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(57) ABSTRACT 

A method of generating an image to be observed as a stereo 
scopic image when viewed binocularly through an eye-side 
Surface of a lenticular lens, in which a plurality of parallax 
images are arranged on a back Surface of each of lenses of the 
lenticular lens or light beams corresponding to the plurality of 
images are input to the back Surface, the method including 
parallax per unit length is made relatively smaller, in at least 
part, at a position closer to each edge of each lens in a direc 
tion orthogonal to a longitudinal direction of the lens. 
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GENERATING ASTEREOSCOPIC MAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to Japanese Patent 
Application No. 2010-258920, filed Nov. 19, 2010, and all the 
benefits accruing therefrom under 35 U.S.C. S 119, the con 
tents of which in its entirety are herein incorporated by ref 
CCC. 

BACKGROUND 

0002. A lenticular lens is a plate-like (sheet-like) lens 
including a side-by-side array of long and narrow semicylin 
drical lenses. When multiple different images are arranged on 
a back surface of each of the lenses (each of the semicylin 
ders), while each extending in a strip form in a longitudinal 
direction of the lens, different images are viewed depending 
on the angle from which the images are observed. Making use 
of this feature, if images of an object taken from different 
angles are arranged in the above-described manner, a person 
can see different images having a parallax with his/her right 
and left eyes, respectively. In this way, a stereoscopic image 
can be generated which a person can enjoy viewing with the 
naked eyes without using any stereoptican or the like. 

BRIEF SUMMARY 

0003. According to one embodiment of the present inven 
tion, a method of generating an image to be observed as a 
Stereoscopic image when viewed binocularly through an eye 
side Surface of a lenticular lens, in which a plurality of par 
allax images are arranged on a back Surface of each of lenses 
of the lenticular lens or light beams corresponding to the 
plurality of images are input to the back Surface, the method 
including parallax per unit length is made relatively smaller, 
in at least part, at a position closer to each edge of each lens in 
a direction orthogonal to a longitudinal direction of the lens. 
0004. According to another embodiment of the present 
invention, an apparatus for generating a stereoscopic image, 
the apparatus including a lenticular lens, and a plurality of 
parallax images which are arranged on a back Surface of each 
of lenses of the lenticular lens and are observed as a stereo 
scopic image when viewed binocularly through an eye-side 
Surface of the lens, the parallax images having relatively 
Smaller parallax per unit length, in at least part, at a position 
closer to each edge of each lens in a direction orthogonal to a 
longitudinal direction of the lens. 
0005 According to yet another embodiment of the present 
invention, an apparatus for generating a stereoscopic image, 
the apparatus includes a lenticular lens, a means for obtaining 
interpolation images from two parallax images through inter 
polation between the two images in Such a manner that par 
allax of adjacent images thereof is made larger at a position 
closer to the center of each lens, and a means for arranging or 
inputting the two images and the interpolation images in or to 
areas on a back Surface of each lens of the lenticular lens, 
respectively, the areas each having the same width in a direc 
tion orthogonal to a longitudinal direction of the lens. 
0006 Additional features and advantages are realized 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed inven 

May 24, 2012 

tion. For a better understanding of the invention with the 
advantages and the features, refer to the description and to the 
drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0007 FIG. 1 is a view for explaining a method of gener 
ating a stereoscopic image according to a first embodiment of 
the present invention. 
0008 FIGS. 2A to 2C are views for explaining modifica 
tions of the method of generating a stereoscopic image 
according to the first embodiment of the present invention. 
0009 FIGS. 3A and 3B are views for explaining a method 
of generating a stereoscopic image according to a second 
embodiment of the present invention. 
0010 FIG. 4 is a schematic view showing a relation of a 
lenticular lens and images arranged on a back side of the 
lenticular lens. 

0011 FIG.5 is a view for explaining a method of obtaining 
parallax images. 
0012 FIGS. 6A and 6B are views for explaining a method 
of generating a stereoscopic image which is made Smooth by 
being interpolated with parallax images. 
0013 FIG. 7 is a view for explaining that a person can only 
See adjacent images when viewed binocularly. 

DETAILED DESCRIPTION 

0014 FIG. 4 is a schematic diagram showing a relation 
between a lenticular lens and images arranged on the back 
side of the lenticular lens, to explain a general method of 
generating a stereoscopic image by use of the lenticular lens. 
FIG. 4 shows a case of using four images taken respectively 
from different angles. Each semicylindrical lens has equally 
divided images (P1, P2, P3 and P4) arranged on its back 
Surface sequentially. When the images on the back Surface of 
the lens are observed from the front side of the lens, the 
images are magnified by the lens several times only in an 
orthogonal direction to the longitudinal direction of the lens. 
Accordingly, an observer can see only one of the multiple 
images arranged on the lens (P1, P2, P3 and P4), and the 
image which the observer can see depends on the angle of 
his/her visual axis with respect to the lens. When observing 
the images from the front side of the lenticular lens, the 
observer can see different images respectively with his/her 
left and right eyes since the visual axes of the left and right 
eyes have different angles with respect to the lens. Accord 
ingly, the parallax of the two images can give the observer a 
sense of depth. 
0015 To generate a stereoscopic image by using a lenticu 
lar lens, multiple images of an object taken from different 
angles are used as described above. When the object is a still 
object such as a doll, a single camera is moved little by little 
(this movement can be performed by using a computerized 
movable camera mount or the like), and animage of the object 
is takenevery time the camera is moved, to obtain the multiple 
images (see FIG. 5). However, when the object is a moving 
object or person, it is necessary to use multiple cameras (or 
lenses) and to release the shutters of the cameras simulta 
neously. 
0016. Alternatively, as shown in FIGS. 6A and 6B, it is 
also possible to take two images respectively by two cameras 
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(or lenses), and to then create, by using the two actually-taken 
images, images which are interpolated between the two actu 
ally-taken images. 
0017 FIG. 6A is a view showing a photographing scene. 
In this shooting, images of a person with a background of 
infinitely distant mountains are simultaneously taken by mul 
tiple cameras, respectively (simultaneous shooting can be 
performed under computer control or the like), to obtain 
parallax images. The point here is that actual image shooting 
is performed only from positions of a first camera C1 and a 
fourth camera C4. The person is on a right side in a first image 
P1 captured by the first camera C1 while being on a left side 
in a fourth image P4 captured by the fourth camera C4. 
0018. Then, on the basis of the first image P1 captured by 
the first camera C1 and the fourth image P4 captured by the 
fourth camera C4, two images (a second image P2 and a third 
image P3) are generated so as to be equally interpolated 
between the first and fourth images P1 and P4. The images P2 
and P3 are images that can be captured by a virtual second 
camera C2 and third camera C3, which are imaginarily placed 
respectively at positions dividing the distance between the 
first camera C1 and the fourth camera C4 equally into three 
(L1=L2-L3). 
0019. In this case, the images interpolated between the 
actually-taken ones are simulated images and hence do not 
accurately reproduce images which can be captured at the 
intermediate positions. Nevertheless, when having a simple 
overlapping state of objects, the interpolation images have a 
sufficient effect on producing a sense of depth. 
0020. Meanwhile, in the case of creating a stereoscopic 
image of an object modeled in a virtual space by using a 
computer graphics (CG) technique, shooting (creation of the 
Stereoscopic image) can be performed by placing a necessary 
number of virtual cameras (lenses) at necessary positions. 
0021. To produce a stereoscopic image by using a lenticu 
lar lens for a commercial purpose, it is usual to employ 
multiple cameras or a method of shooting images while mov 
ing, as described above. In contrast, there are some products 
which enable even consumer-level cameras to produce Ste 
reoscopic images. 
0022. For example, Nimslo 3D released by Nimstec in 
1980 simultaneously takes four parallax images by using four 
lenses lined in a row. When a user sends a film exposed by 
Nimtec 3D to a laboratory, the film is developed, and stereo 
scopic images taken by using the lenticular lens are returned. 
Additionally, Finepix (registered trademark) Real 3D 
released by Fujifilm Corporation in 2009 can simultaneously 
take two images by using two lenses. When a user sends the 
data of the images taken by this camera to a laboratory, 
images processed by means of the above-described interpo 
lation technique are returned (Internet <URL:http://fujifilm. 
jp/personal/3d/print/3 dprint/index.html>). 
0023. It should be noted that, although two images are 
used for interpolation in the example in FIGS. 6A and 6B, the 
number of images to be used for interpolation is not limited to 
this, and a larger number of images may be used as described 
in Japanese Patent Application Publication No. 2009-239389. 
0024. In general, in seeing different images respectively 
with right and left eyes, a person gains a larger sense of depth 
as the parallax of the images is larger. The parallax of the 
images is larger as the distance (stereo base) between two 
cameras (or lenses) taking the images is larger, which brings 
a larger sense of depth to the person seeing the images. 
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0025. However, the above-described consumer-level cam 
eras cannot be so large in size in consideration of portability 
and the like, and hence do not have such a large Stereo base. 
For example, in the case of Nimslo, the distance between two 
adjacent lenses is approximately 1.8 cm. The optimal posi 
tioning (distance between the lens and the eyes of the user) in 
observing a stereoscopic image through a lenticular lens is 
determined depending on the performance of the lenticular 
lens. According to this feature and the fact that the distance 
between the two eyes of a person is approximately 6 to 7 cm, 
the angle between the visual axes of the right and left eyes 
through the lens (a in FIG. 7) is approximately uniform. As a 
consequence, when observing, through a lenticular lens, a 
Stereoscopic image created from four original images, the 
person can only see a pair of two adjacent images even by 
shifting his/her face to the right or left in order to change the 
angle of seeing the images (FIG. 7). 
0026. Here, in order to produce a larger sense of depth, the 
following two methods can be considered. The first method is 
to make the stereo base larger, and the second method is to 
increase the angle C. by improving the performance of the lens 
to enable the person to see a pair of images which are not 
adjacent to each other (e.g. the first image and the third 
image). 
0027. To increase the stereo base, the camera itself needs 
to be larger. As to the improvement of performance of the 
lens, a method disclosed in Japanese Patent Application Pub 
lication No. 9-189883, for example, has been proposed. 
0028. It should be noted that, in the case of the interpola 
tion described in Japanese Patent Application Publication No. 
2009-239389 or in FIGS. 6A and 6B, a larger number of 
interpolation images makes possible to generate a Smoother 
Stereoscopic image while causing the Stereo base between 
each two adjacent images to be shorter. Accordingly, simply 
increasing the number of interpolation images to narrow the 
area per image enables a person to see a pair of images which 
are not adjacent to each other, but changes the stereo base very 
little. 
0029 FIG. 1 is a view for explaining a method of gener 
ating a stereoscopic image according to a first embodiment of 
the present invention. This embodiment will be described on 
the basis of a case of using four parallax images as in the 
example for explaining the background art. In the case of 
using four parallax images in a conventional technique, a 
Surface of each lens to which the images are attached is 
equally divided into four areas, and the images are assigned to 
the four areas, respectively. In the present invention, however, 
the width occupancy of a parallax image is larger at a position 
closer to each of edges of each lens, while being Smaller at a 
position closer to the center of the lens. This step of attaching 
images to each lens can be performed automatically as a step 
of a computerized automatic process. 
0030. In the case in FIG. 1, the area of each of a first image 
P1 and a fourth image P4 is increased to approximately 1.33 
times, and the area of each of a second image P2 and a third 
image P3 is reduced to approximately 0.67 times, in contrast 
to a case where the images have the equal area occupancy. As 
a result, the width occupancy of each of the first image P1 and 
the fourth image P4 is made twice as large as that of each of 
the second image P2 and the third image P3. 
0031. With this configuration, since the width of each area 
near the central portion of the lens is Smaller, a pair of images 
having another image therebetween (the first image P1 and 
the third image P3, or the second image P2 and the fourth 
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image P4, in FIG. 1), instead of a pair of adjacent images, can 
bee seen if a person looks at around the center of the lens at a 
proper angle. Consequently, the parallax of the images 
viewed binocularly is twice as large as that in the case of 
seeing adjacent images. Hence, this makes it possible togen 
erate animage with a large sense of depth when a person looks 
at the sub-images from around the front of the lens, from the 
same number of images taken with the same Stereo base by 
using the same lens (having the same lens performance), 
compared with a case in which the images having the same 
area occupancy with each other are used and each two adja 
cent images have the same parallax with each other. 
0032 FIGS. 2A to 2C are views for explaining modifica 
tions of the method of generating a stereoscopic image 
according to the first embodiment of the present invention. In 
the example in FIG. 1, the width occupancy of each of the first 
image P1 and the fourth image P4 is set to be twice as large as 
that of each of the second image P2 and the third image P3. 
FIG. 2A, by contrast, shows a case in which the width occu 
pancy of each of a first image P1 and a fourth image P4 is set 
to be third times as large as that of each of a second image P2 
and a third image P3. In other words, the area of each of the 
first image P1 and the fourth image P4 is increased to approxi 
mately 1.5 times, while the area of each of the second image 
P2 and the third image P3 is reduced to approximately 0.5 
times, of that in a case where the images have the equal area 
Occupancy. 

0033 Naturally, the number of original images is not lim 
ited to four, either. FIG. 2B shows a case in which, among six 
images, the area of each of a first image P1 and a sixth image 
P6 is made larger while the area of each of a third image P3 
and a fourth image P4 is made Smaller. In any case, what is 
only needed is to set the width occupancy to be larger at a 
position closer to each of edges of each lens. 
0034. It is not necessary, however, to change the width 
occupancy for each of all pairs of adjacent images from edge 
to edge. In other words, it is not necessary to change the 
parallax for each of all the pairs from edge to edge. FIG. 2C 
shows such an example. Specifically, the width occupancy of 
each of a third image P3 and a sixth image P6 is made larger 
than that of each of a fourth image P4 and a fifth image P5 and 
the width occupancy of each of a second image P2 and a 
seventh image P7 is made larger than that of each of the third 
image P3 and the sixth image P6, while the width occupancy 
of each of a first image P1 and an eighth image P8 is made the 
same as that of each of the second image P2 and the seventh 
image P7. 
0035 FIGS. 3A and 3B are views for explaining a method 
of generating a stereoscopic image according to a second 
embodiment of the present invention. This embodiment is on 
the assumption of a method of forming a stereoscopic image 
by interpolating parallax images as shown in FIGS. 6A and 
6B. 

0036. In FIGS.6A and 6B, the intermediate images P2 and 
P3 are generated by interpolation as if the cameras (lenses) 
were arranged with equally-spaced intervals. In the second 
embodiment of the present invention, however, intermediate 
images P2a and P3a are generated by interpolation as ifa first 
to fourth cameras C1 to C4 were arranged in Such a manner 
that the interval between the second camera C2 and the third 
camera C3 was larger than that between the first camera C1 
and the second camera C2 or between the third camera C3 and 
the fourth camera C4 (L1-L3<L2). 
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0037 To put it more simply, the interval for interpolation 
is set to be larger at a central portion while being set to be 
Smaller at each peripheral portion. 
0038. The original images, i.e. the first image P1 and the 
fourth image P4, and the second image (intermediate image) 
P2a and the third image (intermediate image) P3a, thus gen 
erated, areassigned respectively to four equally-divided areas 
on a back Surface of a lenticular lens 1. This assignment can 
be performed by Supplying electric signals under the control 
of a control unit (an IC chip or the like) in a case as shown in 
FIGS. 3A and 3B, for example. 
0039. With this configuration, when looking at the images 
from around the front of the lens, the person sees the second 
image P2a and the third image P3a, having a large parallax, 
binocularly. This makes it possible to generate an image with 
a larger sense of depth when the person looks at Sub-images 
from around the front of the lens, from the sub-images taken 
with the same Stereo base by using the same lenticular lens 
(having the same lens performance). Consequently, in this 
embodiment, an image which can be seen as that formed by 
means of the method according to the first embodiment can be 
formed. 
0040. It should be noted that this embodiment also 
includes variations as the first embodiment does, and the 
number of images to be generated by interpolation on the 
basis of two images can be larger than two. 
0041 While the first embodiment and the second embodi 
ment have been described above, the concept in common 
between the two embodiments is that parallax per unit length 
is made relatively smaller, in at least part, at a position closer 
to each edge of each lens in a direction orthogonal to a 
longitudinal direction of the lens. The step of making the 
parallax Smaller can be performed in a computerized auto 
matic process in the case of the first embodiment, and can be 
performed under an electric control in the case of the second 
embodiment, as described above. In short, this step can be 
performed under an automatic control by a computer in any 
CaSC. 

0042. It should be noted that the present invention is effec 
tive not only in the case of using an image obtained by 
lenticular printing but also in the case of displaying a three 
dimensional image by attaching a lenticular lens on a screen 
of a television, a personal computer display, a mobile phone, 
an e-book reader or a portable game device. 
What is claimed is: 
1. A method of generating an image to be observed as a 

Stereoscopic image when viewed binocularly through an eye 
side Surface of a lenticular lens, in which a plurality of par 
allax images are arranged on a back Surface of each of lenses 
of the lenticular lens or light beams corresponding to the 
plurality of images are input to the back Surface, the method 
comprising: 

parallax per unit length is made relatively smaller, in at 
least part, at a position closer to each edge of each lens in 
a direction orthogonal to a longitudinal direction of the 
lens. 

2. The method of claim 1, wherein the at least part is near 
a center of each lens. 

3. The method of claim 1, wherein, in an entire area of each 
lens, the parallax per unit length is made relatively smaller at 
a position closer to each edge of each lens in the direction 
orthogonal to the longitudinal direction of the lens. 

4. The method of claim 1, wherein each adjacent two of the 
plurality of parallax images have the same parallax, and, at 
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least a pair of adjacent two of the plurality of parallax images, 
an image arranged at or inputted to a position closer to either 
of the edges has a larger width in the orthogonal direction than 
the other image in the pair. 

5. The method of claim 4, wherein the plurality of parallax 
images are simultaneously taken by a single camera having a 
plurality of lenses. 

6. The method of claim 4, wherein the plurality of parallax 
images are Successively taken by a single camera every time 
the camera moves an equal distance. 

7. The method of claim 1, wherein the plurality of parallax 
images include two parallax images and images obtained 
through interpolation between the two images in Such a man 
ner that parallax of adjacent images, in at least part, is made 
larger at a position closer to the center of each lens, and the 
images are arranged in or inputted to areas on a back Surface 
of each lens, respectively, the areas each having the same 
width in the orthogonal direction. 

8. An apparatus for generating a stereoscopic image, the 
apparatus comprising: 
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a lenticular lens; and 
a plurality of parallax images which are arranged on a back 

surface of each of lenses of the lenticular lens and are 
observed as a stereoscopic image when viewed binocu 
larly through an eye-side Surface of the lens, the parallax 
images having relatively smaller parallax per unit 
length, in at least part, at a position closer to each edge of 
each lens in a direction orthogonal to a longitudinal 
direction of the lens. 

9. An apparatus for generating a stereoscopic image, the 
apparatus comprising: 

a lenticular lens; 
means for obtaining interpolation images from two paral 

lax images through interpolation between the two 
images in Such a manner that parallax of adjacent images 
thereof is made larger at a position closer to the center of 
each lens; and 

means for arranging or inputting the two images and the 
interpolation images in or to areas on a back Surface of 
each lens of the lenticular lens, respectively, the areas 
each having the same width in a direction orthogonal to 
a longitudinal direction of the lens. 

c c c c c 


