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(57) ABSTRACT 

A stereoscopic image is displayed with an appropriate 
amount of parallax based on auxiliary information recorded 
in a three-dimensional-image file. The size of a display which 
performs 3D display is acquired (Step S31), and a 3D image 
file is read (Step S32). The maximum display size capable of 
appropriately performing 3D display of each viewpoint 
image is acquired from metadata of the read 3D image file 
(Step S33), and the size acquired in Step S31 is compared 
with the maximum display size acquired in Step S33 (Step 
S34). Viewpoint numbers of images in which the maximum 
display size is larger are acquired (Step S35), the most appro 
priate image is selected from the images of the acquired 
viewpoint numbers (Step S37), and 3D display is performed 
using the selected image (Step S38). Therefore, an appropri 
ate image can be selected based on the maximum display size 
and 3D display can be performed. 
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STEREOSCOPIC MAGE REPRODUCTION 
DEVICE AND METHOD, STEREOSCOPIC 

IMAGE CAPTURING DEVICE, AND 
STEREOSCOPC DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a stereoscopic 
image reproduction device and method, a stereoscopic image 
capturing device, and a stereoscopic display device, and in 
particular, to a technique for appropriately reproducing and 
displaying a stereoscopic image recorded in a three-dimen 
sional image file. 
0003 2. Description of the Related Art 
0004 Astereoscopic image capturing device photographs 
the same Subject from left and right viewpoints using two 
image capturing units (image capturing part) arranged left 
and right with parallax, acquires an image for a left eye and an 
image for a right eye, and records the images in a recording 
medium. The acquired left and right images are read from the 
recording medium, are input to a 3D display which can per 
form three-dimensional (3D) display, and are displayed Such 
that the image for the left eye and the image for the right eye 
are visible separately with the left and right eyes. In this way, 
the images can be recognized as a stereoscopic image. 
0005. On the other hand, the 3D displays have various 
screen sizes, and the amount of parallax of the recorded left 
and right image may not be appropriate for the size of the 3D 
display on which the left and right images are reproduced and 
displayed. In this case, the degree of protrusion or recession 
becomes excessive, and there is a problem in that the images 
may not be recognized as a natural stereoscopic image. 
0006. In regard to this problem, in a reproduction device, 
an intermediate viewpoint image which should be viewed 
from an arbitrary viewpoint is generated from an image for a 
left eye and an image for a right eye. In this way, in order to 
generate an intermediate viewpoint image from a plurality of 
images of different viewpoints, it is necessary to obtain pixel 
correspondence between the images to estimate the depth. 
0007. However, there is a problem in that, when display is 
performed without causing eye fatigue (for example, parallax 
control), a depth range is not known. When performing Such 
display, it is necessary to appropriately determine an obser 
Vation distance along with the conditions of the viewing angle 
or the size of an imaging Surface during photographing, the 
distance between the lens center and the imaging Surface, and 
the like. 
0008. In order to solve this problem, JP2003-333621A 
discloses a technique in which information regarding the 
imaging size of a camera capturing an image and the distance 
between the lens center and the imaging Surface is transmitted 
in the transmission of images of two or more viewpoints. 
According to this technique, information regarding the view 
ing angle during imaging can be obtained on the display side. 
0009 SUMMARY OF THE INVENTION 
0010. However, in the technique of JP2003-333621A, 
there is a problem in that processing on the display device is 
complicated. Furthermore, since the technique relates to data 
transmission, when a stereoscopic image is recorded in a 
recording medium, how information is recorded is not dis 
closed. 
0011. The invention has been accomplished in consider 
ation of this situation, and an object of the invention is to 
provide a stereoscopic image reproduction device and 
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method, a stereoscopic image capturing device, and a stereo 
scopic display device which display a stereoscopic image 
with an appropriate amount of parallax on the basis of auxil 
iary information recorded in a three-dimensional image file. 
0012. In order to attain the above-described object, a ste 
reoscopic image reproduction device according to a first 
aspect of the invention includes first acquisition part for read 
ing a three-dimensional image file having recorded therein N 
viewpoint images for stereoscopic vision of N (N: an integer 
equal to or greater than 3) viewpoints and auxiliary informa 
tion corresponding to the N viewpoint images, the auxiliary 
information including the (N-1) maximum display sizes cor 
responding to the maximum amount of parallax on a distant 
view side between two viewpoint images of different combi 
nations of a viewpoint image of a reference viewpoint set in 
advance from the N viewpoint images and other (N-1) view 
point images, and the maximum display size enabling bin 
ocular fusion when the two viewpoint images are displayed 
on a stereoscopic display, and acquiring the N viewpoint 
images and auxiliary information from the three-dimensional 
image file, second acquisition part for acquiring the display 
size of the stereoscopic display as an output destination, first 
determination part for comparing the acquired display size of 
the Stereoscopic display with the (N-1) maximum display 
sizes to determine whether or not the display size of the 
Stereoscopic display is greater than the (N-1) maximum dis 
play sizes, selection part for selecting a set of two viewpoint 
images from a set or a plurality of sets of two viewpoint 
images corresponding to the maximum display size which is 
determined by the first determination part to be equal to or 
Smaller than the display size of the stereoscopic display from 
the (N-1) maximum display sizes, and output part for out 
putting one viewpoint image from the N viewpoint images to 
the stereoscopic display if the first determination part deter 
mines that the display size of the Stereoscopic display is 
greater than the (N-1) maximum display sizes and outputting 
the two viewpoint images selected by the selection part to the 
Stereoscopic display if the first determination part determines 
that the display size of the stereoscopic display is equal to or 
Smaller than one maximum display size from the (N-1) maxi 
mum display size. The term “distant view side' used herein 
refers to a distal side away from the image capturing part 
toward the subject, and the term “near view side' refers to a 
proximal side close to the image capturing part from the 
subject contrary to the distal side. 
0013. According to the first aspect of the invention, the N 
viewpoint images and the (N-1) maximum display sizes are 
acquired from the three-dimensional image file, and the dis 
play size of the stereoscopic display as the output destination 
is also acquired. The acquired display size of the stereoscopic 
display is compared with the (N-1) maximum display sizes, 
and a set of two viewpoint images is selected from a set or a 
plurality of sets of two viewpoint images corresponding to the 
maximum display size determined to be equal to or Smaller 
than the display size of the stereoscopic display from the 
(N-1) maximum display sizes and output to the stereoscopic 
display. Therefore, a stereoscopic image with an appropriate 
amount of parallax can be displayed on the basis of auxiliary 
information recorded in a three-dimensional image file. 
0014. In order to attain the above-described object, a ste 
reoscopic image reproduction device according to a second 
aspect of the invention includes first acquisition part for read 
ing a three-dimensional image file having recorded therein N 
viewpoint images for stereoscopic vision of N (N: an integer 
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equal to or greater than 3) viewpoints and auxiliary informa 
tion corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax on a 
distant view side between two viewpoint images of different 
combinations of a viewpoint image of a reference viewpoint 
set in advance from the N viewpoint images and other (N-1) 
viewpoint images and (N-1) maximum display sizes corre 
sponding to the maximum amount of parallax on the distant 
view side, and the maximum display size enabling binocular 
fusion when the two viewpoint images are displayed on a 
Stereoscopic display, and acquiring the N viewpoint images 
and auxiliary information from the three-dimensional image 
file, second acquisition part for acquiring the display size of 
the stereoscopic display as an output destination, first deter 
mination part for comparing the acquired display size of the 
Stereoscopic display with the (N-1) maximum display sizes 
to determine whether or not the display size of the stereo 
scopic display is greater than the (N-1) maximum display 
sizes, extraction part for extracting a set or a plurality of sets 
of two viewpoint images from a plurality of (N-1) viewpoint 
images other than the viewpoint image of the reference view 
point from the N viewpoint images, calculation part for cal 
culating the maximum amount of parallax on the distant view 
side between a set or a plurality of sets of extracted two 
viewpoint images on the basis of the maximum amount of 
parallax on the distant view side stored corresponding to the 
two viewpoint images, second determination part for deter 
mining whether or not binocular fusion is enabled when two 
viewpoint images corresponding to the calculated maximum 
amount of parallax are displayed on the stereoscopic display 
on the basis of the calculated maximum amount of parallax, 
the display size of the stereoscopic display, and a predeter 
mined value representing an interocular distance of a person, 
selection part for selecting a set of two viewpoint images from 
a set or a plurality of sets of two viewpoint images corre 
sponding to the maximum display size determined by the first 
determination part to be equal to or Smaller than the display 
size of the stereoscopic display from the (N-1) maximum 
display sizes and a set or a plurality of sets of two viewpoint 
images determined by the second determination part that 
binocular fusion is enabled, and output part for outputting one 
viewpoint image from the N viewpoint images to the stereo 
scopic display if the first determination part determines that 
the display size of the stereoscopic display is greater than the 
(N-1) maximum display sizes and the second determination 
part determines that binocular fusion is disabled, and output 
ting the two viewpoint images selected by the selection part to 
the stereoscopic display if the first determination part deter 
mines that the display size of the Stereoscopic display is equal 
to or Smaller than one maximum display size from the (N-1) 
maximum display sizes or if the second determination part 
determines that binocular fusion is enabled. 

0015. According to the second aspect of the invention, the 
N viewpoint images and the (N-1) maximum display sizes 
are acquired from the three-dimensional image file, and the 
display size of the stereoscopic display as the output destina 
tion is also acquired. It is determined whether or not the 
display size of the stereoscopic display is greater than the 
(N-1) maximum display sizes, and the maximum amount of 
parallax on the distant view side between viewpoint image of 
a set or a plurality of sets of two viewpoint images extracted 
a plurality of (N-1) viewpoint images other than the view 
point image of the reference viewpoint from the N viewpoint 
images is calculated on the basis of the maximum amount of 
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parallax on the distant view side stored corresponding to the 
two viewpoint images to determine whether or not binocular 
fusion is enabled. A set of two viewpoint images is selected 
from a set or a plurality of sets of two viewpoint images 
corresponding to the maximum display size determined to be 
equal to or Smaller than the display size of the stereoscopic 
display from the (N-1) maximum display sizes and a set or a 
plurality of sets of two viewpoint images determined that 
binocular fusion is enabled, and output to the stereoscopic 
display. Therefore, a stereoscopic image with an appropriate 
amount of parallax can be displayed on the basis of auxiliary 
information recorded in a three-dimensional image file. 
0016. In order to attain the above-described object, a ste 
reoscopic image reproduction device according to a third 
aspect of the invention includes first acquisition part for read 
ing a three-dimensional image file having recorded therein N 
viewpoint images for stereoscopic vision of N (N: an integer 
equal to or greater than 3) viewpoints and auxiliary informa 
tion corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax on a 
distant view side between two viewpoint images of different 
combinations of a viewpoint image of a reference viewpoint 
set in advance from the N viewpoint images and other (N-1) 
viewpoint images, and acquiring the N viewpoint images and 
auxiliary information from the three-dimensional image file, 
second acquisition part for acquiring a display size of a ste 
reoscopic display as an output destination, first determination 
part for determining whether or not binocular fusion is 
enabled when the viewpoint image of the reference viewpoint 
and one viewpoint image from other (N-1) viewpoint images 
are displayed on the stereoscopic display on the basis of the 
maximum amount of parallax on the distant view side 
recorded as the auxiliary information, the display size of the 
Stereoscopic display, and a predetermined value representing 
an interocular distance of a person, extraction part for extract 
ing a set or a plurality of sets of two viewpoint images from a 
plurality of (N-1) viewpoint images other than the viewpoint 
image of the reference viewpoint from the N viewpoint 
images, calculation part for calculating the maximum amount 
of parallax on the distant view side between a set or a plurality 
of sets of extracted two viewpoint images on the basis of the 
maximum amount of parallax on the distant view side stored 
corresponding to the two viewpoint images, second determi 
nation part for determining whether or not binocular fusion is 
enabled when two viewpoint images corresponding to the 
calculated maximum amount of parallax are displayed on the 
Stereoscopic display on the basis of the calculated maximum 
amount of parallax, the display size of the stereoscopic dis 
play, and a predetermined value representing an interocular 
distance of a person, selection part for selecting a set of two 
viewpoint images from a set or a plurality of sets of two 
viewpoint images determined by at least one of the first deter 
mination part and the second determination part that binocu 
lar fusion is enabled, and output part for outputting one view 
point image from the N viewpoint images to the stereoscopic 
display if the first determination part and the second determi 
nation part determine that binocular fusion is disabled and 
outputting the two viewpoint images selected by the selection 
part to the stereoscopic display if at least one of the first 
determination part and the second determination part deter 
mines that binocular fusion is enabled. 

0017. According to the third aspect of the invention, the N 
viewpoint images and the maximum amount of parallax on 
the distant view side of the (N-1) viewpoint images other than 
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the viewpoint image of the reference viewpoint are acquired 
from the three-dimensional image file, and the display size of 
the stereoscopic display as the output destination is also 
acquired. It is determined whether or not binocular fusion is 
enabled when the viewpoint image of the reference viewpoint 
and one viewpoint image from other (N-1) viewpoint images 
are displayed on the stereoscopic display, a set or a plurality 
of sets of two viewpoint images are extracted from a plurality 
of (N-1) viewpoint image other than the viewpoint image of 
the reference viewpoint from the Nviewpoint images, and the 
maximum amount of parallax on the distant view side 
between a set or a plurality of sets of extracted two viewpoint 
images is calculated, it is determined whether or notbinocular 
fusion is enabled when two viewpoint images corresponding 
to the calculated maximum amount of parallax are displayed 
on the stereoscopic display, and the two viewpoint images are 
output to the stereoscopic display. Therefore, a stereoscopic 
image with an appropriate amount of parallax can be dis 
played on the basis of auxiliary information recorded in a 
three-dimensional image file. 
0018. In the stereoscopic image reproduction device 
according to the second and third aspects of the invention, it 
is preferable that the second determination part calculates an 
allowable amount of parallax on the basis of the display size 
of the stereoscopic display and the predetermined value rep 
resenting the interocular distance of the person, and deter 
mines whether or not binocular fusion is enabled in accor 
dance with whether or not the calculated maximum amount of 
parallax is equal to or Smaller than the allowable amount of 
parallax. 
0019. Accordingly, it is possible to appropriately deter 
mine whether or not binocular fusion is enabled. 
0020. In the stereoscopic image reproduction device 
according to the first to third aspects of the invention, the 
selection part preferentially selects two viewpoint images 
corresponding to a viewpoint image the reference viewpoint 
set in advance from the plurality of sets of two viewpoint 
images. 
0021 Accordingly, viewpoint images can be appropri 
ately selected. 
0022. In the stereoscopic image reproduction device 
according to the first to third aspects of the invention, it is 
preferable that the selection part selects two viewpoint 
images having the greatest maximum amount of parallax 
from the plurality of sets of two viewpoint images. 
0023. Accordingly, viewpoint images can be appropri 
ately selected. 
0024. In the stereoscopic image reproduction device of the 

first to third aspects of the invention, it is preferable that the 
selection part selects two viewpoint images having the Small 
est maximum amount of parallax from the plurality of sets of 
two viewpoint images. 
0025. Accordingly, viewpoint images can be appropri 
ately selected. 
0026. In the stereoscopic image reproduction device 
according to the first to third aspects of the invention, it is 
preferable that the selection part preferentially selects two 
viewpoint images including a centermost viewpoint image in 
the sequence of viewpoints from the plurality of sets of two 
viewpoint images. 
0027 Accordingly, viewpoint images can be appropri 
ately selected. 
0028. It is preferable that the stereoscopic image repro 
duction device according to the first to third aspects of the 
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invention further includes part for acquiring the maximum 
amount of parallax on a near view side of the plurality of sets 
of two viewpoint images, wherein the selection part selects a 
set of two viewpoint images from the plurality of sets of two 
viewpoint images on the basis of the acquired maximum 
amount of parallax on the near view side. 
0029. Accordingly, viewpoint images can be appropri 
ately selected. 
0030. In the stereoscopic image reproduction device 
according to the first to third aspects of the invention, when 
the N viewpoint images recorded in the three-dimensional 
image file include a plurality of mixed viewpoint images 
corresponding to an actual viewpoint and virtual viewpoint 
images corresponding to a virtual viewpoint generated from 
the plurality of viewpoint images corresponding to the actual 
viewpoint, the selection part preferentially selects two view 
point images including the viewpoint image of the actual 
viewpoint from the plurality of sets of two viewpoint images. 
0031. Accordingly, viewpoint images can be appropri 
ately selected. 
0032. In order to attain the above-described object, a ste 
reoscopic image capturing device according to a fourth aspect 
of the invention includes image capturing part for acquiring a 
plurality of viewpoint images of the same Subject from a 
plurality of viewpoints, parallax amount calculation part for 
calculating the amount of parallax representing the amount of 
deviation between feature points having common features 
from the plurality of acquired viewpoint images, maximum 
parallax amount acquisition part for acquiring the maximum 
amount of parallax on a distant view side from the calculated 
amount of parallax of each feature point, maximum display 
size acquisition part for acquiring the maximum display size 
enabling binocular fusion when the plurality of viewpoint 
images are displayed on a stereoscopic display on the basis of 
the acquired maximum amount of parallax on the distant view 
side, recording part for generating a three-dimensional image 
file in which the plurality of viewpoint images are recorded, 
and recording the three-dimensional image file in a recording 
medium, the recording part recording the plurality of view 
point images in the three-dimensional image file and also 
recording the maximum amount of parallax on the distant 
view side and the maximum display size in the three-dimen 
sional image file as auxiliary information, and the above 
described stereoscopic image reproduction device. 
0033 Accordingly, a stereoscopic image with an appro 
priate amount of parallax can be displayed. 
0034. In order to attain the above-described object, a ste 
reoscopic display device according to a fifth aspect of the 
invention includes a stereoscopic display as an output desti 
nation, and the stereoscopic image reproduction device 
according to the first to third aspects of the invention. 
0035. Accordingly, a stereoscopic image with an appro 
priate amount of parallax can be displayed. 
0036. In order to attain the above-described object, a ste 
reoscopic image reproduction method according to a sixth 
aspect of the invention includes a first acquisition step of 
reading a three-dimensional image file having recorded 
therein N viewpoint images for stereoscopic vision of N (N: 
an integer equal to or greater than 3) viewpoints and auxiliary 
information corresponding to the N viewpoint images, the 
auxiliary information including the (N-1) maximum display 
sizes corresponding to the maximum amount of parallax on a 
distant view side between two viewpoint images of different 
combinations of a viewpoint image of a reference viewpoint 
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set in advance from the N viewpoint images and other (N-1) 
viewpoint images, and the maximum display size enabling 
binocular fusion when the two viewpoint images are dis 
played on a stereoscopic display, and acquiring the N view 
point images and auxiliary information from the three-dimen 
sional image file, a second acquisition step of acquiring the 
display size of the Stereoscopic display as an output destina 
tion, a first determination step of comparing the acquired 
display size of the stereoscopic display with the (N-1) maxi 
mum display sizes to determine whether or not the display 
size of the stereoscopic display is greater than the (N-1) 
maximum display sizes, a selection step of selecting a set of 
two viewpoint images from a set or a plurality of sets of two 
viewpoint images corresponding to the maximum display 
size which is determined in the first determination step to be 
equal to or Smaller than the display size of the stereoscopic 
display from the (N-1) maximum display sizes, and an output 
step of outputting one viewpoint image from the N viewpoint 
images to the stereoscopic display if it is determined in the 
first determination step that the display size of the stereo 
scopic display is greater than the (N-1) maximum display 
sizes and outputting the two viewpoint images selected in the 
selection step to the stereoscopic display if it is determined in 
the first determination step that the display size of the stereo 
scopic display is equal to or Smaller than one maximum 
display size from the (N-1) maximum display size. 
0037. In order to attain the above-described object, a ste 
reoscopic image reproduction method according to a seventh 
aspect of the invention includes a first acquisition method of 
reading a three-dimensional image file having recorded 
therein N viewpoint images for stereoscopic vision of N (N: 
an integer equal to or greater than 3) viewpoints and auxiliary 
information corresponding to the N viewpoint images, the 
auxiliary information including the maximum amount of par 
allax on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a reference 
viewpoint set in advance from the N viewpoint images and 
other (N-1) viewpoint images and (N-1) maximum display 
sizes corresponding to the maximum amount of parallax on 
the distant view side, and the maximum display size enabling 
binocular fusion when the two viewpoint images are dis 
played on a stereoscopic display, and acquiring the N view 
point images and auxiliary information from the three-dimen 
sional image file, a second acquisition step of acquiring the 
display size of the Stereoscopic display as an output destina 
tion, a first determination step of comparing the acquired 
display size of the stereoscopic display with the (N-1) maxi 
mum display sizes to determine whether or not the display 
size of the stereoscopic display is greater than the (N-1) 
maximum display sizes, an extraction step of extracting a set 
or a plurality of sets of two viewpoint images from a plurality 
of (N-1) viewpoint images other than the viewpoint image of 
the reference viewpoint from the N viewpoint images, a cal 
culation step of calculating the maximum amount of parallax 
on the distant view side between a set or a plurality of sets of 
extracted two viewpoint images on the basis of the maximum 
amount of parallax on the distant view side stored corre 
sponding to the two viewpoint images, a second determina 
tion step of determining whether or not binocular fusion is 
enabled when two viewpoint images corresponding to the 
calculated maximum amount of parallax are displayed on the 
Stereoscopic display on the basis of the calculated maximum 
amount of parallax, the display size of the stereoscopic dis 
play, and a predetermined value representing an interocular 
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distance of a person, a selection step of selecting a set of two 
viewpoint images from a set or a plurality of sets of two 
viewpoint images corresponding to the maximum display 
size determined in the first determination step to be equal to or 
Smaller than the display size of the stereoscopic display from 
the (N-1) maximum display sizes and a set or a plurality of 
sets of two viewpoint images determined in the second deter 
mination step that binocular fusion is enabled, and an output 
step of outputting one viewpoint image from the N viewpoint 
images to the stereoscopic display if it is determined in the 
first determination step that the display size of the stereo 
scopic display is greater than the (N-1) maximum display 
sizes and it is determined in the second determination step 
that binocular fusion is disabled, and outputting the two view 
point images selected in the selection step to the stereoscopic 
display if it is determined in the first determination step that 
the display size of the stereoscopic display is equal to or 
Smaller than one maximum display size from the (N-1) maxi 
mum display sizes or if it is determined in the second deter 
mination step that binocular fusion is enabled. 
0038. In order to attain the above-described object, a ste 
reoscopic image reproduction method according to an eighth 
aspect of the invention includes a first acquisition step of 
reading a three-dimensional image file having recorded 
therein N viewpoint images for stereoscopic vision of N (N: 
an integer equal to or greater than 3) viewpoints and auxiliary 
information corresponding to the N viewpoint images, the 
auxiliary information including the maximum amount of par 
allax on a near side view and the maximum amount of paral 
lax on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a reference 
viewpoint set in advance from the N viewpoint images and 
other (N-1) viewpoint images, and acquiring the Nviewpoint 
images and auxiliary information from the three-dimensional 
image file, a second acquisition step of acquiring the display 
size of the stereoscopic display as an output destination, a first 
determination step of determining whether or not binocular 
fusion is enabled when the viewpoint image of the reference 
viewpoint and one viewpoint image from other (N-1) view 
point images are displayed on the stereoscopic display on the 
basis of the maximum amount of parallax on the distant view 
side recorded as the auxiliary information, the display size of 
the Stereoscopic display, and a predetermined value repre 
senting an interocular distance of a person, an extraction step 
of extracting a set or a plurality of sets of two viewpoint 
images from a plurality of (N-1) viewpoint images other than 
the viewpoint image of the reference viewpoint from the N 
viewpoint images, a calculation step of calculating the maxi 
mum amount of parallax on the distant view side between a 
set or a plurality of sets of extracted two viewpoint images on 
the basis of the maximum amount of parallax on the distant 
view side stored corresponding to the two viewpoint images, 
a second determination step of determining whether or not 
binocular fusion is enabled when two viewpoint images cor 
responding to the calculated maximum amount of parallax 
are displayed on the stereoscopic display on the basis of the 
calculated maximum amount of parallax, the display size of 
the Stereoscopic display, and a predetermined value repre 
senting an interocular distance of a person, a selection step of 
selecting a set of two viewpoint images from a set or a plu 
rality of sets of two viewpoint images determined in at least 
one of the first determination step and the second determina 
tion step that binocular fusion is enabled, and an output step 
of outputting one viewpoint image from the N viewpoint 
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images to the stereoscopic display if it is determined in the 
first determination step and the second determination step 
that binocular fusion is disabled and outputting the two view 
point images selected in the selection step to the stereoscopic 
display if it is determined in at least one of the first determi 
nation step and the second determination step determines that 
binocular fusion is enabled. 
0039. According to the invention, a stereoscopic image 
with an appropriate amount of parallax can be displayed on 
the basis of auxiliary information recorded in a three-dimen 
sional image file. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIG. 1 is a diagram showing a condition in which 
two viewpoint images are photographed. 
0041 FIG. 2 is a diagram schematically showing the data 
structure of a 3D image file. 
0042 FIG. 3 is a flowchart showing photographing and 
recording processing. 
0043 FIGS. 4A and 4B are diagrams showing an example 
of two viewpoint images. 
0044 FIG. 5 is a diagram showing a condition in which 
four viewpoint images are photographed. 
0045 FIG. 6 is a diagram schematically showing the data 
structure of a 3D image file. 
0046 FIGS. 7A to 7C are diagrams schematically show 
ing another form of the data structure of a 3D image file. 
0047 FIG. 8 is a diagram illustrating a virtual viewpoint. 
0048 FIGS. 9A and 9B are diagrams schematically show 
ing the data structure of a 3D image file. 
0049 FIG. 10 is a diagram illustrating the principle of 
parallax displacement. 
0050 FIGS. 11A and 11B are diagrams showing left and 
right viewpoint images and parallax displacement. 
0051 FIG. 12 is a flowchart showing photographing and 
recording processing. 
0052 FIG. 13 is a diagram schematically showing the data 
structure of a 3D image file. 
0053 FIG. 14 is a flowchart showing reproduction and 
display processing. 
0054 FIG. 15 is a flowchart showing reproduction and 
display processing. 
0055 FIG. 16 is a flowchart showing reproduction and 
display processing. 
0056 FIG. 17 is a flowchart showing reproduction and 
display processing. 
0057 FIGS. 18A and 18B are diagrams showing the over 
all structure of a stereoscopic image reproduction device and 
a 3D display. 
0058 FIG. 19 is a block diagram showing the internal 
configuration of a stereoscopic image reproduction device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0059. Hereinafter, preferred embodiments of the inven 
tion will be described with reference to the accompanying 
drawings. 

First Embodiment 

0060 A3D image file according to a first embodiment will 
be described. 
0061 FIG. 1 is a diagram showing a condition in which 
two viewpoint images are photographed from different view 
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points with respect to a subject 100 using image capturing 
part of two image capturing devices 101-2 and 101-3. FIG.2 
is a diagram schematically showing the data structure of a 3D 
image file in which two viewpoint images 201-2 and 201-3 
photographed by the image capturing part of the image cap 
turing devices 101-2 and 101-3 shown in FIG. 1 are recorded. 
0062. The 3D image file shown in FIG. 2 is an MP file 
based on an MP format, and a plurality of viewpoint images of 
the same Subjects are connected and collected in one file. In 
each of the connected viewpoint images, an SOI (Start of 
Image) marker is recorded at the top of data, and an EOI (End 
of Image) marker is recorded at the end of data. Accordingly, 
the read start position and end position of each image can be 
recognized. 
0063 Each piece of viewpoint image data has an image 
region and an auxiliary information region. In the auxiliary 
information region, in addition to Exif auxiliary information 
having photographing device information, information 
regarding a photographing mode, and the like, in this embodi 
ment, auxiliary information including a maximum display 
size (width and height, unit: mm) acquired during image 
recording, a visual distance (the distance between a viewer 
who observes a stereoscopic image and a display) (unit:mm) 
Supposed during image recording, a maximum amount of 
parallax (near view) (%), a maximum amount of parallax 
(distant view) (%), a convergence angle of a device photo 
graphing each viewpoint image, a base line length, an image 
capturing unit arrangement (viewpoint number), and the 
number of times of photographing when each viewpoint 
image is acquired is recorded. The auxiliary information is 
acquired using first acquisition part (first acquisition step). 
The first acquisition part reads a three-dimensional image file 
having recorded therein N viewpoint images for stereoscopic 
vision of N (N: an integer equal to or greater than 3) view 
points and auxiliary information corresponding to the N 
viewpoint images, the auxiliary information including (N-1) 
maximum display sizes corresponding to the maximum 
amount of parallax on a distant view side between two view 
point images of different combinations of a viewpoint image 
of a reference viewpoint set in advance from the N viewpoint 
images and other (N-1) viewpoint images, the maximum 
display size enabling binocular fusion when the two view 
point images are displayed on a stereoscopic display, and 
acquires the N viewpoint images and auxiliary information 
from the three-dimensional image file. 
0064 Photographing and recording processing for record 
ing such a 3D image file will be described with reference to 
the flowchart of FIG. 3. 
0065. First, a plurality of viewpoint images are acquired 
(Step S11). Here, as shown in FIG. 1, photographing is per 
formed using the two image capturing devices 101-2 and 
101-3 one by one with respect to the subject 100 to acquire the 
two viewpoint images 201-2 and 201-3. Note that the image 
capturing device 101-2 has a viewpoint number 2, and the 
image capturing device 101-3 has a viewpoint number 3. 
0.066 Next, a plurality of feature points are extracted from 
the two viewpoint images 201-2 and 201-3 using parallax 
amount calculation part (Step S12), and the amount of paral 
lax of each feature point is calculated (Step S13). Here, the 
amount of parallax indicates the difference in the distance 
from the left end of each viewpoint image of the correspond 
ing feature points between the viewpoint images, and the unit 
is pixel. The maximum amount of parallax on the distant view 
side and the maximum amount of parallax on the near view 
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side are acquired from the calculated amount of parallax of 
each feature point using maximum parallax amount acquisi 
tion part (Step S14). 
0067 FIGS. 4A and 4B are diagrams showing an example 
of two viewpoint images. FIG. 4A shows a left viewpoint 
image 201-2, and FIG. 4B shows a right viewpoint image 
201-3. 

0068. In the example of FIGS. 4A and 4B, the maximum 
amount of parallax on the near view side is 213N, and the 
feature point (the position of the maximum amount of paral 
lax (near view)) having this amount of parallax is 211N and 
212N. The maximum amount of parallax on the distant view 
side is 213F, and the feature point (the position of the maxi 
mum amount of parallax (distant view)) having this amount 
of parallax is 211F and 212F. That is, when stereoscopic 
vision of a stereoscopic image based on the two viewpoint 
images 201-2 and 201-3 is achieved, the position of the maxi 
mum amount of parallax (near view) is viewed most closely, 
and the position of the maximum amount of parallax (distant 
view) is viewed most distantly. 
0069. The ratios (%) of the maximum amount of parallax 
213N on the near view side and the maximum amount of 
parallax 213F on the distant view side with respect to the 
image width become a maximum amount of parallax (near 
view) (%) and a maximum amount of parallax (distant view) 
(%). 
0070 The maximum display size is acquired on the basis 
of the calculated maximum amount of parallax using the 
maximum display size acquisition part (Step S15). If the 
amount of parallax on the distant view side exceeds the 
interocular distance of a person, binocular fusion is disabled 
at the position of the image, and stereoscopic vision cannot be 
achieved. Accordingly, the maximum display size of which 
parallax does not exceed the interocular distance of the person 
is acquired from the ratio (%) of the maximum amount of 
parallax (distant view) with respect to the image width cal 
culated in Step S14. 
0071. For example, if it is assumed that the interocular 
distance of the person is 50 mm, and the ratio of the maximum 
amount of parallax (distant view) with respect to the image 
width is 10%, the maximum display width which is allowed 
for stereoscopic vision becomes 500 mm. That is, in the case 
of a display having a width equal to or smaller than 500 mm, 
display is performed such that the amount of parallax of the 
maximum parallax position (distant view) does not exceed 
the interocular distance 50mm, and as a result, the viewer can 
view stereoscopic vision. When a display having an aspect 
ratio of 16:9 is assumed, the maximum display height 
becomes 281.25 mm. 

0072 The interocular distance of the person may be deter 
mined appropriately for the intended viewer. For example, 
when only an adult is intended, the value of a wide width of 65 
mm or the like may be set. 
0073 For example, if it is assumed that the interocular 
distance of the person is 65 mm, and the ratio of the maximum 
amount of parallax (distant view) with respect to the image 
width is 15%, the maximum display width which is allowed 
for stereoscopic vision becomes about 433 mm. When a dis 
play having an aspect ratio of 16:9 is assumed, the maximum 
display height becomes about 244 mm. 
0074 Instead of calculation using the interocular distance 
of the person, a table in which the maximum display size 
corresponding to the maximum amount of parallax is 
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recorded may be prepared in advance, and the maximum 
display size may be acquired with reference to the table. 
(0075 Finally, as shown in FIG. 2, the two viewpoint 
images 201-2 and 201-3 and the auxiliary information are 
recorded as one 3D image file using recording part (Step 
S16). 
0076 That is, subsequent to the SOI marker for the view 
point image 201-2, the maximum display size acquired in 
Step S15, the Supposed visual distance, the maximum amount 
of parallax (near view) (%) and the maximum amount of 
parallax (distant view) (%) acquired in Step S14, the conver 
gence angle of the image capturing devices 101-2 and 101-3 
in Step S11, the base line length, the viewpoint number, and 
the number of times of photographing are recorded to be 
included in the auxiliary information. Thereafter, image 
information of the viewpoint image 201-2 and the EOI 
marker are recorded. 
(0077. The SOI marker, the auxiliary information, the 
image information, and the EOI marker of the viewpoint 
image 201-3 are recorded. In the auxiliary information region 
of the viewpoint image 201-3, only Exif auxiliary informa 
tion may be recorded. 
(0078. As described above, the 3D image file shown in FIG. 
2 can be recorded. 
(0079. The 3D image file recorded in this way is read by a 
reproduction device when being displayed on a 3D display. At 
this time, in the reproduction device, the maximum display 
size recorded in the auxiliary information of the 3D image file 
is compared with the display size of the 3D display for dis 
play, thereby easily determining whether or not stereoscopic 
vision is possible. Accordingly, when it is determined that 
Stereoscopic vision is possible, the recorded image may be 
displayed directly, and processing for adjusting the amount of 
parallax can be reduced depending on the screen size in the 
reproduction device. 
0080 When it is necessary to adjust the amount of parallax 
in the reproduction device, the amount of parallax can be 
appropriately adjusted using information regarding the Sup 
posed visual distance or the number of times of photograph 
ing recorded in the auxiliary information. 
I0081 Although in this embodiment, the maximum display 
size is determined on the basis of only the maximum amount 
of parallax on the distant view side, the maximum display size 
may be determined taking into consideration the maximum 
amount of parallax on the near view side. Taking into consid 
eration the maximum amount of parallax on the near view 
side, the maximum display size capable of appropriately 
achieving stereoscopic vision on the near view side as well as 
the distant view side can be determined. 

Second Embodiment 

I0082 Although in the first embodiment, an example 
where two viewpoint images are photographed from two 
viewpoints has been described, the number of viewpoints of a 
Stereoscopic image according to the invention is not limited to 
two, and multi-viewpoint images may be used. 
I0083 FIG. 5 is a diagram showing a condition in which 
four viewpoint images are photographed from different view 
points with respect to the Subject 100 using four image cap 
turing devices 101-1 to 101-4. It is assumed that the viewpoint 
numbers of the image capturing devices 101-1 to 101-4 are 1 
to 4 in order. 
I0084 FIG. 6 is a diagram schematically showing the data 
structure of a 3D image file in which four viewpoint images 
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photographed by the four image capturing devices 101-1 to 
101-4 are recorded. In the 3D image file, in addition to the 
four viewpoint images, an image for display obtained by 
reducing the size of each viewpoint image is recorded. As an 
image for display, a full HD image having resolution of 1920x 
1080 is used. 

0085. As shown in FIG. 6, these images are recorded in 
order of a viewpoint image (hereinafter, called a viewpoint 
image (1)) of a viewpoint number 1, an image (hereinafter, 
called a thumbnail image (1)) for display of the viewpoint 
number 1, a viewpoint image (hereinafter, called a viewpoint 
image (2)) of a viewpoint number 2, an image (hereinafter, 
called a thumbnail image (2)) for display of the viewpoint 
number 2, a viewpoint image (hereinafter, called a viewpoint 
image (3)) of a viewpoint number 3, an image (hereinafter, 
called a thumbnail image (3)) for display of the viewpoint 
number 3, a viewpoint image (hereinafter, called a viewpoint 
image (4)) of a viewpoint number 4, and an image (hereinaf 
ter, called a thumbnail image (4)) for display of the viewpoint 
number 4. 

I0086 First, the viewpoint image (1) photographed with 
the viewpoint number 1 as a reference viewpoint is recorded 
as a head image, and the recording region has an SOI marker, 
auxiliary information region, an image information region, 
and an EOI marker. 

0087. In the auxiliary information region, as in the first 
embodiment, in addition to Exif auxiliary information having 
photographing device information, information regarding a 
photographing mode, and the like, auxiliary information 
including a maximum display size, a Supposed visual dis 
tance, a maximum amount of parallax (near view), a maxi 
mum amount of parallax (distant view), a convergence angle 
of a device photographing each viewpoint image, a base line 
length, an image capturing unit arrangement (viewpoint num 
ber), the number of times of photographing when each view 
point image is acquired, and the like is recorded. 
0088. In regard to the maximum display size, the maxi 
mum amount of parallax, and the like, the values where the 
entire 3D image file is used are recorded. Specifically, the 
maximum amount of parallax calculated from a viewpoint 
image (in this case, the viewpoint image (4)) with the greatest 
amount of parallax on the basis of the viewpoint image (1) 
photographed with the reference viewpoint, and the maxi 
mum display size acquired from the maximum amount of 
parallax are recorded. In regard the convergence angle, the 
base line length, and the like, the convergence angle and the 
base line length to a device photographing the same view 
point image (in this case, the viewpoint image (4)) are 
recorded. 

0089. In the image information region, image information 
of the viewpoint image (1) is recorded, and the EOI marker is 
Subsequently recorded. 
0090 Subsequently to the viewpoint image (1), the 
thumbnail image (1) generated from the viewpoint image (1) 
is recorded, and as before, the recording region has an SOI 
marker, an auxiliary information region, an image informa 
tion region, and an EOI marker. In the auxiliary information 
region, normal Exif auxiliary information is recorded. 
0091 Subsequently to the thumbnail image (1), the view 
point image (2) is recorded. The recording region of the 
viewpoint image (2) also has an SOI marker, an auxiliary 
information region, an image information region, and an EOI 
marker. 
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0092. In the auxiliary information region, in addition to 
normal Exif auxiliary information, auxiliary information 
including a maximum display size calculated from the view 
point image (2) and the viewpoint image (1) photographed 
with the reference viewpoint, a Supposed visual distance, a 
maximum amount of parallax (near view), a maximum 
amount of parallax (distant view), a convergence angle of a 
device photographing two viewpoint images, a base line 
length, a viewpoint number, the number of times of photo 
graphing of two viewpoint images, and the like is included 
and recorded. 
0093 Subsequently to the viewpoint image (2), the 
thumbnail image (2) generated from the viewpoint image (2) 
is recorded, and thereafter, the viewpoint image (3) is 
recorded. 
0094. The recording region of the viewpoint image (3) 
also has an SOT marker, an auxiliary information region, an 
image information region, and an EOI marker. In the auxiliary 
information region, in addition to normal Exif auxiliary infor 
mation, the maximum display size calculated from the view 
point image (3) and the viewpoint image (1) photographed 
with the reference viewpoint, and the like are recorded in the 
same way. 
0.095 Hereinafter, in regard to the viewpoint image(4), the 
same is recorded. 
0096. In this way, when recording multi-viewpoint 
images, it is preferable that the maximum display size as 
auxiliary information of each viewpoint image in the relation 
with the head image is recorded. 
(0097. The 3D image file recorded in this way is read by the 
reproduction device when being displayed on the 3D display. 
At this time, in the reproduction device, the maximum display 
size of each viewpoint image recorded in the auxiliary infor 
mation of the 3D image file is compared with the display size 
of the 3D display for display, thereby appropriately and easily 
determining whether or not stereoscopic vision is possible. 
0098. The recording order of multi-viewpoint images is 
not limited to the order shown in FIG. 6. 
(0099 For example, as shown in FIG. 7A, the viewpoint 
image (1), the thumbnail image (1) to the thumbnail image 
(4), and the viewpoint image (2) to the viewpoint image (4) 
may be recorded in this order. If the thumbnail images for 
display are recorded earlier, image reading during file reading 
when display is performed can be quickened, and a required 
time until images are displayed on the 3D display can be 
reduced. Each viewpoint image is primarily used for printing, 
and since printing requires a predetermined time, even when 
viewpoint image is recorded in the second halfportion of the 
file, there is little adverse effect. 
0100. The recording order of the thumbnail images may be 
set such that recommended images when being displayed on 
the 3D display are recorded earlier. For example, if stereo 
scopic display using the thumbnail image (2) and the thumb 
nail image (3) is recommended, as shown in FIG. 7B, the 
thumbnail image (2) and the thumbnail image (3) may be 
recorded next to the viewpoint image (1) as the head image, 
and thereafter, the thumbnail image (1) and the thumbnail 
image (4) may be recorded. 
0101. When the amount of parallax of two images is small, 
even in a large display, display can be performed Such that 
Stereoscopic vision is possible. An image with a viewpoint 
close to the center is used appropriately for Stereoscopic 
vision. Accordingly, in Such a case, saying images in the 
viewpoint number 2 and the viewpoint number 3 are recom 
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mended, it is preferable the thumbnail image (2) and the 
thumbnail image (3) are recorded earlier. 
0102 Similarly, if stereoscopic display using the thumb 
nail image (1) and the thumbnail image (3) is recommended, 
as shown in FIG.7C, the thumbnail image (1) and the thumb 
nail image (3) may be recorded next to the viewpoint image 
(1) as the head image, and thereafter, the thumbnail image (2) 
and the thumbnail image (4) may be recorded. 
0103) When there are recommended images during stereo 
scopic display, the maximum display size, Supposed visual 
distance, and the maximum amount of parallax in the recom 
mended images may be recorded in the auxiliary information 
of the viewpoint image (1) as the head image. 

Third Embodiment 

0104 All multi-viewpoint images in the second embodi 
ment may not be images which are actually photographed, 
and may include virtual viewpoint images corresponding to 
virtual viewpoints. 
0105 For example, as shown in FIG. 8, two viewpoint 
images are photographed from different viewpoints (view 
point number 1 and viewpoint number 4) with respect to the 
subject 100 using two image capturing devices 101-1 and 
101-4. A viewpoint image 2 and a viewpoint image 3 of a 
viewpoint number 2 and a viewpoint number 3 with virtual 
viewpoints which are different from a viewpoint number 1 
and a viewpoint number 4 and not actually present may be 
generated. When generating virtual viewpoint images, there 
is a method of internally dividing each pixel of a plurality of 
photographed images, a method of generating virtual view 
point images using a parallax map generated from a plurality 
of photographed images and one photographed image, or the 
like, the method is not particularly limited. 
0106 FIG. 9A is a diagram schematically showing the 
data structure of a 3D image file in which the viewpoint 
images acquired in this way are recorded. In the example of 
FIG. 9A, two viewpoint images (1) and (4) actually photo 
graphed, thumbnail images (1) and (4) as images for display 
of the viewpoint images, and thumbnail image (2) and (3) as 
images for display of the virtual viewpoint images are 
recorded. 
0107 First, the viewpoint image (1) is recorded as a head 
image, then, the thumbnail image (2), the thumbnail image 
(3), the thumbnail image (1), and the thumbnail image (4) are 
recorded, and Subsequently, the viewpoint image (4) is 
recorded. Here, the thumbnail images may be recorded in a 
recommendation order, may be recorded in an arrangement 
order of viewpoints, or may be recorded in order from the 
centermost viewpoint. The thumbnail image (2) and the 
thumbnail image (3) may be generated from the thumbnail 
image (1) and the thumbnail image (4), or may be generated 
from the viewpoint image (1) and the viewpoint image (4). 
0108. As before, the recording region of each image has an 
SOI marker, an auxiliary information region, an image infor 
mation region, and an EOI marker. In the auxiliary informa 
tion region of the viewpoint image (1), in addition to a maxi 
mum display size, a Supposed visual distance, and a 
maximum amount of parallax, viewpoint information repre 
senting whether each viewpoint number is a viewpoint (actual 
viewpoint) with which photographing is actually performed 
or a virtual viewpoint is recorded. 
0109) Images for display may not be provided, and only 
viewpoint images for printing may be recorded. In the 
example shown in FIG.9B, two viewpoint images (1) and (4) 
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actually photographed and viewpoint images (2) and (3) 
which are virtual viewpoint images are recorded. 
0110. The recording order may be a recommendation 
order of printing or display. Specifically, the viewpoint image 
(2) is recorded as a head image, and Subsequently, the view 
point image (3), the viewpoint image (1), and the viewpoint 
image (4) are recorded. As before, the viewpoint images may 
be recorded in an order of viewpoints. 
0111. In this way, if virtual viewpoint images are gener 
ated and recorded, it should suffice that there are two images 
as actual viewpoint images, making it possible to simplify 
and lighten an image capturing optical system of an image 
capturing device. 

Fourth Embodiment 

0112. When being displayed on a display of a supposed 
size, if it is determined that the amount of parallax on the 
distant view side exceeds the interocular distance of the per 
son, recording may be performed after the amount of parallax 
of images is adjusted Such that Stereoscopic vision is possible 
even when the images are displayed on the display of this size. 
0113. In this embodiment, parallax displacement is per 
formed as the adjustment of the amount of parallax. 
0114 FIG. 10 is a diagram illustrating the principle of 
parallax displacement. FIG. 11A is a diagram showing a left 
viewpoint image, and FIG. 11B is a diagram showing a right 
viewpoint image. Here, it is assumed that the left eye of the 
viewer is at the coordinates (0.D), and the right eye of the 
viewer is at the coordinates (XD). In the left and right 
viewpoint images displayed on Z-0, the Subject displayed at 
the coordinates (X,0) of the left viewpoint image and the 
coordinates (X.0) of the right viewpoint image is viewed at 
the coordinates (X,Y). 
0.115. In this state, as shown in FIG. 11B, if the right 
viewpoint image is shifted by X-X" in the left direction, as 
shown in FIG. 10, the coordinates of the right viewpoint 
image of the Subject become (X'.0), and as a result, the 
subject is viewed at the coordinates (X,Y). 
0116. In this way, if parallax displacement is performed, 
the adjustment of the amount of parallax can be performed. 
Accordingly, if parallax displacement is performed when the 
amount of parallax on the distant view side exceeds the 
interocular distance of the person, the amount of parallax can 
fall within the interocular distance of the person, making it 
possible to appropriately perform stereoscopic vision. 
0117 FIG. 12 is a flowchart showing a photographing and 
recording principle for recording a 3D image file according to 
this embodiment. 
0118 First, a plurality of viewpoint images are acquired 
(Step S21). Here, it is assumed that two viewpoint images are 
photographed. Next, a plurality of feature points are extracted 
from each two viewpoint images (Step S22), and the amount 
of parallax of each feature point is calculated (Step S23). The 
maximum amount of parallax on the near view side and the 
maximum amount of parallax on the distant view side are 
acquired from the calculated amount of parallax of each fea 
ture point (Step S24). 
0119 Here, for a supposed display on which display is 
performed, the display width is acquired. The display width 
of the Supposed display may be determined in advance and 
stored, or when a 3D display is connected through an external 
connection terminal, such as an HDMI terminal, the size of 
the 3D display may be read through communication based on 
the connection. 
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0120 When the stereoscopic image is displayed on the 
display having this display width, it is determined whether or 
not the maximum parallax position on the distant view side 
can be stereoscopically viewed (Step S25). Specifically, the 
product of the display width and the maximum amount of 
parallax (%) on the distant view side is calculated, and it is 
determined whether or not the calculated product is equal to 
or greater than the interocular distance of the person, 50 mm. 
0121 When the calculated product is smaller than 50 mm, 
the two photographed viewpoint images are recorded directly 
(Step S27). For example, the viewpoint images may be 
recorded as the 3D image file having the data structure shown 
in FIG. 2, or the thumbnail images for display or virtual 
viewpoint images may be generated and recorded. 
0122) When the calculated product is equal to or greater 
than 50 mm, parallax displacement is performed such that the 
product becomes Smaller than 50 mm and the maximum 
parallax position on the distant view side can be stereoscopi 
cally viewed (Step S26). 
0123. As shown in FIGS. 11A and 11B, parallax displace 
ment may be performed by displacing the right viewpoint 
image in the left direction, or may be performed by displacing 
the left viewpoint image in the right direction. The left and 
right viewpoint images may be displaced in a direction in 
which the images are brought close to each other. 
0124. After the parallax displacement processing ends, 
recording is performed (Step S27). FIG. 13 is a diagram 
schematically showing the data structure of a 3D image file to 
be recorded. In the 3D image file, in addition to two photo 
graphed original images, images for display and thumbnail 
images obtained by reducing the size of the original images 
after parallax displacement are recorded. Here, the images for 
display are images of full HD size, and the thumbnail images 
are images of VGA size. The thumbnail images are used, for 
example, when being displayed for image search on a small 
liquid crystal display provided on the rear surface of the 
image capturing device. 
0.125. As shown in FIG. 13, these images are recorded in 
order of the image for display of the viewpoint number 1, the 
image for display of the viewpoint number 2, the thumbnail 
image of the viewpoint number 1, the thumbnail image of the 
viewpoint number 2, the original image of the viewpoint 
number 1, and the original image of the viewpoint number 2, 
and the recording region of each image has an SOI marker 
(not shown in the drawing), an auxiliary information region, 
an image information region, and an EOI marker (not shown 
in the drawing). 
0126 First, the image for display of the viewpoint number 
1 as the reference viewpoint is recorded as a head image, and 
in the auxiliary information region, the maximum amount of 
parallax is recorded. 
0127. The image for display of the viewpoint number 2 is 
next recorded, and this image is an image after parallax dis 
placement is performed. In the auxiliary information region 
of the image for display of the viewpoint number 2, informa 
tion indicating that the parallax displacement processing is 
completed and the shift amount (unit: pixel) are recorded. 
0128 Subsequently, the thumbnail image of the viewpoint 
number 1 is recorded, and in the auxiliary information region 
thereof, the maximum amount of parallax is recorded. 
0129. The thumbnail image of the viewpoint number 2 is 
further recorded. The thumbnail image may be an image after 
parallax displacement, or may be an image generated from 
the original image of the viewpoint number 2. 
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0.130. Thereafter, the original image of the viewpoint 
number 1 and the original image of the viewpoint number 2 
are recorded. In the auxiliary information region of the origi 
nal image of the viewpoint number 1, the maximum amount 
of parallax is recorded. 
I0131 With this 3D image file, when being displayed on a 
display of Supposed size, the maximum parallax position on 
the distant view side can be constantly stereoscopically 
viewed, and thus, the viewer can appropriately view stereo 
scopic vision. 
0.132. Since the thumbnail images of VGA size are also 
recorded, this is effective for display during image search. 
I0133. The supposed display size may be recorded in the 
auxiliary information region of the head image. If the Sup 
posed display size is recorded, in the reproduction device, the 
read Supposed display size is compared with the display size 
of the 3D display for display, thereby appropriately and easily 
determining whether or not stereoscopic vision is possible. 

Fifth Embodiment 

0.134. Next, processing for reading, reproducing, and dis 
playing the 3D image file recorded in this way will be 
described with reference to the flowchart of FIG. 14. 

I0135) It is assumed that the format of the 3D image file to 
be read in this embodiment is the same as the 3D image file 
shown in FIG. 6, and the maximum display size, the Supposed 
visual distance, and the maximum amount of parallax (distant 
view) recorded in the auxiliary information of each viewpoint 
image are as shown in Table 1. It is assumed that the view 
point position of each image and the viewpoint number has 
the relation shown in FIG. 5, and the reference viewpoint is 
the viewpoint number 1. 

TABLE 1 

Maximum 
Supposed Amount of 

Viewpoint Maximum Visual Parallax (Distant 
Number DSP Size Distance View) 

Viewpoint Image 1 SOO mm 2000 mm 10% 
(1) 
Viewpoint Image 2 1200 mm 4000 mm 4% 
(2) 
Viewpoint Image 3 700 mm 2500 mm 79% 
(3) 
Viewpoint Image 4 SOO mm 2000 mm 10% 
(4) 

0.136. Initially, the size (lateral width) of a display on 
which a 3D image is now displayed is acquired using second 
acquisition part (Step S31: Second acquisition step). Here, it 
is assumed that the acquired lateral width of the display is 600 
mm. The 3D image file shown in FIG. 6 is read (Step S32). 
0.137 Next, the maximum display size is acquired in an 
order of the viewpoint numbers from the read 3D image file 
(Step S33). In the example shown in Table 1, first, the maxi 
mum display size of the viewpoint image (1) as the viewpoint 
number 1, 500 mm, is acquired. 
0.138 Next, it is determined using first determination part 
whether or not the acquired maximum display size is equal to 
or greater than the display size acquired in Step S31 (Step 
S34: first determination step). Here, while the maximum dis 
play size is 500 mm, the display size is 600 mm, and thus the 
process progresses to Step S36. 
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0.139. In Step S36, it is determined whether or not the 
acquisition of the maximum display size ends for all images. 
0140 Here, since the acquisition of the maximum display 
size does not end for all images, the process returns to Step 
S33. 
0141. In Step S33, the viewpoint number is incremented 
by 1, and then, the maximum display size of the viewpoint 
image (2) as the viewpoint number 2, 1200 mm, is acquired. 
0142 Next, the process progresses to Step S34, and it is 
determined whether or not the acquired maximum display 
size is equal to or greater than the display size. This time, 
since the maximum display size is 1200 mm and equal to or 
greater than the display size of 600 mm, the process 
progresses to Step S35. In Step S35, the current viewpoint 
number is acquired. Here, the viewpoint number 2 is 
acquired. 
0143. In this way, the processing from Step S33 to Step 
S35 is repeated for all images. With this processing, only 
viewpoint numbers of images in which the maximum display 
size is equal to or greater than the display size are acquired. 
Here, the viewpoint number 2 and the viewpoint number 3 are 
acquired. 
0144. Next, a display image is selected from the images of 
the acquired viewpoint numbers acquired in Step S35 using 
selection part (Step S37). Here, the viewpoint image (1) as the 
image of the reference viewpoint and one of the image (view 
point image (2)) of the viewpoint number 2 and the image 
(viewpoint image (3)) of the viewpoint number 3 are selected 
(selection step). 
0145 As a reference for selection, an image with the great 
estamount of parallax, an image with the Smallest amount of 
parallax, an image close to the center viewpoint, or the like is 
considered. An actual viewpoint image actually photo 
graphed may be preferentially selected over an image of a 
virtual viewpoint. This reference may be determined in 
advance, or may be freely set by the viewer. Here, it is 
assumed that an image with the greatest amount of parallax is 
selected, and as a result, the viewpoint image (1) and the 
viewpoint image (3) are selected. 
0146 The image selected in Step S37 is 3D-displayed on 
the 3D display through output part (Step S38: output step). 
That is, here, 3D display is performed on the basis of the 
viewpoint image (1) and the viewpoint image (3). At this time, 
3D display may be performed using the thumbnail images for 
display of the viewpoint images. When no viewpoint number 
is acquired in Step S35, that is, when the maximum display 
size of all images is Smaller than the display size, 2D display 
is performed. The reference for selection of images to be 
2D-displayed may be appropriately determined. 
0147 In this way, the maximum display size recorded as 
the auxiliary information of each viewpoint image obtained 
by the first acquisition part (step) is read and compared with 
the display size of which display is actually performed, and an 
image whose maximum display size is great is selected and 
displayed, making it possible to constantly display an appro 
priate 3D image. 
0148 Such processing may be performed on the basis of 
the maximum amount of parallax recorded in the auxiliary 
information of each viewpoint image of the 3D image file and 
obtained by calculation part (step). Alternatively, a set or a 
plurality of sets of two viewpoint images are extracted from a 
plurality of (N-1) viewpoint images other than the viewpoint 
image of the reference viewpoint from the N viewpoint 
images using extraction part, and the maximum amount of 
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parallax on the distant view side between a set or a plurality of 
sets of two viewpoint images extracted using the calculation 
part may be calculated on the basis of the maximum amount 
of parallax on the distant view side stored corresponding to 
the two viewpoint images. 
014.9 FIG. 15 is a flowchart when images to be reproduced 
and displayed are selected on the basis of the maximum 
amount of parallax. The portions common to the flowchart 
shown in FIG. 14 are represented by the same reference 
numerals, and detailed description thereof will not be 
repeated. It is assumed that the maximum display size may 
not be recorded in the auxiliary information of each viewpoint 
image of the 3D image file to be read, and other kinds of 
auxiliary information are the same as the file shown in Table 
1. Similarly, it is assumed that the lateral width of the display 
is 600 mm. 

0150. As in the case of FIG. 14, the size of the display is 
acquired (Step S31), and the 3D image file is read (Step S32). 
Next, two (a set of) viewpoint images are selected from the 
read 3D image file (Step S41). Finally, since the combinations 
of all images are selected, the selection order may be appro 
priately determined. Here, it is assumed that the viewpoint 
image (1) and the viewpoint image (2) are first selected. 
0151. The maximum amount of parallax (distant view) of 
the two selected images is acquired (Step S42). The maxi 
mum amount of parallax (distant view) recorded in the aux 
iliary information of each viewpoint image is the maximum 
amount of parallax to the reference viewpoint image. Accord 
ingly, when the reference viewpoint image is not included in 
the two selected images, it is necessary to recalculate the 
maximum amount of parallax. 
0152 Here, since one of the two selected images is the 
viewpoint image (1) of the reference viewpoint, the maxi 
mum amount of parallax (distant view) recorded in the aux 
iliary information of the viewpoint image (2) becomes the 
maximum amount of parallax (distant view) of the two 
images. 
0153. Next, it is determined whether or not the product of 
the width of the display acquired in Step S31 and the maxi 
mum amount of parallax (distant view) of the two images 
acquired in Step S42 is equal to or Smaller than the interocular 
distance of the person, 50 mm (Step S43). The interocular 
distance of the person is not limited to 50 mm, and a numeri 
cal value of, for example, 65 mm or the like may be used. 
0154 When the product is greater than 50 mm, since the 
maximum parallax position on the distant view side cannot be 
appropriately stereoscopically viewed, it is determined that 
the combination of the two viewpoint images is not appropri 
ate for Stereoscopic vision, and the process progresses to Step 
S45. 

0.155. Here, the maximum amount of parallax (distant 
view) is 4%, and the product of the maximum amount of 
parallax and the display width of 600 mm becomes 24 mm. 
Accordingly, the condition that the product is equal to or 
Smaller than 50 mm is satisfied, and the process progresses to 
Step S44. In Step S44, the viewpoint numbers of these two 
images are acquired. That is, here, the combination of the 
viewpoint numbers 1 and 2 is acquired. 
0156. In Step S45, it is determined whether or not the 
acquisition of the maximum amount of parallax ends for all 
combinations. Here, since the acquisition of the maximum 
amount of parallax does not end for all combinations, the 
process returns to Step S41. 
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0157 Next, in Step S41, another two (a set of) viewpoint 
images are selected. Here, it is assumed that the two view 
point images of the viewpoint image (2) and the viewpoint 
image (3) are selected. 
0158. In Step S42, the maximum amount of parallax (dis 
tant view) of the two images is acquired. As described above, 
since the maximum amount of parallax (distant view) 
recorded in the auxiliary information of each of the viewpoint 
image (2) and the viewpoint image (3) is the maximum 
amount of parallax to the viewpoint image (1) as the reference 
viewpoint image, it is necessary to recalculate the maximum 
amount of parallax of the two images of the viewpoint image 
(2) and the viewpoint image (3). 
0159. The maximum amount of parallax of the two images 

is calculated using the difference in the maximum amount of 
parallax (distant view) recorded in the auxiliary information. 
Accordingly, here, 7%-4%-3% becomes the maximum 
amount of parallax (distant view) of the two images. 
(0160. In Step S43, it is determined whether or not the 
product of the calculated maximum amount of parallax (dis 
tant view) of the two images and the width of the display is 
equal to or smaller than 50 mm. 
0161 Here, the maximum amount of parallax (distant 
view) is 3%, and the product of the maximum amount of 
parallax and the display width of 600 mm becomes 18 mm. 
Accordingly, the condition that the product is equal to or 
Smaller than 50 mm is satisfied, and the process progresses to 
Step S44. In Step S44, the viewpoint numbers of the two 
images, that is, the combination of the viewpoint numbers 2 
and 3 is acquired. 
0162. In this way, the processing from Step S42 to Step 
S44 is repeated for the combinations of all images. With this 
processing, only the viewpoint numbers of the combinations 
of the images in which the product of the maximum amount of 
parallax (distant view) and the display size is equal to or 
smaller than 50 mm are acquired. Here, the combinations of 
the viewpoint numbers 1 and 2, 2 and 3, 2 and 4, and 3 and 4 
are acquired. 
0163 Next, display images are selected from the combi 
nations of the viewpoint numbers acquired in Step S44 (Step 
S37). 
0164. As the reference for selection, as described above, a 
combination with the greatest amount of parallax, a combi 
nation with the Smallest amount of parallax, a combination 
including an image close to the center viewpoint, a combina 
tion in which an actual viewpoint image is given preference, 
or the like is considered. This reference may be determined in 
advance or may be freely set by the viewer. Here, it is assumed 
that the combination of the viewpoint number 2 and the 
viewpoint number 3 as the combination with the smallest 
amount of parallax, that is, the viewpoint image (2) and the 
viewpoint image (3) are selected. 
(0165 Finally, the images selected in Step S37 are 3D-dis 
played on the 3D display (Step S38). That is, hear, 3D display 
is performed on the basis of the viewpoint image (2) and the 
viewpoint image (3). 3D display may be performed using the 
thumbnail images for display of the viewpoint images. When 
no viewpoint number is acquired in Step S35, that is, when the 
condition in Step S43 is not satisfied for all combinations, 2D 
display is performed. The reference for selection of images 
which are 2D-displayed may be appropriately determined. 
0166 In this way, the maximum amount of parallax (dis 
tant view) recorded as the auxiliary information of each view 
point image is read, the product of the maximum amount of 
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parallax and the display size of which display is actually 
performed is calculated, and a combination of images in 
which the product is smaller than the interocular distance of 
the person is selected and displayed, making it possible to 
constantly display an appropriate 3D image. 

Sixth Embodiment 

0.167 As described in the fifth embodiment, when select 
ing display images on the basis of the maximum display size 
recorded in the auxiliary information of each viewpoint 
image, only a combination including the reference viewpoint 
image can be selected. Meanwhile, when selecting display 
images on the basis of the maximum amount of parallax 
(distant view) recorded in the auxiliary information of each 
viewpoint image, the determination for the combinations of 
all images is possible; however, the processing becomes com 
plicated. 
0168 Accordingly, in this embodiment, when both the 
maximum display size and the maximum amount of parallax 
(distant view) are recorded in the auxiliary information, dis 
play images are selected using both of information. 
0169 FIG. 16 is a flowchart showing a case where display 
images are selected on the basis of the maximum display size 
and the maximum amount of parallax (distant view). The 
portions common to the flowcharts shown in FIGS. 14 and 15 
are represented by the reference numerals, and detailed 
description thereof will not be repeated. 
(0170. As shown in FIG.16, first, as in the case of FIG. 14, 
images which can be 3D-displayed are selected on the basis of 
the maximum display size (Steps S33 to S35). 
0171 Thereafter, as in the case of FIG. 15, images which 
can be 3D-displayed are selected on the basis of the maximum 
amount of parallax (distant view) (Steps S41 to S44). At this 
time, it is not necessary to perform processing for the com 
binations including the reference viewpoint image. 
0172 Finally, display images are selected from the com 
binations including the reference viewpoint image acquired 
in Step S35 and a plurality of combinations of two images 
acquired in Step S44 (Step S37). The reference for selection 
may be appropriately determined in the same manner as 
before. 

0173 As described above, if images to be displayed are 
selected on the basis of the maximum display size and the 
maximum amount of parallax (distant view), the processing 
time can be reduced, and 3D display can be performed using 
appropriate images selected from all combinations. 
0.174 Although images to be displayed are selected on the 
basis of only the maximum amount of parallax on the distant 
view side, images to be displayed may be determined taking 
into consideration the maximum amount of parallax on the 
near view side. Taking into consideration the maximum 
amount of parallax on the near view side, a combination of 
images which can be appropriately stereoscopically viewed 
can be determined on the near view side as well as the distant 
view side. 

0.175 For example, a combination having the amount of 
parallax on the near view side is equal to or Smaller than a 
predetermined value from a plurality of combinations of two 
images acquired in Step S44 may be selected. This is because, 
if the amount of parallax on the near view side increases, the 
viewer feels fatigued in Stereoscopic vision, and thus the 
value equal to or smaller than 50 mm or the like is preferably 
used. 
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0176 When the maximum amount of parallax on the near 
view side is recorded in the 3D image file, the value can be 
used. As described with reference to FIGS. 4A and 4B, the 
feature points may be extracted from each viewpoint image, 
and the position of the maximum amount of parallax on the 
near view side may be calculated. 

Seventh Embodiment 

0177 FIG. 17 is a flowchart showing image reproduction 
processing of a seventh embodiment. 
0.178 Here, it is assumed that a 3D image file to be read is 
the same as the file shown in Table 1. It is also assumed that 
the lateral width of the display is 1300 mm. 
0179. Initially, the display size of which 3D display is now 
performed is acquired (Step S51). For example, the display 
size is acquired from a display connected by an HDMI cable. 
0180. Next, a 3D image file is read (Step S52), and the 
value of a reference viewpoint number tag is read from the 
auxiliary information of the read 3D image file (Step S53). In 
this embodiment, the reference viewpoint number 1 is read. 
0181. Next, the image of the reference viewpoint number 
1, that is, the maximum display size is acquired from the 
auxiliary information of the viewpoint image (1) (Step S54). 
As described above, the recorded value is the maximum dis 
play size in the combination of viewpoints having the maxi 
mum amount of parallax combination with the viewpoint 
image (1), specifically, the maximum display size in the com 
bination with the viewpoint image (4). 
0182. The maximum display size is compared with the 
display size acquired in Step S51 (Step S55). When the maxi 
mum display size is greater than the display size (Yes), since 
there is no problem even when the viewpoint image (1) and 
the viewpoint image (4) are 3D-displayed directly, the two 
images are 3D-displayed on the 3D display (Step S56), and 
the process ends. 
0183. When the comparison result in Step S55 is No, the 
process progresses to Step S57. 
0184. In Step S57, the viewpoint numbers of all view 
points in the read 3D image file are acquired. The value of the 
maximum amount of parallax of each image is acquired from 
the auxiliary information of each viewpoint image (Step 
S58). As shown in Table 1, the maximum amount of parallax 
of 4% is acquired from the viewpoint image (2), the maxi 
mum amount of parallax of 7% is acquired from the view 
point image (3), and the maximum amount of parallax of 10% 
is acquired from the viewpoint image (4). 
0185. Next, the allowable amount of parallax in the dis 
play which performs 3D display is calculated (Step S59). The 
allowable amount of parallax is calculated by Expression 1. 
The display size indicates the lateral width of the display. 
Here, although the interocular distance of the person is 50 
mm, other numerical values may be used. 

Allowable amount of parallax %=50mm-display 
sizemmx100 (Expression 1) 

0186. In this embodiment, since the display size is 1300 
mm, the allowable amount of parallax becomes about 3.85%. 
0187 Next, the arrangement of the reference viewpoint is 
confirmed (Step S60). When the reference viewpoint is not 
near the center from all viewpoints, the position of the view 
point near the center is set as a new reference viewpoint (Step 
S61), and the maximum amount of parallax of the viewpoint 
image with respect to the new reference viewpoint is calcu 
lated (Step S62). 

Feb. 21, 2013 

0188 In this embodiment, since the viewpoint numbers 
are shown in FIG. 5, the viewpoint number 1 as the reference 
viewpoint is not near the center. Accordingly, the viewpoint 
number 2 which is a viewpoint near the center is set as the new 
reference viewpoint. 
0189 The maximum amount of parallax of each view 
point image with respect to the viewpoint number 2 as the new 
reference viewpoint is calculated. In the example of the 3D 
image file of Table 1, the absolute value of the difference 
between the maximum amount of parallax described in the 
auxiliary information of each viewpoint image and the maxi 
mum amount of parallax described in the auxiliary informa 
tion of the viewpoint image (2) becomes the maximum 
amount of parallax at the new reference viewpoint. Accord 
ingly, the maximum amount of parallax of each viewpoint 
image is as described below. 

maximum amount of parallax of viewpoint image 
(1)=10%-14% 

maximum amount of parallax of viewpoint image 
(2)=|4%-4%|=0% 

maximum amount of parallax of viewpoint image 
(3)=|7%-4%|=3% 

maximum amount of parallax of viewpoint image 
(4)=|10%-4%|=6% 

0190. The reason for performing such processing is that a 
viewpoint image arranged to be closer to the center is more 
suitable for 3D display. 
0191) When the processing of Step S62 ends or when it is 
determined in Step S60 that the reference viewpoint is near 
the center from all viewpoints, a viewpoint having the maxi 
mum value from the maximum amount of parallax equal to or 
smaller than the allowable amount of parallax is selected 
(Step S63). In this embodiment, since the allowable amount 
of parallax is equal to or smaller than 3.85%, the viewpoint 
satisfying the condition becomes the viewpoint number 3. 
0.192 In this way, when the viewpoint satisfying the con 
dition can be selected (Step S64), 3D display is performed 
using the reference viewpoint image and the selected image 
(Step S65). If the viewpoint cannot be selected (Step S64), 
and 2D display is performed (Step S66). 
0193 For example, if the acquired display size is 1700 
mm, the allowable amount of parallax becomes 2.94%, and a 
viewpoint having the maximum value from the maximum 
amount of parallax equal to or Smaller than the allowable 
amount of parallax cannot be selected. In this case, 2D display 
is performed. 
0194 In this way, since viewpoint images are selected on 
the basis of the allowable amount of parallax, viewpoint 
images appropriate for stereoscopic vision can be appropri 
ately selected. 
0.195. When a viewpoint image cannot be selected, instead 
of performing 2D display, 3D display may be performed after 
parallax displacement or parallax compression is performed 
to adjust the amount of parallax to an appropriate amount of 
parallax. 
0196. Appearance of Stereoscopic Image Capturing 
Device 
0.197 Next, a device for realizing the above-described 
embodiment will be described. 
(0198 FIGS. 18A and 18B are diagrams showing the 
appearance of a stereoscopic image capturing device accord 
ing to the invention. FIG. 18A is a perspective view when a 
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Stereoscopic image capturing device is viewed from the front 
side, and FIG. 18B is a rear view. 
0199 A stereoscopic image capturing device (fly-eye 
camera) 10 is a digital camera in which 2D/3D still images 
and 2D/3D motion images can be recorded. As shown in 
FIGS. 18A and 18B, a shutterbutton 11 and a Zoom button 12 
are provided on the top surface of a thin rectangular parallel 
epiped cam era body. 
0200. A lens barrier 13 substantially having the same 
width as the width of the camera body in the left-right direc 
tion is provided on the front surface of the camera body to 
freely move in the up-down direction. The lens barrier 13 is 
moved in the up-down direction between a position indicated 
by a two-dot-chain line and a position indicated by a solid line 
to simultaneously open/close the front Surfaces of a pair of 
left and right photographing optical systems 14-1 and 14-2. 
As the photographing optical systems 14-1 and 14-2, Zoom 
lenses of bent optical systems are used. A camera power 
Supply can be turned on/offin conjunction with the opening/ 
closing operation of the lens front surface by the lens barrier 
13. 

0201 As shown in FIG. 18B, a liquid crystal monitor 16 
for 3D is provided in the center portion on the rear surface of 
the camera body. The liquid crystal monitor 16 can display a 
plurality of parallax images (right viewpoint image and left 
viewpoint image) as directional images having predeter 
mined directivity by a parallax barrier. As the liquid crystal 
monitor 16 for 3D, a liquid crystal monitor using a lenticular 
lens, a liquid crystal monitorin which a right viewpoint image 
and a left viewpoint image can be individually viewed using 
dedicated glasses, such as polarization glasses or liquid crys 
tal shutter glasses, or the like may be applied. 
0202 Various operating switches are provided on the left 
and right sides of the liquid crystal monitor 16. An operating 
switch 18A is a selector switch for switching between still 
image photographing and motion image photographing, an 
operating switch 18B is a parallax adjustment switch for 
adjusting the amount of parallax of a right viewpoint image 
and a left viewpoint image, and an operating Switch 18C is a 
selector switch for switching between 2D imaging and 3D 
imaging. An operating Switch 18D is a seesaw key serving as 
a MENU/OK button and a play button, an operating switch 
18E is a multi-function cross key, and an operating key 18F is 
a DISP/BACK key. 
0203 The MENU/OK button is an operating switch which 
has a function as a menu button for giving an instruction to 
display a menu on the screen of the liquid crystal monitor 16 
and a function as an OK button for instructing the confirma 
tion and execution of a selected content, or the like. The play 
button is a button which is used for switching from a photo 
graphing mode to a reproduction mode. The cross key is an 
operating Switch which inputs instructions in four directions 
of up, down, left, and right, and a macro button, a flashbutton, 
a self-timer button, and the like are assigned. When the menu 
is selected, the cross key functions as a Switch (cursor move 
ment operating part) for Switching an item from the menu 
screen or for instructing the selection of various setting items 
from each menu. The left/right key of the cross key functions 
as a frame-by-frame playback (forward/reverse playback) 
button in the reproduction mode. The DISP/BACK key is 
used to switch the display form of the liquid crystal monitor 
16, to cancel an instruction content on the menu screen, to 
return an operation state to a previous operation state, or the 
like. 
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0204. In FIG. 18A, reference numeral 15 denotes a stereo 
microphone. 
0205 Internal Configuration of Stereoscopic Image Cap 
turing Device 
0206 FIG. 19 is a block diagram showing the internal 
configuration of the stereoscopic image capturing device 10. 
0207 As shown in FIG. 19, the stereoscopic image cap 
turing device 10 primarily has a plurality of image capturing 
units 20-1 and 20-2, a central processing unit (CPU) 32, an 
operating unit 34 including the shutterbutton 11 and the Zoom 
button 12 described above and various operating Switches, a 
display control unit 36, a liquid crystal monitor 16, a record 
ing control unit 38, a compression/expansion processing unit 
42, a digital signal processing unit 44, an AE (Automatic 
Exposure) detection unit 46, an AF (Auto Focus) detection 
unit 48, an AWB (Automatic White Balance) detection unit 
50, a VRAM 52, a RAM 54, a ROM 56, an EEPROM 58, and 
the like. Although the image capturing units 20-1 and 20-2 
capture two parallax images of an image for a left eye and an 
image for a right eye having parallax, three or more image 
capturing units 20 may be provided. 
0208. The image capturing unit 20-1 which captures the 
image for the left eye includes a prism (not shown), a photo 
graphing optical system 14-1 (FIGS. 18A and 18B) having a 
focus lens/Zoom lens 21, optical units having an aperture 
diaphragm 22 and a mechanical shutter 23, a solid-state 
image capturing element (CCD) 24, an analog signal process 
ing unit 25, an A/D converter 26, an image input controller 27, 
a lens driving unit 28, an aperture diaphragm driving unit 29, 
and a shutter control unit 30 for driving the optical units, and 
a CCD control unit 31 for controlling the CCD 24. The image 
capturing unit 20-2 which captures the image for the right eye 
has the same configuration as the image capturing unit 20-1 
which captures the image for the left eye, thus description of 
a specific configuration will be omitted. 
(0209. The CPU 32 performs overall control of the opera 
tion of the entire camera in accordance with a predetermined 
control program on the basis of an input from the operating 
unit 34. The calculation of the maximum display size, paral 
lax displacement, the generation of the virtual viewpoint 
image, and the like are performed by the CPU 32. 
0210. The ROM 56 stores a control program executed by 
the CPU 32 and various kinds of data necessary for control, 
and the EEPROM 58 Stores various kinds of information 
representing the adjustment result of adjustment before prod 
uct shipment, for example, defective pixel information of the 
CCD 24, correction parameters which are used for image 
processing, a correspondence table of the maximum amount 
of parallax and the maximum display size, and the like. 
0211. The VRAM 52 is a memory which temporarily 
stores image data for display on the liquid crystal monitor 16, 
and the RAM 54 includes a computational work area of the 
CPU 32 and a temporary storage area of image data. 
0212. The focus lens/Zoom lens 21 included in the photo 
graphing optical system is driven by the lens driving unit 28 
and moves back and forth along the optical axis. The CPU 32 
controls the driving of the lens driving unit 28 to control the 
position of the focus lens and to perform focus adjustment 
Such that the Subject comes into focus, and controls the Zoom 
position of the Zoom lens in accordance with a Zoom instruc 
tion from the Zoom button 12 of the operating unit 34 to 
change a Zoom magnification. 
0213. Theaperture diaphragm 22 has, for example, an iris 
diaphragm, and is driven and operated by the aperture dia 
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phragm driving unit 29. The CPU 32 controls the amount 
(aperture value) of opening of the aperture diaphragm 22 
through the aperture diaphragm driving unit 29, and controls 
the amount of incident light on the CCD 24. 
0214. The mechanical shutter 23 opens/closes the optical 
path to determine the exposure time in the CCD 24, and 
prevents unwanted light from being incident on the CCD 24 
when reading an image signal from the CCD 24, thereby 
preventing the occurrence of smear. The CPU 32 outputs a 
shutter closing signal synchronized with the exposure end 
time corresponding to a shutter speed to the shutter control 
unit 30, and controls the mechanical shutter 23. 
0215. The CCD 24 has a two-dimensional color CCD 
Solid-state image capturing element. Multiple photodiodes 
are two-dimensionally arranged on the light-receiving Sur 
face of the CCD 24, and color filters are disposed in each 
photodiode with a predetermined arrangement. 
0216. The optical image of the subject focused on the 
CCD light-receiving Surface through the optical units having 
the above-described configuration is converted to a signal 
charge according to the amount of incident light by the pho 
todiodes. The signal charges accumulated in each photodiode 
are sequentially read from the CCD 24 as a Voltage signal 
(image signal) according to the signal charges in accordance 
with an instruction of the CPU 32 on the basis of a driving 
pulse from the CCD control unit 31. The CCD 24 has an 
electronic shutter function, and controls a charge accumula 
tion time into the photodiode to control the exposure time 
(shutter speed). The charge accumulation start time corre 
sponding to the shutter speed is controlled by the electronic 
shutter, and the mechanical shutter 23 is closed to control the 
exposure end time (charge accumulation end time). Although 
in this embodiment, the CCD24 is used as an image capturing 
element, an image capturing element having a different con 
figuration, such as a CMOS sensor, may be used. 
0217 R,G, and Banalog signals read from the CCD24 are 
subjected to double-correlated sampling (CDS) or amplifica 
tion by the analog signal processing unit 25, and converted to 
R, G, and B digital signals by the A/D converter 26. 
0218. The image input controller 27 has an internal line 
buffer of a predetermined capacity, temporarily accumulates 
R, G, and B image signals (CCD RAW data) A/D converted 
by the A/D converter 26, and stores the R, G, and B image 
signals in the RAM 54 through a bus 60. 
0219. In a 3D image capturing mode, the CPU 32 controls 
the image capturing unit 20-2 which captures the right view 
point image in the same manner as the image capturing unit 
20-1 which captures the left viewpoint image. 
0220. The AE detection unit 46 calculates subject lumi 
nance necessary for AE control on the basis of the image 
signals introduced when the shutter button 11 is half-pressed, 
and outputs a signal representing Subject luminance (photo 
graphing EV value) to the CPU 32. The CPU 32 sets the 
shutter speed (exposure time), the aperture value, and photo 
graphing sensitivity in a plurality of image capturing units 
20-1 and 20-2 in accordance with a predetermined program 
diagram on the basis of the input photographing EV value. 
0221) The AF detection unit 48 integrates the absolute 
value of a high-frequency component of an image signal of an 
AF area introduced when the shutter button 11 is half 
pressed, and outputs the integrated value (AF evaluation 
value) to the CPU32. The CPU 32 moves the focus lens from 
a close range side to an infinite side, searches for a focusing 
position where the AF evaluation value detected by the AF 
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detection unit 48 is maximal, and moves the focus lens to the 
focusing position, thereby performing focus adjustment on 
the Subject (main Subject). During motion image photograph 
ing, so-called mountain-climbing control is performed to 
move the focus lens such that the AF evaluation value con 
stantly has the maximum value. 
0222. The AWB detection unit 50 automatically obtains a 
light source type (color temperature of field) on the basis of 
the R, G, and B image signals acquired during this image 
capturing, and reads a corresponding white balance gain from 
a table which stores R, G, and B white balance gains (white 
balance correction values) according to the light source type 
in advance. 
0223 The digital signal processing unit 44 includes a 
white balance correction circuit, a gradation conversion pro 
cessing circuit (for example, a gamma correction circuit), a 
synchronization circuit which interpolates spatial deviations 
of color signals of R, G, B, and the like depending on the color 
filter arrangement of a single-plate CCD to position the color 
signals, a contour correction circuit, a luminance/color dif 
ference signal generation circuit, and the like, and performs 
image processing on the R, G, and B image signals (CCD 
RAW data) stored in the RAM 54. That is, R, G, and B CCD 
RAW data are subjected to white balance correction by mul 
tiplying the white balance gains detected by the AWB detec 
tion unit 50 in the digital signal processing unit 44, then 
Subjected to the predetermined processing, such as gradation 
conversion processing (for example, gamma correction), and 
converted to YC signals having a luminance signal (Y signal) 
and a color-difference signal (Cr and Cb signals). The YC 
signals processed by the digital signal processing unit 44 are 
Stored in the RAM 54. 
0224. The digital signal processing unit 44 also includes a 
distortion correction circuit which corrects lens distortion of 
the photographing optical systems of a plurality of image 
capturing units 20-1 and 20-2, and an image clipping circuit 
which clips images of predetermined clipping areas from the 
left and right viewpoint images to correct optical axis devia 
tions of the photographing optical systems of a plurality of 
image capturing units 20-1 and 20-2. 
0225. The compression/expansion processing unit 42 
compresses the YC signals stored in the RAM 54 in accor 
dance with an instruction from the CPU 32 during recording 
in a memory card 40, or expands compressed data recorded in 
the memory card 40 to obtain the YC signals. 
0226. The recording control unit 38 converts compressed 
data compressed by the compression/expansion processing 
unit 42 to an image file of a predetermined format (for 
example, a 3D still image becomes an MP file, and a 3D 
motion image becomes a motion image file of motion JPEG, 
H.264, MPEG4, or MPEG4-MVC), records the image file in 
the memory card 40, or reads an image file from the memory 
card 40. 
0227. The recording control unit 38 records the maximum 
display size, the Supposed visual distance, the maximum 
amount of parallax (near view) (%), the maximum amount of 
parallax (distant view) (%), and the like as auxiliary informa 
tion in the memory card 40 along with Exif auxiliary infor 
mation, when recording an MP file according to the invention. 
0228. The liquid crystal monitor 16 is used as an image 
display unit which displays photographed images, and is also 
used as a GUI (Graphical User Interface) during various 
settings. The liquid crystal monitor 16 is also used as an 
electronic view-finder which displays live view images (here 
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inafter, referred to as “through images” for confirming an 
image angle in the photographing mode. When a 3D image is 
displayed on the liquid crystal monitor 16, the display control 
unit 36 alternately displays a left viewpoint image and a right 
viewpoint image held in the VRAM 52 pixel by pixel. With 
the parallax barrier provided in the liquid crystal monitor 16, 
left and right images alternately arranged pixel by pixel are 
separately viewed by the left and right eyes of the user who 
observes at a predetermined distance. Accordingly, Stereo 
scopic vision is possible. 
0229. With the stereoscopic image capturing device 10 
configured as above, the embodiment can be realized. 
0230 Stereoscopic Image Reproduction Device 
0231 Fifth to eighth embodiments may be realized in a 
Stereoscopic image reproduction device in which no image 
capturing unit is provided. 
0232 FIG. 22 is a diagram showing the overall configu 
ration of a stereoscopic image reproduction device 300 and a 
3D display 320 according to the invention. As shown in FIG. 
22, the stereoscopic image reproduction device 300 and the 
3D display 320 are separate devices and are communicably 
connected together by a communication cable 310. 
0233. The 3D display 320 is a parallax barrier-type or a 
lenticular-type display, and a left viewpoint image and a right 
viewpoint image input from the Stereoscopic image reproduc 
tion device 300 to the 3D display 320 are alternately dis 
played line by line. 
0234. The 3D display 320 may alternately switch and dis 
play the left viewpoint image and the right viewpoint image in 
a temporal manner. In this case, the viewer views the 3D 
display 320 using special glasses. 
0235 FIG. 23 is a block diagram showing the internal 
configuration of the Stereoscopic image reproduction device 
300. As shown in FIG. 23, the stereoscopic image reproduc 
tion device 300 includes a CPU 301, a recording control unit 
305, a memory card 306, a display control unit 307, a com 
munication interface 308, and the like. 
0236. The CPU 301 performs overall control of the opera 
tion of the entire stereoscopic image reproduction device 300 
on the basis of a control program recorded in a ROM 302. A 
RAM. 303 is used as a computational work area of the CPU 
301. 
0237. The recording control unit 305 and the display con 

trol unit 307 are connected to the CPU301 through a bus 304. 
The recording control unit 305 controls data reading and 
writing of a 3D image file with respect to the memory card 
306. The memory card 306 is, for example, the same as the 
memory card 40 of the stereoscopic image capturing device 
10 shown in FIG. 19, and records a 3D image file including 
the viewpoint images photographed in the Stereoscopic image 
capturing device 10 and auxiliary information. 
0238. The communication interface 308 is a connector 
unit to which a communication cable 310 is connected, and 
the display control unit 307 displays a stereoscopic image on 
the 3D display 320 through the communication interface 308 
and the communication cable 310. As the communication 
interface 308 and the communication cable 310, those based 
on the HDMI standard may be used. According to the HDMI 
standard, the stereoscopic image reproduction device 300 can 
acquire the display size of the 3D display 320 connected 
thereto through the communication cable 310. 
0239 Fly-eye image capturing part for photographing 
viewpoint images may be provided in the Stereoscopic image 
reproduction device 300, and the photographed viewpoint 
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images may be recorded in the memory card 306. The stereo 
scopic image reproduction device 300 and the 3D display 320 
may be constituted as a single device. 
What is claimed is: 
1. A stereoscopic image reproduction device comprising: 
first acquisition part for reading a three-dimensional image 

file having recorded therein N viewpoint images for 
stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
corresponding to the N viewpoint images, the auxiliary 
information including the (N-1) maximum display sizes 
corresponding to the maximum amount of parallax on a 
distant view side between two viewpoint images of dif 
ferent combinations of a viewpoint image of a reference 
viewpoint set in advance from the N viewpoint images 
and other (N-1) viewpoint images, and the maximum 
display size enabling binocular fusion when the two 
viewpoint images are displayed on a stereoscopic dis 
play, and acquiring the N viewpoint images and auxil 
iary information from the three-dimensional image file; 

second acquisition part for acquiring the display size of the 
stereoscopic display as an output destination; 

first determination part for comparing the acquired display 
size of the stereoscopic display with the (N-1) maxi 
mum display sizes to determine whether or not the dis 
play size of the stereoscopic display is greater than the 
(N-1) maximum display sizes; 

selection part for selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
corresponding to the maximum display size which is 
determined by the first determination part to be equal to 
or Smaller than the display size of the stereoscopic dis 
play from the (N-1) maximum display sizes; and 

output part for outputting one viewpoint image from the N 
viewpoint images to the stereoscopic display if the first 
determination part determines that the display size of the 
stereoscopic display is greater than the (N-1) maximum 
display sizes and outputting the two viewpoint images 
Selected by the selection part to the Stereoscopic display 
if the first determination part determines that the display 
size of the stereoscopic display is equal to or Smaller 
than one maximum display size from the (N-1) maxi 
mum display size. 

2. A stereoscopic image reproduction device comprising: 
first acquisition part for reading a three-dimensional image 

file having recorded therein N viewpoint images for 
stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax 
on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a refer 
ence viewpoint set in advance from the N viewpoint 
images and other (N-1) viewpoint images and (N-1) 
maximum display sizes corresponding to the maximum 
amount of parallax on the distant view side, and the 
maximum display size enabling binocular fusion when 
the two viewpoint images are displayed on a stereo 
Scopic display, and acquiring the N viewpoint images 
and auxiliary information from the three-dimensional 
image file; 

second acquisition part for acquiring the display size of the 
stereoscopic display as an output destination; 
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first determination part for comparing the acquired display 
size of the stereoscopic display with the (N-1) maxi 
mum display sizes to determine whether or not the dis 
play size of the stereoscopic display is greater than the 
(N-1) maximum display sizes; 

extraction part for extracting a set or a plurality of sets of 
two viewpoint images from a plurality of (N-1) view 
point images other than the viewpoint image of the ref 
erence viewpoint from the N viewpoint images: 

calculation part for calculating the maximum amount of 
parallax on the distant view side between a set or a 
plurality of sets of extracted two viewpoint images on 
the basis of the maximum amount of parallax on the 
distant view side stored corresponding to the two view 
point images; 

second determination part for determining whether or not 
binocular fusion is enabled when two viewpoint images 
corresponding to the calculated maximum amount of 
parallax are displayed on the Stereoscopic display on the 
basis of the calculated maximum amount of parallax, the 
display size of the stereoscopic display, and a predeter 
mined value representing an interocular distance of a 
person; 

Selection part for selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
corresponding to the maximum display size determined 
by the first determination part to be equal to or smaller 
than the display size of the stereoscopic display from the 
(N-1) maximum display sizes and a set or a plurality of 
sets of two viewpoint images determined by the second 
determination part that binocular fusion is enabled; and 

output part for outputting one viewpoint image from the N 
viewpoint images to the stereoscopic display if the first 
determination part determines that the display size of the 
stereoscopic display is greater than the (N-1) maximum 
display sizes and the second determination part deter 
mines that binocular fusion is disabled, and outputting 
the two viewpoint images selected by the selection part 
to the stereoscopic display if the first determination part 
determines that the display size of the Stereoscopic dis 
play is equal to or Smaller than one maximum display 
size from the (N-1) maximum display sizes or if the 
second determination part determines that binocular 
fusion is enabled. 

3. A stereoscopic image reproduction device comprising: 
first acquisition part for reading a three-dimensional image 

file having recorded therein N viewpoint images for 
stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax 
on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a refer 
ence viewpoint set in advance from the N viewpoint 
images and other (N-1) viewpoint images, and acquir 
ing the N viewpoint images and auxiliary information 
from the three-dimensional image file; 

second acquisition part for acquiring a display size of a 
stereoscopic display as an output destination; 

first determination part for determining whether or not 
binocular fusion is enabled when the viewpoint image of 
the reference viewpoint and one viewpoint image from 
other (N-1) viewpoint images are displayed on the ste 
reoscopic display on the basis of the maximum amount 
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of parallax on the distant view side recorded as the 
auxiliary information, the display size of the stereo 
Scopic display, and a predetermined value representing 
an interocular distance of a person; 

extraction part for extracting a set or a plurality of sets of 
two viewpoint images from a plurality of (N-1) view 
point images other than the viewpoint image of the ref 
erence viewpoint from the N viewpoint images; 

calculation part for calculating the maximum amount of 
parallax on the distant view side between a set or a 
plurality of sets of extracted two viewpoint images on 
the basis of the maximum amount of parallax on the 
distant view side stored corresponding to the two view 
point images; 

second determination part for determining whether or not 
binocular fusion is enabled when two viewpoint images 
corresponding to the calculated maximum amount of 
parallax are displayed on the Stereoscopic display on the 
basis of the calculated maximum amount of parallax, the 
display size of the stereoscopic display, and a predeter 
mined value representing an interocular distance of a 
person; 

selection part for selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
determined by at least one of the first determination part 
and the second determination part that binocular fusion 
is enabled; and 

output part for outputting one viewpoint image from the N 
viewpoint images to the stereoscopic display if the first 
determination part and the second determination part 
determine that binocular fusion is disabled and output 
ting the two viewpoint images selected by the selection 
part to the stereoscopic display if at least one of the first 
determination part and the second determination part 
determines that binocular fusion is enabled. 

4. The stereoscopic image reproduction device according 
to claim 2, 

wherein the second determination part calculates an allow 
able amount of parallax on the basis of the display size of 
the Stereoscopic display and the predetermined value 
representing the interocular distance of the person, and 
determines whether or not binocular fusion is enabled in 
accordance with whether or not the calculated maximum 
amount of parallax is equal to or Smaller than the allow 
able amount of parallax. 

5. The stereoscopic image reproduction device according 
to claim 3, 

wherein the second determination part calculates an allow 
able amount of parallax on the basis of the display size of 
the Stereoscopic display and the predetermined value 
representing the interocular distance of the person, and 
determines whether or not binocular fusion is enabled in 
accordance with whether or not the calculated maximum 
amount of parallax is equal to or Smaller than the allow 
able amount of parallax. 

6. The stereoscopic image reproduction device according 
to claim 1, 

wherein the selection part preferentially selects two view 
point images corresponding to a viewpoint image the 
reference viewpoint set in advance from the plurality of 
sets of two viewpoint images. 

7. The stereoscopic image reproduction device according 
to claim 1, 

wherein the selection part selects two viewpoint images 
having the greatest maximum amount of parallax from 
the plurality of sets of two viewpoint images. 
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8. The stereoscopic image reproduction device according 
to claim 1, 

wherein the selection part selects two viewpoint images 
having the Smallest maximum amount of parallax from 
the plurality of sets of two viewpoint images. 

9. The stereoscopic image reproduction device according 
to claim 1, 

wherein the selection part preferentially selects two view 
point images including a centermost viewpoint image in 
the sequence of viewpoints from the plurality of sets of 
two viewpoint images. 

10. The stereoscopic image reproduction device according 
to claim 1, further comprising: 

part for acquiring the maximum amount of parallax on a 
near view side of the plurality of sets of two viewpoint 
images, 

wherein the selection part selects a set of two viewpoint 
images from the plurality of sets of two viewpoint 
images on the basis of the acquired maximum amount of 
parallax on the near view side. 

11. The stereoscopic image reproduction device according 
to claim 1, 

wherein, when the N viewpoint images recorded in the 
three-dimensional image file include a plurality of 
mixed viewpoint images corresponding to an actual 
viewpoint and virtual viewpoint images corresponding 
to a virtual viewpoint generated from the plurality of 
viewpoint images corresponding to the actual view 
point, the selection part preferentially selects two view 
point images including the viewpoint image of the actual 
viewpoint from the plurality of sets of two viewpoint 
images. 

12. A stereoscopic image capturing device comprising: 
image capturing part for acquiring a plurality of viewpoint 

images of the same Subject from a plurality of view 
points; 

parallax amount calculation part for calculating the amount 
of parallax representing the amount of deviation 
between feature points having common features from 
the plurality of acquired viewpoint images; 

maximum parallax amount acquisition part for acquiring 
the maximum amount of parallax on a distant view side 
from the calculated amount of parallax of each feature 
point; 

maximum display size acquisition part for acquiring the 
maximum display size enabling binocular fusion when 
the plurality of viewpoint images are displayed on a 
stereoscopic display on the basis of the acquired maxi 
mum amount of parallax on the distant view side; 

recording part for generating a three-dimensional image 
file in which the plurality of viewpoint images are 
recorded, and recording the three-dimensional image 
file in a recording medium, the recording part recording 
the plurality of viewpoint images in the three-dimen 
sional image file and also recording the maximum 
amount of parallax on the distant view side and the 
maximum display size in the three-dimensional image 
file as auxiliary information; and 

the stereoscopic image reproduction device according to 
claim 1. 

13. A stereoscopic display device comprising: 
a stereoscopic display as an output destination; and 
the stereoscopic image reproduction device according to 

claim 1. 
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14. A stereoscopic image reproduction method using the 
Stereoscopic image reproduction device according to claim 1 
comprising: 

a first acquisition step of reading a three-dimensional 
image file having recorded therein N viewpoint images 
for stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
corresponding to the N viewpoint images, the auxiliary 
information including the (N-1) maximum display sizes 
corresponding to the maximum amount of parallax on a 
distant view side between two viewpoint images of dif 
ferent combinations of a viewpoint image of a reference 
viewpoint set in advance from the N viewpoint images 
and other (N-1) viewpoint images, and the maximum 
display size enabling binocular fusion when the two 
viewpoint images are displayed on a stereoscopic dis 
play, and acquiring the N viewpoint images and auxil 
iary information from the three-dimensional image file; 

a second acquisition step of acquiring the display size of 
the stereoscopic display as an output destination; 

a first determination step of comparing the acquired dis 
play size of the stereoscopic display with the (N-1) 
maximum display sizes to determine whether or not the 
display size of the stereoscopic display is greater than 
the (N-1) maximum display sizes; 

a selection step of selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
corresponding to the maximum display size which is 
determined in the first determination step to be equal to 
or Smaller than the display size of the stereoscopic dis 
play from the (N-1) maximum display sizes; and 

an output step of outputting one viewpoint image from the 
N viewpoint images to the stereoscopic display if it is 
determined in the first determination step that the dis 
play size of the stereoscopic display is greater than the 
(N-1) maximum display sizes and outputting the two 
viewpoint images selected in the selection step to the 
stereoscopic display if it is determined in the first deter 
mination step that the display size of the stereoscopic 
display is equal to or Smaller than one maximum display 
size from the (N-1) maximum display size. 

15. A stereoscopic image reproduction method using the 
Stereoscopic image reproduction device according to claim 2 
comprising: 

a first acquisition step of reading a three-dimensional 
image file having recorded therein N viewpoint images 
for stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax 
on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a refer 
ence viewpoint set in advance from the N viewpoint 
images and other (N-1) viewpoint images and (N-1) 
maximum display sizes corresponding to the maximum 
amount of parallax on the distant view side, and the 
maximum display size enabling binocular fusion when 
the two viewpoint images are displayed on a stereo 
Scopic display, and acquiring the N viewpoint images 
and auxiliary information from the three-dimensional 
image file; 

a second acquisition step of acquiring the display size of 
the stereoscopic display as an output destination; 
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a first determination step of comparing the acquired dis 
play size of the stereoscopic display with the (N-1) 
maximum display sizes to determine whether or not the 
display size of the Stereoscopic display is greater than 
the (N-1) maximum display sizes; 

an extraction step of extracting a set or a plurality of sets of 
two viewpoint images from a plurality of (N-1) view 
point images other than the viewpoint image of the ref 
erence viewpoint from the N viewpoint images: 

a calculation step of calculating the maximum amount of 
parallax on the distant view side between a set or a 
plurality of sets of extracted two viewpoint images on 
the basis of the maximum amount of parallax on the 
distant view side stored corresponding to the two view 
point images; 

a second determination step of determining whether or not 
binocular fusion is enabled when two viewpoint images 
corresponding to the calculated maximum amount of 
parallax are displayed on the Stereoscopic display on the 
basis of the calculated maximum amount of parallax, the 
display size of the stereoscopic display, and a predeter 
mined value representing an interocular distance of a 
person; 

a selection step of selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
corresponding to the maximum display size determined 
in the first determination step to be equal to or smaller 
than the display size of the stereoscopic display from the 
(N-1) maximum display sizes and a set or a plurality of 
sets of two viewpoint images determined in the second 
determination step that binocular fusion is enabled; and 

an output step of outputting one viewpoint image from the 
N viewpoint images to the stereoscopic display if it is 
determined in the first determination step that the dis 
play size of the stereoscopic display is greater than the 
(N-1) maximum display sizes and it is determined in the 
second determination step that binocular fusion is dis 
abled, and outputting the two viewpoint images selected 
in the selection step to the Stereoscopic display if it is 
determined in the first determination step that the dis 
play size of the stereoscopic display is equal to or 
Smaller than one maximum display size from the (N-1) 
maximum display sizes or if it is determined in the 
second determination step that binocular fusion is 
enabled. 

16. A stereoscopic image reproduction method using the 
Stereoscopic image reproduction device according to claim3 
comprising: 

a first acquisition step of reading a three-dimensional 
image file having recorded therein N viewpoint images 
for stereoscopic vision of N (N: an integer equal to or 
greater than 3) viewpoints and auxiliary information 
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corresponding to the N viewpoint images, the auxiliary 
information including the maximum amount of parallax 
on a distant view side between two viewpoint images of 
different combinations of a viewpoint image of a refer 
ence viewpoint set in advance from the N viewpoint 
images and other (N-1) viewpoint images, and acquir 
ing the N viewpoint images and auxiliary information 
from the three-dimensional image file; 

a second acquisition step of acquiring the display size of 
the stereoscopic display as an output destination; 

a first determination step of determining whether or not 
binocular fusion is enabled when the viewpoint image of 
the reference viewpoint and one viewpoint image from 
other (N-1) viewpoint images are displayed on the ste 
reoscopic display on the basis of the maximum amount 
of parallax on the distant view side recorded as the 
auxiliary information, the display size of the stereo 
Scopic display, and a predetermined value representing 
an interocular distance of a person; 

an extraction step of extracting a set or a plurality of sets of 
two viewpoint images from a plurality of (N-1) view 
point images other than the viewpoint image of the ref 
erence viewpoint from the N viewpoint images; 

a calculation step of calculating the maximum amount of 
parallax on the distant view side between a set or a 
plurality of sets of extracted two viewpoint images on 
the basis of the maximum amount of parallax on the 
distant view side stored corresponding to the two view 
point images; 

a second determination step of determining whether or not 
binocular fusion is enabled when two viewpoint images 
corresponding to the calculated maximum amount of 
parallax are displayed on the Stereoscopic display on the 
basis of the calculated maximum amount of parallax, the 
display size of the stereoscopic display, and a predeter 
mined value representing an interocular distance of a 
person; 

a selection step of selecting a set of two viewpoint images 
from a set or a plurality of sets of two viewpoint images 
determined in at least one of the first determination step 
and the second determination step that binocular fusion 
is enabled; and 

an output step of outputting one viewpoint image from the 
N viewpoint images to the stereoscopic display if it is 
determined in the first determination step and the second 
determination step that binocular fusion is disabled and 
outputting the two viewpoint images selected in the 
Selection step to the stereoscopic display if it is deter 
mined in at least one of the first determination step and 
the second determination step determines that binocular 
fusion is enabled. 
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