
1  DESCRIPTION STEREOSCOPIC IMAGE GENERATION
APPARATUS, STEREOSCOPIC IMAGE  GENERATION METHOD, AND
PROGRAM Technical Field  [0001] The present invention relates to a
stereoscopic image  generation apparatus, more specifically, to a
stereoscopic  image generation apparatus that generates a stereoscopic
image from a non-stereo image, a processing method therefor,  and a
program that causes a computer to execute this method.  Background Art
[0002]  In recent years, the size and viewing angle of display  devices
have increased, and the display of more realistic  images than
conventional ones is becoming available. In a  conventional display
device, however, an image is forcibly  perceived as being located on the
display surface of the  display device, and there is a risk of stereoscopic
feeling  being hindered from being generated by sensory stereoscopic
elements such as shadows and composition. This is  considered to be
affected by influences caused by  physiological stereoscopic elements,
such as changes in the  angle of convergence caused when the display
surface of the  display device is viewed with two eyes and the occurrence
of 2  



distortion induced by binocular disparity.  [00031 A known optical device
for removing such influences  caused by physiological stereoscopic
elements is a  stereoscope called synopter. The synopter is designed to
be  used with a half mirror to individually supply light  received at the same
position to two eyes. It is known that  this synopter allows retinal images of
the two eyes to be  identical to each other so that stereoscopic depth can
be  added to a non-stereo image (see, for example, Non-Patent
Document 1). Related Technical Document  Non-Patent Document [0004]
Non-Patent Document 1: Jan J Koenderink et al., "On so- called
paradoxical monocular stereoscopy", Perception, Pion  Publication (UK),
1994, volume 23, pp. 583-594 Summary of Invention  Technical Problem
[0005] In this manner, an optical device such as a synopter  can remove
influences caused by physiological stereoscopic  elements to allow retinal
images of two eyes to be identical  to each other so that stereoscopic
depth can be obtained  from a non-stereo image. Such an optical device
can realize 3  



stereoscopic vision with a simple mechanism while, on the  other hand, a
display device has no flexibility so that it  is difficult to obtain further visual
effects. 0006]  Accordingly, it is an object of the present invention  to
remove influences of physiological stereoscopic elements  by image
processing. Technical Solution  [0007] The present invention has been
made in order to solve  the above problems, and a first aspect thereof
provides a  stereoscopic image generation apparatus including a
cylindrical plane projection unit that projects a two- dimensional input
image onto a cylindrical plane including  an imaginary circle that is tangent
to two eyes to generate  a cylindrical image, and a display surface
projection unit  that projects the cylindrical image onto a display surface
with reference to each of the two eyes to generate display  images to be
respectively cast on the two eyes, a  stereoscopic image generation
method therefor, or a program.  Therefore, the effect of respectively
supplying retinal  images that are identical to each other to the two eyes to
remove influences produced by physiological stereoscopic  elements can
be furnished. '0008] 4  



Additionally, in this first aspect, the radius of the imaginary circle may be
set in accordance with an assumed  observation distance or a display
size. Therefore, the  effect of allowing an image suitable for the
observation  distance or display size to be displayed can be furnished.  In
this case, in this first aspect, the stereoscopic image  generation
apparatus may further include an observation  distance measurement unit
that measures a distance between  the display surface and an observation
position, and the  radius of the imaginary circle may be set in accordance
with  an observation distance measured by the observation distance
measurement unit. Therefore, the effect of allowing an  image suitable for
the measured observation distance to be  displayed can be furnished.
[0009]  Additionally, in this first aspect, the radius of the  imaginary circle
may be set so that a degree of distortion  in the display images is smaller
than a predetermined  threshold. Therefore, the effect of allowing an
image to be  displayed within a distortion allowable range. [0010]
Additionally, in this first aspect, the stereoscopic  image generation
apparatus may further include a degree-of- depth information generation
unit that generates degree-of- depth information using the
two-dimensional input image, and 5  



a degree-of-depth information combination unit that combines  the
degree-of-depth information with the cylindrical image,  and the display
surface projection unit may project the  cylindrical image with the
degree-of-depth information  combined therewith onto the display surface
to generate the  display images. Therefore, the effect of allowing an image
with further enhanced stereoscopic feeling to be displayed  can be
furnished. [0011]  Additionally, a second aspect of the present invention
provides a stereoscopic image generation apparatus including  an
irradiation plane projection unit that projects a two  dimensional input
image onto two-dimensional planes that are  respectively perpendicular to
lines of sight of two eyes to  generate irradiation images respectively
corresponding to  the two eyes, and a display surface projection unit that
projects the corresponding irradiation images onto a display  surface with
reference to the two eyes to generate display  images to be respectively
cast on the two eyes, a  stereoscopic image generation method therefor,
or a program.  Therefore, the effect of respectively supplying retinal
images that are identical to each other to the two eyes to  remove
influences produced by physiological stereoscopic  elements can be
furnished. [0012] 6  



Additionally, in this second aspect, the positions of the irradiation images
may be set in accordance with an  assumed observation distance.
Therefore, the effect of  allowing an image suitable for the observation
distance to  be displayed can be furnished. In this case, in this second
aspect, the stereoscopic image generation apparatus may  further include
an observation distance measurement unit  that measures a distance
between the display surface and an  observation position, and the
positions of the irradiation  images may be set in accordance with an
observation distance  measured by the observation distance
measurement unit.  Therefore, the effect of allowing an image suitable for
the  measured observation distance to be displayed can be  furnished.
[0013]  Additionally, a third aspect of the present invention  provides a
stereoscopic image generation apparatus that  converts a
two-dimensional input image so that video images  to be respectively
projected onto a right eye and a left eye  from a display surface become
identical to each other to  respectively generate a right-eye image and a
left-eye image,  a stereoscopic image generation method therefor, or a
program. Therefore, the effect of respectively supplying  retinal images
that are identical to each other to the two  eyes to remove influences
produced by physiological 7  



stereoscopic elements can be furnished.  Advantageous Effects [0014]
According to the present invention, the superior effect  that influences of
physiological stereoscopic elements can  be removed by image
processing can be achieved. Brief Description of Drawings  [0015] [Fig. 1]
Fig. 1 is a diagram illustrating an example  configuration of a stereoscopic
image generation apparatus  in an embodiment of the present invention.
[Fig. 2] Fig. 2 is a diagram illustrating a first  example of a
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [Fig. 3] Fig. 3 is a diagram illustrating one form of  the projection
onto a horopter plane in the first example of  the three-dimensional
conversion unit 130 in the embodiment  of the present invention. [Fig. 4]]]
Fig. 4 is a diagram illustrating a specific  example of the projection onto
the horopter plane in the  first example of the three-dimensional
conversion unit 130  in the embodiment of the present invention. [Fig. 5]
Fig. 5 is a diagram illustrating one form of  the projection onto a display
surface in the first example  of the three-dimensional conversion unit 130
in the 8  



embodiment of the present invention. [Fig. 6] Fig. 6 is a diagram
illustrating a specific  example of the projection onto the display surface in
the  first example of the three-dimensional conversion unit 130  in the
embodiment of the present invention. [Fig. 7] Fig. 7 is a diagram
illustrating an exemplary  processing procedure performed by the first
example of the  three-dimensional conversion unit 130 in the embodiment
of  the present invention. [Fig. 8] Fig. 8 is a diagram illustrating a second
example of the three-dimensional conversion unit 130 in the  embodiment
of the present invention. [Fig. 9] Fig. 9 is a diagram illustrating the
relationship between the size of a horopter circle and the  positions of
points of convergence. ]Fig. 10] Fig. 10 is a diagram illustrating one form
of  the projection onto a horopter plane in the second example  of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [Fig. 11] Fig. 11 is a diagram illustrating a specific  example of
the projection onto the horopter plane in the  second example of the
three-dimensional conversion unit 130  in the embodiment of the present
invention. [Fig. 12] Fig. 12 is a diagram illustrating a third  example of the
three-dimensional conversion unit 130 in the 9  



embodiment of the present invention. [Fig. 13] Fig. 13 is a diagram
illustrating an example  of the relationship between a horopter circle and
the degree  of distortion of an image. [Fig. 14] Fig. 14 is a diagram
illustrating an example  of the relationship between the angle 0 and the
degree of  distortion Q of an image. [Fig. 15] Fig. 15 is a diagram
illustrating an example  of the relationship between a horopter circle and
an angle  of circumference. [Fig. 16] Fig. 16 is a diagram illustrating a
fourth  example of the three-dimensional conversion unit 130 in the
embodiment of the present invention. [Fig. 17] Fig. 17 is a diagram
illustrating an example  of the relationship between a horopter circle and a
display  surface. [Fig. 18] Fig. 18 is a diagram illustrating a fifth  example
of the three-dimensional conversion unit 130 in the  embodiment of the
present invention. [Fig. 19] Fig. 19 is a diagram illustrating one form of  the
projection onto tilt-shift planes in the fifth example  of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [Fig. 20] Fig. 20 is a diagram illustrating a specific  example of
the projection onto the tilt-shift planes in the 10  



fifth example of the three-dimensional conversion unit 130  in the
embodiment of the present invention. [Fig. 2"1] Fig. 21 is a diagram
illustrating a specific  example of the projection onto a display surface in
the  fifth example of the three-dimensional conversion unit 130  in the
embodiment of the present invention. [Fig. 22] Fig. 22 is a diagram
illustrating an  exemplary processing procedure performed by the fifth
example of the three-dimensional conversion unit 130 in the  embodiment
of the present invention. [Fig. 23] Fig. 23 is a diagram illustrating a sixth
example of the three-dimensional conversion unit 130 in the  embodiment
of the present invention. [Fla. 24] Fig. 24 is a diagram illustrating an
overview  of a process performed by the sixth example of the three-
dimensional conversion unit 130 in the embodiment of the  present
invention. [Fig. 25] Fig. 25 is a diagram illustrating an example  of a depth
map of a horopter plane according to the sixth  example of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [Fig. 26] Fig. 26 is a diagram illustrating an example  of
degree-of-depth information that is estimated by the  sixth example of the
three-dimensional conversion unit 130  in the embodiment of the present
invention. 11  



[Fig. 27] Fig. 27 is a diagram illustrating an example configuration of a
depth map combination unit 363 in the  sixth example of the
three-dimensional conversion unit 130  in the embodiment of the present
invention. [Fig. 28] Fig. 28 is a diagram illustrating an example  of a stereo
image generated by the sixth example of the  three-dimensional
conversion unit 130 in the embodiment of  the present invention. [Fig. 29]
Fig. 29 is a diagram illustrating another  example of a stereo image
generated by the sixth example of  the three-dimensional conversion unit
130 in the embodiment  of the present invention. Best Mode for Carrying
Out the Invention  [0016] Next, an embodiment of the present invention
will be  explained in detail with reference to the drawings.  [0017] Fig. 1 is
a diagram illustrating an example  configuration of a stereoscopic image
generation apparatus  in an embodiment of the present invention. This
stereoscopic image generation apparatus includes an image  signal input
unit 110, a signal processing unit 120, a  three-dimensional conversion
unit 130, a parameter setting  unit 140, an observation distance
measurement unit 150, a  post-processing unit 160, a format conversion
unit 170, a 12  



source selection unit 180, and a display unit 190.  [0018] The image signal
input unit 110 is designed to receive  an input image signal of a
non-stereo image. The non-stereo  image to be input is not limited to a still
image and may be  a moving image. The source device of the non-stereo
image  is assumed to be a television broadcast receiver, a video
reproducing device (player), an imaging device (camcorder:  CAMera and
reCORDER), or the like. [0019]  The signal processing unit 120 is
designed to perform  predetermined signal processing on an input
non-stereo image.  Examples of the signal processing are assumed to
include  white balance adjustment, noise reduction processing, level
correction processing, and gamma correction processing. 0020]  The
three-dimensional conversion unit 1130 is a feature  portion of the present
invention, and is designed to convert  a two-dimensional non-stereo image
into a three-dimensional  image. With this three-dimensional conversion
processing of  the three-dimensional conversion unit 130, a three
dimensional image that is based on the non-stereo image is  generated.
As this three-dimensional image, for example, an  image for the left eye
and an image for the right eye are  obtained. 13  



0021] The parameter setting unit 140 is designed to set a  parameter
necessary for the three-dimensional conversion  processing performed in
the three-dimensional conversion  unit 130. Such a parameter is assumed
to be, for example, a  radius for specifying a horopter circle described
below, or  the like. [0022]  The observation distance measurement unit
150 is  designed to measure the distance between the display unit  190
and the observation position of a viewer. On the basis  of the observation
distance measured by this observation  distance measurement unit 150,
the three-dimensional  conversion processing can be performed in the
three- dimensional conversion unit 130. In this regard, a pre- assumed
observation distance may be used without actually  measuring the
observation distance. [0023]  The post-processing unit 160 is designed to
perform  post-processing for preventing the occurrence of aliasing on  the
three-dimensional image obtained by the three- dimensional conversion
processing performed in the three- dimensional conversion unit 130. For
example, if it is  assumed that the image for the left eye and the image for
the right eye are alternately displayed line-by-line on the 14  



display unit 190, there is a risk of jaggy (stair-stepped  edges) being
displayed due to aliasing. In order to avoid  it, the post.-processing unit
160 applies a filter in the  vertical direction to smooth the changes in the
image.  0024] The format conversion unit 170 is designed to convert  the
three-dimensional image into a format supported by the  display unit 190.
The format conversion unit 170 can perform conversion so that, for
example, the image for the  left eye and the image for the right eye can be
alternately  arranged line-by-line in accordance with the format supported
by the display unit 190.  00251 The source selection unit 180 is designed
to select, as  a source, an image to be displayed. That is, the source
selection unit 180 selects the output of the signal  processing unit 120 in a
case where the non-stereo image is  to be displayed without changes, and
selects the output of  the format conversion unit 170 in a case where the
three  dimensional image for stereoscopic vision is to be displayed.  0026]
The display unit 190 is a display that displays an  image. While it is
assumed here as a premise that the  display unit 190 has a function for
displaying a three- dimensional image for stereoscopic vision, a means for
15  



implementing this function is not specifically limited. For  example, as
described in Japanese Unexamined Patent  Application Publication No.
2002-365593, it is conceivable  that separated wavelength plates are
disposed every other  line to convert linearly polarized light rays from
even- numbered lines and odd-numbered lines of the display screen  into
light rays that are perpendicular to each other to  allow the light rays of
different images to enter the two  eyes. 0027]  Fig. 2 is a diagram
illustrating a first example of the  three-dimensional conversion unit 130 in
the embodiment of  the present invention. This first example of the three-
dimensional conversion unit 130 includes a horopter-plane  image
projection unit 311, a display surface right-eye  projection unit 316, and a
display surface left-eye  projection unit 317. [0028;  The horopter-plane
image projection unit 311 is  designed to project the non-stereo image
supplied from the  signal processing unit 120 via a signal line 129 onto a
cylindrical plane including a horopter circle (horopter).  The term horopter
circle is a circumference that is tangent  to the two eyes, and it is known
that binocular retinal  images with respect to a point on this horopter circle
are 16  



identical to each other. This cylindrical plane is referred  to as a horopter
plane, and an image projected onto the  horopter plane is referred to as a
horopter image.  Additionally, an intersection of the lines of sight of the
two eyes is referred to as a point of convergence, and the  angle defined
thereby is referred to as a convergence angle  or an angle of
circumference. Convergence angles are equal  on the horopter circle. In
this first example, the size of  the horopter circle is specified by horopter
circle  information. Additionally, the relative positional  relationship with the
two eyes is specified by an  interocular distance "2a". The horopter circle
information  and the interocular distance "2a" are supplied from the
parameter setting unit 140 via a signal line 149. Note that  while in the
following, the size of the horopter circle is  specified using a radius "r" as
horopter circle information,  the size of the horopter circle may be
specified using the  distance from the center of the two eyes to a vertex of
the  horopter circle, the angle of circumference, or the like.  Note that the
horopter-plane image projection unit 311 is an  example of the cylindrical
plane projection unit described  in CLAIMS. [0029]  The display surface
right-eye projection unit 316 is  designed to project the horopter image
onto a display 17  



surface for the right eye. The display surface left-eye  projection unit 317
is designed to project the horopter  image onto a display surface for the
left eye. The display  surface right-eye projection unit 316 and the display
surface left-eye projection unit 317 perform projection onto  the display
surfaces for the right and left eyes on the  basis of the interocular distance
"2a", the radius "r" of the horopter circle, and an assumed observation
distance "d".  An image projected onto the display surface for the right eye
is referred to as a right-eye image, and an image  projected onto the
display surface for the left eye is  referred to as a left-eye image. The
right-eye image and  the left-eye image are supplied to the
post-processing unit  160 via a signal line 139. Note that the display
surface  right eye projection unit 316 and the display surface left- eye
projection unit 317 are examples of the display surface  projection unit
described in CLAIMS. [0030]  Fig. 3 is a diagram illustrating one form of
the  projection onto the horopter plane in the first example of  the
three-dimensional conversion unit 130 in the embodiment  of the present
invention. A horopter circle 520 is a circle  that passes through a right eye
511, a left eye 512, and a  point of convergence 531 (vertex) or 532. Here,
it is  assumed that the right eye 511 and the left eye 512 are each 18  



spaced apart from each other by "a" with respect to the  center of the two
eyes. That is, the interocular distance  is "2a". Additionally, the radius of
the horopter circle  520 is "r". [0031.]  The binocular retinal images of the
right eye 511 and  the left eye S12 with respect to a point on the horopter
circle 520 are identical to each other. This is because  convergence
angles are always equal in a case where points  on the horopter circle 520
are set as points of convergence.  For example, a convergence angle 533
with respect to the  point of convergence 531 and a convergence angle
534 with  respect to the point of convergence 532 are equal to each
other. A non-stereo image is projected as a horopter image  530 onto a
cylindrical plane (horopter plane) including the  horopter circle 520. Thus,
retinal images that are  identical to each other and that have no binocular
disparity  can be formed on the right eye 511 and the left eye 512.  [0032]
Fig. 4 is a diagram illustrating a specific example of  the projection onto
the horopter plane in the first example  of the three-dimensional
conversion unit 130 in the embodiment of the present invention.  [0033]
Part (a) of Fig. 4 illustrates the coordinate system of 19  



an input image I(p, q) supplied from the signal processing  unit 120 via the
signal line 129. Since the input image is  a non-stereo image, the
two-dimensional coordinate system is  used. The origin of the coordinate
system is set to the  center point of the input image. Additionally, the input
image size (width) is assumed to be "2L". [0034]  Part (b) of Fig. 4
illustrates the coordinate system of  the horopter plane on which the
horopter image 530 is  projected. Since the horopter plane is
three-dimensional,  the three-dimensional (x, y, z) coordinate system is
used  here. The origin of the coordinate system is set to the  center of the
horopter circle 520. Part (b) of Fig. 4 is a  figure viewed from a direction
perpendicular to the horopter  plane, that is, a direction perpendicular to
the y axis.  [0035] At this time, a horopter image H(x, y, z) is obtained  by
projecting the input image I(p, q) onto the horopter  circle having the
radius r, and is represented by the  following equation: [0036]  H(x, y, z) =
I((n/2-w)xr, y)  where z2y x2 = yt yr = tan-1(z/x) 20  



0037] Note that while it is assumed here that the input image  size (width)
"2L" is the same as the display surface size  (width), a function for scaling
up or down an input image  may be provided in a preceding stage so as to
change the  physical size of the image. [0038]  Fig. 5 is a diagram
illustrating one form of the  projection onto a display surface in the first
example of  the three-dimensional conversion unit 130 in the embodiment
of the present invention. 0039]  Here, it is considered that the point of
convergence  532 on the horopter circle 520 is projected onto a display
surface 540. An image formed on the right eye 511 with  respect to the
point of convergence 532 is displayed at a  display position 541 on the
display surface 540. On the  other hand, an image formed on the left eye
512 with respect  to the point of convergence 532 is displayed at a display
position 542 on the display surface 540. That is, even for  the same
horopter image 530, images to be displayed on the  display surface 540
are basically different images for the  right eye 511 and the left eye 512.
[0040]  Fig. 6 is a diagram illustrating a specific example of 21  



the projection onto the display surface in the first example  of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [0041]  Part (a) of Fig. 6 illustrates the coordinate system on
the horopter plane and the display surface. While the  three-dimensional
(x, y, z) coordinate system is used here,  unlike the case in part (a) of Fig.
4, the position of the  origin on the xy plane is set to an intermediate point
between the right eye 511 and the left eye 512. Here, the  distance c
between the origin in this coordinate system and  the center of the
horopter circle 520 is expressed by: C = ( r2-a2 ) 1/2  [0042] Part (b) of
Fig. 6 illustrates the coordinate system of  a display image 2(s, t) projected
on a display surface.  Display images are respectively obtained for the
right eye  511 and the left eye 512. Since each image is a two-
dimensional image, the two-dimensional coordinate system is  used. The
origin of the coordinate system is set to the  center point of the display
images. 0043]  At this time, a position D(xR, yR, ZR) on the display
surface 540, which is projected from the right eye 511  through a position
H(xo, yo, zo) on the horopter image is 22  



given by the following equation:  0044] D(xR, YR, ZR) = J(xR, YR) = H(xo,
Yo, z3) Additionally, since the distance from the observation  position of
the viewer is equal to the observation distance  d, zR = d is obtained and
the following expressions hold  true: [0045]  (xo-a) / (xR-a) = yo/yR = zo/d
X02+ ( Zo-c) 2 = r2  zo > 0 Accordingly, an image to be projected at the
position  D(xR, yR, zR) on the display surface 540 can be determined
using the position H(xo, yo, zo) That is, {xo, yo, zo} is  obtained from {xR,
yR, zR}. 0046]  Note that while the position D(xR, yR, ZR), which is
projected from the right eye 511, has been explained here, a  position
D(xL, yL, ZL) on the display surface 540, which is  projected from the left
eye 512 through the posit=-on H(xo, yo,  zo) on the horopter image, can
also be determined in a  similar manner. [0047]  Additionally, while the
explanation has been given of  an example where the size of the horopter
circle is 23  



specified by the radius "r" by way of example, as described  above, the
size of the horopter circle may be specified  using the distance from the
center of the two eyes to the  vertex of the horopter circle, the angle of
circumference,  or the like. The distance f from the center of the two eyes
to the point of convergence is given by the following  equation: [0048]  f =
r+c r+ (r2-a2) 1/2 Moving r to the left side and squaring both sides yield:
f2-2rf-,-r2 = r2-a2 r = (f2+a2) /2f Thus, the radius "r" can be determined
using the distance  "f" from the center of the two eyes to the point of
convergence and the interocular distance "2a". The  relationship between
the angle of circumference and the  radius will be explained in the
following example (Fig. 15).  [0049] Fig. 7 is a diagram illustrating an
exemplary  processing procedure performed by the first example of the
three-dimensional conversion unit 130 in the embodiment of  the present
invention. [0050]  First, when an input image T(p, q) is input from the 24  



signal processing unit 120 via the signal line 129 (step  S911), the input
image I(p, q) is projected as a horopter  image H(x, y, z) onto the horopter
plane (step S912). Note  that step 5912 is an example of the cylindrical
plane  projecting procedure described in CLAIMS. [0051]  Then, display
images are respectively generated for the  right eye and the left eye in the
following manner (loop  L901) First, perspective transformation is
performed for  the display surface 540 on which the image is to be
projected from the right eye 511through the position H(xo,  yo, zo) on the
horopter image to obtain the three-dimensional  position D(xA, yR, zR)
(step 5913). Then, a two-dimensional  display image J(xR., yR) for the
display surface is obtained  from this three-dimensional position (step
S914) Similarly,  perspective transformation is performed for the display
surface 540 on which the image is to be projected from the  left eye 512
through the position H(xo, yo, zo) on the  horopter image to obtain the
three-dimensional position D(XL,  yL, z-) (step S913) . Then, a
two-dimensional display image  J(xL, y0) for the display surface is
obtained from this  three-dimensional position (step 5914). Note that steps
S913 and S914 are examples of the display-surface projecting  procedure
described in CLAIMS. [0052] 25  



In this manner, in the first example of the three dimensional conversion
unit 130 in the embodiment of the  present invention, a non-stereo image
is projected as a  horopter image onto the horopter circle 520 specified by
horopter circle information. Then, the horopter image is  projected onto a
display surface located at an actually  measured or estimated observation
distance. Therefore, a  stereo image for the right eye 511 and the left eye
512 can  be generated. [00531  Fig. 8 is a diagram illustrating a second
example of  the three-dimensional conversion unit 130 in the embodiment
of the present invention. This second example of the three- dimensional
conversion unit 130 includes a horopter-plane  image projection unit 321,
a convergence point setting unit  322, a display surface right-eye
projection unit 326, and a  display surface left-eye projection unit 327.
00541  Like the horopter-plane image projection unit 311, the
horop'~er-plane image projection unit 321 is designed to  project the
non-stereo image supplied from the signal  processing unit 120 via the
signal line 129 onto a  cylindrical plane including a horopter circle. In this
second example, the horopter circle is specified using a  radius "r" that is
based on a point of convergence set by 26  



the convergence point setting unit 322. Note that the  horopter-plane
image projection unit 321 is an example of  the cylindrical plane projection
unit described in CLAIMS.  [0055] The convergence point setting unit 322
is designed to  set a point of convergence and to supply a radius "r" that
is based on this point of convergence. The convergence  point setting unit
322 sets a point of convergence using the  interocular distance "2a", the
observation distance "d", the  display surface size "2M", and the input
image size "2L".  [0056] Similarly to the first example, the display surface
right-eye projection unit 326 and the display surface left- eye projection
unit 327 are designed to project the horopter  image on the display
surface for the right eye or the left  eye. Note that the display surface
right-eye projection  unit 326 and the display surface left-eye projection
unit  327 are examples of the display surface projection unit  described in
CLAIMS. [0057]  Fig. 9 is a diagram illustrating the relationship  between
the size of the horopter circle and the positions of  points of convergence.
The horopter circle is uniquely  specified by the interocular distance and
the radius.  Therefore, in a case where the radius is not fixed, as in 27  



the same figure, a number of horopter circles that pass  through the two
eyes can be assumed. In general, the  smaller the distance to the point of
convergence, the larger  the convergence angle, and therefore the smaller
the radius.  [0058] Here, it is understood that if an input image -a
projected onto a horopter circle with the size of the input  image fixed, as
in the same figure, the size (width) thereof  on the display surface differs
from one horopter circle to  another. That is, as in a horopter circle 521,
the smaller  the distance to the point of convergence, the larger the  size
(width) of the display surface. As in a horopter  circle 522, the larger the
distance to the point of  convergence, the smaller the size (width) of the
display  surface. In the second example, therefore, for the purpose  of
displaying an input image across the entirety of the  display surface, the
point of convergence on a horopter  circle is calculated back from the
projection size on the  display surface and set. [0059]  Fig. 10 is a diagram
illustrating one form of the  projection onto the horopter plane in the
second example of  the three-dimensional conversion unit 130 in the
embodiment  of the present invention. Here, first, letting the input  image
size (width) be "2L", a consideration is given of the 28  



equation by which the size (width) "2m" of an image  projected on the
display surface is represented.  0060] Assuming a right triangle defined by
sides of lengths p,  q, and r inside a horopter circle, p and q are
represented  by the following equations: [0061]  p = rsin4  q = rcoso where
is the angle that is an angle defined by the sides  of the lengths q and r.
The angle 0 is represented by the  following equation: 00621  0 =
(L/(2nr))2n = Or Additionally, it is assumed that within the size  (width)
"2m" of the image projected on the display surface,  a portion that
overlaps the right triangle described above  is x and a right portion thereof
is y. From the similarity  in the right triangle, the following relationship is
obtained:  p:x = q:(d-c) Therefore, x is given by the following equation:
[00631 x = p-(d-c)/q Additionally, from the similarity in a right triangle 29  



with a vertex T, the following relationships are obtained:  t:a = (t+c):s t:a =
(t+c+q) :p Therefore, s is given by the following equation:  [00641 s =
((p-a)/(a(c+q)))((a(c+q)/(p-a))+c)a  (aq-cp)/(c+q) Additionally, from the
similarity in a triangle formed  by sides of the length s and the radius r, the
following  relationship is obtained: s:y = q:(q-(d-c)) Therefore, y is given by
the following equation:  00651 y = ((q-d+c)/q)s =
((q-d+c)-(aq-c-p))/(q-(c+q)) The sum of x and y obtained in this manner
equals one  half the size (width) of the image projected on the display
surface, "m". [00661  m = x+y = p-(d-c)/q+((q-d+c)(aq-cp))/(q-(c+q)) Fig.
11 is a diagram illustrating a specific example of  the projection onto the
horopter plane in the second example  of the three-dimensional
conversion unit 130 in the  embodiment of the present invention. in the
second example, 30  



as described above, the point of convergence is set so that  the projection
width on the display surface 540 can be made  to extend across the
entirety of the display surface 540.  Therefore, as illustrated in the same
figure, the width "2M"  of the display surface 540 itself is made to match
the  display-surface projection width "2m" obtained by the above
equation. 0067]  Since the size (width) "2M" of the display surface 540,
the input image size (width) "2"', the interccu'_ar distance  "2a", and the
observation distance "d" are given to the  convergence point setting unit
322, the radius r of the  horopter circle can be determined so that the
display- surface projection size (width) "2m" obtained by the above
equation can be made to match "2M". [0068]  In this manner, in the
second example of the three- dimensional conversion unit 130 in the
embodiment of the  present invention, by assuming the size of the display
surface 540 in advance, a point of convergence can be set so  that a
projected image on the display surface 540 can be  displayed on the
entirety of the display surface 540, and  the horopter circle can be
uniquely specified. [0069]  Fig. 12 is a diagram illustrating a third example
of 31  



the three-dimensional conversion unit 130 in the embodiment  of the
present invention. This third example of the three- dimensional conversion
unit 130 is designed to determine the  point of convergence so as to
suppress an increase in the  degree of distortion of an image on a display
surface. The  greater the deviation from the exact front of each of two
eyes, the greater the degree of distortion between the  center and margins
of the image. Thus, the point of  convergence is set so that this degree of
distortion can  fall within an acceptable range. This third example of the
three-dimensional conversion unit 130 includes a horopter- plane image
projection unit 331, a convergence point setting  unit 332, a display
surface right-eye projection unit 336,  and a display surface left-eye
projection unit 337. [0070;  Like the horopter-plane image projection unit
311, the  horopter-plane image projection unit 331 is designed to  project
the non-stereo image supplied from the signal  processing unit 120 via the
signal line 129 onto a  cylindrical plane including a horopter circle. In this
third example, the horopter circle is specified using an  angle of
circumference "t" that is based on a point of  convergence set by the
convergence point setting unit 332.  Note that the horopter-plane image
projection unit 331 is an  example of the cylindrical plane projection unit
described 32  



in CLAIMS. [00711  The convergence point setting unit 332 is designed to
set a point of convergence and to supply an angle of  circumference "c"
that is based on this point of convergence.  The convergence point setting
unit 332 sets a point of  convergence using the interocular distance "2a",
the  observation distance "d", a maximum degree of distortion  "Qmax",
and a minute angle "S". The details of the setting  will be explained with
reference to the following figure.  [00721 Similarly to the first example, the
display surface  right-eye projection unit 336 and the display surface left-
eye projection unit 337 are designed to project the horopter  image on the
display surface for the right eye or the left  eye. Note that although, here,
the projection onto the  display surface is performed using the angle of
circumference "T" supplied from the convergence point  setting unit 332,
the radius "r" in the first example and  the angle of circumference "T" in
the present example are  equivalent to each other in terms of setting a
point of  convergence. Therefore, both may be replaced with each  other
for use, as necessary. Note that the display surface  right-eye projection
unit 336 and the display surface left- eye projection unit 337 are examples
of the display surface 33  



projection unit described in CLAIMS.  [0073] Fig. 13 is a diagram
illustrating an example of the  relationship between a horopter circle and
the degree of  distortion of an image. While the degree of distortion is
determined here for the left eye 512, similarity applies to  the right eye
511. 0074]  Distances on the display surface 540 are compared in a  case
where a position 535 on the horopter circle, which is  viewed in exactly
front of the left eye 512, and a position  536 that is rotated by an angle 0
with respect to this  position are each deviated by a minute angle "6". In a
case  where the position 535 is deviated by the minute angle "6",  the view
angle of a center point o of the horopter circle is  "26". Thus, a deviation of
"26r" occurs at the position 535  on the horopter circle. With this regard, in
a case where  the position 536 is deviated by the minute angle "6", the
view angle of the center point o of the horopter circle is  also "26". Thus,
similarly, a deviation of "26r" occurs at  the position 536 on the horopter
circle. [0075]  At the position 545 on the display surface 540 which
corresponds to the position 535 on the horopter circle,  assuming a right
triangle with sides each having the 34  



observation distance "d" and the angle "6/2", a deviation  width Q' is
expressed by the following equation: [0076]  Q1 = 2d.tan(8/2) At the
position 546 on the display surface 540 which  corresponds to the position
536 on the horopter circle, on  the other hand, assuming a right triangle
with sides each  having the observation distance "d" and the angle "0", a
deviation width Q2 is expressed by the following equation:  [0077] Q2 =
2d.(tan0-tan(0-8/2)) Therefore, the degree of distortion Q is obtained by
the following equation: [0078]  Q = Q2/Ql =
(2d(tan8-tan(0-6/2)))/(2dtan(6/2))  = (tan8-tan (0-8/2))/tan(5/2) Fig. 14 is a
diagram illustrating an example of the  relationship between the angle 0
and the degree of  distortion Q of the image. Here, the degree of distortion
Q  obtained in a case where, in Fig. 13, the minute angle 6 is  set to "0.01"
and the angle 0 is changed from "-70" to  "+70" [0079]  As can also be
seen from this example, the greater the 35  



deviation from the exact front of the eyes, the greater the  degree of
distortion Q between the center and margins of the  image. In this third
example, therefore, a maximum degree  of distortion "Qmax" is given as a
threshold of the degree  of distortion, and the angle 0 is set so that the
degree of  distortion becomes smaller than the threshold. [0080]  Fig. 15 is
a diagram illustrating an example of the  relationship between the horopter
circle and the angle of  circumference. If it is assumed that the angle of
circumference is "i", then the angle at which the center  point o of the
horopter circle 520 is viewed from the right  eye 511 and the left eye 512
is "2t". This angle is equally  divided into two parts by the perpendicular
from the center  point o to the center of the two eyes, each yielding "2". In
this figure, "i" with reference to the left eye 512 is  illustrated. [0081]
Focusing on a triangle defined by an intersection 537  of the center 'line
between the right eye 511 and the left  eye 512 and the horopter circle
520, the left eye 512, and  the center point o of the horopter circle 520,
both the  angles at the intersection 537 and the left eye 512 are  "ti/2".
Since the line connecting the position 535 on the  horopter circle, which is
viewed in exactly front of the 36  



left eye 512, and the left eye 512 is parallel to the center  line between the
right eye 511 and the left eye 512, the  angle formed at the left eye 512 by
the intersection 537 and  an end point 538 of the input image is expressed
by "O-T/2".  In this regard, the angle 0 is an angle formed at the left  eye
512 by the position 535 and the end point 538 of the  input image.
Therefore, the angle at which the center point  o of the horopter circle 520
is viewed from the intersection  537 and the end point 538 of the input
image is expressed by  "2 - (0-T/2)". In this case, the length of a circular
arc  matches the size (width) of the input image, "L". Thus, the  following
equation holds true: [0082]  2- (0-T/2)r = L Additionally, focusing on a right
triangle defined by a  center point between the right eye 511 and the left
eye 512,  the center point o of the horopter circle 520, and the left  eye
512, the radius r is represented by the equation below.  That is, it is
understood that the radius "r" can be determined using the angle of
circumference "r" and the  interocular distance "2a". 0083]  r = a/sin(T)
Therefore, removing the radius r from the above two  equations yields the
following equation: 37  



[0084] 2 (8-T/2)(a/sin(k)) _ It is understood from the above equation that if
the angle  "0", the half of the interocular distance, "a", and the size  "L" of
the input image are known, the angle of circumference  "T" can be
obtained. [0085]  in this manner, in the third example of the three-
dimensional conversion unit 130 in the embodiment of the  present
invention, by giving the minute angle "6" and the  maximum degree of
distortion "Qmax", the point of  convergence can be set so that the
distortion between the  center and margins of the screen can be made
equal to or  less than the maximum degree of distortion, and the horopter
circle can be specified. 0086]  Fig. 16 is a diagram illustrating a fourth
example of  the three-dimensional conversion unit 130 in the embodiment
of the present invention. This fourth example of the three- dimensional
conversion unit 130 is designed to determine a  point of convergence so
as to suppress an increase in the  distortion of an image on a display
surface and to scale up  or down the size (width) of an input image so that
the input  image can be displayed on the entirety of the display  surface.
This fourth example of the three-dimensional 38  



conversion unit 130 includes a horopter-plane image  projection unit 341,
a convergence point setting unit 342, a  scaling unit 343, a display surface
right-eye projection unit 346, and a display surface left-eye projection unit
347.  [0087] The convergence point setting unit 342 is designed to  set a
point of convergence and to supply a radius "r" that  is based on this point
of convergence and an angle "0". The  convergence point setting unit 342
sets a point of convergence using the interocular distance "2a", the
observation distance "d", the maximum degree of distortion  "Amax", the
minute angle "6", and the display surface size  "2M". [0088]  The scaling
unit 343 is designed to enlarge or reduce  (scale up or down) the
non-stereo image supplied from the  signal processing unit 120 via the
signal line 129 in  accordance with the point of convergence set by the
convergence point setting unit 342. 10089]  The horopter-plane image
projection unit 341 is  designed to project the non-stereo image scaled up
or down  by the scaling unit 343 onto a cylindrical plane including a
horopter circle. Note that the horopter-plane image  projection unit 341 is
an example of the cylindrical plane 39  



projection unit described in CLAIMS.  [0090] Similarly to the first example,
the display surface  right-eye projection unit 346 and the display surface
left- eye projection unit 347 are designed to project the horopter  image on
the display surface for the right eve or the left  eye. Note that the display
surface right-eye projection  unit 346 and the display surface left-eye
projection unit  347 are examples of the display surface projection unit
described in CLAIMS. [0091]  Fig. 17 is a diagram illustrating an example
of the  relationship between the horopter circle and the display  surface. In
this fourth example, similarly to the third  example, the angle "0" is
determined so that the degree of  distortion with respect to the minute
angle "S" can be made  smaller than the maximum degree of distortion
"Qmax". Than,  based on the angle "0", the horopter circle is determined
and, in addition, the size of the input image is determined.  [00921 Since
the end point 538 of the input image is located  on the horopter circle 520,
the angle at which the end point  538 of the input image is viewed from the
right eye 511 and  the left eye 512 is "i". Additionally, focusing on a right
triangle defined by an intersection 548 between a line 40  



connecting the left eye 512 and the end point 538 of the  input image and
the display surface 540, an intersection 545  between a line connecting
the left eye 512 and a point 535  located in exactly front of the left eye and
the display  surface 540, and the position of the left eye 512, the angle
defined at the intersection 548 from the left eye 512 is  expressed by
"n/2-8". Additionally, focusing on a right  triangle including a vertex T, the
angle defined at the  intersection 549 from the vertex T is '0093]  Here, x
satisfies the following relationship  x:a = (x+d):M and is therefore given by:
x = ad/(M-a) [00941  Therefore, an inner angle at the intersection 549 is
expressed by "7i-tan-''(x/a)". Accordingly, the angle "t" is  given by the
equation below. That is, the horopter circle  is determined by setting t so
that the following equation  holds true: [0095'  t = 8-(m/2)+tan-'(x/a)
Additionally, as calculated in the third example, the  angle at which the
center point o of the horopter circle 520  is viewed from the intersection
537 and the end point 538 of 41  



the input image is expressed by "2(O-i/2)". In this case,  the length of a
circular arc matches the size (width) of the  input image, "L". Thus, the
following equation holds true:  [0096] L = 2- (B-ti/2) - r In the third
example, the size of the input image is  fixed whereas in this fourth
example, the size of the input  image is variable, and the input image is
scaled up or down  by the scaling unit 343 so as to meet the above
equation.  [0097] In this manner, in the fourth example of the three-
dimensional conversion unit 130 in the embodiment of the  present
invention, the point of convergence can be set so  that the distortion
between the center and margins of the  screen can be made equal to or
less than the maximum degree  of distortion, and the horopter circle can
be specified. In  addition, the input image can be scaled up or down so
that  the input image can be displayed on the entirety of the  display
surface. [0098]  Fig. 18 is a diagram illustrating a fifth example of  the
three-dimensional conversion unit 130 in the embodiment  of the present
invention. This fifth example of the three- dimensional conversion unit 130
is designed to generate a  stereo image by projecting a non-stereo image
onto tilt 42  



shift planes corresponding to the respective eyes and  thereafter
projecting resulting images onto a display  surface without performing the
procedure of projecting the  non-stereo image onto a horopter circle. In
this regard, as  illustrated below, an image displayed according to this
fifth example is equivalent to an image displayed through  the horopter
circle explained with respect to the first to  fourth examples. Therefore, it is
assumed here that, in  order to generate a stereo image, a horopter circle
is  assumed and the radius of this horopter circle is given as a  parameter.
This fifth example of the three-dimensional  conversion unit 130 includes a
tilt-shift plane right-eye  setting unit 354, a tilt-shift plane left-eye setting
unit  355, a display surface right-eye projection unit 356, and a  display
surface left-eye projection unit 357. [0099[  The tilt-shift plane right-eye
setting unit 354 is  designed to set, assuming the extension of a visual
point in  which a point of convergence equidistant from two eyes is
viewed from the right eye, a tilt-shift plane that  perpendicularly intersects
this extension of the visual  point and to project the non-stereo image
supplied from the  signal processing unit 120 via the signal line 129 as a
tilt-shift image for the right eye. The tilt-shift plane  left-eye setting unit 355
is designed to set, assuming the 43  



extension of a visual point in which the point of  convergence equidistant
from the two eyes is viewed from the  left eye, a tilt-shift plane that
perpendicularly intersects  this extension of the visual point and to project
the non- stereo image supplied from the signal processing unit 120  via
the signal line 129 as a tilt-shift image for the left  eye. The tilt-shift plane
right-eye setting unit 354 and  the tilt-shift plane left-eye setting unit 355
perform  projection onto the tilt-shift planes for the right and left  eyes on
the basis of the interocular distance "2a", the  radius "r" of the horopter
circle, the assumed observation  distance "d", and a tilt-shift plane
distance "k". Note  that each of the tilt-shift planes is an example of the
irradiation plane described in CLAIMS. Additionally, the  tilt-shift plane
right-eye setting unit 354 and the tilt- shift plane left-eye setting unit 355
are examples of the  irradiation-plane projection unit described in
CLAIMS. 0100]  The display surface right-eye projection unit 356 is
designed to project the tilt-shift image for the right eye  onto a display
surface for the right eye. The display  surface left-eye projection unit 357
is designed to project  the tilt-shift image for the left eye onto a display
surface  for the left eye. The display surface right-eye projection  unit 356
and the display surface left-eye projection unit 44  



357 perform projection onto the display surfaces for the  right and left eyes
on the basis of the interocular distance  "2a", the radius "r" of the horopter
circle, and the assumed  observation distance "d". An image projected
onto the  display surface for the right eye is referred to as a right- eye
image, and an image projected onto the display surface  for the left eye is
referred to as a left-eye image. The  right-eye and left-eye images are
supplied to the post- processing unit 160 via the signal line 139. Note that
the  display surface right-eye projection unit 356 and the  display surface
left-eye projection unit 357 are examples of  the display surface projection
unit described in CLAIMS.  [0101] Fig. 19 is a diagram illustrating one
form of the  projection onto the tilt-shift planes in the fifth example  of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [0102]  The intersection of the center line between the right  eye
511 and the left eye 512 and the horopter circle 520 is  a point of
convergence 527 that is equidistant from the two  eyes. A right-eye
tilt-shift plane 550 is a plane that  perpendicularly intersects, at a point
551, the extension of  a visual point in which the point of convergence 527
is  viewed from the right eye 511. A left-eye tilt-shift plane 45  



560 is a plane that perpendicularly intersects, at a point  561, the
extension of a visual point in which the point of  convergence 527 is
viewed from the left eye 512. It is  assumed that the distance between a
line segment connecting  the position of the right eye 511 and the position
of the  left eye 512 and a line segment connecting the points 551  and 561
is assumed to be a tilt-shift plane distance "k".  [01031 Tt is considered
here that images on the right-eye  tilt-shift plane 550 and the left-eye
tilt-shift plane 560  are projected onto a display surface 570. It is assumed
that the distance between the right and left eyes 511 and  512 and the
display surface 570 is assumed to be an  observation distance "d". An
image formed at a point 552  that is distant by a distance "S" from the
point 551 on the  right eye tilt shift plane 550 is displayed at a display
position 571 on the display surface 570. An image formed at  a point 562
that is distant by the distance "S" from the  point 561 on the left-eye
tilt-shift plane 560 is displayed  at a display position 572 on the display
surface 570. At  this time, a line connecting the right eye 511 and the point
571 and a line connecting the left eye 512 and the point 572  intersect
each other at an intersection 522 on the horopter  circle 520. -,-hat -is, an
image displayed according to this  fifth example is equivalent to an image
displayed through 46  



the horopter circle explained with respect to the first to  fourth examples.
[0104]  Fig. 20 is a diagram illustrating a specific example of  the
projection onto the tilt-shift planes in the fifth  example of the
three-dimensional conversion unit 130 in the  embodiment of the present
invention. [0105]  Part (a) of Fig. 20 illustrates the coordinate system  of
an input image I(p, q) supplied from the signal  processing unit 120 via the
signal line 129. Since the  input image is a non-stereo image, the
two-dimensional  coordinate system is used. The origin of the coordinate
system is set to the center point of the input image.  Additionally, the input
image size (width) is assumed to be  "2L". [0106]  Part (b) of Fig. 20
illustrates the coordinate system  of the tilt-shift planes on which tilt-shift
images are  projected. Since the tilt-shift planes are three- dimensional,
the three-dimensional (x, y, z) coordinate  system is used here. The origin
of the coordinate system is  set to the center between the right eye 511
and the left eye  512. Part (b) of Fig. 20 is a figure viewed from a  direction
perpendicular to the tilt-shift planes, that is, a 47  



direction perpendicular to the y axis.  [0107] If it is assumed that the angle
at which a point of  convergence on the horopter circle 520 is viewed from
the  right eye 511 and the left eye 512 is a convergence angle  "t", each of
the right-eye tilt-shift plane 550 and the  left-eye tilt-shift plane 560 has an
angle of "t/2" from the  horizon. [0108]  Focusing on an intersection 582
that is dropped  perpendicularly to the line connecting the two eyes from
the  point 561 on the left-eye tilt-shift plane 560, the distance  between the
left eye 512 and the intersection 582 is  expressed by "ktan(t/2)".
Therefore, the distance between a  point 589 at a position that is distant
by the tilt-shift  plane distance "k" from the origin along the z axis and the
point 561 on the left-eye tilt-shift plane 560 is expressed  by "a-ktan(t/2)".
Therefore, the relationship between the  left-eye tilt-shift image L(x, y, z)
on the left-eye tilt- shift plane 560 and the input image I(p, q) is
represented  by the following equation: [0109]  L(x, y, z) =
I((x+a-ktan(t/2))/(cos (t/2)y)  where, in this left-eye tilt-shift image L(x, y, z),
the  following is true: 48  



z = k- ((x'a-k- tan (7/2) )/sin (-c/2)  [0110] Additionally, similarly, the
relationship between the  right-eye tilt-shift image R(x, y, z) on the
right-eye tilt- shift plane 550 and the input image 1(p, q) is represented  by
the following equation: [0111]  R(x, y, z) = 7((x-a+k tan (ti/2))/(cos (ti/2)), y)
where, in this right-eye tilt-shift image R(x, y, z), the  following is true: z =
k+((x-a+k tan (ti/2)) /sin (ti/2))  [0112] Fig. 21 is a diagram illustrating a
specific example of  the projection onto the display surface in the fifth
example  of the three-dimensional conversion unit 130 in the embodiment
of the present invention.  [0113] Part (a) of Fig. 21 illustrates the
coordinate system  of the tilt-shift planes and the display surface. Here,
the  three-dimensional (x, y, z) coordinate system is used.  [0114] Part (b)
of Fig. 21 illustrates the coordinate system  of a display image S(s, t)
projected on the display surface.  Display images are respectively
obtained for the right eye  511 and the left eye 512. Since each image is a
two 49  



dimensional image, the two-dimensional coordinate system is  used. The
origin of the coordinate system is set to the  center point of the display
image. [0115]  At this time, DL(XL, yL, ZL) on the display surface 570,
which is projected from the left eye 512 through L(xo, Yo,  zo) on the
left-eye tilt-shift image is given by the  following equation: [0116]  DL(XL,
YL, ZL) = J(XL, YL) =L(xo, Yo, zo) Additionally, since the distance from
the observation  position of the viewer is equal to the observation distance
d, zR = d is obtained and the following expressions hold  true: [0117]
(xo+a) / (xL+a) = Yo/yL = zo/d  zo > 0 in this regard, as explained using
Fig. 20, the following  expression holds true: zo=
k-((xo+a-ktan(t/2))/sin(i/2))  [0118] Note that while DL(xL, yL, ZL), which is
projected from.  the left eye 512, has been explained here, DR(xR, yR, z4)
on  the display surface 570, which is projected from the right  eye 511
through R(xo, yo, zo) on the right-eye tilt-shift 5o  



image, can also be determined in a similar manner.  [0119] Fig. 22 is a
diagram illustrating an exemplary  processing procedure performed by the
fifth example of the  three-dimensional conversion unit 130 in the
embodiment of  the present invention. [0120]  First, when an input image
I(p, q) is input from the  signal processing unit 120 via the signal line 129
(step  5921), the input image I(p, q) is respectively projected as  tilt-shift
images. in this regard, unlike the first example,  separate tilt-shift planes
are provided for the right eye and the left eye, and display images are
generated in the  following manner (loop L902). [0121?  When the input
image I(p, q) is projected as a right- eye tilt-shift image R(x, y, z) on the
right-eye tilt-shift  plane 550 (step S922), perspective transformation is
performed for the display surface 570, and three-dimensional  DR(xR, yR,
zR) is obtained (step 5923). Then, a two- dimensional display image J(xR,
yR) on the display surface is  obtained from this three-dimensional
position (step S924).  Similarly, when the input image I(p, q) is projected
as a  left-eye tilt-shift image L(x, y, z) on the left-eye tilt- shift plane 550
(step S922), perspective transformation is 51  



performed for the display surface 570, and three-dimensional  DL(xL, yL,
ZL) is obtained (step S923) . Then, a two- dimensional display image J(xL,
yL) on the display surface is  obtained from this three-dimensional position
(step 5924).  Note that step S922 is an example of the irradiation-plane
projecting procedure described in CLAIMS. Additionally,  steps S923 and
S924 are examples of the display-surface  projecting procedure described
in CLAIMS. [0122]  In this manner, in the fifth example of the three-
dimensional conversion unit 130 in the embodiment of the  present
invention, a non-stereo image is projected as right- eye and left-eye
tilt-shift images onto right-eye and left- eye tilt-shift planes, respectively.
Then, the right-eye  and left-eye tilt-shift images are projected onto a
display  surface located at an actually measured or estimated  observation
distance. Therefore, a stereo image for the  right eye 511 and the left eye
512 can be generated. [0123]  Fig. 23 is a diagram illustrating a sixth
example of  the three-dimensional conversion unit 130 in the embodiment
of the present invention. This sixth example is designed to  generate a
stereo image in accordance with a depth map that  is based on
degree-of-depth information. This sixth example  of the three-dimensional
conversion unit 130 includes an 52  



input-image depth map generation unit 361, a horopter-plane  depth map
generation unit 362, a depth map combination unit  363, a display surface
right-eye projection unit 366, and a  display surface left-eye projection unit
367. [01241  The input-image depth map generation unit 361 is  designed
to generate a depth map for the non-stereo image  ;input image; supplied
from the signal processing unit 120  via the signal line 129. A depth map is
designed to hold  information regarding the degree of depth for each pixel,
and is estimated on the basis of, for example, the luminance,
high-frequency component, motion, saturation, and the like.  For example,
Japanese Unexamined Patent Application.  Publication No. 2007-502454
describes a multi-view image  generation unit that generates a depth map
on the basis of  edges detected in an input image. Note that the
input-image  depth map generation unit 361 is an example of the degree-
of-depth information generation unit described in CLAIMS.  [0125] The
horopter-plane depth map generation unit 362 is  designed to generate a
depth map for the horopter plane.  Similarly to the first example, the
horopter plane is such  that the size of the horopter circle is specified by
horopter circle information, and the relative positional  relationship with
two eyes is specified by the interocular 53  



distance "2a". [0126]  The depth map combination unit 363 is designed to
combine the depth map of the input image that is generated  by the
input-image depth map generation unit 361 with the  depth map of the
horopter plane that is generated by the  horopter-plane depth map
generation unit 362. Note that the  depth map combination unit 363 is an
example of the degree- of-depth information combination unit described in
CLAIMS.  [0127] The display surface right-eye projection unit 366 is
designed to, for the non-stereo image supplied from the  signal processing
unit 120 via the signal line 129, project  a stereo image for.the right eye
onto the display surface  for the right eye by taking a combined depth map
obtained by  the depth map combination unit 363 into consideration.
Additionally, the display surface left-eye projection unit  367 is designed
to, for the non-stereo image supplied from  the signal processing unit 120
via the signal line 129,  project a stereo image for the left eye onto the
display  surface for the left eye by taking the combined depth map
obtained by the depth map combination unit 363 into  consideration.
[0"128]  Fig. 24 is a diagram illustrating an overview of a 54  



process performed by the sixth example of the three- dimensional
conversion unit 130 in the embodiment of the  present invention. [0129]  in
this sixth example, degree-of-depth information is  estimated by the
input-image depth map generation unit 361,  and is combined with the
horopter plane. Thus, in addition  to the feeling of depth using the nature
of the horopter  circle explained previously, the stereoscopic feeling can
further be enhanced by further adding degree-of-depth  information
corresponding to the three-dimensional structure  of a scene. [0130]  For
example, since a point 621 after combination is  located in front of the
horopter circle, a projection  thereof onto the display surface is perceived
as being  located at a closer position. Additionally, since a point  622 after
combination is located behind the horopter circle,  a projection thereof
onto the display surface is perceived  as being located at a farther
position. [0131]  Fig. 25 is a diagram illustrating an example of a depth
map of the horopter plane according to the sixth example of  the
three-dimensional conversion unit 130 in the embodiment  of the present
invention. 55  



[0132] Here, the depth map of the horopter plane is  represented by dpH.
The horopter plane has a three- dimensional shape including a horopter
circle, and is  specified by the distance from the x plane. That is, the
depth map of the horopter plane is a function of x and y,  and is
represented by the following equation: [0133]  dpy (x, y) = z (x, y) At this
time, if it is assumed that the distance of the  horopter plane from the x
plane with respect to coordinates  (x;, y) is d., then the function z(x, y) is
given by the  following equation: [0134]  z (x~, y~) = di (i = 1, 2, ... , n) Fig.
26 is a diagram illustrating an example of degree- of-depth information
that is estimated by the sixth example  of the three-dimensional
conversion unit 130 in the  embodiment of the present invention. [0135]
Here, the depth map of the degree-of-depth information  is represented by
dp?. The degree-of-depth information is  designed to indicate the degree
of depth corresponding to  each pixel and is represented as
three-dimensional information. That is, the depth map of the
degree-of-depth 56  



information is a function of x and y, and is represented by  the following
equation: (0136]  dpz (x, y) = z (x, y) At this time, if it is assumed that the
degree-of-depth  information from the x plane with respect to coordinates
(x,,  yi) has value e1,, the function z(x, y) is given by the  following
equation: [0137]  z(x1, y;) = e (i = 1, 2, ..., n) Fig. 27 is a diagram
illustrating an example  configuration of the depth map combination unit
363 in the  sixth example of the three-dimensional conversion unit 130  in
the embodiment of the present invention. As described  above, the depth
map combination unit 363 is designed to  combine the depth map of the
input image that is generated  by the input-image depth map generation
unit 361 with the  depth map of the horopter plane that is generated by the
horopter-plane depth map generation unit 362. The depth map
combination unit 363 includes an average value calculation  unit 3631, a
subtractor 3632, and an adder 3633. [0138]  The average value
calculation unit 3631 is designed to  calculate the average value of depth
maps for each input  image. The subtractor 3632 is designed to subtract
the 57  



average value of depth maps for each input image from a  depth map for
each pixel of the input image. Thus, the AC  components of the depth
maps with respect to the average  value as the center value are obtained.
The adder 3633 is  designed to add the AC components of the depth
maps of the  input image supplied from the subtractor 3632 to the depth
map of the horopter plane. Thus, a combined depth map on  the horopter
plane can be obtained. [0139]  Fig. 28 is a diagram illustrating an example
of a  stereo image generated by the sixth example of the three-
dimensional conversion unit 130 in the embodiment of the  present
invention. In this example, an input non-stereo  image is projected an
image for left eye 630 onto a curved  plane 620 corresponding to depth
maps, and is projected onto  an image for right eye 640 corresponding to
respective  points on the curved plane 620. [0140]  For example, a point
631 on the image for left eye 630,  which is viewed from the left eye 512,
is projected to a  point 621 on the curved plane 620. Then, when the point
621  is viewed with the right eye 511, the point 621 is projected  to a point
641. on the image for right eye 640. Similarly, a  point 632 on the image
for left eye 630, which is viewed  from the left eye 51.2, is projected to a
point 622 on the 58  



curved plane 620. Then, when the point 622 is viewed with  the right eye
511, the point 622 is projected to a point 642  on the image for right eye
640. ;0141]  Note that although in this figure, for convenience of
explanation, the image for left eye 630 and the image for  right eye 640
are illustrated as being shifted in position  relative to each other in the z
direction, in actuality,  both are positioned on the same planar plane.
[0142]  Fig. 29 is a diagram illustrating another example of a  stereo image
generated by the sixth example of the three- dimensional conversion unit
130 in the embodiment of the  present invention. In this figure, an input
non-stereo  image is projected as an image (input image 650) that is
viewed from a center 513 between the right eye and the left  eye onto a
curved plane 620 corresponding to depth maps, and  is projected onto an
image for left eye 630 and an image for  right eye 640 corresponding to
respective points on the  curved plane 620. [01431  For example, a point
651 on the input image 650, which  is viewed from the center 513, is
projected to a point 621  on the curved plane 620. Then, when the point
621 is viewed  with the left eye 512, the point 621 is projected to a point
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631 on the image for left eye 630. When the point 621 is  viewed with the
right eye 511, the point 621 is projected to  a point 641 on the image for
right eye 640. Similarly, when  a point 652 on the input image 650, which
is viewed from the  center 513, the point 652 is projected to a point 622 on
the  curved plane 620. Then, when the point 622 is viewed with  the left
eye 512, the point 622 is projected to a point 632  on the image for left eye
630. When the point 622 is viewed  with the right eye 511, the point 622 is
projected to a  point 642 on the image for right eye 640. [0"_44]  Note that
although in this figure, for convenience of  explanation, the image for left
eye 630, the image for right  eye 640, and the input image 650 are
illustrated as being  shifted in position relative to one another in the z
direction, in actuality, all of them are positioned on the  same planar plane.
[0145]  In this manner, in the sixth example of the three- dimensional
conversion unit 130 in the embodiment of the  present invention, a depth
map that is based on degree-of- depth information is combined with
stereoscopic vision in  which the horopter plane explained with reference
to other  embodiments is utilized, thereby enabling the generation of  a
more stereoscopic stereo image. 60  



014 6-1 Note that the embodiment of the present invention  illustrates an
example for embodying the present invention,  and, as described above,
has respectively correspondence  relationships with specific claimed
matters in CLAIMS.  However, the present invention is not to be limited to
the  embodiment, and a variety of modifications can be made  without
departing from the scope of the present invention.  [0147] Additionally, the
processing procedures explained in  the embodiment of the present
invention may be regarded as  methods having the above series of
procedures, or, additionally, may be regarded as a program for causing a
computer to execute the above series of procedures or a  recording
medium storing the program. This recording medium  can be implemented
using, for example, a CD (Compact Disc),  an MD (MiniDisc), a DVD
(Digital Versatile Disk), a memory  card, a Blu-ray Disc (registered
trademark)), or the like.  Explanation of Reference Numerals [0148]  110
image signal input unit  120 signal processing unit 130 three-dimensional
conversion unit  140 parameter setting unit 150 observation distance
measurement unit 61  



160 post-processing unit 170 format conversion unit  180 source selection
unit  190 display unit 311, 321, 331, 341 horopter-plane image projection
unit  316, 326, 336, 346, 356, 366 display surface right-eye  projection unit
317, 327, 337, 347, 357, 367 display surface left-eye  projection unit 322,
332, 342 convergence point setting unit  343 scaring unit 354 tilt-shift
plane right-eye setting unit  355 tilt-shift plane left-eye setting unit  361
input-image depth map generation unit  362 horopter-plane depth map
generation unit  363 depth map combination unit 520 horopter circle  530
horopter image 540, 570 display surface 620 curved plane after
combination  630 image for left eye 640 image for right eye  650 input
image 62  CLAIMS  1. A stereoscopic image generation apparatus
comprising: 



a cylindrical plane projection unit that projects a  two-dimensional input
image onto a cylindrical plane  including an imaginary circle that is tangent
to two eyes to  generate a cylindrical image; and a display surface
projection unit that projects the  cylindrical image onto a display surface
with reference to  each of the two eyes to generate display images to be
respectively cast on the two eyes. 2. The stereoscopic image generation
apparatus according  to Claim 1, wherein the imaginary circle has a radius
that  is set in accordance with an assumed observation distance or  a
display size. 3. The stereoscopic image generation apparatus according
to Claim 2, further comprising an observation distance  measurement unit
that measures a distance between the  display surface and an observation
position, wherein the radius of the imaginary circle is set in  accordance
with an observation distance measured by the  observation distance
measurement unit. 4. The stereoscopic image generation apparatus
according  to Claim 1, wherein the imaginary circle has a radius that  is set
so that a degree of distortion in the display images  is smaller than a
predetermined threshold. 63  5. The stereoscopic image generation
apparatus according to Claim 1, further comprising: 



a degree-of-depth information generation unit that  generates
degree-of-depth information using the two- dimensional input image; and
a degree-of-depth information combination unit that  combines the
degree-of-depth information with the  cylindrical image, wherein the
display surface projection unit projects  the cylindrical image with the
degree-of-depth information  combined therewith onto the display surface
to generate the  display images. 6. A stereoscopic image generation
apparatus comprising:  an irradiation-plane projection unit that projects a
two-dimensional input image onto two-dimensional planes that  are
respectively perpendicular to lines of sight of two eyes  to generate
irradiation images respectively corresponding to  the two eyes; and a
display surface projection unit that projects the  corresponding irradiation
images onto a display surface with  reference to the two eyes to generate
display images to be  respectively cast on the two eyes. 7. The
stereoscopic image generation apparatus according  to Claim 6, wherein
positions of the irradiation images are  set in accordance with an assumed
observation distance. 64  8. The stereoscopic image generation apparatus
according to Claim 7, further comprising an observation distance  



measurement unit that measures a distance between the  display surface
and an observation position, wherein the positions of the irradiation
images are set  in accordance with an observation distance measured by
the  observation distance measurement unit. 9. A stereoscopic image
generation apparatus that converts  a two-dimensional input image so that
video images to be  respectively projected onto a right eye and a left eye
from  a display surface become identical to each other to  respectively
generate a right-eye image and a left-eye image. 10. A stereoscopic
image generation method comprising: a cylindrical plane projecting
procedure of projecting  a two-dimensional input image onto a cylindrical
plane  including an imaginary circle that is tangent to two eyes to
generate a cylindrical image; and a display-surface projecting procedure
of projecting  the cylindrical image onto a display surface with reference
to each of the two eyes to generate display images to be  respectively
cast on the two eyes. 11. A stereoscopic image generation method
comprising: an irradiation-plane projecting procedure of projecting  a
two-dimensional input image onto two-dimensional planes  that are
respectively perpendicular to 'Lines of sight of two 65  eyes to generate
irradiation images respectively  corresponding to the two eyes; and 



a display-surface projecting procedure of projecting  the corresponding
irradiation images onto a display surface  with reference to the two eyes to
generate display images to  be respectively cast on the two eyes. 12. A
program for causing a computer to execute: a cylindrical plane projecting
procedure of projecting  a two-dimensional input image onto a cylindrical
plane  including an imaginary circle that is tangent to two eyes to
generate a cylindrical image; and a display-surface projecting procedure
of projecting  the cylindrical image onto a display surface with reference
to each of the two eyes to generate display images to be  respectively
cast on the two eyes. 13. A program. for causing a computer to execute:
an irradiation-plane projecting procedure of projecting  a two-dimensional
input image onto two-dimensional planes  that are respectively
perpendicular to lines of sight of two  eyes to generate irradiation images
respectively  corresponding to the two eyes; and a display-surface
projecting procedure of projecting  the corresponding irradiation images
onto a display surface  with reference to the two eyes to generate display
images to  be respectively cast on the two eyes. 


