positions of the four buttons. 
Further, the four buttons and the analog stick 15 sandwich the 
lower LCD 12, so as to be bilaterally symmetrical in position 
with respect to each other. Thus, depending on a game pro 
gram, for example, a left-handed person can make a direction 
instruction input by using these four buttons. 
0104 Further, the microphone hole 18 is provided on the 
inner side surface of the lower housing 11. Under the micro 
phone hole 18, a microphone (see FIG. 7) is provided as a 
sound input device described below, and the microphone 
detects for a sound from the outside of the game apparatus 10. 
0105 FIG.3(a) is a left side view of the game apparatus 10 
in the closed state. FIG. 3(b) is a front view of the game 
apparatus 10 in the closed state. FIG.3(c) is a right side view 
of the game apparatus 10 in the closed state. FIG.3(d) is a rear 
view of the game apparatus 10 in the closed State. As shown in 
FIG.3(b) and FIG.3(d), anL button 14Gandan R button 14H 
are provided on the upper side surface of the lower housing 
11. The L button 14G is positioned on the left end portion of 
the upper side surface of the lower housing 11 and the R 
button 14H is positioned on the right end portion of the upper 
side surface of the lower housing 11. The L button 14G and 
the R button 14H can function as shutter buttons (imaging 
instruction buttons) of the imaging section, for example. Fur 
ther, as shown in FIG. 3(a), a sound volume button 14I is 
provided on the left side surface of the lower housing 11. The 
Sound Volume button 14I is used for adjusting a sound Volume 
of a speaker of the game apparatus 10. 
0106. As shown in FIG.3(a), a cover section 11C is pro 
vided on the left side surface of the lower housing 11 so as to 
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be openable and closable. Inside the cover section 11C, a 
connector (not shown) is provided for electrically connecting 
between the game apparatus 10 and an external data storage 
memory 45. The external data storage memory 45 is detach 
ably connected to the connector. The external data storage 
memory 45 is used for, for example, recording (storing) data 
ofanimage shot by the game apparatus 10. The connector and 
the cover section 11C may be provided on the right side 
surface of the lower housing 11. 
0107 Further, as shown in FIG.3(d), an insertion opening 
11D through which an external memory 44 having a game 
program stored therein is inserted is provided on the upper 
side Surface of the lowerhousing 11. A connector (not shown) 
for electrically connecting between the game apparatus 10 
and the external memory 44 in a detachable manner is pro 
vided inside the insertion opening 11D. A predetermined 
game program is executed by connecting the external 
memory 44 to the game apparatus 10. The connector and the 
insertion opening 11D may be provided on another side Sur 
face (for example, the right side surface) of the lowerhousing 
11. 

0108. Further, as shown in FIG. 1 and FIG. 3(c), a first 
LED 16A for notifying a user of an ON/OFF state of a power 
Supply of the game apparatus 10 is provided on the lower side 
surface of the lower housing 11, and a second LED 16B for 
notifying a user of an establishment state of a wireless com 
munication of the game apparatus 10 is provided on the right 
side surface of the lower housing 11. The game apparatus 10 
can make wireless communication with other devices, and the 
second LED 16B is lit up when the wireless communication 
is established. The game apparatus 10 has a function of con 
necting to a wireless LAN in a method based on, for example, 
IEEE 802.11.b/g standard. A wireless switch 19 for enabling/ 
disabling the function of the wireless communication is pro 
vided on the right side surface of the lower housing 11 (see 
FIG. 3(c)). 
0109. A rechargeable battery (not shown) acting as a 
power Supply for the game apparatus 10 is accommodated in 
the lower housing 11, and the battery can be charged through 
a terminal provided on a side Surface (for example, the upper 
side surface) of the lower housing 11. 
0110 
0111. Next, a structure of the upper housing 21 will be 
described. As shown in FIG. 1 to FIG.3, in the upper housing 
21, an upper LCD (Liquid Crystal Display) 22, an outer 
imaging section 23 (an outer imaging section (left) 23a and an 
outer imaging section (right) 23b), an inner imaging section 
24, a 3D adjustment switch 25, and a 3D indicator 26 are 
provided. Hereinafter, theses components will be described in 
detail. 

0112. As shown in FIG. 1, the upper LCD 22 is accom 
modated in the upper housing 21. The upper LCD 22 has a 
horizontally long shape, and is located Such that a long side 
direction thereof corresponds to a long side direction of the 
upper housing 21. The upper LCD 22 is positioned at the 
center of the upper housing 21. The area of a screen of the 
upper LCD 22 is set so as to be greater than the area of the 
screen of the lower LCD 12. Further, the screen of the upper 
LCD 22 is horizontally elongated as compared to the screen 
of the lower LCD 12. Specifically, a rate of the horizontal 
width in the aspect ratio of the screen of the upper LCD 22 is 
set so as to be greater than a rate of the horizontal width in the 
aspect ratio of the screen of the lower LCD 12. 

(Description of Upper Housing) 
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0113. The screen of the upper LCD 22 is provided on the 
inner side Surface (main Surface) 21B of the upper housing 21, 
and the screen of the upper LCD 22 is exposed at an opening 
of the upper housing 21. Further, as shown in FIG. 2, the inner 
side Surface of the upper housing 21 is covered with a trans 
parent screen cover 27. The screen cover 27 protects the 
screen of the upper LCD 22, and integrates the upper LCD 22 
and the inner side Surface of the upper housing 21 with each 
other, thereby achieving unity. The number of pixels of the 
upper LCD 22 may be, for example, 640 dotsx200 dots (the 
horizontal linexthe vertical line). Although, in the present 
embodiment, the upper LCD 22 is an LCD, a display device 
using an EL (Electro Luminescence), or the like may be used. 
In addition, a display device having any resolution may be 
used as the upper LCD 22. 
0114. The upper LCD 22 is a display device capable of 
displaying a stereoscopically visible image. Further, in the 
present embodiment, an image for a left eye and an image for 
a right eye are displayed by using Substantially the same 
display area. Specifically, the upper LCD 22 may be a display 
device using a method in which the image for a left eye and 
the image for a right eye are alternately displayed in the 
horizontal direction in predetermined units (for example, 
every other line). Alternatively, a display device using a 
method in which the image for a left eye and the image for a 
right eye are alternately displayed for a predetermined time 
period may be used. Further, in the present embodiment, the 
upper LCD 22 is a display device capable of displaying an 
image which is stereoscopically visible with naked eyes. A 
lenticular lens type display device or a parallax barrier type 
display device is used which enables the image for a left eye 
and the image for a right eye, which are alternately displayed 
in the horizontal direction, to be separately viewed by the left 
eye and the right eye, respectively. In the present embodi 
ment, the upper LCD 22 of a parallax barrier type is used. The 
upper LCD 22 displays, by using the image for a right eye and 
the image for a left eye, an image (a stereoscopic image) 
which is stereoscopically visible with naked eyes. That is, the 
upper LCD 22 allows a user to view the image for a left eye 
with her/his left eye, and the image for a right eye with her/his 
right eye by utilizing a parallax barrier, so that a stereoscopic 
image (a stereoscopically visible image) exerting a stereo 
scopic effect for a user can be displayed. Further, the upper 
LCD 22 may disable the parallax barrier. When the parallax 
barrier is disabled, an image can be displayed in a planar 
manner (it is possible to display a planar visible image which 
is different from a stereoscopically visible image as described 
above. Specifically, a display mode is used in which the same 
displayed image is viewed with a left eye and a right eye). 
Thus, the upper LCD22 is a display device capable of switch 
ing between a stereoscopic display mode for displaying a 
Stereoscopically visible image and a planar display mode (for 
displaying a planar visible image) for displaying an image in 
a planar manner. The Switching of the display mode is per 
formed by the 3D adjustment switch 25 described later. 
0115 Two imaging sections (23a and 23.b) provided on the 
outer side surface (the back surface reverse of the main sur 
face on which the upper LCD22 is provided) 21D of the upper 
housing 21 are generically referred to as the outer imaging 
section 23. The imaging directions of the outer imaging sec 
tion (left) 23a and the outer imaging section (right) 23b are 
each the same as the outward normal direction of the outer 
side Surface 21D. Further, these imaging sections are each 
designed so as to be positioned in a direction which is oppo 
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site to the normal direction of the display surface (inner side 
surface) of the upper LCD 22 by 180 degrees. Specifically, the 
imaging direction of the outer imaging section (left) 23a and 
the imaging direction of the outer imaging section (right) 23b 
are parallel to each other. The outer imaging section (left) 23a 
and the outer imaging section (right) 23b can be used as a 
Stereo camera depending on a program executed by the game 
apparatus 10. Further, depending on a program, when any one 
of the two outer imaging sections (23a and 23b) is used alone, 
the outer imaging section 23 may be used as a non-stereo 
camera. Further, depending on a program, images shot by the 
two outer imaging sections (23a and 23b) may be combined 
with each other or may compensate for each other, thereby 
enabling imaging using an extended imaging range. In the 
present embodiment, the outer imaging section 23 is struc 
tured so as to include two imaging sections, that is, the outer 
imaging section (left) 23a and the outer imaging section 
(right) 23b. Each of the outer imaging section (left) 23a and 
the outer imaging section (right) 23b includes an imaging 
device. Such as a CCD image sensor or a CMOS image sensor, 
having a common predetermined resolution, and a lens. The 
lens may have a Zooming mechanism. 
0116. As indicated by dashed lines in FIG. 1 and by solid 
lines in FIG.3(b), the outer imaging section (left) 23a and the 
outer imaging section (right) 23b forming the outer imaging 
section 23 are aligned so as to be parallel to the horizontal 
direction of the screen of the upper LCD 22. Specifically, the 
outer imaging section (left) 23a and the outer imaging section 
(right) 23b are positioned such that a straight line connecting 
between the two imaging sections is parallel to the horizontal 
direction of the screen of the upper LCD 22. Reference 
numerals 23a and 23b which are indicated as dashed lines in 
FIG. 1 represent the outer imaging section (left) 23a and the 
outer imaging section (right) 23b, respectively, which are 
positioned on the outer side surface reverse of the inner side 
surface of the upper housing 21. As shown in FIG. 1, when a 
user views the screen of the upper LCD 22 from the front 
thereof, the outer imaging section (left) 23a is positioned to 
the left of the upper LCD 22 and the outer imaging section 
(right) 23b is positioned to the right of the upper LCD 22. 
When a program for causing the outer imaging section 23 to 
function as a stereo camera is executed, the outer imaging 
section (left) 23a shoots an image for a left eye, which is 
viewed by a left eye of a user, and the outer imaging section 
(right) 23b shoots an image for a right eye, which is viewed by 
a right eye of the user. A distance between the outer imaging 
section (left) 23a and the outer imaging section (right) 23b is 
set so as to be approximately the same as a distance between 
both eyes of a person, that is, may be set So as to be within a 
range from 30 mm to 70 mm, for example. However, the 
distance between the outer imaging section (left) 23a and the 
outer imaging section (right) 23b is not limited to a distance 
within the range described above. 
0117. In the present embodiment, the outer imaging sec 
tion (left) 23a and the outer imaging section (right) 23b are 
secured to the housing, and the imaging directions thereof 
cannot be changed. 
0118. Further, the outer imaging section (left) 23a and the 
outer imaging section (right) 23b are positioned to the left and 
to the right, respectively, of the upper LCD 22 (on the left side 
and the right side, respectively, of the upper housing 21) So as 
to be horizontally symmetrical with respect to the center of 
the upper LCD 22. Specifically, the outer imaging section 
(left) 23a and the outer imaging section (right) 23b are posi 
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tioned so as to be symmetrical with respect to a line which 
divides the upper LCD 22 into two equal parts, that is, the left 
part and the right part. Further, the outer imaging section (left) 
23a and the outer imaging section (right) 23b are positioned 
at positions which are reverse of positions above the upper 
edge of the screen of the upper LCD 22 and which are on the 
upper portion of the upper housing 21 in an opened State. 
Specifically, when the upper LCD22 is projected on the outer 
side Surface of the upper housing 21, the outer imaging sec 
tion (left) 23a and the outer imaging section (right) 23b are 
positioned, on the outer side Surface of the upper housing 21, 
at a position above the upper edge of the screen of the upper 
LCD 22 having been projected. 
0119. As described above, the two imaging sections (23a 
and 23.b) of the outer imaging section 23 are positioned to the 
left and the right of the upper LCD 22 so as to be horizontally 
symmetrical with respect to the center of the upper LCD 22. 
Therefore, when a user views the upper LCD 22 from the 
front thereof, the imaging direction of the outer imaging 
section 23 can be the same as the direction of the line of sight 
of the user. Further, the outer imaging section 23 is positioned 
at a position reverse of a position above the upper edge of the 
screen of the upper LCD 22. Therefore, the outer imaging 
section 23 and the upper LCD 22 do not interfere with each 
other inside the upper housing 21. Therefore, the upper hous 
ing 21 may have a reduced thickness as compared to a case 
where the outer imaging section 23 is positioned on a position 
reverse of a position of the screen of the upper LCD 22. 
0.120. The inner imaging section 24 is positioned on the 
inner side Surface (main Surface) 21B of the upper housing 21, 
and acts as an imaging section which has an imaging direction 
which is the same direction as the inward normal direction of 
the inner side Surface. The inner imaging section 24 includes 
an imaging device. Such as a CCD image sensor and a CMOS 
image sensor, having a predetermined resolution, and a lens. 
The lens may have a Zooming mechanism. 
I0121. As shown in FIG. 1, when the upper housing 21 is in 
the opened state, the inner imaging section 24 is positioned, 
on the upper portion of the upper housing 21, above the upper 
edge of the screen of the upper LCD 22. Further, in this state, 
the inner imaging section 24 is positioned at the horizontal 
center of the upper housing 21 (on a line which separates the 
upper housing 21 (the screen of the upper LCD 22) into two 
equal parts, that is, the left part and the right part). Specifi 
cally, as shown in FIG. 1 and FIG. 3(b), the inner imaging 
section 24 is positioned on the inner side surface of the upper 
housing 21 at a position reverse of the middle position 
between the left and the right imaging sections (the outer 
imaging section (left) 23a and the outer imaging section 
(right) 23b) of the outer imaging section 23. Specifically, 
when the left and the right imaging sections of the outer 
imaging section 23 provided on the outer side Surface of the 
upper housing 21 are projected on the inner side Surface of the 
upper housing 21, the inner imaging section 24 is positioned 
at the middle position between the left and the right imaging 
sections having been projected. The dashed line 24 indicated 
in FIG. 3(b) represents the inner imaging section 24 posi 
tioned on the inner side Surface of the upper housing 21. 
I0122. As described above, the inner imaging section 24 is 
used for shooting an image in the direction opposite to that of 
the outer imaging section 23. The inner imaging section 24 is 
positioned on the inner side Surface of the upper housing 21 at 
a position reverse of the middle position between the left and 
the right imaging sections of the outer imaging section 23. 
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Thus, when a user views the upper LCD 22 from the front 
thereof, the inner imaging section 24 can shoot an image of a 
face of the user from the front thereof. Further, the left and the 
right imaging sections of the outer imaging section 23 do not 
interfere with the inner imaging section 24 inside the upper 
housing 21, thereby enabling reduction of the thickness of the 
upper housing 21. 
0123. The 3D adjustment switch 25 is a slide switch, and is 
used for switching a display mode of the upper LCD 22 as 
described above. Further, the 3D adjustment switch 25 is used 
for adjusting the stereoscopic effect of a stereoscopically 
visible image (stereoscopic image) which is displayed on the 
upper LCD 22. As shown in FIG. 1 to FIG. 3, the 3D adjust 
ment switch 25 is provided at the end portions of the inner side 
Surface and the right side Surface of the upper housing 21, and 
is positioned at a position at which the 3D adjustment switch 
25 is visible to a user when the user views the upper LCD 22 
from the front thereof. Further, an operation section of the 3D 
adjustment Switch 25 projects on the inner side Surface and 
the right side Surface, and can be viewed and operated from 
both sides. All the switches other than the 3D adjustment 
switch 25 are provided on the lower housing 11. 
0.124 FIG. 4 is a cross-sectional view of the upper housing 
21 shown in FIG. 1 taken along a line A-A. As shown in FIG. 
4, a recessed portion 21C is formed at the right end portion of 
the inner side surface of the upper housing 21, and the 3D 
adjustment switch 25 is provided in the recessed portion 21C. 
The 3D adjustment switch 25 is provided so as to be visible 
from the front surface and the right side surface of the upper 
housing 21 as shown in FIG. 1 and FIG. 2. A slider 25a of the 
3D adjustment switch 25 is slidable to any position in a 
predetermined direction (the height direction), and a display 
mode of the upper LCD 22 is determined in accordance with 
the position of the slider 25a. 
0.125 FIG. 5A to FIG.5C are each a diagram illustrating a 
state in which the slider 25a of the 3D adjustment switch 25 
slides. FIG. SA is a diagram illustrating a state in which the 
slider 25a of the 3D adjustment switch 25 is positioned at the 
lowermost position (a third position). FIG. 5B is a diagram 
illustrating a state in which the slider 25a of the 3D adjust 
ment switch 25 is positioned above the lowermost position (a 
first position). FIG. 5C is a diagram illustrating a state in 
which the slider 25a of the 3D adjustment switch 25 is posi 
tioned at the uppermost position (a second position). 
0126. As shown in FIG.5A, when the slider 25a of the 3D 
adjustment switch 25 is positioned at the lowermost position 
(the third position), the upper LCD 22 is set to the planar 
display mode, and a planarimage is displayed on the screen of 
the upper LCD 22 (the upper LCD 22 may remain set to the 
Stereoscopic display mode, and the same image may be used 
for the image for a left eye and the image for a right eye, to 
perform planar display). On the other hand, when the slider 
25a is positioned between a position shown in FIG. 5B (a 
position (first position) above the lowermost position) and a 
position shown in FIG. 5C (the uppermost position (the sec 
ond position)), the upper LCD 22 is set to the stereoscopic 
display mode. In this case, a stereoscopically visible image is 
displayed on the screen of the upper LCD 22. When the slider 
25a is positioned between the first position and the second 
position, a manner in which the stereoscopic image is visible 
is adjusted in accordance with the position of the slider 25a. 
Specifically, an amount of deviation in the horizontal direc 
tion between a position of an image for a right eye and a 
position of an image for a left eye is adjusted in accordance 
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with the position of the slider 25a. The slider 25a of the 3D 
adjustment switch 25 is configured so as to be fixed at the third 
position, and is slidable, along the height direction, to any 
position between the first position and the second position. 
For example, the slider 25a is fixed at the third position by a 
projection (not shown) which projects, from the side Surface 
of the 3D adjustment switch 25, in the lateral direction shown 
in FIG.5A, and does not slide upward from the third position 
unless a predetermined force or a force greater than the pre 
determined force is applied upward. When the slider 25a is 
positioned between the third position and the first position, 
the manner in which the stereoscopic image is visible is not 
adjusted, which is intended as a margin. In another embodi 
ment, the third position and the first position may be the same 
position, and, in this case, no margin is provided. Further, the 
third position may be provided between the first position and 
the second position. In this case, a direction in which an 
amount of deviation in the horizontal direction between a 
position of an image for a right eye and a position of an image 
for a left eye is adjusted when the slider is moved from the 
third position toward the first position, is opposite to a direc 
tion in which an amount of deviation in the horizontal direc 
tion between the position of the image for the right eye and the 
position of the image for the left eye is adjusted when the 
slider is moved from the third position toward the second 
position. 
0127. The 3D indicator 26 indicates whether or not the 
upper LCD 22 is in the stereoscopic display mode. The 3D 
indicator 26 is implemented as a LED, and is lit up when the 
stereoscopic display mode of the upper LCD 22 is enabled. 
The 3D indicator 26 may be lit up only when the program 
processing for displaying a stereoscopically visible image is 
performed (namely, image processing in which an image for 
a left eye is different from an image for a right eye is per 
formed in the case of the 3D adjustment switch being posi 
tioned between the first position and the second position) in a 
state where the upper LCD 22 is in the stereoscopic display 
mode. As shown in FIG. 1, the 3D indicator 26 is positioned 
near the screen of the upper LCD 22 on the inner side surface 
of the upper housing 21. Therefore, when a user views the 
screen of the upper LCD 22 from the front thereof, the user 
can easily view the 3D indicator 26. Therefore, also when a 
user is viewing the screen of the upper LCD 22, the user can 
easily recognize the display mode of the upper LCD 22. 
I0128. Further, a speaker hole 21E is provided on the inner 
side Surface of the upper housing 21. A Sound is outputted 
through the speaker hole 21E from a speaker 43 described 
below. 
I0129 (Internal Configuration of Game Apparatus 10) 
0.130 Next, an internal electrical configuration of the 
game apparatus 10 will be described with reference to FIG. 6. 
FIG. 6 is a block diagram illustrating an internal configuration 
of the game apparatus 10. As shown in FIG. 6, the game 
apparatus 10 includes, in addition to the components 
described above, electronic components such as an informa 
tion processing section 31, a main memory 32, an external 
memory interface (external memory I/F) 33, an external data 
storage memory I/F 34, an internal data storage memory 35, 
a wireless communication module 36, a local communication 
module 37, a real-time clock (RTC)38, an acceleration sensor 
39, a power supply circuit 40, an interface circuit (I/F circuit) 
41, and the like. These electronic components are mounted on 
an electronic circuit Substrate, and accommodated in the 
lower housing 11 (or the upper housing 21). 



US 2011/0304702 A1 

0131 The information processing section 31 is informa 
tion processing means which includes a CPU (Central Pro 
cessing Unit) 311 for executing a predetermined program, a 
GPU (Graphics Processing Unit) 312 for performing image 
processing, and the like. The CPU 311 of the information 
processing section 31 executes a program stored in a memory 
(for example, the external memory 44 connected to the exter 
nal memory I/F 33 or the internal data storage memory 35) 
inside the game apparatus 10, thereby executing processing 
(for example, shooting processing, or image display process 
ing described later) corresponding to the program. The pro 
gram executed by the CPU 311 of the information processing 
section 31 may be acquired from another device through 
communication with the other device. The information pro 
cessing section 31 further includes a VRAM (Video RAM) 
313. The GPU 312 of the information processing section 31 
generates an image in accordance with an instruction from the 
CPU 311 of the information processing section 31, and ren 
ders the image in the VRAM 313. The GPU 312 of the 
information processing section 31 outputs the image rendered 
in the VRAM313, to the upper LCD22 and/or the lower LCD 
12, and the image is displayed on the upper LCD22 and/or the 
lower LCD 12. 

0132) To the information processing section 31, the main 
memory 32, the external memory I/F 33, the external data 
storage memory I/F34, and the internal data storage memory 
35 are connected. The external memory I/F33 is an interface 
for detachably connecting to the external memory 44. The 
external data storage memory I/F34 is an interface for detach 
ably connecting to the external data storage memory 45. 
0133. The main memory 32 is volatile storage means used 
as a work area and a buffer area for (the CPU 311 of) the 
information processing section 31. That is, the main memory 
32 temporarily stores various types of data used for the pro 
cessing based on the program, and temporarily stores a pro 
gram acquired from the outside (the external memory 44. 
another device, or the like), for example. In the present 
embodiment, for example, a PSRAM (Pseudo-SRAM) is 
used as the main memory 32. 
0134. The external memory 44 is nonvolatile storage 
means for storing a program executed by the information 
processing section 31. The external memory 44 is imple 
mented as, for example, a read-only semiconductor memory. 
When the external memory 44 is connected to the external 
memory I/F 33, the information processing section 31 can 
load a program stored in the external memory 44. Predeter 
mined processing is performed by the program loaded by the 
information processing section 31 being executed. The exter 
nal data storage memory 45 is implemented as a non-volatile 
readable and writable memory (for example, a NAND flash 
memory), and is used for storing predetermined data. For 
example, images shot by the outer imaging section 23 and/or 
images shot by another device are stored in the external data 
storage memory 45. When the external data storage memory 
45 is connected to the external data storage memory I/F 34, 
the information processing section 31 loads an image stored 
in the external data storage memory 45, and the image can be 
displayed on the upper LCD 22 and/or the lower LCD 12. 
0135 The internal data storage memory 35 is imple 
mented as a non-volatile readable and writable memory (for 
example, a NAND flash memory), and is used for storing 
predetermined data. For example, data and/or programs 
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downloaded through the wireless communication module 36 
by wireless communication are stored in the internal data 
storage memory 35. 
0.136. The wireless communication module 36 has a func 
tion of connecting to a wireless LAN by using a method based 
on, for example, IEEE 802.11 b/g standard. The local com 
munication module 37 has a function of performing wireless 
communication with the same type of game apparatus in a 
predetermined communication method (for example, com 
munication by a unique protocol, or infrared communica 
tion). The wireless communication module 36 and the local 
communication module 37 are connected to the information 
processing section 31. The information processing section 31 
can perform data transmission to and data reception from 
another device via the Internet by using the wireless commu 
nication module 36, and can perform data transmission to and 
data reception from the same type of another game apparatus 
by using the local communication module 37. 
0.137 The acceleration sensor 39 is connected to the infor 
mation processing section 31. The acceleration sensor 39 
detects magnitudes of accelerations (linear accelerations) in 
the directions of the straight lines along the three axial (xyz 
axial) directions, respectively. The acceleration sensor 39 is 
provided inside the lower housing 11. In the acceleration 
sensor 39, as shown in FIG. 1, the long side direction of the 
lowerhousing 11 is defined as x axial direction, the short side 
direction of the lower housing 11 is defined as y axial direc 
tion, and the direction orthogonal to the inner side Surface 
(main surface) of the lower housing 11 is defined as Z axial 
direction, thereby detecting magnitudes of the linear accel 
erations for the respective axes. The acceleration sensor 39 is, 
for example, an electrostatic capacitance type acceleration 
sensor. However, another type of acceleration sensor may be 
used. The acceleration sensor 39 may be an acceleration 
sensor for detecting a magnitude of acceleration for one axial 
direction or two-axial directions. The information processing 
section 31 can receive data (acceleration data) representing 
accelerations detected by the acceleration sensor 39, and 
detect an orientation and a motion of the game apparatus 10. 
(0.138. The RTC 38 and the power supply circuit 40 are 
connected to the information processing section 31. The RTC 
38 counts time, and outputs the time to the information pro 
cessing section 31. The information processing section 31 
calculates a current time (date) based on the time counted by 
the RTC 38. The power supply circuit 40 controls power from 
the power Supply (the rechargeable battery accommodated in 
the lower housing 11 as described above) of the game appa 
ratus 10, and Supplies power to each component of the game 
apparatus 10. 
0.139. The I/F circuit 41 is connected to the information 
processing section 31. The microphone 42 and the speaker 43 
are connected to the I/F circuit 41. Specifically, the speaker 43 
is connected to the I/F circuit 41 through an amplifier which 
is not shown. The microphone 42 detects a voice from a user, 
and outputs a sound signal to the I/F circuit 41. The amplifier 
amplifies a Sound signal outputted from the I/F circuit 41, and 
a sound is outputted from the speaker 43. The touch panel 13 
is connected to the I/F circuit 41. The I/F circuit 41 includes 
a sound control circuit for controlling the microphone 42 and 
the speaker 43 (amplifier), and a touch panel control circuit 
for controlling the touch panel. The Sound control circuit 
performs A/D conversion and D/A conversion on the sound 
signal, and converts the Sound signal to a predetermined form 
of Sound data, for example. The touch panel control circuit 
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generates a predetermined form of touch position databased 
on a signal outputted from the touch panel 13, and outputs the 
touch position data to the information processing section 31. 
The touch position data represents a coordinate of a position, 
on an input Surface of the touch panel 13, on which an input 
is made. The touch panel control circuit reads a signal out 
putted from the touch panel 13, and generates the touch 
position data every predetermined time. The information pro 
cessing section 31 acquires the touch position data, to recog 
nize a position on which an input is made on the touch panel 
13. 

0140. The operation button 14 includes the operation but 
tons 14A to 14L described above, and is connected to the 
information processing section 31. Operation data represent 
ing an input state of each of the operation buttons 14A to 14I 
is outputted from the operation button 14 to the information 
processing section31, and the input state indicates whether or 
not each of the operation buttons 14A to 14I has been pressed. 
The information processing section 31 acquires the operation 
data from the operation button 14 to perform processing in 
accordance with the input on the operation button 14. 
0141. The lower LCD 12 and the upper LCD 22 are con 
nected to the information processing section 31. The lower 
LCD 12 and the upper LCD 22 each display an image in 
accordance with an instruction from (the GPU 312 of) the 
information processing section 31. In the present embodi 
ment, the information processing section 31 causes the upper 
LCD 22 to display a stereoscopic image (image that is Ste 
reoscopically visible). 
0142 Specifically, the information processing section 31 

is connected to an LCD controller (not shown) of the upper 
LCD 22, and causes the LCD controller to set the parallax 
barrier to ON or OFF. When the parallax barrier is set to ON 
in the upper LCD22, an image for a right eye and animage for 
a left eye, which are stored in the VRAM313 of the informa 
tion processing section 31 are outputted to the upper LCD 22. 
More specifically, the LCD controller alternately repeats 
reading of pixel data of the image for a right eye for one line 
in the vertical direction, and reading of pixel data of the image 
for a left eye for one line in the vertical direction, thereby 
reading, from the VRAM 313, the image for a right eye and 
the image for a left eye. Thus, an image to be displayed is 
divided into the images for a right eye and the images for a left 
eye each of which is a rectangle-shaped image having one line 
of pixels aligned in the vertical direction, and an image, in 
which the rectangle-shaped image for the left eye which is 
obtained through the division, and the rectangle-shaped 
image for the right eye which is obtained through the division 
are alternately aligned, is displayed on the screen of the upper 
LCD 22. A user views the images through the parallax barrier 
in the upper LCD 22, so that the image for the right eye is 
viewed by the user's right eye, and the image for the left eye 
is viewed by the user's left eye. Thus, the stereoscopically 
visible image is displayed on the screen of the upper LCD 22. 
0143. The outer imaging section 23 and the inner imaging 
section 24 are connected to the information processing sec 
tion 31. The outer imaging section 23 and the inner imaging 
section 24 each shoot an image in accordance with an instruc 
tion from the information processing section 31, and output 
data of the shot image to the information processing section 
31. 

0144. The 3D adjustment switch 25 is connected to the 
information processing section 31. The 3D adjustment switch 
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25 transmits, to the information processing section 31, an 
electrical signal in accordance with the position of the slider 
25a. 
(0145 The 3D indicator 26 is connected to the information 
processing section 31. The information processing section 31 
controls whether or not the 3D indicator 26 is to be lit up. For 
example, the information processing section 31 lights up the 
3D indicator 26 when the upper LCD22 is in the stereoscopic 
display mode. The game apparatus 10 has the internal con 
figuration as described above. 
0146 (Outline of Operation of Game Apparatus 10) 
0147 Hereinafter, the outline of operation of the game 
apparatus 10 according to the present embodiment will be 
described. In the present embodiment, a composite image 
obtained by combining an image of the real world currently 
shot by the outer imaging section 23 (the outer imaging sec 
tion (left) 23a and the outer imaging section (right) 23b), and 
an image of a virtual object present in a 3-dimensional virtual 
space is displayed in a stereoscopically visible manner on the 
screen of the upper LCD 22, based on an image display 
program. 
0148 (Stereoscopic Display of Real World Image) 
014.9 Two images shot by the outer imaging section 23 are 
Supplied to the upper LCD Such that the two images have a 
predetermined parallax, and then are stereoscopically dis 
played. 
0150 FIG. 7 shows an example of a stereoscopic image 
displayed on the screen of the upper LCD 22 when three balls 
60a to 60c (real objects) are shot by the outer imaging section 
23. When the balls 60a to 60e are shot by the outer imaging 
section 23, the balls 60a to 60c are displayed in a stereoscopi 
cally visible manner on the screen of the upper LCD 22. As 
shown in FIG. 7, on the screen of the upper LCD 22, the ball 
60a which is nearest the outer imaging section 23 appears to 
be at the nearest position when viewed by the user, and the 
ball 60c which is farthest from the outer imaging section 23 
appears to be at the farthest position when viewed by the user. 
It is noted that in FIG. 7, the state in which balls are partially 
beyond the screen of the upper LCD 22 is shown for the 
purpose of facilitating the understanding, but actually, the 
balls are displayed in the screen. The same holds true for FIG. 
8 and FIG. 10 described later. It is noted that in FIG. 7, since 
a marker 61 (see FIG. 8) described later is not shot by the 
outer imaging section 23, a virtual object is not displayed on 
the screen of the upper LCD 22. In addition, although in FIG. 
7, FIG. 8, FIG. 10, and the like, the states in which a display 
target appears to protrude when viewed by the user are shown, 
displaying in a stereoscopically visible manner includes not 
only the case where the display target appears to protrude 
when viewed by the user, but also the case where the display 
target is displayed with depth so as to appear to be in the back 
of the screen. 
0151 (Stereoscopic Display of Real World Image and CG 
Image) 
0152 FIG. 8 shows an example of a stereoscopic image 
displayed on the screen of the upper LCD 22 when the marker 
61 (real object) is being shot by the outer imaging section 23. 
As shown in FIG. 8, a square including an arrow is drawn on 
the marker 61 The CPU 311 performs image processing such 
as pattern matching for an image obtained by the outer imag 
ing section 23, thereby determining whether or not the marker 
is included in the image. When the marker 61 is being shot by 
the outer imaging section 23, the marker 61 is displayed as a 
real world image in a stereoscopically visible manner on the 
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upper LCD 22, and a virtual object 62 (for example, a virtual 
object representing a dog) is displayed being Superimposed 
onto the real world image, in a stereoscopically visible man 
ner at the position of the marker 61. It is noted that as shown 
in FIG. 9, directions (forward direction, rightward direction, 
and upward direction) are set for the marker 61, a virtual 
object can be placed with its orientation corresponding to the 
orientation of the marker 61. For example, the virtual object 
62 can be placed on the marker 61 such that the forward 
direction of the virtual object 62 coincides with the forward 
direction of the marker 61. 
0153 FIG. 10 shows another example of a stereoscopic 
image displayed on the screen of the upper LCD 22 when the 
marker 61 is being shot by the outer imaging section 23. As 
shown in FIG. 10, if the position and the direction of the 
marker 61 displayed on the screen of the upper LCD 22 have 
changed by the user moving the game apparatus 10, the posi 
tion and the direction of the virtual object 62 change so as to 
follow the change. Therefore, it appears to the user as if the 
virtual object 62 were actually present in the real world. 
0154 Hereinafter, with reference to FIG. 11 to FIG. 40, 
the details of image display processing executed based on the 
image display program by the game apparatus 10 will be 
described. 
(O155 (Memory Map) 
0156 First, main data stored in the main memory 32 when 
the image display processing is performed will be described. 
FIG. 11 is a diagram showing a memory map of the main 
memory 32 of the game apparatus 10. As shown in FIG. 11, 
the main memory 32 stores an image display program 70, a 
latest left real world image 71L, a latest right real world image 
71R, a display left real world image 72L, a display right real 
world image 72R, a stereoscopic view zero distance 73, a 
virtual object information 74, a left transform matrix 75L, a 
right transform matrix 75R, a left view matrix 76L, a right 
view matrix 76R, a left projection matrix 77L, a right projec 
tion matrix 77R, a display mode 78, a marker recognition 
mode 79, a main real world image identification information 
80, variables 81, and the like. 
0157. The image display program 70 is a program for 
causing the CPU 311 to execute the image display processing. 
0158. The latest left real world image 71L is the latest 
image shot by the outer imaging section (left) 23a. 
0159. The latest right real world image 71R is the latest 
image shot by the outer imaging section (right) 23b. 
0160 The display left real world image 72L is the latest 
image that has been determined as an image that is to be 
displayed on the upper LCD 22, among images shot by the 
outer imaging section (left) 23a. 
0161 The display left real world image 72R is the latest 
image that has been determined to be displayed on the upper 
LCD 22, among images shot by the outer imaging section 
(right) 23b. 
0162 The stereoscopic view zero distance 73 is a variable 
indicating the distance, of an object from the outer imaging 
section 23 in the shooting direction, that allows the object to 
appear to be present at a position with the same depth as the 
screen of the upper LCD 22 when the object is stereoscopi 
cally displayed on the screen of the upper LCD 22. For 
example, the stereoscopic view zero distance 73 is repre 
sented by unit of centimeter. In the present embodiment, the 
stereoscopic view zero distance 73 has a fixed value of 25 cm, 
but this value is merely an example. The stereoscopic view 
Zero distance 73 may be changed anytime as needed, in accor 
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dance with instructions from the user, or automatically by a 
computer. The stereoscopic view Zero distance 73 may be 
defined by a distance from the marker 61 or a ratio about the 
distance between the outer imaging section 23 and the marker 
61. Alternatively, the stereoscopic view Zero distance 73 does 
not necessarily need to be defined as a distance in the real 
world, but may be defined as a distance in the virtual world. If, 
for example, the size of the marker 61 is known, it is possible 
to cause the unit of length in the real world and the unit of 
length in the virtual space to coincide with each other. In this 
way, if it is possible to cause both units to coincide with each 
other, the stereoscopic view zero distance 73 can be set by 
using the unit of length in the real world. However, if it is not 
possible to cause both units to coincide with each other, the 
stereoscopic view zero distance 73 may be set by using the 
unit of length in the virtual world. It is noted that, as described 
later, in the present embodiment, it is possible to cause the 
unit of length in the real world and the unit of length in the 
virtual space to coincide with each other without using the 
size of the marker 61. 

0163 The virtual object information 74 is information that 
relates to the aforementioned virtual object 62, and includes 
3D model data (polygon data) indicating the shape of the 
virtual object 62, texture data indicating the pattern of the 
virtual object 62, information about the position and the ori 
entation of the virtual object 62 in the virtual space, and the 
like. 

(0164. The left transform matrix 75L is a coordinate trans 
form matrix that transforms coordinates represented in a 
coordinate system (marker coordinate system) set based on 
the position and the orientation of the marker 61, into coor 
dinates represented in a coordinate system (outer imaging 
section (left) coordinate system) set based on the position and 
the orientation of the outer imaging section (left) 23a, which 
matrix is calculated by recognizing the position and the ori 
entation of the marker 61 in a left real world image. The left 
transform matrix 75L includes information about the relative 
position and relative orientation of the outer imaging section 
(left) 23a with respect to the position and the orientation of 
the marker 61. More specifically, the left transform matrix 
75L includes information about the position and the orienta 
tion of the outer imaging section (left) 23a in the marker 
coordinate system. 
0.165. The right transform matrix 75R is a coordinate 
transform matrix that transforms coordinates represented in 
the marker coordinate system, into coordinates represented in 
a coordinate system (outer imaging section (right) coordinate 
system) set based on the position and the orientation of the 
outer imaging section (right) 23b, which matrix is calculated 
by recognizing the position and the orientation of the marker 
61 in a right real world image. The right transform matrix 75R 
includes information about the relative position and relative 
orientation of the outer imaging section (right) 23b with 
respect to the position and the orientation of the marker 61. 
More specifically, the right transform matrix 75R includes 
information about the position and theorientation of the outer 
imaging section (right) 23b in the marker coordinate system. 
0166 It is noted that in the present specification, a trans 
form matrix that transforms the marker coordinate system 
into the outer imaging section (left) coordinate system or the 
outer imaging section (right) coordinate system, is referred to 
as a “marker-camera transform matrix'. The left transform 
matrix 75L and the right transform matrix 75R are the 
“marker-camera transform matrices'. 
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0167. The left view matrix 76L is a coordinate transform 
matrix that transforms coordinates represented in a world 
coordinate system of the virtual world, into coordinates rep 
resented in a left virtual camera coordinate system, which 
matrix is used for drawing the virtual object 62 as it is looked 
at by the left virtual camera. The left view matrix 76L 
includes information about the position and the orientation of 
the left virtual camera in the world coordinate system of the 
virtual world. 
0168 The right view matrix 76R is a coordinate transform 
matrix that transforms coordinates represented in the world 
coordinate system of the virtual world, into coordinates rep 
resented in a right virtual camera coordinate system, which 
matrix is used for drawing the virtual object 62 as it is looked 
at by the right virtual camera. The right view matrix 76R 
includes information about the position and the orientation of 
the right virtual camera in the world coordinate system of the 
virtual world. 
0169. The left projection matrix 77L is a coordinate trans 
form matrix that transforms coordinates represented in a left 
virtual camera coordinate system, into coordinates repre 
sented in a screen coordinate system, which matrix is used for 
drawing the virtual world (the virtual object 62 present in the 
virtual world) as it is looked at by the left virtual camera. 
0170 The right projection matrix 77R is a coordinate 
transform matrix that transforms coordinates represented in a 
right virtual camera coordinate system, into coordinates rep 
resented in the screen coordinate system, which matrix is 
used for drawing the virtual world (the virtual object 62 
present in the virtual world) as it is looked at by the right 
virtual camera. 
0171 The display mode 78 is data indicating the current 
display mode. More specifically, the display mode 78 is data 
indicating a synchronous display mode in which the real 
world image and the virtual space image are Superimposed 
and displayed being synchronized with each other, or an 
asynchronous display mode in which the real world image 
and the virtual space image are Superimposed and displayed 
without synchronizing the real world image and the virtual 
space image with each other. 
0172. The marker recognition mode 79 is data indicating 
the current marker recognition mode. More specifically, the 
marker recognition mode 79 is data indicating a one-image 
recognition mode in which marker recognition processing is 
performed for only one of the left real world image and the 
right real world image, or a both-image recognition mode in 
which the marker recognition processing is performed for 
both the left real world image and the right real world image. 
0173 The main real world image identification informa 
tion 80 is data indicating which of the left real world image 
and the right real world image is a main real world image. In 
the above one-image recognition mode, the marker recogni 
tion processing is performed for only the main real world 
image, whereas the marker recognition processing is not per 
formed for the other real world image (hereinafter, referred to 
as a Sub real world image). 
0.174. The variables 81 are used in executing the image 
display program 70, and include variables shown in FIG. 12. 
The meanings of the variables will be described below as 
needed. 
0175 When the game apparatus 10 is powered on, the 
information processing section 31 (CPU 311) of the game 
apparatus 10 executes a boot program stored in a ROM, which 
is not shown, thereby initializing units such as the main 
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memory 32. Next, the image display program Stored in the 
data storage internal memory 35 is loaded onto the main 
memory 32, and then the CPU 311 of the information pro 
cessing section 31 starts to execute the image display pro 
gram. 

(0176 Hereinafter, with reference to flowcharts shown in 
FIG. 13 to FIG. 19, the flow of processing executed based on 
the image display program will be described. It is noted that 
the flowcharts shown in FIG. 13 to FIG. 19 are merely an 
example. Therefore, the order of the processing steps may be 
changed as long as the same result is obtained. In addition, the 
values of the variables, and threshold values used in determi 
nation steps are merely an example, and other values may be 
used as the values of the variables or the threshold values as 
appropriate. In addition, although in the present embodiment, 
the CPU 311 executes processing of all steps in the flowcharts 
shown in FIG. 13 to FIG. 19, a processor or a dedicated circuit 
other than the CPU 311 may execute some of the steps in the 
flowcharts shown in FIG. 13 to FIG. 19. 
(0177 (Marker Processing) 
(0178 FIG. 13 is a flowchart showing a flow of marker 
processing executed based on the image display program 70 
by the CPU 311. The marker processing is executed in paral 
lel with main processing described later. In the present 
embodiment, the marker processing is executed when the 
CPU 311 is in an idle state. Hereinafter, the details of the 
marker processing will be described. 
(0179. In step S10 in FIG. 13, the CPU 311 determines 
whether or not both real world images (that is, the left real 
world image and the right real world image) have been 
obtained by the outer imaging section 23. If both real world 
images have been obtained, the CPU 311 proceeds to step 
S11. The latest one of left real world images obtained by the 
outer imaging section 23 is stored, as the latest left real world 
image 71L, in the main memory 32, and the latest one of right 
real world images obtained by the outer imaging section 23 is 
stored, as the latest right real world image 71R, in the main 
memory 32. 
0180. It is noted that, as previously described, the outer 
imaging section (left) 23a and the outer imaging section 
(right) 23b of the upper housing 21 are separated by a certain 
distance away (for example, 3.5 cm, hereinafter, referred to as 
imaging sections distance). Therefore, when the marker 61 is 
shot by the outer imaging section (left) 23a and the outer 
imaging section (right) 23b at the same time, a difference due 
to a parallax occurs between each of the position and the 
orientation of the marker 61 in the left real world image shot 
by the outer imaging section (left) 23a, and each of the posi 
tion and the orientation of the marker 61 in the right real world 
image shot by the outer imaging section (right) 23b, as shown 
in FIG. 20. 
0181. In step S11, the CPU 311 performs the marker rec 
ognition processing for the main real world image. More 
specifically, the CPU 311 determines whether or not the 
marker 61 is included in the main real world image by a 
pattern matching method or the like. If the marker 61 is 
included in the main real world image, the CPU 311 calcu 
lates the left transform matrix 75L or the right transform 
matrix 75R, based on the position and the orientation of the 
marker 61 in the main real world image (if the main real world 
image is the left real world image, the CPU 61 calculates the 
left transform matrix 75L, and if the main real world image is 
the right real world image, the CPU 61 calculates the right 
transform matrix 75R). 



US 2011/0304702 A1 

0182. It is noted that the left transform matrix 75L is a 
matrix reflecting therein the position and the orientation of 
the outer imaging section (left) 23a which are calculated 
based on the position and the orientation of the marker 61 in 
the left real world image. To be more exact, as shown in FIG. 
21, the left transform matrix 75L is a coordinate transform 
matrix that transforms coordinates represented in the marker 
coordinate system (in which the position of the marker 61 in 
the real world is the origin, and the forward direction, the 
lateral direction, and the normal direction of the marker 61 
correspond to the respective axes), into coordinates repre 
sented in the outer imaging section (left) coordinate system 
based on the position and the orientation of the outer imaging 
section (left) 23a which are calculated based on the position 
and the orientation of the marker 61 in the left real world 
image. 
0183 In addition, the right transform matrix 75R is a 
matrix reflecting therein the position and the orientation of 
the outer imaging section (right) 23b which are calculated 
based on the position and the orientation of the marker 61 in 
the right real world image. To be more exact, as shown in FIG. 
22, the right transform matrix 75R is a coordinate transform 
matrix that transforms coordinates represented in the marker 
coordinate system, into coordinates represented in the outer 
imaging section (right) coordinate system based on the posi 
tion and the orientation of the outer imaging section (right) 
23b which are calculated based on the position and the ori 
entation of the marker 61 in the right real world image. 
0184. It is noted that if it is assumed that the accuracy of 
the marker recognition is sufficiently high so that there is no 
error, and that the accuracy in the attachment of the outer 
imaging section (left) 23a and the outer imaging section 
(right) 23b to the game apparatus 10 is sufficiently high so that 
there is no error, the position of the outer imaging section 
(right) 23b indicated by the right transform matrix 75R which 
is the result of the marker recognition for the right real world 
image coincides with a position separated by the certain dis 
tance (imaging sections distance), along the X-axis direction 
of the outer imaging section (left) coordinate system (which 
direction is the lateral direction of the game apparatus 10 and 
is included in the horizontal directions when the game appa 
ratus 10 is used), from the position of the outer imaging 
section (left) 23a indicated by the left transform matrix 75L 
which is the result of the marker recognition for the left real 
world image. In addition, the orientation of the outer imaging 
section (right) 23b indicated by the right transform matrix 
75R, and the orientation of the outer imaging section (left) 
23a indicated by the left transform matrix 75L are the same as 
the state of the attachment of the outer imaging section (left) 
23a and the outer imaging section (right) 23b to the game 
apparatus 10. In the present embodiment, the game apparatus 
10 is designed such that the outer imaging section (left) 23a 
and the outer imaging section (right) 23b are attached so as to 
be in parallel with each other. Therefore, the x-axis, the 
y-axis, and the Z-axis of the outer imaging section (left) 
coordinate system are in parallel with the X-axis, the y-axis, 
and the Z-axis of the outer imaging section (right) coordinate 
system. However, actually, the marker recognition has some 
error, and the attachment of the outer imaging section (left) 
23a and the outer imaging section (right) 23b to the game 
apparatus 10 has some error. Therefore, the relationship 
between each of the position and the orientation of the outer 
imaging section (left) 23a indicated by the left transform 
matrix 75L, and each of the position and the orientation of the 

Dec. 15, 2011 

outer imaging section (right) 23b indicated by the right trans 
form matrix 75R, is not ideal. For example, the left transform 
matrix 75L and the right transform matrix 75R are such that 
the outer imaging section (left) 23a and the outer imaging 
section (right) 23b are rather close to each other or rather 
away from each other, or such that the orientation of the outer 
imaging section (left) 23a and the orientation of the outer 
imaging section (right) 23b are different. Alternatively, the 
left transform. matrix 75L and the right transform matrix 75R 
are Such that the orientation of the outer imaging section (left) 
23a and the orientation of the outer imaging section (right) 
23b are not in parallel with each other. 
0185. Here, in the AR technology, a matrix that transforms 
the marker coordinate system into the outer imaging section 
(left) coordinate system or the outer imaging section (right) 
coordinate system is designated as a view matrix of a virtual 
camera, to Superimpose a CG image onto the real world 
image. However, if the left transform matrix 75L is merely 
designated as the left view matrix 76L, and the right transform 
matrix 75R is merely designated as the right view matrix 76R 
in Stereoscopically displaying a virtual space image on the 
upper LCD 22, a normal stereoscopic view of the virtual 
object 62 might not be provided. Accordingly, in the present 
embodiment, as is obvious from the description below, based 
on the position and the orientation (view matrix) of one of the 
virtual cameras calculated from the result of the marker rec 
ognition (marker-camera transform matrix) for the corre 
sponding one of the left real world image and the right real 
world image, the position and the orientation (view matrix) of 
the other one of the virtual cameras are determined such that 
the relationship between each of the position and the orien 
tation of the left virtual camera 63L, and each of the position 
and the orientation of the right virtual camera 63R, is ideal. 
0186. It is noted that if the marker 61 has not been recog 
nized in the main real world image in step S11, a null value is 
stored in the left transform matrix 75L or the right transform 
matrix 75R, whereby the failure of the recognition of the 
marker 61 in the left real world image or the right real world 
image is recorded. 
0187. In step S12, the CPU 311 determines whether or not 
the current marker recognition mode is the one-image recog 
nition mode. Then, if the current marker recognition mode is 
the one-image recognition mode, the CPU 311 proceeds to 
step S13, and if the current marker recognition mode is not the 
one-image recognition mode (that is, the marker recognition 
mode is the both-image recognition mode), the CPU 311 
proceeds to step S14. 
0188 In step S13, the CPU 311 determines, as a failure, 
the result of the marker recognition for one of the left real 
world image and the right real world image that is not the 
main real world image (hereinafter, the one is referred to as a 
sub real world image). More specifically, if the main real 
world image is the left real world image, a null value is stored 
in the right transform matrix 75R, and if the main real world 
image is the right real world image, a null value is stored in the 
left transform matrix 75L. 

(0189 In step S14, the CPU 311 performs the marker rec 
ognition processing for the Sub real world image. More spe 
cifically, the CPU 311 determines whether or not the marker 
61 is included in the sub real world image by a pattern match 
ing method or the like. If the marker 61 is included in the sub 
real world image, the CPU 311 calculates the left transform 
matrix 75L or the right transform matrix 75R, based on the 
position and the orientation of the marker 61 in the sub real 
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world image (if the sub real world image is the left real world 
image, the CPU 311 calculates the left transform matrix 75L, 
and if the Sub real world image is the right real world image, 
the CPU 311 calculates the right transform matrix 75R). 
(0190. In step S15, the CPU 311 determines whether or not 
the current display mode is the synchronous display mode. 
Then, if the current display mode is the synchronous display 
mode, the CPU 311 proceeds to step S17, and if the current 
display mode is not the synchronous display mode (that is, the 
current display mode is the asynchronous display mode), the 
CPU 311 proceeds to step S16. 
(0191). In step S16, the CPU 311 stores the latest left real 
world image 71L and the latest right real world image 71 Ras 
the display left real world image 72L and the display right real 
world image 72R, respectively, in the main memory 32. Then, 
the CPU 311 returns to step S10. 
(0192. In step S17, the CPU 311 determines whether or not 
the current marker recognition mode is the one-image recog 
nition mode. Then, if the current marker recognition mode is 
the one-image recognition mode, the CPU 311 proceeds to 
step S18, and if the current marker recognition mode is the 
one-image recognition mode (the current marker recognition 
mode is the both-image recognition mode), the CPU 311 
proceeds to step S19. 
(0193 In step S18, the CPU 311 determines whether or not 
the marker recognition for the main real world image has been 
Successful. More specifically, if the main real world image is 
the left real world image, the CPU 311 determines whether or 
not a valid matrix which is not a null value is stored in the left 
transform matrix 75L, and if the main real world image is the 
right real world image, the CPU 311 determines whether or 
not a valid matrix which is not a null value is stored in the right 
transform matrix 75R. Then, if the marker recognition for the 
main real world image has been successful, the CPU 311 
proceeds to step S16, and if the marker recognition for the 
main real world image has not been successful, the CPU 311 
returns to step S10. 
(0194 In step S19, the CPU 311 determines whether or not 
at least one of the marker recognition for the left real world 
image and the marker recognition for the right real world 
image has been successful. More specifically, the CPU 311 
determines whether or not valid matrices which are not null 
values are stored in the left transform matrix 75L and the right 
transform matrix 75R. Then, if at least one of the marker 
recognition for the left real world image and the marker 
recognition for the right real world image has been Success 
ful, the CPU 311 proceeds to step S16, and if not, the CPU 311 
returns to step S10. 
0195 
0.196 FIG. 14 is a flowchart showing a flow of main pro 
cessing executed based on the image display program 70 by 
the CPU 311. The main processing is executed in parallel with 
the marker processing. Hereinafter, the details of the main 
processing will be described. 
(0197). In step S20 in FIG. 14, the CPU 311 places the 
virtual object 62 at a predetermined position in the 3-dimen 
sional virtual space. In the present embodiment, the virtual 
object 62 is placed at the origin of the virtual space (the origin 
of the world coordinate system). 
(0198 In step S21, the CPU 311 executes updating pro 
cessing. In the updating processing, the CPU 311 updates 
variables used for drawing the virtual object 62. The details of 
the updating processing will be described later. 

(Main Processing) 
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(0199. In step S22, the CPU 311 executes virtual object 
processing. The virtual object processing relates to the virtual 
object 62 placed in the virtual space. For example, as needed, 
the size of the virtual object 62 is changed, or the virtual 
object 62 is caused to take a predetermined action (The virtual 
object 62 is caused to move in the virtual space. For example, 
if the virtual object 62 is caused to move around the origin of 
the virtual space, the virtual object 62 walking around the 
origin of the marker coordinate system is displayed). It is 
noted that control of a movement of the virtual object 62 is 
realized by changing the coordinates of the position of the 
virtual object 62 in the world coordinate system in the virtual 
Space. 

0200. In step S23, in accordance with the stereoscopic 
view zero distance 73, the CPU 311 determines a drawing 
area that is an area, of the left real world image, used for 
display. More specifically, as shown in FIG. 23, a point that is 
separated by the value of the stereoscopic view zero distance 
73 (for example, 30 cm) in the shooting direction from the 
outer imaging section23, and that is at the same distance from 
the outer imaging section (left) 23a and the outer imaging 
section (right) 23b, is defined as a stereoscopic view zero 
point. An area whose center overlaps with the stereoscopic 
view Zero point as they are viewed from the outer imaging 
section (left) 23a, is determined as the drawing area of the left 
real world image. For example, as shown in FIG. 23, the 
length in the lateral direction of the drawing area is obtained 
as a ratio on a segment, taken from a line perpendicular to the 
shooting direction of the outer imaging section (left) 23a, 
between the lines creating the angle of view of the outer 
imaging section (left) 23a. The ratio is applied to the length in 
the lateral direction of the real world image, whereby the 
length of the drawing area of the real world image is deter 
mined. It is noted that the length in the height direction of the 
drawing area is determined based on the length in the lateral 
direction so as to adapt to the ratio of the height and the width 
of the display screen. 
0201 It is noted that in step S27 for determining a drawing 
area of the right real world image, which step will be 
described later, an area whose center overlaps with the ste 
reoscopic view zero point as they are viewed from the outer 
imaging section (right) 23b, is determined as the drawing area 
of the right real world image, as shown in FIG. 24. As a result, 
on the screen of the upper LCD 22, the position of the stereo 
scopic view Zero point on an image for a left eye, and the 
position of the stereoscopic view Zero point on an image for a 
right eye coincide with each other, and appear to have the 
same depth when viewed by the user. 
0202 In step S24, the CPU 311 draws a drawing area of 
the display left real world image 72L which is determined in 
step S23, in a predetermined storage area (hereinafter, 
referred to as a left frame buffer) for temporarily storing an 
image for a left eye to be supplied to the upper LCD 22, in the 
VRAM 313. 

(0203. In step S25, the CPU 311 determines whether or not 
the value of an AR-Active (see FIG. 12) is true. The AR 
Active is a variable (flag) indicating whether or not a virtual 
object can be displayed being Superimposed onto the real 
world image. If a virtual object can be displayed being Super 
imposed onto the real world image, the value of the AR 
Active is set at true, and if a virtual object cannot be displayed 
being Superimposed onto the real world image (for example, 
in the case where the marker 61 cannot be recognized at all), 
the value of the AR-Active is set at false (initial value). If the 
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value of the AR-Active is true, the CPU 311 proceeds to step 
S26, and if the value of the AR-Active is not true (that is, the 
value of the AR-Active is false), the CPU 311 proceeds to step 
S27. 

0204. In step S26, for example, the CPU 311 overwrites 
the left frame buffer with the virtual space (hereinafter, 
referred to as a virtual space image for a left eye) as it is 
viewed from the left virtual camera 63L, as shown in FIG. 23 
(actually and typically, the GPU 312 draws the virtual space 
in accordance with an instruction from the CPU 311). As a 
result, the virtual space image for a left eye is Superimposed 
onto the left real world image drawn in the left frame buffer in 
step S24, as shown in FIG. 26. The resultant image in the left 
frame buffer is Supplied, as an image for a left eye, to the 
upper LCD 22 at a predetermined timing. It is noted that the 
background of the virtual space in the virtual space image for 
a left eye is transparent. Therefore, Superimposing the virtual 
space image onto the real world image generates an image in 
which the virtual object 62 is present on the real world image. 
0205. In step S27, the CPU 311 determines a drawing area 
of the right real world image in accordance with the stereo 
scopic view Zero distance 73. It is noted that the details of 
processing of determining the drawing area are omitted 
because the processing is the same as processing of determin 
ing the drawing area of the left real world image. 
0206. In step S28, the CPU 311 draws a drawing area of 
the display right real world image 72R which is determined in 
step S27, in a predetermined storage area (hereinafter, 
referred to as a right frame buffer) for temporarily storing an 
image for a right eye to be supplied to the upper LCD 22, in 
the VRAM 313. 

0207. In step S29, the CPU 311 determines whether or not 
the value of the AR-Active is true. If the value of the AR 
Active is true, the CPU 311 proceeds to step S30, and if the 
value of the AR-Active is not true (that is, the value of the 
AR-Active is false), the CPU 311 proceeds to step S31. 
0208. In step S30, the CPU 311 overwrites the right frame 
buffer with the virtual space (hereinafter, referred to as a 
virtual space image for a right eye) as it is viewed from the 
right virtual camera 63R (actually and typically, the GPU 312 
draws the virtual space in accordance with an instruction from 
the CPU 311). As a result, the virtual space image for a right 
eye is Superimposed onto the right real world image drawn in 
the right frame buffer in step S28. The resultant image in the 
right frame buffer is Supplied, as an image for a right eye, to 
the upper LCD 22 at a predetermined timing. 
0209. In step S31, the CPU 311 waits for an interrupt 
signal (vertical synchronization interrupt) from the upper 
LCD 22. If the interrupt signal is generated, the CPU 311 
returns to step S21. As a result, steps S21 to S31 are repeated 
in cycles of a predetermined period (for example, "/60 second). 
0210 
0211 Next, the details of the updating processing in step 
S21 in the main processing will be described with reference to 
the flowchart in FIG. 15. 

0212. In step S40 in FIG. 15, the CPU 311 determines 
whether or not the result of the marker recognition (that is, the 
left transform matrix 75L and the right transform matrix 75R) 
in the aforementioned marker processing has been updated. If 
the result of the marker recognition has been updated, the 
CPU 311 proceeds to step S41, and if the result of the marker 
recognition has not been updated, the CPU 311 proceeds to 
step S44. 

(Updating Processing) 
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0213. In step S41, the CPU 311 determines whether or not 
both the marker recognition for the left real world image and 
the marker recognition for the right real world image have 
been successful. If both the marker recognition for the left 
real world image and the marker recognition for the right real 
world image have been successful, the CPU 311 proceeds to 
step S42, and if at least one of or both of the marker recogni 
tion for the left real world image and the marker recognition 
for the right real world image have been failed, the CPU 311 
proceeds to step S44. 
0214. In step S42, the CPU 311 determines whether or not 
the value of EyeWidth (see FIG. 12) is 0, or whether or not the 
value of EyeMeasure (see FIG. 12) is true. The EyeWidth 
indicates the distance, between the outer imaging section 
(left) 23a and the outer imaging section (right) 23b, that is 
based on the position relationship therebetween, and is cal 
culated by using the left transform matrix 75L and the right 
transform matrix 75R. It is noted that the distance does not 
need to be calculated on a scale of the real world, and may be 
calculated as a distance in the virtual space. Specifically, a 
relationship between the position of the outer imaging section 
(left) 23a and the position of the outer imaging section (right) 
23b is calculated based on the position of the marker 61, by 
using a relationship between the position of the marker 61 and 
the position of the outer imaging section (left) 23a, which is 
indicated by the left transform matrix 75L, and a relationship 
between the position of the marker 61 and the position of the 
outer imaging section (right) 23b, which is indicated by the 
right transform matrix 75R, whereby the distance is calcu 
lated. It is noted that if the distance is yet to be determined, the 
value of the distance is set at 0 (initial value). It is noted that 
in the present embodiment, the EyeWidth is a scalar value. 
However, the EyeWidth may be a vector connecting the posi 
tion of the outer imaging section (left) 23a indicated by the 
left transform matrix 75L, and the position of the outer imag 
ing section (right) 23b indicated by the right transform matrix 
75R. In addition, the EyeWidth may be the magnitude of the 
component, perpendicular to the shooting direction, of the 
vector connecting the position of the outer imaging section 
(left) 23a indicated by the left transform matrix 75L, and the 
position of the outer imaging section (right) 23b indicated by 
the right transform matrix 75R. It is noted that as described 
later, the EyeWidth is used for setting the distance (interval) 
between the left virtual camera 63L and the right virtual 
camera 63R in the virtual space. The EyeMeasure is a variable 
(flag) indicating whether or not the EyeWidth needs to be 
calculated again. If the EyeWidth needs to be calculated 
again, the EyeMeasure is set at true, and if the EyeWidth does 
not need to be calculated again, the EyeMeasure is set at false 
(initial value). If the value of the EyeWidth is 0 or if the value 
of the EyeMeasure is true, the CPU 311 proceeds to step S43, 
and if not (that is, if the value of the Eye Width is not 0 and the 
value of the EyeMeasure is false), the CPU 311 proceeds to 
step S44. 
0215. In step S43, the CPU 311 executes virtual cameras 
interval determination processing. In the virtual cameras 
interval determination processing, the interval between left 
virtual camera 63L and the right virtual camera 63R (that is, 
the EyeWidth) is determined and updated, as appropriate. The 
details of the virtual cameras interval determination process 
ing will be described later. 
0216. In step S44, the CPU 311 executes view matrix 
generation processing. In the view matrix generation process 
ing, the left view matrix 76L and the right view matrix 76Rare 
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calculated, based on the interval between the left virtual cam 
era 63L and the right virtual camera 63R (that is, the Eye 
Width) which has been already determined. The details of the 
view matrix generation processing will be described later. 
0217. In step S45, the CPU 311 executes main real world 
image setting processing. In the main real world image setting 
processing, the left real world image and the right real world 
image take turns Switching to the main real world image, as 
appropriate (this is equivalent to the outer imaging section 
(left) 23a and the outer imaging section (right) 23b taking 
turns Switching to a main imaging section). The details of the 
main real world image setting processing will be described 
later. 
0218. In step S46, the CPU 311 executes display mode 
Switching processing, and ends the updating processing. In 
the display mode Switching processing, the display mode is 
switched between the synchronous display mode and the 
asynchronous display mode, as appropriate. The details of the 
display mode Switching processing will be described later. 
0219 (Virtual Cameras Interval Determination Process 
ing) 
0220 Next, the details of the virtual cameras interval 
determination processing in step S43 in the updating process 
ing (FIG. 15) will be described with reference to the flowchart 
in FIG. 16. In this processing, as previously described, the 
distance between the position of the outer imaging section 
(left) 23a relative to the position of the marker 61, which is 
indicated by the left transform matrix 75L, and the position of 
the outer imaging section (right) 23b relative to the position of 
the marker 61, which is indicated by the right transform 
matrix 75R, is calculated. There are several methods for cal 
culating the distance. In the present embodiment, the follow 
ing method is employed as an example of the methods for the 
calculation. 

0221) In step S50 in FIG. 16, the CPU 311 calculates 
coordinates V0, based on the left transform matrix 75L and 
the right transform matrix 75R. Hereinafter, with reference to 
FIG. 27 to FIG. 29, a method of calculating the V0 will be 
described. It is noted that in FIG. 27 to FIG. 29, the shooting 
direction of the outer imaging section (left) 23a, and the 
shooting direction of the outer imaging section (right) 23b are 
drawn so as to be greatly different from each other, for the 
purpose of emphasizing that a relationship between each of 
the position and the orientation of the outer imaging section 
(left) 23a relative to the marker 61, which are calculated 
based on the left real world image, and each of the position 
and the orientation of the outer imaging section (right) 23b 
relative to the marker 61, which are calculated based on the 
right real world image, is not always ideal, as previously 
described. 
0222 First, as shown in FIG. 27, (0, 0, 0) is multiplied by 
the left transform matrix 75L, thereby obtaining coordinates 
V1, of the origin of the marker coordinate system, that are 
represented in the outer imaging section (left) coordinate 
system. The coordinates V1 indicate the position, of the 
marker 61 relative to the outer imaging section (left) 23a, 
which is calculated based on the left real world image. When 
the coordinates V1 is considered as coordinates represented 
in the outer imaging section (right) coordinate system, the 
coordinates V1 indicates a position shown in FIG. 28, in the 
outer imaging section (right) coordinate system. The resultant 
coordinates V1 is multiplied by the inverse matrix of the right 
transform matrix 75R. Multiplication by the inverse matrix of 
the right transform matrix 75R corresponds to transform of 
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coordinates represented in the outer imaging section (right) 
coordinate system into coordinates represented in the marker 
coordinate system. Therefore, the multiplication by the 
inverse matrix transforms the coordinate V1 (FIG. 28) repre 
sented in the outer imaging section (right) coordinate system 
into the coordinates V0 represented in the marker coordinate 
system as shown in FIG. 29. The coordinate V0 thus calcu 
lated indicates the difference between the position (coordi 
nates, of the origin of the marker coordinate system, that are 
represented in the outer imaging section (left) coordinate 
system) of the marker 61 relative to the outer imaging section 
(left) 23a, which is calculated based on the left real world 
image, and the position (coordinates, of the origin of the 
marker coordinate system, that are represented in the outer 
imaging section (right) coordinate system) of the marker 61 
relative to the outer imaging section (right) 23a, which is 
calculated based on the right real world image. In the present 
embodiment, the difference between the relative positions of 
the marker 61 is considered as being due to the difference 
between the attachment positions of the outer imaging section 
(left) 23a and the outer imaging section (right) 23b, thereby 
estimating the attachment positions of the outer imaging sec 
tion (left) 23a and the outer imaging section (right) 23b. 
0223) In step S51, based on the left transform matrix 75L, 
the CPU 311 calculates the coordinates V1, of the origin of 
the marker coordinate system, that are represented in the 
outer imaging section (left) coordinate system. Specifically, 
(0, 0, 0) is multiplied by the left transform matrix 75L, 
thereby obtaining the coordinates V1, of the origin of the 
marker coordinate system, that are represented in the outer 
imaging section (left) coordinate system. It is noted that in the 
present embodiment, the coordinates, of the origin of the 
marker coordinate system, that are represented in the outer 
imaging section (left) coordinate system, are defined as V1. 
However, instead, the coordinates, of the origin of the marker 
coordinate system, that are represented in the outer imaging 
section (right) coordinate system, may be defined as V1. 
0224. In step S52, the CPU 311 stores, inew (see FIG. 12), 
the magnitude (the distance from the origin) (see FIG. 29) of 
the V0 obtained in step S50, and stores, in ed (see FIG. 12), 
the absolute value (see FIG. 27) of the Z-axis component of 
the V1 obtained in step S51. However, the value of ew is 
calculated in unit of length in the marker coordinate system. 
Therefore, the unit ofew does not coincide with unit of length 
in the real world. Moreover, as previously described, the 
actual distance between the outer imaging section (left) 23a 
and the outer imaging section (right) 23b is known (for 
example, 3.5 cm). Therefore, by using the actual distance and 
the value of ew, it is possible to match the unit of length in 
virtual space to the unit of length in the real world. It is noted 
that if the size of the marker 61 is known, it is also possible to 
match the unit of length in virtual space to the unit of length 
in the real world, by using a correspondence relationship 
between the size of the marker 61 calculated based on the 
result of recognition of the marker image, and the size of the 
marker 61 in the real world. 

0225. It is noted that in the case where the shooting direc 
tion of the outer imaging section (left) 23a and the shooting 
direction of the outer imaging section (right) 23b are not in 
parallel with each otherowing to error in the attachment of the 
outer imaging section (left) 23a and the outer imaging section 
(right) 23b to the game apparatus 10, the distance (ew) 
between the outer imaging section (left) 23a and the outer 
imaging section (right) 23b calculated as described above 
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varies in accordance with the distance in the shooting direc 
tion between the outer imaging section 23 and the marker 61. 
Therefore, as described later, when the distance in the shoot 
ing direction between the outer imaging section 23 and the 
marker 61 has varied, the distance (EyeWidth described later) 
between the outer imaging section (left) 23a and the outer 
imaging section (right) 23b is calculated again by using the 
marker-camera transform matrix as it is at this time. 
0226. It is noted that in the present embodiment, the ew 
indicates the magnitude of the V0. However, the ew may 
indicate the component of the V0 in the direction of a line 
connecting the position of the outer imaging section (left) 
23a, which is indicated by the left transform matrix 75L, and 
the position of the outer imaging section (right) 23b, which is 
indicated by the right transform matrix 75R. 
0227. The ew calculated as described above indicates the 
interval between the outer imaging section (left) 23a and the 
outer imaging section (right) 23b in the marker coordinate 
system. The ew is used as the interval between the left virtual 
camera 63R and the right virtual camera 63R (in step S65 or 
S68 described later). 
0228. It is noted that there is another method of calculating 
the ew other than the above-described method. For example, 
(0, 0, 0) is multiplied by the left transform matrix 75L, 
thereby obtaining the coordinates V1, of the origin of the 
marker coordinate system, that are represented in the outer 
imaging section (left) coordinate system (that is, the position 
of the marker 61 relative to the outer imaging section (left) 
23a). Moreover, (0, 0, 0) is multiplied by the right transform 
matrix 75R, thereby obtaining coordinates Vr, of the origin of 
the marker coordinate system, that are represented in the 
outer imaging section (right) coordinate system (that is, the 
position of the marker 61 relative to the outer imaging section 
(right) 23b). The ew may be obtained by calculating the 
distance between the coordinates V1 and the coordinates Vr 
calculated as described above. 

0229. In step S53, the CPU 311 determines whether or not 
the value of LogIndex (see FIG. 12) is larger than 1 (initial 
value). If the value of the LogIndex is larger than 1, the CPU 
311 proceeds to step S57, and if not (that is, if the value of the 
LogIndex is 1), the CPU 311 proceeds to step S54. The 
LogIndex is a variable for identifying each component of 
arrays (LogWidth and LogDepth). 
0230. In step S54, the CPU 311 stores the value of the ew 
obtained in step S52 in the array LogWidth LogIndex. 
Moreover, the CPU 311 stores the value of the ed obtained in 
step S52 in the array LogDepth LogIndex. Moreover, the 
value of the Log Index is incremented. The LogWidth is array 
variables for storing a plurality of values of the ew. The 
LogDepth is array variables for storing a plurality of values of 
the ed. 

0231. In step S55, the CPU 311 determines whether or not 
the value of the LogIndex is larger than the value of LogMax. 
If the value of the LogIndex is larger than the value of the 
LogMax, the CPU 311 proceeds to step S56, and if not (that 
is, if the value of the Log Index is equal to or smaller than the 
value of the LogMax), the CPU 311 ends the virtual cameras 
interval determination processing. 
0232. In step S56, the CPU 311 calculates the average 
value of the components of the LogWidth, and stores the 
average value in the EyeWidth. Moreover, the CPU 311 cal 
culates the average value of the components of the LogDepth, 
and stores the average value in the Eye Depth. Moreover, the 
CPU 311 sets the value of the EyeMeasure at false. Moreover, 
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the CPU 311 sets the marker recognition mode 79 at the 
one-image recognition mode. The Eyedepth is a variable 
indicating the depth distance (the depth, the distance in the 
shooting direction) to the origin of the marker coordinate 
system from the coordinates of the position of the outer imag 
ing section (left) 23a in the marker coordinate system, which 
is indicated by the left transform matrix 75L (or the coordi 
nates of the position of the outer imaging section (right) 23b 
in the marker coordinate system, which is indicated by the 
right transform matrix 75R). The EyeDepth is used as a ref 
erence value for determination in step S72 in FIG. 17 
described later. The initial value of the Eye Depth is 0. If 
processing in step S56 has been finished, the virtual cameras 
interval determination processing is ended. 
0233. In step S57, the CPU 311 determines whether or not: 
the absolute value of the difference between the value of the 
ew obtained in step S52 and the value of the LogWidth 1 is 
smaller than 10 percent of the value of the LogWidth 1; and 
the absolute value of the difference between the value of the 
ed obtained in step S52 and the value of the LogDepth 1 is 
smaller than 10 percent of the value of the LogDepth 1. If 
the result of the determination in step S57 is positive, the CPU 
311 proceeds to step S54, and if the result of the determina 
tion in step S57 is negative, the CPU 311 proceeds to step S58. 
0234. In step S58, the CPU 311 resets the value of the 
LogIndex at 1 (initial value), and ends the virtual cameras 
interval determination processing. 
0235. As described above, in the virtual cameras interval 
determination processing, the ew and the ed are calculated 
based on the position of the outer imaging section (left) 23a 
calculated based on the position and the orientation of the 
marker 61 in the left real world image, and the position of the 
outer imaging section (right) 23b calculated based on the 
position and the orientation of the marker 61 in the right real 
world image. The values of the ew and the values of the ed 
calculated in this manner are sequentially stored in the Log 
Width and the LogDepth, respectively. At this time, if the 
value of the ew newly calculated is out of a predetermined 
range (+10%) from the value of the ew that was stored earliest 
in the LogWidth (that is, the value of the LogWidth 1), or if 
the value of the ed newly calculated is out of a predetermined 
range (+10%) from the value of the ed that was stored earliest 
in the LogDepth (that is, the value of the LogDepth 1), 
values of the ew or values of the ed are stored again in the 
LogWidth or the LogDepth from the beginning. Therefore, 
only when values of the ew and values of the ed which are 
sequentially calculated do not vary significantly (that is, val 
ues of the ew and the values of the ed have been stable, to a 
certain extent, for a certain period), the average value of the 
values of the ew and the average value of the values of the ed 
are stored in the EyeWidth and the Eye Depth. 
0236. It is noted that when the user is moving or turning 
the game apparatus 10, the left real world image and the right 
real world image shot by the outer imaging section 23 are 
likely to be blurred, and the accuracy of the recognition of the 
marker 61 significantly decreases. As a result, values of the 
ew or values of the ed which are sequentially detected are 
likely to vary significantly. It is desired to avoid determining 
the value of the EyeWidth and the value of the Eye Depth, 
based on values of the ew and values of the ed, having low 
reliability, detected in such a situation as described above. 
Therefore, in the present embodiment, only when values of 
the ew and values of the ed which are sequentially calculated 
do not vary significantly, the value of the EyeWidth and the 
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value of the Eye Depth are determined based on the values of 
the ew and the values of the ed. In addition, the accuracies of 
the value of the EyeWidth and the value of the Eye Depth can 
be enhanced because the average value of a plurality of values 
of the ew and the average value of a plurality of values of the 
ed obtained by calculations performed a plurality of times are 
used as the value of the EyeWidth and the value of the Eye 
Depth, respectively. 
0237 (View Matrix Generation Processing) 
0238 Next, the view matrix generation processing in step 
S44 in the updating processing (FIG. 15) will be described 
with reference to the flowchart in FIG. 17. 
0239. In step S60 in FIG. 17, the CPU 311 determines 
whether or not the value of the EyeWidth is larger than 0. If 
the value of the EyeWidth is larger than 0, the CPU 311 
proceeds to step S63, and if not (that is, if the value of the 
EyeWidth is 0), the CPU 311 proceeds to step S61. 
0240. In step S61, the CPU 311 determines whether or not 
the display mode is the synchronous display mode. If the 
display mode is the synchronous display mode, the CPU 311 
ends the view matrix generation processing, and if not (that is, 
if the display mode is the asynchronous display mode), the 
CPU 311 proceeds to step S62. 
0241. In step S62, the CPU 311 sets the value of the AR 
Active at false. Then, the CPU 311 ends the view matrix 
generation processing. 
0242. In step S63, the CPU 311 determines whether or not 
the marker recognition for the left real world image has been 
successful, with reference to the left transform matrix 75L. If 
the marker recognition for the left real world image has been 
successful, the CPU 311 proceeds to step S64, and if not (that 
is, the value of the left transform matrix 75L is a null value), 
the CPU 311 proceeds to step S66. 
0243 In step S64, the CPU 311 stores the value of the left 
transform matrix 75L in the left view matrix 76L. This means 
that the position and the orientation of the outer imaging 
section (left) 23a in the marker coordinate system, which are 
calculated based on the position and the orientation of the 
marker 61 in the left real world image, are directly used as the 
position and the orientation of the left virtual camera 63L for 
generating a virtual space image for a left eye. 
0244. In step S65, the CPU 311 stores, in the right view 
matrix 76R, the value of the left view matrix 76L multiplied 
by a parallel movement matrix (-EyeWidth, 0, 0). This means 
that a position that is separated by the value of the EyeWidth 
in the positive direction of the x-axis in the left virtual camera 
coordinate system from the position of the left virtual camera 
63L in the world coordinate system of the virtual space, 
which has been set in step S64, is used as the position of the 
right virtual camera 63Rfor generating a virtual space image 
for a right eye, as shown in FIG. 30. In addition, the orienta 
tion of the right virtual camera 63R is the same as that of the 
left virtual camera 63L (that is, the x-axis, the y-axis, and the 
Z-axis in the left virtual camera coordinate system are in 
parallel with those in the right virtual camera coordinate 
system). As a result, the position and the orientation of the left 
virtual camera 63L, and the position and the orientation of the 
right virtual camera 63R are kept consistent with each other, 
whereby the virtual object 62 can be displayed on the upper 
LCD 22 so as to provide a normal stereoscopic view. 
0245. In step S66, the CPU 311 determines whether or not 
the marker recognition for the right real world image has been 
successful, with reference to the right transform matrix 75R. 
If the marker recognition for the right real world image has 
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been successful, the CPU 311 proceeds to step S67, and if not 
(that is, the value of the right transform matrix 75R is a null 
value), the CPU 311 ends the view matrix generation process 
1ng. 
0246. In step S67, the CPU311 stores the value of the right 
transform matrix 75R in the right view matrix 76R. This 
means that the position and the orientation of the outer imag 
ing section (right) 23b in the marker coordinate system, 
which are calculated based on the position and the orientation 
of the marker 61 in the right real world image, are directly 
used as the position and the orientation of the right virtual 
camera 63R for generating a virtual space image for a right 
eye. 
0247. In step S68, the CPU 311 stores, in the left view 
matrix 76L, the value of the right view matrix 76R multiplied 
by a parallel movement matrix (EyeWidth, 0, 0). This means 
that a position that is separated by the value of the EyeWidth 
in the negative direction of the X-axis in the right virtual 
camera coordinate system from the position of the right Vir 
tual camera 63R in the world coordinate system of the virtual 
space, which has been set in step S67, is used as the position 
of the left virtual camera 63L for generating a virtual space 
image for a left eye, as shown in FIG. 31. In addition, the 
orientation of the left virtual camera 63L is the same as that of 
the right virtual camera 63R (that is, the X-axis, the y-axis, and 
the Z-axis in the left virtual camera coordinate system are in 
parallel with those in the right virtual camera coordinate 
system). As a result, the position and the orientation of the left 
virtual camera 63L, and the position and the orientation of the 
right virtual camera 63R are kept consistent with each other, 
whereby the virtual object 62 can be displayed on the upper 
LCD 22 so as to provide normal stereoscopic viewing. 
0248. As described above, in the present embodiment, 
while the position and the orientation of one of the virtual 
cameras (for example, the left virtual camera 63L) are set by 
using (more specifically, directly using) a “marker-camera 
transform matrix” calculated from an image shot by one of the 
outer imaging sections (for example, the outer imaging sec 
tion (left) 23a), the position and the orientation of the other 
one of the virtual cameras (for example, the right virtual 
camera 63R) are set without using a “marker-camera trans 
form matrix” calculated from an image shot by the other one 
of the outer imaging sections (for example, the outer imaging 
section (right) 23b). 
0249. In providing a stereoscopic view of AR by using a 
Stereo camera, two virtual cameras for right and left need to be 
set, and a transform matrix (left transform matrix 25L) for the 
outer imaging section (left) 23a and a transform matrix (right 
transform matrix 25R) for the outer imaging section (right) 
23b are used as the “marker-camera transform matrices'. In 
the present embodiment, in setting the virtual cameras 63L 
and 63R, the respective transform matrices 25L and 25R are 
not used. Instead, one transform matrix is set (one of the 
transform matrices 25L and 25R is directly used, or one new 
transform matrix (for example, using an average position and 
an average orientation) is generated from both the transform 
matrices 25L and 25R), and then the positions and the orien 
tations of both the virtual cameras 63L and 63R are set by 
using the one transform matrix that has been set. In this way, 
problems on the accuracy of AR recognition can be solved. 
(0250. In step S69, the CPU 311 sets the value of AR 
Active at true. As a result, processing of displaying the virtual 
object 62 being Superimposed onto the real world image is 
started, or restarted. 
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0251. In step S70, the CPU 311 determines whether or not 
the value of the EyeMeasure is true. If the value of the Eye 
Measure is true, the CPU 311 ends the view matrix generation 
processing, and if not (that is, if the value of the EyeMeasure 
is false), the CPU 311 proceeds to step S71. 
0252) In step S71, based on the left view matrix 76L deter 
mined in step S64 or step S68, the CPU 311 calculates coor 
dinates V, of the origin of the virtual space, that are repre 
sented in the left virtual camera coordinate system. 
Specifically, as shown in FIG. 32, (0, 0, 0) is multiplied by the 
left view matrix 76L, thereby obtaining the coordinates V, of 
the origin of the virtual space, that are represented in the left 
virtual camera coordinate system. It is noted that in the 
present embodiment, the coordinates, of the origin of the 
virtual space, that are represented in the left virtual camera 
coordinate system are defined as V. However, instead, coor 
dinates, of the origin of the virtual space, that are represented 
in the right virtual camera coordinate system, which coordi 
nates are calculated based on the right view matrix 76R deter 
mined in step S65 or step S67, may be defined as V. The V 
calculated as described above is substantially the same as the 
position of the marker 61 in the outer imaging section (left) 
coordinate system (it is noted that the value of the V is cal 
culated in unit of length in the virtual space or the marker 
coordinate system, and does not coincides with unit of length 
in the real world). 
0253) In step S72, the CPU 311 determines whether or not 
the absolute value of the difference between the absolute 
value (IV.Z) of the Z-coordinate value of the V and the value 
of the Eye Depth is larger than 20 percent of the value of the 
Eye Depth. If the absolute value of the difference is larger than 
20 percent of the value of the EyeDepth, the CPU 311 pro 
ceeds to step S73, and if not, the CPU 311 ends the view 
matrix generation processing. The IV.Z is substantially the 
same as the distance (depth), in the shooting direction, from 
the outer imaging section 23 to the marker 61. That is, in step 
S72, the CPU 311 determines whether or not the depth dis 
tance (depth) from the outer imaging section 23 to the marker 
61 has varied beyond a range of t20 percent in comparison 
with the depth distance as it was when the value of the Eye 
Width was calculated in the virtual cameras interval determi 
nation processing (FIG. 16). 
0254. In step S73, the CPU 311 sets the value of the Eye 
Measure at true, resets the value of the LogIndex at 1, and sets 
the marker recognition mode 79 at the both-image recogni 
tion mode, thereby ending the view matrix generation pro 
cessing. As a result, calculation of the EyeWidth in the virtual 
cameras interval determination processing is started again. 
0255. The reason why, as described above, the EyeWidth 

is calculated again when the depth distance (depth) from the 
outer imaging section 23 to the marker 61 has varied beyond 
a predetermined range in comparison with the depth distance 
as it was when the value of the EyeWidth was previously 
calculated in the virtual cameras interval determination pro 
cessing, is because the optimum interval (EyeWidth) between 
the virtual cameras varies in accordance with the depth dis 
tance (depth) from the outer imaging section 23 to the marker 
61 owing to error in the attachment of the outer imaging 
section (left) 23a and the outer imaging section (right) 23b to 
the game apparatus 10. For example, under the condition that 
the shooting direction of the outer imaging section (left) 23a 
and the shooting direction of the outer imaging section (right) 
23b are not in parallel with each other, it is assumed that when 
the depth distance from the outer imaging section 23 to the 
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marker 61 is D1, the value of the EyeWidth calculated in the 
virtual cameras interval determination processing is Eye 
Width 1, as shown in FIG.33. In this case, it is appropriate that 
in the virtual space, the left virtual camera 63L and the right 
virtual camera 63R are placed with an interval of the Eye 
Width 1 provided therebetween as shown in FIG. 34 (as a 
result, for example, a virtual object placed at the origin of the 
virtual space is appropriately displayed in a stereoscopic 
manner as if the virtual object were really existent on the 
marker 61). Then, if the depth distance from the outer imag 
ing section 23 to the marker 61 varies to D2 that is smaller 
than D1 as shown in FIG. 35, the value of the EyeWidth 
calculated in the virtual cameras interval determination pro 
cessing is EyeWidth 2 that is smaller than the EyeWidth2. 
Therefore, it is appropriate that in the virtual space, the left 
virtual camera 63L and the right virtual camera 63R are 
placed with an interval of the EyeWidth 2 provided therebe 
tween as shown in FIG. 36. 
0256 (Main Real World Image Setting Processing) 
0257 Next, the details of the main real world image set 
ting processing in step S45 in the updating processing (FIG. 
15) will be described with reference to the flowchart in FIG. 
18. 

(0258. In step S80 in FIG. 18, the CPU 311 determines 
whether or not the value of the AR-Active is true. If the value 
of the AR-Active is true, the CPU 311 proceeds to step S81, 
and if not (that is, if the value of the AR-Active is false), the 
CPU 311 ends the main real world image setting processing. 
0259. In step S81, the CPU 311 generates the left projec 
tion matrix 77L and the right projection matrix 77R. The left 
projection matrix 77L is a matrix for specifying a drawing 
area of the virtual space as viewed from the left virtual camera 
63L. In the present embodiment, as shown in FIG. 37, the left 
projection matrix 77L is generated so as to correspond to the 
drawing area of the left real world image determined in step 
S23 in the main processing. The right projection matrix 77R 
is a matrix for specifying a drawing area of the virtual space 
as viewed from the right virtual camera 63R. In the present 
embodiment, as shown in FIG.38, the right projection matrix 
77R is generated so as to correspond to the drawing area of the 
right real world image determined in step S27 in the main 
processing. 
0260 Specifically, the projection matrix for the left virtual 
camera 63L is set as a projection matrix that defines a view 
volume that has an angle of view such that the ratio of the 
angle of view in the horizontal direction of the outer imaging 
section (left) 23a, and the angle of view in the horizontal 
direction of the left virtual camera 63L is the same as the ratio 
representing the position and the size in the lateral direction of 
the drawing area with respect to the length in the lateral 
direction of the left real world image. 
0261. In step S82, the CPU 311 determines whether or not 
the left real world image is the main real world image. If the 
left real world image is the main real world image, the CPU 
311 proceeds to step S83, and if not (that is, if the right real 
world image is the main real world image), the CPU 311 
proceeds to step S86. 
0262. In step S83, the CPU 311 multiplies (0, 0, 0, 1) by 
the left view matrix 76L and the left projection matrix 77L, 
thereby obtaining a vector V. 
0263. In step S84, the CPU 311 determines whether or not 
a value (VX/V.w) obtained by multiplying the first component 
(x) of the vector V by the fourth component (w) is larger than 
0.5. If the value (VX/V.w) is larger than 0.5, the CPU 311 
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proceeds to step S85, and if not, the CPU 311 ends the main 
real world image setting processing. The value of the V.X/V.w 
indicates the position in the lateral direction, in the virtual 
space image for a left eye, where the origin of the world 
coordinate system in the virtual space is present (it is noted 
that the position in the lateral direction, in the virtual space 
image for a left eye, where the origin of the world coordinate 
system in the virtual space is present, is equivalent to the 
position in the lateral direction, in an image shot by the outer 
imaging section (left) 23a, where the origin of the marker 
coordinate system is present). If the origin of the world coor 
dinate system in the virtual space is at the middle of the virtual 
space image for a left eye, the value of the VX/V.w is 0. The 
value of the VX/V.w approaches -1.0 as the origin of the 
world coordinate system in the virtual space approaches the 
left end of the virtual space image for a left eye, and the value 
of the VX/V.w approaches +1.0 as the origin of the world 
coordinate system in the virtual space approaches the right 
end of the virtual space image for a left eye. If the value of 
V.X/V.w is larger than 0.5, the origin of the world coordinate 
system in the virtual space is in the right end area (diagonal 
line area in FIG. 39) of the virtual space image for a left eye. 
In other words, the marker 61 is in the right end area of the left 
real world image shot by the outer imaging section (left) 23a. 
0264. In step S85, the CPU 311 changes the main real 
world image from the left real world image to the right real 
world image. That is, in the virtual space image shot by the 
left virtual camera 63L, if the origin in the virtual space is 
present to the right of a position separated rightward by a 
predetermined distance (or by a predetermined percent of the 
lateral width of the virtual space image) from the middle of 
the virtual space image, the CPU 311 changes the main real 
world image to the right real world image. Alternatively, in 
the image shot by the outer imaging section (left) 23a, if the 
origin of the marker coordinate system is present to the right 
of a position separated rightward by a predetermined distance 
(or by a predetermined percent of the lateral width of the shot 
image) from the middle of the shot image, the CPU 311 
changes the main real world image to the right real world 
image. Thus, even if, for example, the position of the marker 
61 in the left real world image gradually moves rightward to 
end up disappearing from the left real world image, the CPU 
311 changes the main real world image to the right real world 
image before the marker 61 disappears from the left real 
world image. Therefore, it is possible to continuously recog 
nize the marker 61 in the one-image recognition mode. If 
processing in step S85 has been finished, the main real world 
image setting processing is ended. 
0265. In step S86, the CPU 311 multiplies (0, 0, 0, 1) by 
the right view matrix 76R and the right projection matrix 77R, 
thereby obtaining the vector V. 
0266. In step S87, the CPU 311 determines whether or not 
the value (VX/V.w) obtained by multiplying the first compo 
nent (x) of the vector V by the fourth component (w) is 
smaller than -0.5. If the value (VX/V.w) is smaller than -0.5, 
the CPU 311 proceeds to step S87, and if not, the CPU 311 
ends the main real world image setting processing. The value 
of the V.X/V.w indicates the position in the lateral direction, in 
the virtual space image for a right eye, where the origin of the 
world coordinate system in the virtual space is present. If the 
origin of the world coordinate system in the virtual space is at 
the middle of the virtual space image for a right eye, the value 
of the VX/V.w is 0. The value of the V.X/Vw approaches -1.0 
as the origin of the world coordinate system in the virtual 
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space approaches the left end of the virtual space image for a 
right eye, and the value of the V.X/Vw approaches +1.0 as the 
origin of the world coordinate system in the virtual space 
approaches the right end of the virtual space image for a right 
eye. If the value of VX/V.w is smaller than -0.5, the origin of 
the world coordinate system in the virtual space is in the left 
end area (diagonal-line area in FIG. 40) of the virtual space 
image for a right eye. In other words, the marker 61 is in the 
left end area of the right real world image shot by the outer 
imaging section (right) 23b. 
0267. In step S88, the CPU 311 changes the main real 
world image from the right real world image to the left real 
world image. Thus, even if for example, the position of the 
marker 61 in the right real world image gradually moves 
leftward to end up disappearing from the right real world 
image, the CPU 311 changes the main real world image to the 
left real world image before the marker 61 disappears from 
the right real world image. Therefore, it is possible to con 
tinuously recognize the marker 61 in the one-image recogni 
tion mode. If processing in step S88 has been finished, the 
main real world image setting processing is ended. 
0268 (Display Mode Switching Processing) 
0269. Next, the details of the display mode switching pro 
cessing in step S46 in the updating processing (FIG. 15) will 
be described with reference to the flowchart in FIG. 19. 
(0270. In step S90 in FIG. 19, the CPU 311 determines 
whether or not the display mode is the synchronous display 
mode. If the display mode is the synchronous display mode, 
the CPU 311 proceeds to step S91, and if not (that is, if the 
display mode is the asynchronous display mode), the CPU 
311 proceeds to step S96. 
(0271 Instep S91, the CPU 311 determines whether or not: 
the EyeWidth is larger than 0; and the marker recognition for 
the left real world image or the marker recognition for the 
right real world image has been successful. Then, if the result 
of the determination is positive, the CPU 311 proceeds to step 
S92, and if the result of the determination is negative (that is, 
if the EyeWidth is 0 or if both the marker recognition for the 
left real world image and the marker recognition for the right 
real world image have been failed), the CPU 311 proceeds to 
step S93. 
(0272. In step S92, the CPU 311 sets the value of Sync 
Count (see FIG. 12) at 20.The SyncCount is a variable for 
determining a timing of Switching the display mode from the 
synchronous display mode to the asynchronous display 
mode. If processing in step S92 has been finished, the display 
mode Switching processing is ended. 
(0273. In step S93, the CPU 311 decrements the value of 
SyncCount. 
(0274. In step S94, the CPU 311 determines whether or not 
the value of the SyncCount is larger than 0. If the value of the 
SyncCount is larger than 0, the CPU 311 ends the display 
mode Switching processing, and if not (that is, the value of the 
SyncCount is 0), the CPU 311 proceeds to step S95. 
(0275. In step S95, the CPU 311 sets the value of the Log 
Index at 1, sets the value of the EyeWidth and the value of the 
Eye Depth at 0, changes the display mode 78 from the syn 
chronous display mode to the asynchronous display mode, 
and sets the marker recognition mode 79 to the both-image 
recognition mode. If processing in step S95 has been finished, 
the display mode Switching processing is ended. 
(0276. In step S96, the CPU 311 determines whether or not: 
the EyeWidth is larger than 0; and the marker recognition for 
the left real world image or the marker recognition for the 
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right real world image has been successful. Then, if the result 
of the determination is positive, the CPU 311 proceeds to step 
S97, and if the result of the determination is negative (that is, 
if the EyeWidth is 0 or if both the marker recognition for the 
left real world image and the marker recognition for the right 
real world image have been failed), the CPU 311 ends the 
display mode Switching processing. 
(0277. In step S97, the CPU 311 sets the value of Sync 
Count at 20, and changes the display mode from the asyn 
chronous display mode to the Synchronous display mode. If 
processing in step S97 has been finished, the display mode 
Switching processing is ended. 
0278. As described above, the display mode switching 
processing appropriately Switches the display mode between 
the synchronous display mode and the asynchronous display 
mode. More specifically, just after execution of the image 
display program has been started, the display mode is the 
asynchronous display mode, and the latest real world image is 
constantly displayed on the upper LCD 22. Thereafter, at the 
time when the marker 61 has been recognized and it has 
become possible to display the virtual object 62 being super 
imposed onto the real world image displayed on the upper 
LCD 22, the display mode is changed from the asynchronous 
display mode to the synchronous display mode. In the Syn 
chronous display mode, in order to Superimpose and display 
the virtual object 62 at a proper position in the real world 
image, a composite image obtained by Superimposing the 
virtual object 62 onto the last real world image in which the 
marker 61 has been recognized (which is not always the latest 
real world image) is displayed on the upper LCD 22. In this 
way, the position on the real world image where the virtual 
object 62 is Superimposed and displayed can be prevented 
from being out of a proper position. Thereafter, at the time 
when the marker 61 has continued to be unrecognized for a 
predetermined time period, the display mode is changed from 
the synchronous display mode to the asynchronous display 
mode, and the latest real world image is constantly displayed 
on the upper LCD 22. In this way, when the marker 61 
continues to be unrecognized, it is possible to prevent an old 
image from continuing to be displayed on the upper LCD 22. 
(0279 (Effects of the Present Embodiment) 
0280. As described above, in the present embodiment, the 
position and the orientation of one of the virtual cameras is 
determined based on the position and the orientation of one of 
the outer imaging sections (the outer imaging section (left) 
23a or the outer imaging section (right) 23b) in the marker 
coordinate system, which are calculated from the result of the 
marker recognition for the corresponding one of the left real 
world image and the right real world image. In addition, the 
position and the orientation of the other one of the virtual 
cameras are determined such that the relationship between 
each of the position and the orientation of the left virtual 
camera 63L, and each of the position and the orientation of the 
right virtual camera 63R, is ideal. Therefore, the virtual object 
62 can be displayed so as to provide a normal stereoscopic 
view, on a display apparatus capable of providing a stereo 
scopic view. 
0281. In addition, the interval between the two outer imag 
ing sections are calculated based on the position of the outer 
imaging section (left) 23a calculated based on the result of the 
marker recognition for the left real world image, and the 
position of the outer imaging section (right) 23b calculated 
based on the result of the marker recognition for the right real 
world image. The virtual cameras interval (EyeWidth) is 
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determined based on the result of the calculation. A position 
separated, by the calculated interval in the direction perpen 
dicular to the shooting direction in a coordinate system of one 
of the virtual cameras, from the position of the one of the 
virtual cameras, is calculated, to set the other one of the 
virtual cameras at the calculated position. As a result, both the 
virtual cameras are set So as to be placed along the direction 
perpendicular to the shooting direction. In addition, even if 
the interval between the outer imaging section (left) 23a and 
the outer imaging section (right) 23b is not known, or even if 
the accuracy in the attachment of the outer imaging section 
(left) 23a and the outer imaging section (right) 23b to the 
game apparatus 10 is bad, it is possible to place the left virtual 
camera 63L and the right virtual camera 63R with an ideal 
interval provided therebetween. 
0282. In addition, after the virtual cameras interval (Eye 
Width) has been determined in the virtual cameras interval 
determination processing, the marker recognition processing 
needs to be performed only for the main real world image. 
Therefore, a load of processing can be reduced in comparison 
with the case where the marker recognition processing is 
always performed for both the left real world image and the 
right real world image. 
0283. It is noted that if the interval between the outer 
imaging section (left) 23a and the outer imaging section 
(right) 23b is known, the interval (EyeWidth), between the 
outer imaging section (left) 23a and the outer imaging section 
(right) 23b in the marker coordinate system, that corresponds 
to the interval (for example, 3.5 cm) between the outer imag 
ing section (left) 23a and the outer imaging section (right) 23b 
in the real world, is figured out based on the result of the 
virtual cameras interval determination processing. Therefore, 
for example, it is possible to, in the virtual space, perform 
processing based on a scale of the real world Such as display 
ing a character (virtual object) having a height of 30 cm being 
Superimposed onto the real world image, or moving a char 
acter (virtual object) displayed being Superimposed onto the 
real world image real world image at a Velocity of 10 cm per 
second. 

0284 (Variations) 
0285. It is noted that in the present embodiment, the posi 
tion and the orientation of the marker 61 in the real world 
image are recognized, and the virtual object 62 is Superim 
posed onto the real world image in accordance with the result 
of the recognition. However, in other embodiments, instead 
of the marker 61, the position and/or the orientation of any 
recognition target may be recognized, and the virtual object 
62 may be Superimposed onto the real world image in accor 
dance with the result of the recognition. An example of a 
recognition target is the face of a person. 
0286. In addition, in the present embodiment, a stereo 
scopic image is displayed on the upper LCD 22, based on the 
real world image being shot in real time by the outer imaging 
section 23. However, in other embodiments, a stereoscopic 
image may be displayed on the upper LCD 22, based on data 
of moving images shot in the past by the outer imaging 
section 23, an external Stereo camera, or the like. 
0287. In addition, in the present embodiment, the outer 
imaging section 23 is provided in the game apparatus 10 in 
advance. However, in other embodiments, an external camera 
attachable to and detachable from the game apparatus 10 may 
be used. 
0288. In addition, in the present embodiment, the upper 
LCD 22 is provided in the game apparatus 10 in advance. 
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However, in other embodiments, an external stereoscopic 
display attachable to and detachable from the game apparatus 
10 may be used. 
0289. In addition, in the present embodiment, the virtual 
object 62 is placed at the position of the origin of the marker 
coordinate system. However, in other embodiments, the vir 
tual object 62 may be placed at a position away from the 
origin of the marker coordinate system. 
0290. In addition, in the present embodiment, one virtual 
object is placed in the virtual space. However, in other 
embodiments, a plurality of virtual objects may be placed in 
the virtual space. 
0291. In addition, in the present embodiment, in the virtual 
cameras interval determination processing, the interval (Eye 
Width) between the outer imaging section (left) 23a and the 
outer imaging section (right) 23b in the marker coordinate 
system is calculated, and based on the interval, the position 
and the orientation of one of the left virtual camera 63L and 
the right virtual camera 63R are determined from the position 
and the orientation of the other one of the virtual cameras 
calculated based on the result of the marker recognition. 
However, in other embodiments, the position and the orien 
tation of the outer imaging section 23 (for example, the aver 
age position of the position of the outer imaging section (left) 
23a and the position of the outer imaging section (right) 23b, 
and the average orientation of the orientation of the outer 
imaging section (left) 23a and the orientation of the outer 
imaging section (right) 23b) may be calculated based on the 
position and the orientation of the outer imaging section (left) 
23a calculated based on the result of the marker recognition 
for the left real world image, and the position and the orien 
tation of the outer imaging section (right) 23b calculated 
based on the result of the marker recognition for the right real 
world image. Based on the result of the calculation, the posi 
tions and/or theorientations of the left virtual camera 63L and 
the right virtual camera 63R may be determined. For 
example, the orientations of the left virtual camera 63L and 
the right virtual camera 63R may be determined such that 
both the orientations are intermediate between the orientation 
of the outer imaging section (left) 23a calculated based on the 
result of the marker recognition for the left real world image, 
and the orientation of the outer imaging section (right) 23b 
calculated based on the result of the marker recognition for 
the right real world image. In addition, for example, after the 
interval (Eye Width) between the outer imaging section (left) 
23a and the outer imaging section (right) 23b is calculated in 
the virtual cameras interval determination processing, posi 
tions separated, by distances of EyeWidth/2 in the respective 
directions opposite to each other and perpendicular to the 
shooting direction of the virtual cameras, from a position in 
the virtual space corresponding to the average position of the 
position of the outer imaging section (left) 23a calculated 
based on the result of the marker recognition for the left real 
world image, and the position of the outer imaging section 
(right) 23b calculated based on the result of the marker rec 
ognition for the right real world image, may be calculated, 
and the positions of the left virtual camera 63L and the right 
virtual camera 63R may be determined so as to be the calcu 
lated positions. 
0292. In addition, in the present embodiment, after the 
virtual cameras interval (EyeWidth) is calculated in the vir 
tual cameras interval determination processing, the marker 
recognition processing is performed for only the main real 
world image. However, in other embodiments, the marker 
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recognition processing may be always performed for both the 
left real world image and the right real world image. 
0293. In addition, in the present embodiment, the upper 
LCD 22 is a stereoscopic display apparatus of a parallax 
barrier type. However, in other embodiments, the upper LCD 
22 may be a stereoscopic display apparatus of any other type 
Such as lenticular lens type. For example, if a stereoscopic 
display apparatus of a lenticular lens type is used, an image 
for a left eye and an image for a right eye may be combined 
with each other by the CPU 311 or another processor, and the 
resultant composite image may be supplied to the stereo 
scopic display apparatus of a lenticular lens type. 
0294. In addition, in the present embodiment, the game 
apparatus 10 is used for Superimposing a virtual object onto 
the real world image and displaying the resultant image. 
However, in another embodiment, any information process 
ing apparatus or any information processing system (for 
example, a PDA (Personal Digital Assistant), a mobile phone, 
a personal computer, or a camera) may be used for Superim 
posing a virtual object onto the real world image and display 
ing the resultant image. 
0295. In addition, in the present embodiment, the image 
display processing is executed by using only one information 
processing apparatus (game apparatus 10). However, in other 
embodiments, a plurality of information processing appara 
tuses, included in an image display system, that can commu 
nicate with each other may share the execution of the image 
display processing. 
0296. While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It will be understood that numerous other modifi 
cations and variations can be devised without departing from 
the scope of the invention. 
What is claimed is: 
1. A computer-readable storage medium having stored 

therein an image display program which stereoscopically 
displays a real world image onto which a 3-dimensional vir 
tual object is Superimposed, on a screen of a stereoscopic 
display apparatus capable of providing a stereoscopic view, 
by using outputs from a real camera for a right eye and a real 
camera for a left eye, the image display program causing a 
computer to function as: 

first position orientation calculation means for recognizing 
a predetermined shooting target in a piece of real world 
image data outputted from one of the real camera for a 
right eye and the real camera for a left eye, among pieces 
of real world image data respectively outputted from the 
real camera for a right eye and the real camera for a left 
eye, and calculating position orientation information 
indicating relative positions and relative orientations of 
the one of the real camera for a right eye and the real 
camera for a left eye, and the predetermined shooting 
target with respect to each other, 

virtual camera setting means for determining the position 
and the orientation of a right virtual camera for generat 
ing an image for a right eye, and the position and the 
orientation of a left virtual camera for generating an 
image for a left eye, in a predetermined virtual space, by 
using the position orientation information calculated by 
the first position orientation calculation means; 

right virtual space image generation means for generating 
a right virtual space image indicating the predetermined 
virtual space as it is looked at from the right virtual 
Camera, 
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left virtual space image generation means for generating a 
left virtual space image indicating the predetermined 
virtual space as it is looked at from the left virtual cam 
era; and 

display control means for Superimposing the right virtual 
space image onto the piece of real world image data 
outputted from the real camera for a right eye, and Super 
imposing the left virtual space image onto the piece of 
real world image data outputted from the real camera for 
a left eye, to output images for a stereoscopic view to the 
stereoscopic display apparatus. 

2. The computer-readable storage medium according to 
claim 1, wherein 

the virtual camera setting means determines the positions 
and the orientations of the right virtual camera and the 
left virtual camera such that the relationship between the 
relative orientations of the right virtual camera and the 
left virtual camera with respect to each other is the same 
as the relationship between designed relative orienta 
tions of the real camera for a right eye and the real 
camera for a left eye with respect to each other. 

3. The computer-readable storage medium according to 
claim 2, wherein 

the virtual camera setting means includes: 
a first virtual camera orientation determination section 

for determining the orientation of one of the right 
virtual camera and the left virtual camera that corre 
sponds to the one of the real camera for a right eye and 
the real camera for a left eye in the first position 
orientation calculation means, by using the position 
orientation information calculated by the first posi 
tion orientation calculation means; and 

a second virtual camera orientation determination sec 
tion for, based on the orientation of the one of the right 
virtual camera and the left virtual camera determined 
by the first virtual camera orientation determination 
section, determining the orientation of the other one 
of the right virtual camera and the left virtual camera 
such that the relationship between the relative orien 
tations of the right virtual camera and the left virtual 
camera with respect to each other is the same as the 
relationship between designed relative orientations of 
the real camera for a right eye and the real camera for 
a left eye with respect to each other. 

4. The computer-readable storage medium according to 
claim 2, the image display program further causing the com 
puter to function as virtual camera relative position relation 
ship determination means for determining a relative position 
relationship between the right virtual camera and the left 
virtual camera, 

wherein the virtual camera setting means includes: 
a first virtual camera position determination section for 

determining the position of one of the right virtual 
camera and the left virtual camera that corresponds to 
the one of the real camera for a right eye and the real 
camera for a left eye in the first position orientation 
calculation means, by using the position orientation 
information calculated by the first position orienta 
tion calculation means; and 

a second virtual camera position determination section 
for determining the position of the other one of the 
right virtual camera and the left virtual camera So as to 
be separated, by the relative position determined by 
the virtual camera relative position relationship deter 
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mination means, from the position of the one of the 
right virtual camera and the left virtual camera deter 
mined by the first virtual camera position determina 
tion section. 

5. The computer-readable storage medium according to 
claim 2, wherein the virtual camera setting means includes: 

a first virtual camera position determination section for 
determining the position of one of the right virtual cam 
era and the left virtual camera that corresponds to the one 
of the real camera for a right eye and the real camera for 
a left eye in the first position orientation calculation 
means, by using the position orientation information 
calculated by the first position orientation calculation 
means, 

a first virtual camera orientation determination section for 
determining the orientation of the one of the right virtual 
camera and the left virtual camera that corresponds to 
the one of the real camera for a right eye and the real 
camera for a left eye in the first position orientation 
calculation means, by using the position orientation 
information calculated by the first position orientation 
calculation means; and 

a second virtual camera position determination section for 
determining the position of the other one of the right 
virtual camera and the left virtual camera so as to be 
present, in a direction based on the orientation of the one 
of the right virtual camera and the left virtual camera 
determined by the first virtual camera orientation deter 
mination section, from the position of the one of the right 
virtual camera and the left virtual camera determined by 
the first virtual camera position determination section. 

6. The computer-readable storage medium according to 
claim 5, the image display program further causing the com 
puter to function as virtual cameras distance determination 
means for determining the distance between the right virtual 
camera and the left virtual camera, 

wherein the second virtual camera position determination 
section determines the position of the other one of the 
right virtual camera and the left virtual camera so as to be 
separated by the distance determined by the virtual cam 
eras distance determination means, in the direction 
based on the orientation of the one of the right virtual 
camera and the left virtual camera determined by the 
first virtual camera orientation determination section, 
from the position of the one of the right virtual camera 
and the left virtual camera determined by the first virtual 
camera position determination section. 

7. The computer-readable storage medium according to 
claim 4, wherein the virtual camera relative position relation 
ship determination means determines the relative position 
relationship between the right virtual camera and the left 
virtual camera, based on a parallax between the pieces of real 
world image data respectively outputted from the real camera 
for a right eye and the real camera for a left eye. 

8. The computer-readable storage medium according to 
claim 7, wherein the relative position relationship which is 
determined by the relative position relationship determina 
tion means is the interval between the right virtual camera and 
the left virtual camera. 

9. The computer-readable storage medium according to 
claim 4, the image display program further causing the com 
puter to function as second position orientation calculation 
means for recognizing the predetermined shooting target in 
the piece of real world image data outputted from the other 
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one of the real camera for a right eye and the real camera for 
a left eye, which is different from the one of the real camera 
for a right eye and the real camera for a left eye in the first 
position orientation calculation means, among the two pieces 
of real world image data respectively outputted from the real 
camera for a right eye and the real camera for a left eye, and 
calculating position orientation information indicating rela 
tive positions and relative orientations of the other one of the 
real camera for a right eye and the real camera for a left eye, 
and the predetermined shooting target with respect to each 
other, 

wherein the virtual camera relative position relationship 
determination means calculates the distance between the 
one and the other one of the real camera for a right eye 
and the real camera for a left eye, based on the informa 
tion, about the relative positions of the one of the real 
camera for a right eye and the real camera for a left eye, 
and the predetermined shooting target, which is calcu 
lated by the first position orientation calculation means, 
and on the information, about the relative positions of 
the other one of the real camera for a right eye and the 
real camera for a left eye, and the predetermined shoot 
ing target, which is calculated by the second position 
orientation calculation means. 

10. The computer-readable storage medium according to 
claim 9, wherein 

the first position orientation calculation means includes 
first transform matrix generation means for, based on the 
piece of real world image data outputted from the one of 
the real camera for a right eye and the real camera for a 
left eye, generating a first transform matrix that trans 
forms a coordinate value represented in a coordinate 
system whose origin is the position of the predetermined 
shooting target, into a coordinate value represented in a 
first shooting section coordinate system whose origin is 
the position of the one of the real camera for a right eye 
and the real camera for a left eye, and 

the second position orientation calculation means includes 
second transform matrix generation means for, based on 
the piece of real world image data outputted from the 
other one of the real camera for a right eye and the real 
camera for a left eye, generating a second transform 
matrix that transforms a coordinate value represented in 
a coordinate system whose origin is the position of the 
predetermined shooting target, into a coordinate value 
represented in a second shooting section coordinate sys 
tem whose origin is the position of the other one of the 
real camera for a right eye and the real camera for a left 
eye. 

11. The computer-readable storage medium according to 
claim 7, wherein the virtual camera relative position relation 
ship determination means executes processing of calculating 
the relative position relationship between the right virtual 
camera and the left virtual camera every time a new piece of 
real world image data is outputted from each of the real 
camera for a right eye and the real camera for a left eye, and 
determines the relative position relationship between the right 
virtual camera and the left virtual camera, based on results of 
a plurality of the calculations of the relative position relation 
ship obtained by the processing being executed a plurality of 
times. 

12. The computer-readable storage medium according to 
claim 11, wherein the virtual camera relative position rela 
tionship determination means determines the relative posi 
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tion relationship between the right virtual camera and the left 
virtual camera, based on the results of the plurality of calcu 
lations of the relative position relationship, only when all the 
results of the plurality of calculations of the relative position 
relationship are within a predetermined range. 

13. The computer-readable storage medium according to 
claim 7, the image display program further causing the com 
puter to function as depth variation determination means for 
determining whether or not the depth distance from each of 
the real camera for a right eye and the real camera for a left eye 
to the predetermined shooting target has varied beyond a 
predetermined range in comparison with the depth distance as 
it was when the virtual camera relative position relationship 
determination means determined the relative position rela 
tionship between the right virtual camera and the left virtual 
Camera, 

wherein the virtual camera relative position relationship 
determination means determines again the relative posi 
tion relationship between the right virtual camera and 
the left virtual camera, when the result of the determi 
nation by the depth variation determination means is 
positive. 

14. The computer-readable storage medium according to 
claim 13, the image display program further causing the 
computer to function as depth distance calculation means for 
calculating the depth distance from each of the real camera for 
a right eye and the real camera for a left eye to the predeter 
mined shooting target, based on a piece of real world image 
data that includes the predetermined shooting target, 

wherein the depth variation determination means deter 
mines whether or not the depth distance from each of the 
real camera for a right eye and the real camera for a left 
eye to the predetermined shooting target has varied 
beyond the predetermined range by comparing a refer 
ence depth distance calculated by the depth distance 
calculation means at a time when the virtual camera 
relative position relationship determination means 
determined the relative position relationship between 
the right virtual camera and the left virtual camera, with 
the latest depth distance calculated by the depth distance 
calculation means after the calculation of the reference 
depth distance. 

15. The computer-readable storage medium according to 
claim 14, wherein the depth distance calculation means 
executes processing of calculating the depth distance from 
each of the real camera for a right eye and the real camera for 
a left eye to the predetermined shooting target every time a 
new piece of real world image data is outputted from each of 
the real camera for a right eye and the real camera for a left 
eye, and calculates the reference depth distance, based on 
results of a plurality of the calculations of the depth distance 
obtained by the processing being executed a plurality of 
times. 

16. The computer-readable storage medium according to 
claim 15, wherein the depth distance calculation means deter 
mines the reference depth distance, based on the results of the 
plurality of calculations of the depth distance, only when all 
the results of the plurality of calculations of the depth distance 
are within a predetermined range. 

17. The computer-readable storage medium according to 
claim 1, the image display program further causing the com 
puter to function as: 

second position orientation calculation means for recog 
nizing the predetermined shooting target in the piece of 
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real world image data outputted from the other one of the 
real camera for a right eye and the real camera for a left 
eye which is different from the one of the real camera for 
a right eye and the real camera for a left eye in the first 
position orientation calculation means, among the two 
pieces of real world image data respectively outputted 
from the real camera for a right eye and the real camera 
for a left eye, and calculating position orientation infor 
mation indicating relative positions and relative orienta 
tions of the other one of the real camera for a right eye 
and the real camera for a left eye, and the predetermined 
shooting target with respect to each other; and 

real camera selection means for selecting one of the real 
camera for a right eye and the real camera for a left eye 
in accordance with the position of the predetermined 
shooting target in at least one of the two pieces of real 
world image data respectively outputted from the real 
camera for a right eye and the real camera for a left eye, 

wherein the virtual camera setting means, 
if the real camera selected by the real camera selection 
means is the one of the real camera for a right eye and 
the real camera for a left eye in the first position 
orientation calculation means, determines the posi 
tion and the orientation of the right virtual camera, 
and the position and the orientation of the left virtual 
camera, by using the position orientation information 
indicating the relative positions and relative orienta 
tions of the one of the real camera for a right eye and 
the real camera for a left eye, and the predetermined 
shooting target, which is calculated by the first posi 
tion orientation calculation means, and 

if the real camera selected by the real camera selection 
means is the other one of the real camera for a right 
eye and the real camera for a left eye in the first 
position orientation calculation means, determines 
the position and the orientation of the right virtual 
camera, and the position and the orientation of the left 
virtual camera, by using the position orientation infor 
mation indicating the relative positions and relative 
orientations of the other one of the real camera for a 
right eye and the real camera for a left eye, and the 
predetermined shooting target, which is calculated by 
the second position orientation calculation means. 

18. The computer-readable storage medium according to 
claim 17, wherein the real camera selection means 

switches the real camera to be selected, from the real cam 
era for a left eye to the real camera for a right eye, in 
accordance with entrance of the position of the prede 
termined shooting target in the piece of real world image 
data outputted from the real camera for a left eye into a 
right end area of the piece of real world image data, and 

switches the real camera to be selected, from the real cam 
era for a right eye to the real camera for a left eye, in 
accordance with entrance of the position of the prede 
termined shooting target in the piece of real world image 
data outputted from the real camera for a right eye into a 
left end area of the piece of real world image data. 

19. The computer-readable storage medium according to 
claim 1, wherein the pieces of real world image data to be 
used by the first position orientation calculation means and 
the display control means are outputted in real time from the 
real camera for a right eye and the real camera for a left eye. 

20. The computer-readable storage medium according to 
claim 1, wherein the computer is included in an information 
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processing apparatus having the real camera for a right eye. 
the real camera for a left eye, and the stereoscopic display 
apparatus. 

21. An image display apparatus which stereoscopically 
displays a real world image onto which a 3-dimensional Vir 
tual object is superimposed, on a screen of a stereoscopic 
display apparatus capable of providing a stereoscopic View, 
by using outputs from a real camera for a right eye and a real 
camera for a left eye, the image display apparatus comprising: 

first position orientation calculation means for recognizing 
a predetermined shooting target in a piece of real world 
image data outputted from one of the real camera for a 
right eye and the real camera for a left eye, among pieces 
of real world image data respectively outputted from the 
real camera for a right eye and the real camera for a left 
eye, and calculating position orientation information 
indicating relative positions and relative orientations of 
the one of the real camera for a right eye and the real 
camera for a left eye, and the predetermined shooting 
target with respect to each other, 

virtual camera setting means for determining the position 
and the orientation of a right virtual camera for generat 
ing an image for a right eye, and the position and the 
orientation of a left virtual camera for generating an 
image for a left eye, in a predetermined virtual space, by 
using the position orientation information calculated by 
the first position orientation calculation means; 

right virtual space image generation means for generating 
a right virtual space image indicating the predetermined 
virtual space as it is looked at from the right virtual 
camera; 

left virtual space image generation means for generating a 
left virtual space image indicating the predetermined 
virtual space as it is looked at from the left virtual cam 
era; and 

display control means for superimposing the right Virtual 
space image onto the piece of real world image data 
outputted from the real camera for a right eye, and Super 
imposing the left virtual space image onto the piece of 
real world image data outputted from the real camera for 
a left eye, to output images for a stereoscopic view to the 
stereoscopic display apparatus. 

22. An image display system which stereoscopically dis 
plays a real world image onto which a 3-dimensional virtual 
object is superimposed, on a screen of a stereoscopic display 
apparatus capable of providing a stereoscopic view, by using 
outputs from a real camera for a right eye and a real camera for 
a left eye, the image display system comprising: 

a predetermined shooting target; 
first position orientation calculation means for recognizing 

the predetermined shooting target in a piece of real 
world image data outputted from one of the real camera 
for a right eye and the real camera for a left eye, among 
pieces of real world image data respectively outputted 
from the real camera for a right eye and the real camera 
for a left eye, and calculating position orientation infor 
mation indicating relative positions and relative orienta 
tions of the one of the real camera for a right eye and the 
real camera for a left eye, and the predetermined shoot 
ing target with respect to each other; 

virtual camera setting means for determining the position 
and the orientation of a right virtual camera for generat 
ing an image for a right eye, and the position and the 
orientation of a left virtual camera for generating an 
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image for a left eye, in a predetermined virtual space, by 
using the position orientation information calculated by 
the first position orientation calculation means; 

right virtual space image generation means for generating 
a right virtual space image indicating the predetermined 
virtual space as it is looked at from the right virtual 
Camera, 

left virtual space image generation means for generating a 
left virtual space image indicating the predetermined 
virtual space as it is looked at from the left virtual cam 
era; and 

display control means for Superimposing the right virtual 
space image onto the piece of real world image data 
outputted from the real camera for a right eye, and Super 
imposing the left virtual space image onto the piece of 
real world image data outputted from the real camera for 
a left eye, to output images for a stereoscopic view to the 
stereoscopic display apparatus. 

23. An image display method for Stereoscopically display 
ing a real world image onto which a 3-dimensional virtual 
object is Superimposed, on a screen of a stereoscopic display 
apparatus capable of providing a stereoscopic view, by using 
outputs from a real camera for a right eye and a real camera for 
a left eye, the image display method comprising: 

a first position orientation calculation step of recognizing a 
predetermined shooting target in a piece of real world 
image data outputted from one of the real camera for a 
right eye and the real camera for a left eye, among pieces 
of real world image data respectively outputted from the 
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real camera for a right eye and the real camera for a left 
eye, and calculating position orientation information 
indicating relative positions and relative orientations of 
the one of the real camera for a right eye and the real 
camera for a left eye, and the predetermined shooting 
target with respect to each other, 

a virtual camera setting step of determining the position 
and the orientation of a right virtual camera for generat 
ing an image for a right eye, and the position and the 
orientation of a left virtual camera for generating an 
image for a left eye, in a predetermined virtual space, by 
using the position orientation information calculated in 
the first position orientation calculation step; 

a right virtual space image generation step of generating a 
right virtual space image indicating the predetermined 
virtual space as it is looked at from the right virtual 
Camera, 

a left virtual space image generation step of generating a 
left virtual space image indicating the predetermined 
virtual space as it is looked at from the left virtual cam 
era; and 

a display control step of Superimposing the right virtual 
space image onto the piece of real world image data 
outputted from the real camera for a right eye, and Super 
imposing the left virtual space image onto the piece of 
real world image data outputted from the real camera for 
a left eye, to output images for a stereoscopic view to the 
stereoscopic display apparatus. 
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