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 ekecute 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 becomingEavatabtel dma conventional display
device, however, an image is forcibly perceived as being located on the
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The present invention relates to a sterescscoplc image
generation apparatus, more specifically, to a stereoscopic
image generation apparatus that generates a stereocscopic
image from a non-sterec image, a processing method therefor,
and a program that causes a computer to execute this method.
Background Art
(00027
in recent vyears, the size and viewing ancgle of display

devices have increased, and the display cf more realistic
images than conventicnal ones i1s becoming available. In a
conventional display device, however, an image 1s forcibliy
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 sterecscopic
elements such as shadows and composition. This is
considered to be affected by influences caused by
physioclogical 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



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 (se@, 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
d1i sparadoxical mabnostlarstereoscopy'r Peicaption-Rion Publication (UK),
1994, volume 23, pp. 583-594 Summary of Invention Technical Problem
[00§6005] In this manner, an optical device such as a synopter can remove
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stersoscope called synopter. The synopter 1s 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 cf the two eyes tc be

identical to each other so that sterecscopic depth can be

added to a non-stereoc 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 sterecoscopy"”, Perception, Pion

Publication (UK), 19%4, wvolums 23, pp. 583-5%4

Summary of Invention

Technical Prcoblem

In this manner, an optical device such as a synopter
can remove influences caused by physioclogical 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-sterec image. Such an optical device can realize



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 genefation 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
stet@twaeyes torgenemte: & tylmdecalifrages and aidisplay sldacen the
projection unit that projects the cylindrical |m e onto a display surface
othgjthirafstenée -8R bf ethereyEssto Gener&td dispiay im3gesis bel ¢
Ies ctlvel cast on the twq eyes, a stereos oplg ima e generation
me%eo ere or, 6r a pjr“olg%m¥%Fhere¥ore “fiie effect o% respectively
0o 84RPlying retinal images that are identical to each other to the two eyes to
remove influences produced by physiological stereoscopic elements can
berfurnishedhd0@Q8]4: is an object of the present invention

is

to remove influences of physiological stereoscoplc elements
by image processing.
Technical Solution
[0007]

The present invention has been made in crder to solve
the above problems, and a first aspect thereof provides a
stereoscoplic image generatioh apparatus including a
cylindrical plane proijection 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 projecticn unit
that projects the cylindrical image ontc a display surface
with reference to each of the twe eyes tTo generate display
images To be respectively cast on the twoe eyes, a
stereoscopic image generation method therefor, or a program.
Therefore, the effect of resgspectively supplying retinal
images that are identical tc each cther to the two evyes to
remove influences produced by physioclogical stereoscopic
elements can be furnished.

r0008]



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
measlirememnt unit, Thereforestheieftect of akowingtan: image suitalfle foe
the measured observation distance to be displayed can be furnished.
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may be set so that a degree of distortion in the display images is smaller
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Additionally, in this Tirst aspecf, the stereoscopic image generation
di s appakatus-maysurther includeta degregiefs deptintormation Yenetationd .
unit that generates degree-of- depth information using the
r hhg-dimensienarinplitimager ahdBspect, the stereoscopic image
generation apparatus may further include an ocbservation
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 observaticn distance measured by the observation distance
measurement unit. Therefore, the effect of allowing an
image suitable for the measured cbservation distance to be
displayed can be furnished.
[0008]

Additionally, in this first aspect, the radius of the
imaginary circle may be set so that a degree of distertion
in the display images is smaller than a predetermined
threshold. Therefore, the effect of allowing an image to be
displavyed within & distortion allowable range.

[0010]

Additionally, in this first aspect, the stereoscoplc
image generation apparatus may further include a degree-oi-
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, 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 secénd aspect of the present invention
provides a stereoscopic image generation apparatus including an
irradiation plane projection unit that projects a two dimensional input

a dilpage opto-tva-dimensional planes thaiaren sespactivelyperpendicdabioe s
lines of sight of two eyes to generate irradiation images respectively

the cdrrespondidy tethé two Byeszanda displdy Stirfaceyprojettivheunitithage,
projects the corresponding irradiation images onto a display , surface with

and réfiferilaTH 1A 1 YRS To GERerte UEplay imalés td’bé 1&spectitidly
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or a program. Therefore, the effect of respectively supplying retinal
comimages that argsidenticalte eaeh afhertodhe fwe eyes te Jegoverate the

influences produced by physiological stereoscopic elements can be

disfurpighedd00%2] 6Therefore, the effect of allowing an image
with further enhanced stereoscopic feeling to be displayed
can be furnished.
(060111

Additionally, a second aspect of the present invention
provides & stereoscoplc 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 te
the two evyes, and a display surface preojection 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 ilmage 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 Dy physiological stereoscoplc
elements can be furnished.

[0012]



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 ®bservation position, and the
positions of the irradiation images may be set in accordance with an
observation distance measured by the observation distance
measlirement Linit, Therefore; the effect ef-allewting ah4mpage suitable forf
the measured observation distance to be displayed can be furnished.
the [Jor3}dAadilionaly AR A8 pebEOfIRE prEsett FRERBRSpIOVides?a
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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 cbservation 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-dimensicnal input image so that video images
to be respectively projected onte 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 imags,
a stereoscopic image generation method therefor, or a
orogram. 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. 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 iIIustrating7a 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
steppte adotopter plametif théfirstexariplé 8h ¢he three-dimensional
___conversion unit 130 in the embodiment of the present invention. [Fig. 4]]]
RAVE PR Gialgrarti Tildstrating a specific example of the projection onto
‘{Oomeﬁ horopter plane in the first example of the three-dimensional
*conversion unit 130 in the embodiment of the present invention. [Fig. 5]

Fig & isra diagram itusiratingsene: foravedn thecprpjectiononte aidisplay sect
surface in the first example of the three-dimensional conversion unit 130
thain thefg uences of physioclogical stereoscoplc elements can
be removed by image processing can be achileved.
Brief Description of Drawings
[0015]

[Fig. 1] Fig. 1 is a diagram illustrating an example
configuration of a stereoscopic image generatilon 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 inventiocn.

[Fig. 3] Fig. 3 is a diagram illustrating cne 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. 3] Fig. 5 is a diagram illustrating one form of
the projection onto a display surface in the first example

0f the three-dimensional conversion unit 130 in the



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
embrelatienship betiieep ttessizé of mvtoropter circle and the positions of
points of convergence. ]Fig. 10] Fig. 10 is a diagram illustrating one form

of LheSprofectibn dntd a Horéptet prardtinthe BECd exEmple> B fhiet +©
exafiiEE-de SQ@%@%V&JS:@Q DA3Q inthe embodiment pf e present
[ [ ig. I1] Fig. 11 '

vention. g. 11 is a diagram illustrating a specific example of
1 rihe projegtion ontothe heropter plaperin the, second examplerotthe: 130

three-dimensional conversion unit 130 in the embodiment of the present
in imentiohoiFigd?} Fd Ihis adiageam illustrating @third example of the
three-dimensional conversion unit 130 in the 9

[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.

(Pig. 10] Fig. 10 is & 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.

irig. 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. 121 Fig. 12 1s a diagram illustrating a third

example of the three-dimensional conversion unit 130 1n the



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
embdlistrating @ah example eefthe relationshiprbetween a horopter circle and a

display surface. [Fig. 18] Fig. 18 is a diagram iIIustrating afifth example
of tfié threé-imenSionaFconvetsion HEIB0% M tHE térmbodithetit of tidP e
- Qresentjgrlvi_entio Fig.. 19&!@3 g. 19 is.a diagram iIIustraEirég one f%m of the

o p?(%eé:t?cfndéﬁ"t%r]t%{ls |ft%?aneel'35 in the Tifth ¢ xhrenrplé: “ofthe © degree
of ireedimensional conversion unit 130 in the embodiment of the present
invention. [Fig. 20] Fig. 20 is a diagram illustrating a specific example of
thd piejectian omtocthe Yift-shift plathesdndhe 101lustrating an example
of the relationship between the angle 0 and the degree of
distortion ¢ of an image.

[Fig. 15) Fig. 15 is a diagram illustrating an example
of the relationship between a horopter circle and an angle
of circunmference,

[Fig. 16] Fig. 16 is a diagram illustrating a fourth
example of the three-dimensiocnal conversion unit 130 in the
embodiment of the present invention.

[Fig. 17] Fig. 17 1s 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-dimensicnal conversion unit 130 in the
embodiment ¢f 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 conversicon unit 130 in the
embodiment of the present ilnvention.

{Fig. 20] Fig. 20 is a diagram illustrating a specific

example of the projection onto the tilt-shifft planes in the



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 corVersion 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

fifoftheprasent nvehtion.Flee 241 Figg 24iis adiagrany #lustratingrapt 130

~overview of a process performed by the sixth example of the three-

in HithefEIBRSIETVRrSion tikft 1309/ THe emibodimhentof the present
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map of a horopter plane acc%r(%ng 6 the Sixt example o
exatfyee-dimensional-conversion unit-13%inthe rembodiment ©f the, present

invention. [Fig. 26] Fig. 26 is a diagram illustrating an example of
fifdegreesofdepthinformation tratds estimated-ly then sixtte éxamplel 6f the

three-dimensional conversion unit 130 in the embodiment of the present
in mventighofiment of the present inventilon.

[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. 237 Fig. 23 1s a diagram illustrating a sixth
example of the three-dimensional conversion unit 130 in the
embodiment of the present invention.

[Fig. 24] ¥Fig. 24 i1s a diagram i1llustrating an overview
of a process performed by the sixth example 0f 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-dimensicnal conversion unit 130

in the embodiment of the present invention.



[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
Outfthe Inventiont §0016] Next carfiémbodiment of the present #veptisnrle
will be explained in detail with reference to the drawings. [0017] Fig. 1 is
con i fiagrah fifistratifg SRXANTHE dorfigurdtion Bt auﬁéfeo[g%pijcrim @

s ixgﬁng@&%{g apparatys inan.embodiment;of the present invention, This, 5,

stereoscopic image generation apparatus includes an image signal input

in UAE 1denasignal progessing wnitk20,ta threendimensional conversion
unit 130, a parameter setting unit 140, an observation distance

mé@u;em%&ﬁ ufitd5078 postaprdéessing unit 160 4 fdrivet conversionr e
of gng%ggéglfmage 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 anocther
example of a stereoc 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 inventicon will be
explained in detail with reference tTo the drawings.
[0G17]

Fig. 1 is a diagram illustrating an example
configuration of a stereoscopic image generation apparatus
in an embodiment of the present invention. This
stereoscoplc image generation apparatus includes an image
signal input unit 110, a signal processing unit 120, a
three-dimensional conversion unit 130, a2 parameter setting

unit 140, an observation distance measurement unit 150, a

post-processing unit 160, a format conversion unit 170, a



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] Th §igna| processing unit 120 is
designed to perform predetermined signal processing on an input
non-stereo image. Examples of the signal processing are assumed to

soufrcude Wivitel balante adiustment: hoiserediléfioh processing; level
correction processing, and gamma correction processing. 0020] The

[00 {free-dimensional conversion unit 1130 is a feature portion of the present

inyention, and s designed ta conyert ,a twordimensional non-stereq.image.

into a three-dimensional image. With this three-dimensional conversion
an Pprecessing:of- the Hwee-dirneasienal-conyeesion kA d 30, aibreesn-sterec

dimensional image that is based on the non-stereo image is generated.
imags this theee-diménsienalimageémfor eXaifple: ant imagefordheddfileyjey e

and an image for the right eye are_ obtained. 13 _
a moving image. The scurce device of the non-stereo image
is assumed to be & television broadcast recelver, 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

redetermined 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 130 1s a feature
portion of the present invention, and is designed to convert
a2 two—-dimensional non-stereo image inte a three-dimensional
image. With this three-dimensional conversion processing of
rhe three~dimensional conversion unit 130, a three-
dimensional image that is based on the non-stereoc image 1s
generated. As this three-dimensional image, for example, an
image for the left eye and an image for the right eye are

obtained.



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 view&r. 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
[0O#irge- dimensional conversion unit 130. In this regard, a pre- assumed
observation distance may be used without actually measuring the

obSER/atidAHIStafce. D23 The post-pfotessing it 60 is-desigiedfto

erf%rm postg:)roce_ssin%foré)rev nting the occurrence of aliasinegron the
pargme %r necessary 1T ne hree— lmEF(ljS:LOI’laL CIDI’lV SLOnN
ree-dimensional‘image obtained by the three: dimensional conversion

proPECessingReriormed n the three: dimensignal conversion-nit 130, ko
example, if it is assumed that the image for the left eye and the image for

unitheiight eyate alteraately: displayeddinedyslineconithe 14or example, a

radius for specifying a horopter circle described below, ozx

the like,

(00221

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 cbservation distance measured by thils observation
distance measurement unit 150, the three-dimensional
conversion processing can be perfcrmed in the three-
dimensional conversion unit 130. In this regard, a pre-
assumed ocbservation distance may be used without actually
measuring the observation distance.

(0023]

The pest=processing unit 160 1s 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-
dimensiocnal conversion unit 130. For example, 1f it is
assumed that the image for the left eve and the image for

the right eye are alternately displayed line-by-line on the



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 aAd 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
disfa selech Bis asouree;aresimagesztoiesdisplayeéd cEhyat iscthe sesregped
selection unit 180 selects the output of the signal processing unit 120 in a
edoease Wheré the ABRatE@odifageds a6 besdisplayed witHoik €hafges ard
selects thewout]gut of the format conversion unit 170 in % g%s@evwherq he

1T/ three Hirtensional ihags Yol Stereoseopiaisian is  be displayed. 0026]
verd DELisplay upit 190 is a display thatdisplays.an Jmage. \hile it is.

assumed here as a premise that the display unit 190 has a function for
[oodisplaying a three- dimensional image for stereoscopic vision, a means for

1§Phe format conversion unit 170 is designed to convert

the three-dimensional image into a format suppcerted by the
display unit 190. The format conversion unit 170 can
perform conversicn so that, for example, the image for the
left eve and the image for the right eye can be alternately
arranged line-by-iine in accordance with the format
supported by the display unit 190.
(0025]

The source selection unit 180 is designed to select, as
a scurce, an image to be displayed. That 1s, the source
selection unit 180 selects the output of the signal
processing unit 120 in & case where the non-stereo image 1s
to be displaved witheout changes, and selects the cutput of
the format conversion unit 170 in a case where the three-
dimensional image for sterecscoplc vision is to be displayed.
[0026]

The display unit 19%C is a display that displays an
image. While it 1s assumed here as a premise that the
dispiay unit 190 has a function for displaying a three-

dimensional image for stereoscopic vision, a means for



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 eyé&s. 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-
imp dimensional conversiom unitd30iincludes adroragtesplane imagesd. For
projection unit 311, a display surface right-eye projection unit 316, and a

exaféﬁé‘p‘-‘fay %fﬁ@slﬁﬁj@%‘i f%@jeéﬁﬁﬂﬁiﬁ %1??[@6?8;;111%% i?c?r"éﬁf“e?-plane
mage projection unit is _desi to projegt the.non-stereo image., . _
App%bﬁ%ﬁi&#o%ﬁ%hA % F5) ﬁ% %Q%QE fé g&% 3 % bl

e g@né processing unit120via a s@na{ﬁingofb%eonto a

+haylindrical plane.inc/uding a horopterccircle thoreptshs cthesterm horopter

circle’is a circumference that is tangent to the two eyes, and it is known
1inthatdbirecwarretinal mmages withxespect ta agioint:onythis"horopterscirele
numgg;ég 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 1s 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~-plans
image projection unit 311, a display surface right-eye
projection unit 316, and a display surface left-eye
projection unit 317.

[0ozg]

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 i1s tangent
to the two eves, and it is known that binocular retinal

images with respect to a point on this horopter circle are



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 hotdpter 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

ideirformaatiann anddthe inteeaculardistancel'2ad atecsuppliegrfeomthe e ferred
parameter setting unit 140 via a signal line 149. Note that while in the

to #llowihgthEsiZe 6fthBhorépr eitclens SSherifiediaishiy atadivs “Feas

t le inf th f th h I b
o (Roaed thg 18 GRHHSE o ihe Sefter 8 T Tl SYECIS vertex o

Aad‘h% horepter ciccle, theangle of circyraference, gr the like. s Nofe that the, .

horopter- plane image projection unit 311 is an example of the cylindrical
twoplapeprofection anitctescrbed in GlAMS.{0029)n The glisplay surace he

right-eye projection unit 316 is designed to project the horopter image
angofato’g dispiay Thereby is referred to as a convergence angle
or an angle of circumference. Convergence angles are egual
on the horopter circle. In this first example, tThe size of
the horopter circle is specified by horopter circle
information. Additicnally, the relative positional
relationship with the two eyes Is speciiied by an
interocular distance "2Zz". The horopter circle information
and the interocular distance "Z2a" are supplied from the
parameter setting unit 140 via a signal line 14%. Note that
while in the following, the size of the horcpter circle 1is
specified using a radius "r" as horopter circle information,
the size of the horopter circie 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 projectiocon unit described
in CLAIMS.
0029}

The display surface right-eye projection unit 316 is

designed tc project the horopter image onto a display



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 ont@ 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

sur fighteye image andgthe leftseye imagel areoSupplieditddle left-eye
post-processing unit 160 via a signal line 139. Note that the display

prosaface rightdye projection Bt F18ardtHR diSSIaY stfdcé feffreyer

.__projection unit 317 are examples of the display surface projection unit
lmagﬁsgﬁg@d h él‘:ﬂﬁ\}ré.y [O%)%]‘Pﬁ&. isa %a rﬁr%%lﬁus%}é ing ?)%ee o o 2Y

sur & projegtion opio the haraptes plane in the firstexample of 4pe .y
three-dimensional conversion unit 130 in the embodiment of the present

sur inveation £A -hevepter citele 526ris arcircle Thatpassesthoughsctighteyento
511, a left eye 512, and a point of convergence 531 (vertex) or 532. Here,

theitdd sasbbmetithas tesrigitieyel Bl I afd theleht eyelS1 2FfSesth 188

bagsis of the interocular distance "Za", the radius "r" of
the horopter circle, and an assumed observation distance "d".
An image projected onto the display surface for the right
eye 1s 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 sgignal line 138. 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.
{00307

Fig. 3 is a diagram illustrating one form of the
projection onte 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 532Z. Here, it 1s

assumed that the right eve 511 and the left eve 512 are each



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. FaBexample, 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
spaOtheraAen-stergo image ispiejected as a horepter kpage: H530-0ntba
cylindrical plane (horopter plane) including the horopter circle 520. Thus,
centeatinabimages that ake ddentiGdlac eaeh otfier arotthat have ho biioculare
disparity can be formed on the right eye 511 and the left eye 512. [0032]

1s i 4is A dragramifdstating Espedic exahplelst fHersvofettion onto ©
5o the haropter plane in the first example of the three-dimensional

conversion unit 130 in the embodiment of the present invention. [0033]
[ooRarnt (a) of Fig. 4 illustrates the coordinate system of 19

The binocular retinal images of the right eye 511 and
the left eye 512 with respect to a point on the horopter
circle 520 are identical to each other. This is because
convergence angles are always egual 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 i1mage
530 conto 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 51Z.
[0032]

Fig. 4 is a diagram illustrating a specific example of
the projecticon onto the horopter plane in the first example
of the threes-dimensional conversion unit 130 in the
embodiment ¢f the present invention.

(00331

Part f{a} of Fig. 4 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". [0034] Part (b) of Fig. 4
illustrates the coordinate system of the horopter plane on which the
horopter image 530 is projected. SiAée 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
an horopter ciscle 520p Patt)(by obEigi 4ds arfigurehdewed frain g direetion ng
perpendicular to the horopter plane, that is, a direction perpendicular to
unithey xisl §0035] At thistime & hotopter imageé H (XN 2) 19 8btaiftP by S

a n$£°-i%%“”199t£‘e¢‘§12“t@ima eel(p“’w%o {0 the haropter 859»'%-’“"-""’&” We ton is
aditis ¥ and is re%résen ed by the ]f(r)rﬁaowmg equaﬁon.T (5?@] (X,7y, 233=

used(N2Zowxr, ) wherg z2yx2 =¥y 1a-(z020m 15 set to the

center point of the input image. Additionally, the input

image size‘(width) is assumed to ke "ZL".

[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 1s three-dimensiconal,
the three-dimensional (x, y, z) coordinate system 1s 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.
[0635]

At this time, a horopter image H(x, vy, z) is obtained
by projecting the input image I(p, ¢g) ontc the horopter
circle having the radius r, and 1s represented by the

following eguation:

[0035]

Hix, v, z} = L{{rn/2~y)xx, V)
wheare

zi4+x? = r?



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

[ 00 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

). On the d on ti y
519ith Feé<pect e the bbint df 26RVBIEENEE 532 i displayed dt adispfag < ©

. po itjo 42 qn,the display surface 540. That is, even for the same _.
Slz%o?&p gréln agle‘t BO,Jirsna%%% tg%meadigaa§§ or%btﬁgﬁcﬁgplgﬁ/lguér ace 546°

(wi g basigally different images forithe ;right eye Skand the lefr ayeidle
[0040] Fig. 6 is a diagram illustrating a specific example of 21

may be provided in a preceding stage sc as to change the

physical size of the image.

[0038]

Fig. 5 is a diagram illustrating cne 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]

Bere, it i1s considered that the point of convergence
532 on the horopter circle 520 is projected onto & 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 i1s 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 eve 511 and the left eye 512Z.

[0040]

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. [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 leftleye 512. Here, the distance ¢
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
the Figk Giidustitates the: coatdinate system et atdisplayimage 2{3, A} projected e
on a display surface. Display images are respectively obtained for the
of Fight ye S 1HAPRIhelefteyeBIPY SifcesacH irtage’is a-fwd-ne
dimensional image, the two-dimensional coordinate system is used. The
SMoBHIRT the Eoé‘)ﬁﬁnéﬁesilgfgrn 13'dét'to e "center point of the display
[Ooiﬂ ges. 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(xanto, 7®) opthehgromen image-ised2s the coordinate system on

the horopter plane and the display surface. While the
three-dimensional (%, 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 512Z. Here, the
distance ¢ between the origin in this coordinate system and
the center of the horopter circle 520 is expressed by:

c = {r-a%

i/z2

Part (b) of Fig. 6 illustrates the coordinate system of
a display image J{(s, t) projected on a display surface.
isplay images are respectively obtained for the right eye
511 and the left eye 512. Since each image 1s a two-
dimensional image, the two-dimensicnal coordinate system is
used. The origin of the ccordinate system 1s set to the
center point of the display lmages.
[0043]

At this time, a2 position D(xg, vr, zZg) on the display
surface 54C, which is proijected from the right eye >11

through a position H(xq, vor Zo) on the horopter image is



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) Thatis, {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
giveixbwl;Zt) dnlthewdisplay suHace 540, which is projected from the left
eye 512 through the posit=-on H(x0, yo, z0) on the horopter image, can
0 be determined in a similar manner. [0047] Additionally, while the
exBI,anatlon has heen %l\(%n of an exaﬁn(gle wh re e)S|ze of the horopter
circle 15’ 23"~

Additionally, since the distance from the observation
position of the viewer is equal to the observatilion distance

d, zzg = d is obtained and the following expressions hold

true:

[0045]
(%o—a)/ (xg—a) = yo/ys = zp/d
2o°t (zg-c) % = r?
zp > 0

Accordingly, an image to be proiected at the pesition
Di{xg, ¥r, 2zg) on the display surface 540 can be determined
using the position H(Xoe, vo, Zo). That is, {xo, vo, zZpl 1s
obtained from {%g, VYr, Z=z}.

[0046]

Note that while the position D(xx, Vr, Zr), wWhich 1is
projected from the right eye 511, has been explained here,
position D(xy, vyu, 2w} on the display surface 540, which is
projected from the left eye 512 through the position Hixg,
zp) on the horopter image, can also be determined in a
similar manner.

[0047]
Additionally, while the explanaticon has been given of

an example where the size c¢f the horopter circle :is

a

Yar



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 Thu$>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

spethd angdletof circamferehoe ahd'theyradius wifl berexplaimeddn thigscribed

~ following example (Fig. 15). [0049] Fig. 7 is a diagram illustrating an

aboggemplidry Sproces: 'n%fb?oééaiﬁ%%ﬁo%éﬁ by thé firStexahite bf i

us HYeHImErSpIn e REIRoDAIASR D e pIRAITeD! ol BlospRl
invention ut

First, when an input image T(p, q) is input from the 24
vertex of the horopter circle, the angle of circumference,

or the like. The distance T from the center of the two eyes
to the point of convergence is given by the following
equation:

10048]

= r+c

Fh
i

r+ (riogfyl/e

Moving r to the left side and sguaring both sides yield:

Fio2rf+r? = rf-a°

r = (f'+a?)/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 "2Za". The
relationship between the angle of circumference and the
radius will be explained in the following example (Fig. 15).
[00489]

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.

[Q050]

pe

First, when an input image I(p, g) is input from the



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 548 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)
sigisteprB913)sFhen atwd:-dinénsioraltdispaydmage U(xR., YR} farsther
display surface is obtained from this three-dimensional position (step

5915091 4§ Stmilaiy: t pdfepeetive! RanSformatisn S 5ardihedTor the digplas”

.__ surface 540 on which.the image is tq %e rogcted fr rrg_éheé ft eye 512
lma?ﬁro%zﬁ’thg boé\iﬁ/ioﬁﬁ(?(ow& 2?63 ot %Phglro%ztle% irgsaﬁepto O%fa%ﬁ the =~

tnathreedimensional pasitien R(Xke Yhs zHstep,S913) = {Then, gl ane
two-dimensional display image J(xL, yO) for the display surface is
prodbtained fronvthisithre eddistensicrral positioh 13tep 5914). Note that steps
S913 and S914 are examples of the display-surface projecting procedure
[008escribed in CLAIMS. [0052] 25

Then, display images are respectively generated for the
right eye and the left eye in the following manner (loop
1901). First, perspective transformation is performed for
the display surface 540 on which the image is to be
orolected from the right eye 511 through the position H{xe,
Yo, Zp) on the horopter image to obtain the three-dimensional
position D{xgr, vz, 2zz) (step $%13}). Then, a two-dimensional
display image J(xg, yr) for the display surface is obtained
from this three-dimensional position (step $21i4). Similarly,
perspective transformation i1s performed fcor the display
surface 540 on which the image is to be projectea from the
left eye 512 through the position H(xy, vo, Zo) on the
horopter image to obtain the three-dimensional position D(xy,
vy, zu} (step S913). Then, a two-dimensional display image
Jix,, vu) for the display surface is obtained from this
three~dimensicnal position {(step 5%814). Note that steps
5913 and 5914 are examples of the display-surface projecting
procedure described in CLAIMS.

00521



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.4is 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
conwversiars uni136sincludes: adofaptet-planemimage projectiororit 321,
a convergence point setting unit 322, a display surface right-eye

dingiGeelicn uRPRYE I &iPR dBplay Siifface |§f@%y@b‘?6iééﬂkﬁﬁlunu@§2‘?he
00541 lee the horopter plane image pr ojection unit 311, t

preﬁ%?o"p' ~er- Slréﬁe |mage prOJectgon anit 3?@ |sqge5|gn§5?d prOJect frie ©

henzsterend g@wp“%% from-the-signak pracessing unil20-viaths
S|gnal line 129 onto a cylindrical plane including a horopter circle. In thls

horseeend example, thef beropterccircle isispecifiedt using @ radius e dhatiis
based on a point of convergence set by 26

projected onto a display surface located at an actually

measured cr estimated observation distance. Therefore, a

stereo image for the right eye 511 and the left eye 512 can

be generated.

(053]

Fig. 8 is 2 diagram illustrating a second example of
the three-dimensional conversion unit 130 in the embodiment
of the prezent invention. This second example of the three-
dimensional conversion unit 130 includes a horopter-plane
image projection unit 321, a convergence polint setting unit
322, a display surface right-eye projection unit 326, and a
disgsplay surface left-eye projection unit 327.

[0054]

Like the horeopter-plane image projection unit 311, the
horopter-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



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
the UBHI327 rarerdesignechto preject the heropterzimags ondheldisplaye
surface for the right eye or the left eye. Note that the display surface
hor¢ighesye prjectiohn Umit326 arvd- the'display sbiFface fefbByé profeeforP £

unit 327 are examples of the dis Iay surface, pr ectlon 0 des
the CPRnE 10657 Er%a@eis%r&ié& it fifdstiating %e rce%tlonéhlp b(‘%r&een

100 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.nFherefare: ina tase whereibe vadius inotfixedeas im2d 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 "2ZL".
[0056]

Similarly to the first example, the display surface
right-eye projection unit 326 and the display surface left-
eve projection unit 327 are designed to project the horopter
image on the display surface for the right eye or the lefc
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 ig 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, 1in a case where the radius 1s not fixed, as in



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.ZThat 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
the distancertoghepoint cfueenrvergence; the smaller theisize (width)rof ke
display surface. In the second example, therefore, for the purpose of
thrdisplayiipai iputimage deress theehtitety ofthe YGiBHay surfakg, the
SmaS(_)int of convergence on a horopter circle is_calculated back from.the

rojeCtionfsize OnIRE display strfade And set T00BST Eig IV is & diagrdm =~
thei"aém%eﬂ%éomgg@e projection.anto,the horopter plape inthe - s 5.

second example of the three-dimensional conversion unit 130 in the
rooembodiment of the present invention. Here, first, letting the input image

size (width) be "2L", a consideration is given of the 28

Here, 1t is understood that if an input image is

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
anctheyr. 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 & horopter
circle is calculated back from the projection size on the
display surface and set.

[005%]

P

ig. 10 iz & 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



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, g, and r inside a horopter circle, p and q are
represented by the following equations: [0061] p =rsind4 g = 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 assiimed 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
equisty.drromythersintilaritys insthesright trargle, the fokkoviag relatigaship is
obtained: p:x = q:(d-c) Therefore, x is given by the following equation:
projeue3ack eh-{de)/q Maelitnafy. frerthé SindikiFiF fEa At triangle 29

EOO60]'

Assuming a right triangle defined by sides of lengths p,
g, and r inside a horopter circle, p and g are represented
by the following equations:

[0061]

I

P r-sind

g = r-cost
where ¢ is the angle that is an angle defined by the sides
of the lengths g and r. The angle ¢ is represented by the
following equation:
(0062]

¢ = {(L/(2rnr)}-2n = L/r

Additionally, it is assumed that within the size
(width) "Zm" 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:

pix = Jq:(d-c)
Therefore, x is given by the following eguation:

[0063)

Additionally, from the similarity in a right triangle



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 (ag-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:(g-(d-c)) Therefore, y is given by
the following equation: 00651y = ((g-d+c)/q)s =
((g-d+c)-(ag-c-p))/(g-(c+q)) The suméef 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)/g+((g-d+c)(ag-cp))/(g-(c+q)) Fig.
witHlds adiagranT jllustratiig alspecific example of. the projectorvontithed:
horopter plane in the second example of the three-dimensional
cohvérsfon( tirit 136 in the embodiment of the present invention. in the

second examfle, 330
T:a = (trc+yg):p
Therefore, s is given by the following eguation:

[00e4]

il

5 ({p-a)/la- (c+qg)) ) ({a- {ctq)/(p-a))+c)-a
= {a-g-c'p)/lctg)

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 = g:(g-{d-c})

Therefore, y 1s given by the following eguation:
[0065]
y = ({g-d+c)/q)-s
= ((g-d+c) (a-g~c'p))/ (g (ct+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".

[00566]
m = Xty
= p-{d-c)/g+{{g-d+c) - {arg-c p))/ (g (cta))

Fig. 11 is & diagram illustrating a specific example of
the projection onto the horopter plane in the second example
of the three-dimensicnal conversion unit 130 in the

embodiment of the present invention. In the second example,



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", thedfterccu'_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

as chsplayistfase prejection sizei(widthy "2mthobktainedtsy the alsdvesc that
equation can be made to match "2M". [0068] In this manner, in the

the sBEENE BXamPIS/GRtRB tRFec: BiMBASIBRANCOTNEISIGI uRlt 4303F the made

embodiment of the _present mventlon y assumin he S|ze the di y
L0 §irace 5461 %8\/55@ A Point ot con%/)erglence ce%fbev sét'€o gaflﬁ:iat a!iss B

The PrOjECted image-on the display surfage 540.can be. displayedonthe-r, v omn

entirety of the display surface 540, and the horopter circle can be
of tniguelysspecified: {G069] Bigo 12 is aldiagramrilldstratingra third ekample

disgggi—surface projection width "2m" obtained by the above
egquation.
[0C67]

Since the size (width) "2M" of the display surface 540,
the input image size (width) "2L", the interocular distance
"2z", and the ocbservation 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) "2Zm" obtained by the above
equation can be made to match "ZM".

[0068]

In this manner, in the second example of the three-
dimensicnal 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 s0
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 unicguely specified.

[0069]

Fig. 12 is a diagram illustrating e third exampie of



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 con¥érgence 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

the projectoniunit 3831 pa ednvengence pomtiseftingl dfit 332t h«lisptaypdiment
surface right-eye projection unit 336, and a display surface left-eye

of PRGjeBESTERIE 330D Like The RofdptéiplaréTage projeort Rt S~

. 311, theﬂt{uoro ter-plane img e, projection unit 331 is designed.to _project . .
SIS nohisters ri‘r%%%%%‘ﬂ%p |elg‘& ﬁo?njgéelﬁgr(?ﬁsﬁl%%%gsiig ugn?ttle ' \Ei"lge%hg' ne

poisignakling 129 onto, a.cylindricalplane including a-horepter girele; in this:
third example, the horopter circle is specified using an angle of

degeiteumferenee & thatns based ohmeepeintaf convengénge setrliythre The
convergence point setting unit 332. Note that the horopter-plane image

grepigiecliciPuRie33 s isian EriplElst theefindtiearplafe pPSjectich unit®

described 32 . ‘ ;
eyes, the greater the degree of distortion between the

center and margins of the image. Thus, the point of
convergence 1s set so that this degree of distortion can
fall within an acceptable range. This third example of the
three-dimensional conversion unit 130 includes & horcpter-
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.

10c70]

Like the horopter-plane image projection unit 311, the
horopter-plane image projection unit 331 is designed to
oroject the non-sterec image supplied from the signal

rocessing 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 preoijection unit 331 is an

example of the cylindrical plane projection unit described



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. [0G7Z21 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

in disptassurface for the right eye or the left eye. Note that although, here,
the projection onto the display surface is performed using the angle of

[ 00 ¢k¢umference "T" supplied from the convergence point setting unit 332,

the radius "r" in the first example and the angle ofQ ircumference "T"én o

the PreSsiit BRAHDIE re” Stftiivalént to Sach other-in terhis oF Setif§
set fgi%81ncenef%rgf&%—semgﬁ@é@eamthc@ay&fprfy'%%damm@a%h_: other

or use, as necessary. Note that the display surface right-€ye projection
o1 roni B836anekthedisplay surface left €yeprejactioncunih33 - arecexaraplgsnce .

of the display surface 33
The convergence point setting unit 332 sets a point of
convergence using the interocular distance "Za", the
cbservation distance "d", a maximum degree of distortion
"Cmax", and a minute angle "8". The details of the setting
will be explained with reference to the following figure.
[0072]

Similarly to the first example, the display surface
right-eye projection unit 336 and the display surface left-
eye proiection 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
eguivalent to each other in terms of setting a point of
convergence. Therefore, both may be replaced with each
other for use, as necessary. Note tThat the display surface
right-eye projection unit 33¢ and the display surface left-

eye projection unit 337 are examples of the display surface



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 positi6d 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
oro@agleiefra certer peint oidfdhie horaptericiecle is "26". Thus, a deviation of
"26r" occurs at the position 535 on the horopter circle. With this regard, in
L00A%ase where the position 536 is deviated by the minute angle "6", the
view angle of the cegter oint o, of the horopter circle is alsctin"26" Thus,

sirhitérly, & deviatforr'of 267 occurs at 'the positioh S36°BH the Horopter

e horopter

re1G¥4EnI0072] fatdhe position HA5.qn. the display suface 540MIc s of
corresponds to the position 535 on the horopter circle, assuming a right

distranglewitb Sides eachvhavingthe 84the degree of distortion is
determined here for the left eye 512, similarity applies to
the right eye 511.
(00743

Distances on the display surface 540 are compared in a
casa where a position 535 on the horopter circle, which 1s
viewed in exactly front of the left eve 512, and a position
536 that is rotated by an angle 0 with respect to this
position are each deviated by a minute angle "8". In a casge
where the position 535 is deviated by the minute angle "8",
the view angle of a center point o of the horopter cilrcle 1is
"28". Thus, a deviation of "20r" occurs at the position 535
on the horopter circlie. With this regard, in a case where
the position 536 is deviated by the minute angle "6", the
view angle of the center point ¢ of the horopter circle :is
also "28". Thus, similarly, a deviation of "28r" cccurs at
the position 536 on the horopter circle.
007573

At the position 545 on the display surface 540 which
correzsponds to the position 535 on the horopter circle,

assuming a right triangle with sides each having the



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 d&gree 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

ok s diagranvilustrating ar eXamplenof thesrelationshipbbétiveen the angie 0n
and the degree of distortion Q of the image. Here, the degree of distortion

widgy dbtainéd FraEBRSHhErs, inFigt 23 R minutsidAgleBis set to "0.01"

{OO‘?§ the angle 0 is changed from "-70" to "+70" [0079] As can also be
seen from this example, the greater the 35

01 = 2d-tan(6/2)

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 cbservation distance "d" and the angle "0", a
deviaticon width Q2 is expressed by the following equation:
[0077]

02 = 2d- (tanb-tan(6-8/2))

Therefore, the degrees of distortion Q is obtained by
the following equation:

[(0078]

[

Q cz/01

i

(2d- (tanB-tan(0-8/2)))/{2d-tan(6/2))

(tanB-tan(6-8/2) ) /tan(d/2)

Fig. 14 is a diagram illustrating an example of the
relationship between the angle 8 and the degree of
distortion Q of the image. Here, the degree of distortion @
obtained in a case where, in Fig. 13, the minute angle 8 is
set to "0.01" and the angle 6 is changed from "-70°" to
"+70°T,

[0079]

As can alsc be seen from this example, the greater the



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 O 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 circumferenceé? 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
devisa'2thThis-anglelis egually divided intd two paets by, theiperperdicdar the
from the center point o to the center of the two eyes, each yielding "2". In
deg §i§ fighrel 1P With-retereRcBt6 tisleftidye ST sTushadd obgl] °f the

. Focusi n atri Ieéjefir]ed by an intersection 537 of the center,'lin
2 G et 1 G ne 51T SRS lot Lob BA3 d e Hasohe cheles o°

of 22Q-thedeft eyefl2, andsthe centerpoint o ghtherhorapter cirgle 520 ree
both the angles at the intersection 537 and the left eye 512 are "ti/2".

of Sincedheline comnéctihg thenpdsitibn 535 oatthecharopterdirele;avhiekeiso £
viewed in exactly front of the 36

distortion becomes smaller than the threshold.

(00807

Fig. 15 is a diagram illustrating an example cof the
relationship between the horopter circle and the angle of
circumference. If it is assumed that the angle of
circumference 1s "t", then the angle at which the center
point ¢ of the horopter circle 520 is viewed from the right
eve 511 and the left eye 512 is "2t". This angle is equally
divided into two parts by the perpendicular from the center
point © te the center of the two eyes, each yielding "t". In
this figure, "t" with reference to the left eye 512 1is
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 51Z, and
the center point o of the horopter circle 520, both the
angles at the intersection 537 and the left eye 512 are
"e/2". Since the line connecting the position 535 on the

horopter circle, which is viewed in exactly £front of the



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 aAd 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
lefequgtord héldsarue: {0682)e2+L(0=TR)L= L Additierally] focusingtoreasight e r
triangle defined by a center point between the right eye 511 and the Ieft
1ingye%i9eshe EBftef Poirit G°8fthe Norépter Effdle 520" aRd the feft e

ang? 2 ther ius.ri repr sg@tedg%yrgnf uatlpp belo QQE&[ 537 and

nders 40d that the TadiUs 't can be detérmine usmg eang

=n Sheumierance, s apd the interpoular distances2a:: 0083} o+ @@In@%/z“
Therefore, removing the radius r from the above two equations yields the

In following:equation:i37 angle 6 is an angle formed at the left
eve 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 1s viewed from the intersection
537 and the end point 538 of the input image i1s expressed by
"2.(@-1/2)". In this case, the length of a circular arc
matches the size (width) of the input image, "L". Thus, the
following eguation holds true:
[0082]

2-(B-1t/2)r = L

Additionally, focusing on a right triangle defined by a
center point between the right eye 511 and the left eye £lZ,
the center point o of the horopter circle 520, and the left
eye 512, the radius r 1s represented by the equation below.
That 1is, it is understood that the radius "r" can be
determined using the angle of circumference "t" and the
interocular distance "Za".
[0CB3]

r = a/sin{t)
Therefore, removing the radius r from the above twe

equations yields the following eguation:



[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 convérgence 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
[Co%lrtle can be specified. 0086] Fig. 16 is a diagram illustrating a fourth
example of the three-dimensional conversion unit 130 in the embodiment
ofdhe §iradént inddritioh! his Todrth example of the three- dimensional

. SQnYersion ynit130 s designed 1o deternine a point of convergence

S i s SRS i ] I e angle
as to suppress an increase In the distortron of an Image on a |splay

ngn Surface angdo sgale-up -qrdown.the.size (width) of anvipput image-se.thal ¢
the input image can be displayed on the entirety of the display surface.

"' This fouethiexampleof the threeddimensional=3&ngle of circumference

"t can be obtained.

rooss]

Tn this manner, in the third esxample cof 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 sgual to or
less than the maximum degree of distortion, and the horopter
clrcle can be specified.

[0086]

Fig. 16 is a diagram illustrating a fourth example of
the three-dimensicnal conversion unit 130 in the embodiment
of the present invention. This fourth example of the three-
dimensicnal conversion unit 130 is designed to determine a
point of convergence so as to suppress an increase in the
distertion of an image on & 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-dimensicnal



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 thédnterocular 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
contpit S43s designedto emarge o raduce- {gcale up lordowim)the
non-stereo image supplied from the signal processing unit 120 via the
prosimal e 129 in Hoeordarfe Wity #RNFGinPefcohveijéncecsetbyithé42, &

convergence point setting unit 342. 10089] The horopter-plane image
52 i OJactih it 341 i€ RSB0 HIOjett e MHSIered image Semied up

uniPrdewn by thescaling unit 343.0nfa a qylipdrical plane including a . ; - 347,
horopter circle. Note that the horopter-plane image projéection unit 341 is
[ooanexample of the cylindrical plane 39

The convergence pcint setting unit 342 1s designed tc
set a point of convergence and tTo supply a radius "r" that
is based on this point of convergence and an angle "8". The
convergence point setting unit 342 sets a point of
convergence using the interocular distance "2Z2a", the
chservation distance "d", the maximum degree of distortion
"Omax", the minute angle "8", and the display surface size
"2MT.
rooeg;]

The scaling unit 343 is designed to enlarge or reduce
(scale up or down) the non-steresc 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.

F0089]

The horopter-plane image projection unit 341 is
designed to project the non-sterec image scaled up or down
by the scaling unit 343 onto a cvlindrical plane including a
horopter circle. Note that the horopter-plane image

projection unit 341 is an example of the cylindrical plane



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. 174s 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
orofletermined:sd thatdhe dggeee of: diSidBEION.with respect to the minute
angle "S" can be made smaller than the maximum degree of distortion
[00%®max". Than, based on the angle "0", the horopter circle is determined
and, in addition, the size aof the input image is determined._[00921.Since
thé1 le%ﬁ?paozlé%gé) 0 ??Fe ir%ﬁlft%ma%}éa%ﬁ%%a’te& on t Jés}?or%gtesr%ﬁcfzs ec§20,
ri gihe angleatwhich the.end peint ;538 afithejBputimage.is viewed-fomthe-
right eye 5117and the left eye 512 is "i". Additionally, focusing on a right
evetniangle defined by an iftersectionA8 betwienca line4@ct the horopter

image on the display surface for the right eye or the left
eve., Note that the display surface right-eye projection
unit 346 and the display surface left-eye proijection unit
347 are examples of the display surface projection unit
described in CLAIMS.

[0091]

3|

Fig. 17 is a diagram illustrating an example of the

f

relationship between the horopter circle and the display
surface. In this fourth example, similarly to the third
exampie, the angle "0" is determined so that the degree of
distortion with respect to the minute angle "8" can be made
smaller than the maximum degree of distortion "Omax". Then,
based on the angle "0", the horopter circle is determined
and, in addition, the size of the input image 1s determined.
[0082]

Since the end point 538 of the input image 1s 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 "t". Additionally, feocusing on a right

triangle defined by an intersection 548 between a line



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%rom 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
congxpresseddys 7i-tamn"(x48)". AAccosdinglyh thesanple St is. givieh by thene
equation below. That is, the horopter circle is determined by setting t so
inpthattie $6llowifg egaaticrs olds fué 095>t 8 8-fh/2}Hanregartton ©4°

. Additionally, as calculated. in the third example, t ngle at which the
PETYERr Poirt Softhe HoroptaF cirtls 52 éi’s |é/\?/e%ir2§m§{hae ﬁltgrgégi?onSSS

locégg@ngﬁhg§ggg%¥n%§%%9f%% the left eye and the display
surface 540, and the position ¢f the left eye 512, the angle
defined at the intersection 548 from the left eye 312 is
expressed by "n/2-6". Additionally, focusing on a right
triangle including a wvertex T, the angle defined at the
intersection 549 from the vertex T is "tan ' (x/a)".

r0093]

Here, x satisfies the following relationship

xra = (x+d):M
and is therefore given by:

x = a+d/ (M-a)

0094}

Therefore, an inner angle at the intersection 549 is
expressed by "n-tan"*{x/a)". Accordingly, the angle "t" is
given by the eguation below. That i1s, the horopter circle
is determined by setting 1t so that the following eguation
heolds true:

[0G9h]

T = O0-(n/2)+tan"t(x/a)

Additicnally, 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



the input image is expressed by "2(0-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 thé 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
the between theacentér ardmargmsdofithie "scré€n tah)be mdde equal toose,
less than the maximum degree of distortion, and the horopter circle can
the hbegpEeifiedl Iif daftion. fie iptit fRage ean bescaletfup Bl down sof the
. that, the inputimage can be displayed on the entirety of the displ .
SR BB T0098] Fig, I8 15 A diagram ITGSIATAG &Lk Sxample of the * <
1 00 $hree-dimensional conversion unit 130 in the embodiment of the present
invention. This fifth example of the three- dimensional conversion unit 130
is desigheddegerierate a stereo image by projecting a non-stereo image

onto tilt 42

In the third example, the size of the input image is
fixed whereas in this fourth example, the size of the input
image ig wvariable, and the input image is scaled up or down
by the scaling unit 343 so as to meet the above eguatlion.
(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 egual to or less fhan the maximum degree
of distortion, and the horopter circle can be specified. 1In
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 conversicn unit 130 i1s designed to generate a

stereo image by projecting a non-stereo image onto tilt-



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 genetate 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
shi fili-shift plapedight-eyeosetting unit 354¢ artilt=shift plane leftseyezsetting
unit 355, a display surface right-eye projection unit 356, and a display
thesaFace lefbaye projéetbrresit 352 {0090 ThE titcsHift plahesiyhteye
setting unit 354 is de?i ned to set, assuming.the extension of a visual

SUT DB it WHIGH & POTRCOFConvardenteReqUidistaht from fwo eyesis =7
nonviewed from the tight eye .a filt-shift-plane that, perpendiculady intersects s

this extension of the visual point and to project the non-stereo image
111 suppliedfromdhewsigaal preeessing it 428via the-signaldinecl2has a

tilt-shift image for the right eye. The tilt-shift plane left-eye setting unit 355
fifigdesigmad to set, agsuriimgané 43¢ 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 1s 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 1is
designed to set, assuming the extension of a visual point in
which a point of convergence eguidistant 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



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

ext distdnae k. Notei that eaehiof the tiltsshift-planes iscari example of the
irradiation plane described in CLAIMS. Additionally, the tilt-shift plane

conpghteye ettty unit3stand HEtlt-shiff plane Yéft-eyeé seitftephit 355 the

1ef§bre exam%les: ftklehi[,r giatig;)n- |land ‘. rojection u.n't,%e%crig d inmer%cts
(ki 61001 Th Hisplay/Saiace fight 656 Biojéction drit 3561
+ 1.1 designed o0 project the Jilt:shift image. fqr.the, fight eye, ,ontg a-display .-
surface for the right eye. The display surface left-eye projection unit 357
st elsedesigneg-toprejact he ftit=shift inage fordhe tefbeys sntoja disptayl 20
surface for the left eye. The display surface right-eye projection unit 356
viaahtithedigptay surfscelléfl-eye projectimahit4d image for the left
eye., The tilt-shift plane right-eye setting unit 354 and
the tilt-shift plane left-eve setting unit 355 perform
projection onto the tilt-shift planes for the right and left
eyes on the basis of the interocular distance "Za", the
radius "r" of the horopter circle, the assumed cbservation
distance "d", and & 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-eve setting unit 354 and the tilt-
shift plane left-eye setting unit 3535 are examples of the
irradiation-plane proiection 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 & display surface
for the left eye. The display surface right-eye projection

unit 356 and the display surface left-evye projection unit



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!£60 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

357 unit deseribed o) ELAIMS. {0101]HFg. 19 isd diagramiibustratiigonehe
form of the projection onto the tilt-shift planes in the fifth example of the

r i gfiregidimensional 66nvEtsibRuUMMEESRinthe téMbotinTeit O i pfelsehnce

.. invention. [0102] The,intersection of the center line between the right_eye
2 )T oA thETeft ye S12 ancHhe HOTORRET Ghol So0LR"a pomtafe -5 rec

obs£ORVErgenCe S thatis egquidisignt from the two: eyes. A fighkeys.c

tilt-shift plane 550 is a plane that perpendicularly intersects, at a point
d1isbdiytheaxtension of atisualipoint iaywehick thespeint eficanvergenrcer52ht -

is viewed from the right eye 511. A left-eye tilt-shift plane 45
eye image, and an image projected onto the display surface
for the left eye 1s referred fo as a left-eve image. The
right-eyve and leftw-eye images are supplied to the post-
processing unit 160 via the signal line 13%. Note that the
display surface right-eye projecticn unit 356 and the
display surface left-eye projection unit 357 are examples of
the display surface projection unit described Iin 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
eve 511 and the left eye 512 and the horopter circle 520 is
a point of convergence 527 that 1s eguidistant 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-eve tilt-shift plane



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 tit-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

560 display surface 5Ha is asstred io-be anl gbhservatiaredistancet'ds. Awint
image formed at a point 552 that is distant by a distance "S" from the

561 polrtB51:6rethel Aightdye tilt shifEglaRe 550 is displayed atkedisplayt °f

osition 571 %27th.e dlsglg% S rfgge 570. An.image form@%?t a point 562

ConYi4S Histanthy the disBRES "S*Hom the point561 onthé lefteye -

=5 o Hll:shift plane 360 is displayed at a display position S7/2.onthe-displayt i ng
surface 570. At this time, a line connecting the right eye 511 and the point

the 533 andiaine connectingdhe lefy eyé 51 2:and thegoint5A2i intersecthe
each other at an intersection 522 on the horopter circle 520. -,-hat -is, an

lefimage disblaysdcactotding t6 Bsefifth examipletis eguivafert$s ahimage

displayed through 46 iy
and 551)&5 assumed to be a tilt-shift plane distance "k".

[G103]

It is considered here that images on the right-eye
tilt-shift plane 550 and the left-eye tilt-shift plane 360
are projected onte a display surface 570. It is assumed
that the distance between the right and left eyes 511 and
512 and the display surface 570 1z assumed to be an
ocbservation distance "d". An image formed at a point 552
that is distant by a distance "$" from the point 551 on the
right-eye tilt-shift plane 550 i1s 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 sach other at an intersection 522 on the horopter
circle 520. That i1s, 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.
[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 imagé 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

the imagersizer(width} issassymed tebew'2iH. [0266F Part:(b) bhEigi 2Ost to
illustrates the coordinate system of the tilt-shift planes on which tilt-shift

foujhages Afe iptbjected. Since the tilt-shift planes are three- dimensional,

[616}%6; 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

ang: the lefi eye 312;Rart(h) of Fig<20Q s-a figure ewed from a:dirggtion £
perpendicular to the tilt-shift planes, that is, a 47
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 systen
of an input image I{p, g) supplied from the signal
processing unit 120 via the signal line 129. Since the
input image is a non-sterec 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".

[0109]

Part (b} of Fig. 20 illustrates the coordinate sysiem
cf 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 1s
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



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-shifé 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
dirbythedtiltsshifp plane-distances 'kt freny thexorigin along the z axis and the
point 561 on the left-eye tilt-shift plane 560 is expressed by "a-ktan(t/2)".
{C1Therefore, the relationship between the left-eye tilt-shift image L(x, y, 2)

on the left-eye tilt- shift ne 560 ,and the.inputimage I(p, 9) is
reﬁl%sjehte]dgb?ﬁﬁér?&%) win§ equiafior- 181691 [(xai?,, point of

conitakian(2))Aegs Wg})@p‘é‘@?r%ﬂméﬁ'é left-eye E'lt@g&@@a&erég ¥nd),

the following is true: 4
right eve 511 and the left eye 512 is a convergence angle

", each of the right-eye ftilt-shift plane 550 and the
left-eye tilt-shift plane 560 has an angle of "1/2" from the
horizon.

{0108]

Foocusing 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 eve 512 and the intersection 582 1is
expressed by "k-tan(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-k-tan{t/2)". Therefore, the relationship between the
left-eye tilt-shift image L{x, vy, z) on the left-eye tilt-
shift plane 560 and the input image I(p, ¢) 1s represented
by the following eguation:

{010¢9]

Lix, y, z) = I{{x+ta-k-tan(t/2))/(cos(t/2)), ¥

where, in this left-eye tilt-shift image L(x, y, z), the

following is true:



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 oAto 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
coprdinate (System of:-the tit-ghift lanes and the display surface. Here,
the three-dimensional (X, y, z) coordinate system is used. [0114] Part (b)
[016PFig. 21 illustrates the coordinate system of a display image S(s, t)

projected on the displa Su fac DIS y Images a egtlve"%mTl the
éﬁﬁéd?&nﬁéﬁ@ht% él‘frgﬁd the Feft“eye%btff%snc edch image is'a
rig‘%Qége tilt~shift image R(x, y, z; on the right-eye tilt-
shift plane 550 and the input image I(p, ¢) 1s represented
by the fcollowing eguation:
(01137

R(x, vy, z) = I{(x-a+tk-tan(t/2))/{cos(1/2}), v)
where, in this right-eye tilt-shift image R{x, v, z), the
fellowing is true:

z = k+((x-at+tk-tan(t/2))/sinit/2))

[0112]

Fig. 21 is a diagram illustrating a specific example oI
the proiection 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 (%, y, z) coordinate system 1s used.
[0114]

Part (b} of Fig. 21 illustrates the coordinate system
of a2 display image J{s, t) projected on the display surface.
Display images are respectively cbtained 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
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(x0, Yo, zo) Additionally, since the distance from
the observation position of the viewéFis 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
dim&ig 26h fhe followding Eexpressioniholdsdiuer Z2d0=coordinate system is
k-((xo+a-ktan(t/2))/sin(i/2)) [0118] Note that while DL(xL, yL, ZL), which is
useprojebied fPorJ the Pft é?@ 5320KAS Beéf eXplaifel hereS DR(XR, yREz4)

on the dIS la |ch is projected from the right eye 511
CERHUbR R ogx}i)t}% ﬁ rlg}ﬁt eyéP ift-shift 50

F0115]

At this time, Dy(x., vi, Zy) on the display surface 570,
which is projected from the left eye 512 through L{xg, vYo,
zp) on the left-eye tilt-shift image is given by the
following equation:

[01le]

Dy, vi, zu) = J(%1, Yi) =L{xe, Yo, Zo)

Additiconally, since the distance from the cbservation
position of the viewer is equal to the observation distance
d, zz = d is obtained and the following expressions hold
true:

[¢117]

(xg+a) / (xta) = yo/yr = zo/d

zo » O
in this regard, as explained using Fig. 20, the following
expression holds true:

zg = k-{{xpta-k-tan(t/2))/sin{t/2}}

[0118]

Note that while Dy(xy, vi, Zi), which is projected from
the left eye 512, has been explained here, Dglxr, Yz, Zr) OD
the display surface 570, which is projected from the right

eye 511 through R(xg, vo, 2zg) on the right-eye tilt-shift



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 @xample, 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

imatmeagep, q) isprojected asmainghi- eye tlt-shiftimageR{xyrz) on the
right-eye tilt-shift plane 550 (step S922), perspective transformation is

[01 p&fformed for the display surface 570, and three-dimensional DR(xR, YR,
zR) is obtained (step,5923). Then, a two- dimensional display image J(xR,
R o e o] SUHCE 16 obhds RBt ik e s i ELSora

proPOsition (step $924). Similary, when the input image | (R.Qris projegteds,
as a left-eye tilt-shift image L(x, y, z) on the left-eye tilt- shift plane 550

thréstep 5922} ipetspecivedeansfarmationtis 510 in the embodiment of

the present invention.

[0120]

First, when an input image I(p, qg) 1s input from the
signal processing unit 120 via the signal line 129 (step
8%21), the input image I(p, g) is respectively projected as
tilt-shift images. In this regard, unlike the first sxample,
separate tilt-shift planes are provided for the right eye
and the left eye, and display images are generated in the
following manner {loop L%02).

(01211

When the input image I(p, g} is projected as a right-
eyve tilt-shift image R{x, v, z) on the right-eye tilt-shift
plane 5530 (step $922), perspective transformation is
performed for the display surface 570, and three-dimensional
Drixg, vz, Zz) is obtained {step 59%23). Then, a two-
dimensicnal display image J{xXr, yr) on the display surface is
obtained from this three-dimensional positicon {step 5824).
Similarly, when the input image I(p, g) is prcjected as a
left-eye tilt-shift image L{x, y, z) on the left-eye tilt-

shift plane 550 (step S922), perspective transformation is



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, i 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

per fillsshiftlinfages-ontodight-eye andréficeyé tilt-shiftplanes,sespeciivels onal
Then, the right-eye and left-eye tilt-shift images are projected onto a

Dv. (display: strfacédoeated arem datialy measured o éstimated“dbservation
distance. Therefore, a stereo image for the (r)ighgc?l)ée

di i1 andthe lefteve

3 i | i YT H i
N8R 5 Aihe Gerdrated. 10123 Fig'23 i€ didgram illistrating a sixth
obt EX@IRIE-0f the three-dimensignal.conversian ynit 1304n the;embodimant,

of the present invention. This sixth example is designed to generate a
Notsteree image in accordaace witb:aadeth map that ishasedoni on-plane
degree-of-depth information. This sixth example of the three-dimensional
progemersionumcEinelutesaibzd in CLAIMS. Additionally,
steps 5923 and S$924 are examples of the display-surface
projecting procedure described in CLAIMS.
[0122]

In this manner, in the f£ifth 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 ilmage 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 1s 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



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 regardirigy 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,
inpJapanese:UnexaminesPatent Application: ;Publicatior Noc 2007 502454 ne
describes a multi-view image generation unit that generates a depth map
depbh thebagisroiredges detectediifZan inpttintdgetdNote thgtitha t1on unit
input-image depth map generation unit 361 is an example .of t%% egree-

363 o1 Aef BTG aTIoh G eratioh AiE dEs S ERath CLAIME. fo126f Therd @
disgg%%ﬁt%@%%989&@@&%%%%%%68&@%@ned to generate a

map for the horopter plane.Similarly to the first example, the
101 banopter plane is such that the size of the horopter circle is specified by
horopter circle information, and the relative positional relationship with
two eyes igspecified by dseiterbeblagS3e ration unit 361 is

designed to generate a depth map for the non-sterec 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 con the basis of, for example, the luminance,
high-freguency component, motiocon, saturation, and the like.
For example, Japanese Unexamined Patent Applicatiocon
Publication No. 2007-502454 describes & multi-view image
generation unit that generates a depth map on the basis of
edges detected in an input image. WNote 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 positiocnal

relationship with two eyes 1s specified by the interocular



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

disoata-thevdigplay surface for the right eye by taking a combined depth map
obtained by the depth map combination unit 363 into consideration.

L0 Additionally, the display surface left-eye projection unit 367 is designed

plied from t@;} ignal processigrgtunit 120

to, for the non-stereo image su 1

Vid e SGRATIE-E20: Brofoidt a Steretiniags Tor fie (47 eye dto the
ccmgi*f&%ayt EH”%%{Q{ tﬁggj)efg ?Y%}@E\{ tﬁlﬂﬁgﬁh%ﬁ%?g i”ﬁ@'a@,e% n@]%@le rated

obtained by the depth map combination unit 363 into consideration.
by [01428h g 24-spediagrain ithustrating @navesviewrofa 561 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.
(01271

The display surface right-eye projection unit 366 is

designed to, for the non-sterec image supplied from the
signal processing unit 120 via the signal line 128, project
a stereo image for.the right eye onto the display suriace
for the right eve 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-sterec 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 combilnation unit 363 into
consideration.
(01287

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. [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

proheraptee eifclema Prajectiore thereof ontathe Idispldy sudacé issperceived
as being located at a closer position. Additionally, since a point 622 after

dimepmbiatiorrisigeated behititlthe hdtopter EiftleSBOprojétioh thércore
onto the display surface is perceived as being located at a farther

pre%%%ftioﬁ?f(ﬁf iToﬁg. 25 is a diagram illustrating an example of a depth

r01map of the horopter plane according to the sixth example of the
three-dimensional conversion unit 130 in the embodiment of the present
inventioni 55sixth example, degree-of-depth informaticn is

estimated by the input~image depth map generation unit 361,
and is combined with the horopter plane. Thus, 1in addition
to the feeling of depth using the nature of the horopter
circle explained previously, the sterecoscopic feeling can
further be enhanced by further adding degree-of-~depth

information corresponding to the three-dimensional structure

[0130]

For example, since a point 621 after combination 1is
located in front of the horopter circle, a projection
therecf onto the display surface is perceived as being
located at a closer position. Additicnally, since a point
622 after combination is located benhind 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 oI a depth
map of the horopter plane according to the sizth example of
the three-dimensional conversion unit 130 in the embodiment

of the present invention.



[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, ¥) = 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 (;,%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

[ 01 ¥4t is estimated by the sixth example of the three-dimensional
conversion unit 130 in the embodiment of the present invention. [0135]
Hérer the déSthdfRap bf B degreblst-depiR MsFmaticH  $s represented by

o gg?é'r[pg de ree-of—depﬁpénfgrrgg%gn %s df%iggegll%inadicta}%égg degree
TP G depth corresponding to “each pixel and is Tepresented as

a:mieedimensional information, That is, the-depthmap. obthesng is
degree-of-depth 56

specified by the distance from the x plane. That 1s, the

depth map of the horopter plane is a function of x and v,

and is represented by the following egquation:

[0133]

dpu(z, y) = z(x, V)

At this time, 1f it is assumed that the distance of the
horopter plane from the x plane with respect to coordinates
(%:, vi) 1s di, then the function z(x, y) 1s given by the
following eguation:

[0134]

zi(xi, vi) = dy (L = 1, 2, ..., 1)

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-oi-depth



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 el,, 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 threé&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
inftnpu trage ikatds fenetated kyfthe input-imagerdepth map geseratiod by
unit 361 with the depth map of the horopter plane that is generated by the
the hifopterplanedepift Atdp generation unit 362. The depth map
miggrgnbination unit 363 includes an average value calculation unit 3631, a
- ubtractor 3632, and an adder 3633. [0138] The average value
caggéjj?ggqn ypit;G;Jrgg, d9§igned to calculate the average value of depth
maps for each input image. The subtractor 3632 is designed to subtract
At thelB7time, if it is assumed that the degree-of-depth

information from the x plane with respect tc coordinates (x4,
vi) has value e;, the function z(x, y) is given by the
following eguation:
[(0137]

z{xs, vy = ey {i =1, 2, ..., nj

Fig. 27 i1s 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 1s 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 1s designed to
calculate the average value of depth maps for each input

image. The subitractor 3632 1is designed to subtract the



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

ave invention llmethistexample, aaispui sonestereol image isiprojectedana
image for left eye 630 onto a curved plane 620 correspondlng to depth

dephiageandas picjeltedl it & intage fotRight J/€830 corresponditfy to©

___respective poi s.on, the urved plane 620. [0140], For exar pIe a_point
”Om%gip hthe Ena%%efor et éye 630, Which is Vie wewe%F frGm tﬁ gye 12,

va1isPrpiected 0.2, paint 621 0p the surved:plane 620 @eadwgen e point
621 is viewed with the right eye 511, the point 621 is projected to a point

des 64tean the boage for right eyenb40s=Sinilarly, ahpoine632 onzdhe imégehe
for left eye 630, which is viewed from the left eye 51.2, is projected to a

lnpﬁem%ggg%nﬁ%@qﬁyed 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 &
sterec 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.

101407

For example, a point 631 on the image for left eye 630,
which is viewed from the left eye 512, 1s projected to a
point 621 on the curved plane 6€20. 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 €40. Similarly, a
point 632 on the image for left eye 630, which is viewed

from the left eye 512, is procjected to a point 622 on the



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 illustratif§ 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

curwned-stéreonsinddde is prajectedasrantimsagec(imput éMage 650) thatds with
viewed from a center 513 between the right eye and the left eye onto a

the chh@dpIgne 626 corfelspoRding to Bépth-mapsCand 1§ Prdjectedume an®4?
image for left eye 630 and an im for right eye 640 corresponding to

" Félsepejcﬁ\?g E|50|“n S oﬁjtlg%ntcu?\yeed %%%“e 620. [01431 For example, a point

1 01991 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
621ds viewed: with:theulett eye 512] thefpoint-621 fSoprojected to apomtof
59

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 positionsd on the same planar plane.

[0142]

Fig. 29 is a diagram illustrating another example of a
sterec lmage generated by the sixth example of the three-
dimensicnal cenversion unit 130 in the embodiment of the
present inventicn. 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 ontoc 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 €20.

[(0143]

For example, a point 651 on the input image 650, which

is viewed from the center 513, is projected tTo a point 621

on the curved plane 620. Then, when the point 621 is viewed

with the left eye 512, the point 621 is proijected to a point



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 Wwih 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
631 eye 630: thenmage for right teyey@40; Bhd thétiaputtinragec630afecl 1s
illustrated as being_shifted in position relative to one another in the z
viewmnacHdn:in defuaihgall ot fhermare polftioned sh the lsamepiana piaie.=©
Q145] I this manner, in the sixth example of th ee imension
%éﬁversmn (it ?553 in ﬁ‘He em%odlmerﬁ E%theY present |n§ent|o*na]§algép Hmn

Mmap-that is based.en degree-of; depthsinformationris combingdwith-om the

stereoscoplc vision in which the horopter plane explained with reference
cent@other ;embadiments is @tilizets therebyenablingcthe generaticieef an the

more stereoscopic stereo image. 60
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.
[0144]

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]

n this manner, in the sixth example of the three-
dimensional conversion unit 130 in the embodiment of the
present invention, a depth map that 1s based on degree-ol-
depth information is combined with stereocscopic vision in
which the horopter plane explained with reference to other
embodiments is utilized, thereby enabling the generation of

a more stereoscoplc stereo image.



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 inéthe 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
[01€eimputer to execute the above series of procedures or a recording
medium storing the program. This recording medium can be implemented

ushsg; o &ramples afCB (Eofiddet Dis) AanMBIMIRIDISE) =& VD
. é%l ital Versatile Disk),.a memor gard, alBIu-trlal)é Di§%gg Lﬁsterggf nfion,
i1l tgjéﬁwta?l%)),a& t%}éﬁﬁ%e}eExp anation of-Reférence umeraﬂs [d‘f48ﬁf 110
angmage gignal input unit ;120 signal processing unit.130 three-dimensional
conversion unit 140 parameter setting unit 150 observation distance
rel measugemnent uiitBlspecific claimed matters in CLAIMS.
However, the present invention i1s 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,
additicnally, 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



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
candliinaticn -G30cimege for leftieéye 640 image for right eye 650 input
image 62 CLAIMS 1. A stereoscoplc Image generation apparatus

Cdﬁﬁhﬁﬁgmat conversion unit

180 source selection unit

190 display unit

311, 221, 231, 241 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 scaling 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 comblnation 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



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, whekein 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 analisensation distance measurement unit
that measures a distance between the display surface and an observation
1 -poditie, aFReraitheCradilaasTt tHe Maginapy cifdle s S6tIR aCEBrdaTce d:

with an observation distance measured, by the pbservation distance
mBASUHbIEE Lt 4 SR ErehEosOpic Piagd deneraion BpSarsire >

cwo2gearding to Claim, 1, whetein the imaginary.circle-has.a radius that is set

so that a degree of distortion in the display images is smaller than a
incpretdeterminedithreshalgly 631 5clhe stefeoscopicimage-generation eyes to

apparatus according to Claim 1, further comprising:
generate a cyvlindrical image; and

a display surface projection unit that projects the

cylindrical image onto a2 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 i, wherelin the imaginary circle has a radius that
is set in accordance with an assumed observation distance or
a display size.

3. The stereoscopilic image generation apparatus according
to Claim 2, further comprising an observation distance
measurament unit that measures a distance between the
display surface and an cobservation 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

ig smaller than & predetermined threshold.



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

5 respeetively perpensticutaritodines of isighd tof twio eyes tegeneratecrding
irradiation images respectively corresponding to the two eyes; and a
Lo Qisplay surfaceplofectisArunitithaffrojects the corresponding irradiation

images onto a di Spé surface with reference to the two eyéﬁ] I;Co %nerate
dl§b| %gﬁes & %spe&rvefy CastSh t‘ﬁe?wo eyes 7

ser Siefeascapic knage generalion apparaius 2ccording, &b Clam Gauherein

positions of the irradiation images are set in accordance with an assumed
dimehsernaton distancel b4 8, Thedtereoscopic image generation apparatus
according to Claim 7, further comprising an observation distance
a degree-of-depth information combination unit that
combines the degree-cof-depth information with the
cylindrical image,
wherein the display surface projection unit projects
the cylindrical image with the degree-of-depth information
combilned therewith onto the display surface to generate the
dgisplay images.
&. 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.



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 iderfti€al 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
8 .procedute ef-projectingca twedimeasionatinput impagerentosa eylindridahg

plane including an imaginary circle that is tangent to two eyes to

to gbperatd a EyliRENES iFRBRT ARd BiEpIay BffatE brojecting procelure
of projecting the cylindrical image anto a.display surface with reference

ey ggéﬁ} Ic})ifth'“lentﬂ"v‘;?\'/:o )él’bgs“tomgeaealnsel%f%gdi%pl%?slr‘rg]%ggg to %g “Yrg\ée%%:g?llvgely

a1 sgastonthestyo.eyes; 11, Astereoscepis,image gengration method
comprising: an irradiation-plane projecting procedure of projecting a
twerdimensionad input image: entoftwidzdimensiahial planesitimyase are set
respectively perpendicular to 'Lines of sight of two 65 eyes to generate

in FREhaiGiPragEs e sPRCIVENE Cotiespbnding 16 e WG eyesahdyY the

observation distance measurement unit.

9, A stereoscopic image generatlon 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 esach cther 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 & cylindrical plane
including an imaginary circle that is tangent to twe eyes to
generate a cylindrical image; and

a displav-surface projecting procedure of projecting
the cylindrical image onto a display surface with reference
to each of the twe evyes to gensrate display images to be
respectively cast on the two eyes.

11. A stereocscopic image generation method comprising:

an irradiation-plane projecting procedure of projecting
a two-dimensional input image conto two-dimensicnal planes

that are respectively perpendicular tc lines of sight of two



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 @igplay-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
eyesastony thestwdeyes; 18 Aaprogranminfoy €ausingeecompeatey to execute:

an irradiation-plane projecting procedure of projecting a two-dimensional
COT fifpti dge dntd i dirh@RsiGHA plakés that are respectively

perpendicular t—%'&@%%?%%ﬁé‘é’& %%3%3%%%% ale i”zad%aéi?‘,?%ﬁ@gﬁé

respectively” corrésponding to the two ;andaaisp%y-Sura‘be

+ he PrOjecting-progedure ofprgjectingnthergorespending-radiation jmagesace
onto a display surface with reference to the two eyes to generate display
witimagesto: beaespectively-castorethettwossyesrate 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 ontec a cylindrical plane
including an imaginary circle that is tangent to two eyes to
generate a cylindrical image; and
a display-surface proiecting procedure of projecting
the cylindrical image onto a display surface with reference
to each of the two eves to generate display lmages 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 te 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 twco eyes to generate display images to

be respectively cast on the two eyes,.



