1 DESCRIPTION STEREOSCOPIC IMAGE GENERATION APPARATUS, STEREOSCOPIC IMAGE
GENERATION METHOD, AND PROGRAM Technical Field [0001] Embodiments of the present
invention relate to a stereoscopic image generatidn apparatus, more specifically, to a stereoscopic
image generation apparatus that generates a stereoscopic image from a non-stereo image, a
processing method therefor, and a program that causes a computer to execute this method.
Background Art [0002] In recent yearsPHe&Zedn@Niewing angle of display devices have

increased, ad fhe dispiay AhMaIe tealslc menes hansenyentionalonss e pecoringgualable. In a

conventional display device, however, an image Is forcibly perceived as being located on the display
surface of the display device, Zri¥HRARE [$Mh HEK GO eréd8eopRIelity being hindered from being
generated by sensory stereoscopic elements such as shadows and composition. This is considered to
be affected by influences caused by physiological stereoscopic elements, such as changes in the
angle of srergeice Eused when the display surface of the display device is viewed with two eyes
and the oggyence of

Embodiments of the present invention relate to a
sterecscopic image generation apparatus, more specifically,
to a stereoscopic image generation apparatus that generates
a stereogcopic image from a non-stereo image, a processing
method therefor, and a program that causes a computer to
execute this method.

Background Art
[oooz]

In recent years, the size and viewing angle of display
devices have increased, and the display of more realistic
images than conventional ones is becoming available. In a
conventional digplay device, hoWever, an image is forcibly
perceived as being located on the display surface of the
display device, and there is a risk of stereoscopic feeling
being hindered from being generated by sensory stereoscopic
elements such as shadows and composition. This 1is
considered to be affected by influences caused by
physiological stereoscopic elements, such as changes in the
angle of convergence caused when the display surface of the
display device is viewed with two eyes and the occurrence

of



2 distortion induced by binocular disparity. [00031 known optical device for removing such
influences caused by physiological stereoscopic elements is a stereoscope called synopter. The
synopter is designed to be used with a half mirror to individually supply light received at the same
position to two eyes. It is known that this synopter allows retinal images of the two eyes to be identical
to each other so that stereoscopic depth can be added to a non-stereo image (see, for example,
Non-Patent Document 1). Related Technical Docunent Non-Patent Document [0004] Non-Patent
Document 1: Jan J Koenderink et al., "On so-called paradoxical monocular stereoscopy", Perception,
Pion Publication (UK), 1994, volume 23, no 583-594 Summary of Invention

distortion induced by binocular disparity.
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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 sterecscopic depth can be
added to a non-sterec 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-~
calied.paradoxical monocular sterecscopy", Percepticn, Pion
Publication {UK), 1994, wvolume 23, pp. 583-294
Summary of Invention
Technical Problem
[0005)

In this manner, an optical device such as a synopter
can remove influences caused by physiological stereoscopic

elements to allow retinal images of two eyes tTc ks ident
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to each other so that stersoscopic depth can be obtained

from a non-stereo image. Such an optical device can realilze
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Technical Problem [0005]  In this manner, an optical device such as a synopter can remove
influences caused by physiological stereoscopic elements to allow retinal images of two eyes to be
identical to each other so that stereoscopic depthian be obtained from a non-stereo image. Such an
optical device can realize 3 stereoscopic vision with a simple mechanism while, on the other hand, a
display device has no flexibility so that it is difficult to obtain further visual effects. [0006]
Embodiments of the present invention remove influences of physiological stereoscopic elements by

image pr&gﬁéﬁiﬁ?mﬁﬁicéﬂ@dﬁ’ﬁonﬁbééﬂa SH®Pfifst §§p‘g&?’6f‘ .p‘?ﬂé_‘é&rﬁ ’inv‘éﬂtiotf.{l?here is
provided 81:3111%%,0?1%%&9 |r7%gg(§i%?}e§[§tl%@,@%ra%§5co rlfw&'{%%/il@g@cag Blagﬁapgolgglon unit that

projects a two-dimensional input e onto a cylindrical plane including an imaginary circle that is
tangent tq Bve eyes tgeneate Bylindicat imageyand a dispi@esuidace projection unit that projects

the cylindrical image onto a display surface with reference to each of the two eyes to generate display
images tol b€ ¢édpectively cast on the two eyes.

Embodiments of the present invention remove influences
of physiological stereoscopic elements by image processing.
Technical Solution
[0007]

In a first aspect of the present invention, there is

provided a stereoscopic image generation apparatus
comprising: a cylindrical plane projection unit that
projects a two-dimensional input image onto a cylindrical
plane including an imaginary circle that is tangent to two
eyes to generate a cylindrical image; and a display surface
projection unit that projects the cylindrical image onto a
display surface with reference to each of the two eyes to
generate display . images to be respectively cast on the two
eyes.
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.

[c008]



Therefore, the effect of respectively supplying retinal images that are identical to each other to the two
eyes to remove influences produced by physiological stereoscopic elements can be furnished. [0008]
Additionally, in this first aspect, the radius of th 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 apparajus may further include an observation distance
measurement unit that measures a distance between the display surface and an observation position,
and the radius of the imaginary circle may be set in accordance with an observation distance
measured by the observation. distance measurement unit. Therefore, t?eg{fgct of a%%v%ng an image

suitable for the H&asated dbservatioh distance toBe didpiayed can berfamishied. [0

Additionally,.ipthis first.aspect, the radius of the jmaginary circle may:be set sothat adegree of
distortion In the display images is smaller than a predetermined threshold. Therefore, the effect of
allowing asiraage 0 be displayed-within a:distartionallowable range: 4001Q], <Additionally, in this
first aspect, the stereoscopic image generation apparatus may further include a degree-ofdepth
informaticrt derération ahitthatge ridratesadegré-ofdepth infformation GSiRgtHé fwedimensional input

image, and - ‘ o N 1 : :
distance or display size to be displayed can be furnished.
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ration apparatus may further include an cobservation
distance measurement unit that measures a distance between
the display surface and an ocbservation position, and the
radius of the imaginary circle may e set in accordance with
an observation distance measured by the observation distance
measurement unit. Therefore, the effect of aliowing an
image suitable for the measured observation distance to be
displayved can be furnished.

[0008]

Additionally, in this first aspect, the radius of the

distortion
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imaginary circle may be set so that a degr o
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in the display images is smeller than a predetermined
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thresheld. Therefore, the effect of allowing an image to be
displaved within a distortion allowable range.
{0C10]

Additionally, in this first aspect, the sterecscopic

image generation apparatus may further include a degree-oi-
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information using the two-dimensicnal input image, and



5 a degree-of-depth information combination unit that combines the degree-of-depth info mation with
the cylindrical image, and the display surface projection unit may project the cylindrical image with the
degree-of-depth information combined therewith @nto 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] In a second aspect of the present invention, there is provided a

stereoscopic image generation apparalys. comprising: anliiadiafign-plane projegtion ppl ihat projects
a two-dinfension rrinpuﬁmagepon o two-dimensional planes at are respectively perpendicular to

lines of siglyt of hq eyes fp.genefateiyadiationdmages respestivaly Lorespeading to thedwo eyes;
and a display surface projection unit that projects the corresponding irradiation images onto a display
surface witfirefierence 10 theskyeo, eyesdo geaerdiesgisplay smafesto herrespettively vastton the two
eyes. Therefore, the effect of respectively supplying retinal images that are identical to each other to
the two eya¥ toRMGRS infitiénce¥ biadacstiBy BRRISIodiddsterB8scdpitr@Bnthis'€aiBe furnished.
[0012] 6. _Additionally, in this second aspect, the positions of the irradiation i es may be set in
accordant Wit ah Ja%%urﬁ@&‘%b%%rg\[/a%%ﬁ Idlzl)es‘"E’alﬁcct,be. $H§Pefotr§elfethe le?%%éf‘1 i a?l%%}lﬁ%gn ﬁnoége suitable

for the o%s&g@mdis@[g:e to; e, displayeg can. be fursished Fn,this case, indhissegondaspect, the
stereoscopic image generation apparatus may further include an observation distance measurement
unit that measuisp distancd hetyeeentheldispiay:suttace aadraanolkservatioayeasitory and the
positions of the irradiation images may be set in accordance with an observation distance measured
by the obBer/iing distakee Fisastraip@ntanit Phherafgré sthedffect of allowing an image suitable for
the meas%%dlgl})servation distance to be displayed can be furnished. [0013]

In a second aspect of the present invention, there is

provided a stereoscopic image generation apparatus
comprising: an irradiation-plane projection unit that
proiects a two-dimensional input image onto two-dimensional
planes that are respectively perpendicular to lines of
sight of two eyes to generate irradiation images
regpectively corresponding to the two eyes; and a display
surface projection wunit 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 eves.
Therefore, the effect of respectively supplying retinal
images that are identical to each other to the twe eyes to
remove influences produced by physiological stereoscopic
elements can be furnished.

[oo12]



In a third aspect of the present invention, there is provided a stereoscopic image generation method
comprising: a cylindrical plane projecting procedure of projecting a two-dimensional input image onto a
cylindrical plane including an imaginary circle thatis tangent to two eyes to generate a cylindrical
image; and a display-surface projecting procedure of projecting the cylindrical image onto a display
surface with reference to each of the two eyes to generate display images to be respectively cast on

the two eyes. 6a6[0013a] In a fourth aspect of thgeﬁ{)resent inventti_%n, there j%Erovidedfa
stereoscopic imag& heneRRtionmethBd ESpriSiRG AN irfathationplans profeeting précedure of

projecting gwardimensianal Inpi gage aptg twgedinensiongl planes hahae respactivaly
perpendicular to lines of sight of twoeyes to generate irradiation images respectively corresponding to
the two eyesiansha display-sstfase prajesting peacedumefierojecting thecoreespendingitradiation
images onto a display surface with reference to the two eyes to generate display images to be
respectivelylcasi og tirertwionegss. f0013dple |Acrfifthaspebesiiie tresent irf/ention, there is

provided a pr\f\);%rlam for causing a computer to, execute: a c#/lindrical plane projecting procedure of
projecting§ twWo-Gen&shalifput fagd ot §8findrica ﬂan’él'fﬁéludﬁi}g%n imaginaty rcle that is

tangent ' Lo exes. g asnerate g oyliegenlinagewantha gpiavssty aee diolegigaracedure of
projecting the cylindrical image onto a display sutface withreference to each of the two eyes to
generate gisplayimrages-to badsespretively cagionthedivoreyesi 6af00d 3ckeasurement
unit that measures a distance between the display surface
and an observation position, and the positions of the
irradiation images may be set 1in accordance with an
observation distance measured by the observation distance
measurement unit. Therefore, the effect of allowing an
image suitable for the measured observation distance to be
displayed can be furnished. |
[0013]
In a third aspect of the present invention, there Iis
provided a sgterecscopic image generation method comprising:
a cylindrical plane projecting procedure of projecting a
two-dimensional i1nput i1mage onto a cylindrical plane
including an imaginary circle that is tangent to two eyes
tc generate a cylindrical image; and a display-surface
projecting procedure of projecting the cylindrical image
onto a display surface with refefence to each of the two
eyes to generate display images to be respectively cast on

the two eyes.



In a sixth aspect of the present invention, there is provided a program for causing a computer to
execute: an irradiation-plane projecting procedure of projecting a two-dimensional input image onto
two-dimensional planes that are respectively perpendicular to lines of sight of two eyes to generate
irradiation images respectively corresponding to fe two eyes; and a display-surface projecting
procedure of projecting the corresponding irradiation images onto a display surface with reference to
the two eyes to generate display images to be respectively cast on the two eyes. 7 Advantageous
Effects [00d4] 3 5 }According to embodiments of the present invention, the superior effect that
influences of physiological stereoscopic elements can be removed by image processing can be
achieved. Brief Deseripfionof Drawipgs f0015] the [RigeHany. Livvetiagram illikesting an example
configuration of a stereoscopic image generation apparatus in an embodiment of the present

inventionP OV g2 PFi§ tE ISR TRgram iﬁﬁﬁ%?ing%nﬁ’éﬁé%ﬁﬂpl‘éeoq%%re%qﬁw&r@&% conversion
unit 130 i:grl[heier@ggg%%@nojﬁﬁggéesgc}%iﬁqg%@ti% procedure of projecting a
two-dimensional input image onto two-dimensiocnal planes
that are regpectively perpendicular to lines of sight of
two eyes tO generate irradiation images respectively
corresponding to the two eyes; and a display-surface
projecting procedure of projecting the corresponding
irradiation images onto a display surface with reference to
the two eyes to generate display images to be respectively
cast on the two eves.
[0C13Db]
In a fifth aspect of the present invention, there is
provided a program for causing a computer to execute: 2
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 c¢ylindrical image; and a display-surface projecting
procedure of projecting the c¢ylindrical image onto a
display surface with reference to each of the two eyes to
generate display images to be respectivély cast on the two

eyes.



[Fig. 3] Fig. 3 is a diagram illustrating one foLm 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 eé;%mple of the projection onto the horopter plane in
the first example of the three-dimensional conversion unit 130 in the embodiment of the present
invention. [Fig. 5] Fig. 5 is a diagram illustrating one form of the projection onto a display surface
in the first example of the three-dimensional conversion unit 130 in the 8 embodiment of the present
invention.[ o ¢ {Rig] 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 the embodiment of
the present invefitiors. s 1fFidy 74 Fige Ttis afdidgram filtstrating anexemplary pldeessing procedure
performed by the first example of the three-dimensional conversion unit 130 in the embodiment of the

present iIRVERIBASS  IF@TNFHG™S i§ AdisFaMGstAtirtPaREESTd SampleEsrthg: an
three-dimensional conyersion unit 130Q.in the embodiment ofLthe present VNN cuo-
‘dimensional input image onto two-dimensional planes. that
are respectively perpendicular to lines of sight of two
eyes to generate irradiation images respectively
corresponding to the two eyes; and a display-surface
projecting procedure of projecting the corresponding
irradiation images onto a display surface with reference to
the two eyes to generate display images to be respectively

cast on the two syes.



[Fig. 9] Fig. 9 is a diagram illustrating the relationship between the size of a horopter circle and the
positions of points of convergence. [Fig. 10] Fig. 10 is a diagram illustrating one form of the
projection onto a horopter plane in the second example of the three-dimensional conversion unit 130 in
the embodiment of the present invention. 11] Fig.?s a diagram illustrating a spec f-PL., example of the
projection onto the horoptei plane in the second example of the three-dimensional conversion unit 130
in he embodiment of the present invention. [Fig. 12] Fig. 12 is a diagram illustrating. a third
example ofthathige-slipersieaaleonversion unit 130 in the 9 embodiment of the present invention.
[Fig. 131 Fig. 13 is a diagram illustrating an example of the relationship between a horopter circle and
the degrele® 6fidistortion of an image.  [Fig. 141 Fig. 14 is a diagram, illustrating an example of the

relationship between the angle Ci and the degree of distortion % of an image. ,
According to embodiments of the présent 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 1is a diagram illustrating an example
confiquration of a stereoscopic image generation apparatus
in an embodiment of the present invention.

[Fig. 2] Fig. 2 is a diagram illustrating a first
example of a three-dimensional conversion unit 130 in the
embodiment of the present invention.

[Fig. 3] Fig. 3 1is a diagram iliustrating one form of
the projection onto a horopter plane in the first example
of the three-dimensional conversion unit 130 in the
embodiment of the present invention.

[Fig. 4] Fig. 4 1is a diagram illustrating a specific
example 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.

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

of the three-dimensional conversion unit 130 in the



[Fig. 151 Fig. 15 is a diagram illustrating an example of the relationship between a horopter circle and
an angle of circumference. [Fig. 16]16 s a diagram illustrating a fourth example of the
three-dimensional conversion unit 130 in the embog4of the present invention. 171 Fig1l7isa
diagram illustrating an example of the relationship between a horop er circle and a display surface.
[Fig. 181 Fig. 18 is a diagram illustrating a fifth example of the three-dimensional conversion unit 130
in the embodiment of the present invention. [Fig. k91 Fig. 19 is a diagram illustrating one form of -
projection onto tilt-shift planes in the fifth example of the three-dimensional conversion unit 130 in the
embodiment of the present invention. [Pia. 201 Fig. 20 is a diagram illustrating a specific example

of the projection anto.the filt=shift B@gg@ﬁ@ the, 10 -1 on .

[Fig. 6] Fig. 6 is a diagram illustrating & 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 1is a diagram illustrating an exemplary
processing procedure performed by the first example of the
three-dimensional conversion unit 130 in the embodiment of

.

the present invention.

[Fig. 8] Fig. 8 is a diagram illustrating a second
example of the three-dimensional conversion unit 130 in the
embodiment of the present invention.

(Fig. 9] Fig. 9 is a diagram illustrating the
relationship between the size of a horopter circle and the
positions of points of convergence.

[Fig. 10) Fig. 10 is a diagram lllustrating one form of
the projection onto a horopter plane in the second sxample
of the three-dimensional conversion unit 130 in the
erbodiment of the present invention.

[Fig. 111 Fig. 11 is a diagram illustrating & specific
example of the projection onto the horopter plane in the
second example of the three-dimensional conversion unit 130
in the embodiment of the present invention.

‘Fig. 12] Fig. 12 is a diagram illustrating a third

example of the three-dimensional conversion unit 130 in the



fth example of the three-dimensional conversion unit 130 in the embodiment of the present invention.
[Fig. 211 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. 221 Fig. 22 is a diagram illustrating an exemplary protessing procedure performed
by the fifth example of the three-dimensional conversion unit 130 in the embodiment of the present
invention.  [Fig. 231 Fig. 23 is a diagram illustrating a six” example of the three-dimensional
conversion unit 130 in the embodiment of the present invention. [Fig. 241 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 el ' f th t invention. [Fig. 251 Fig. 25 is a diagram
iIIustratinegmabnOg%é%r%BIQe gg? a g}a%?ﬁgggg%%‘é t%?g%%%igghé according to the sixth example of the
three-dimensional:conversiorrupit 180 in ¢he emboginentiof the present inventienamp I[Eig. 26] Fig. 26
is a diagram illustrating an example of degree-of-depth information that is estimated by the sixth
example of thémthree-dimensiohakcdriersion unitl1S0ARE embodiifieft 6Fthe Presértdmsntion.
[Fig.Fig. 27 is a diagram illustrating an example configuration of a depth map combination unit 363 in

the sixth @xafmpfe BFthethreée-dihensiGifal conversion unit 130 in the embodiment of the present

Invention. [Fig. 147 Fig. 14 is a diagram illustrating an example

of the relationship between the angle § and the degree of
distortion ¢ of an image.
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[Fig. 15] Fig. 15 is a diagram ustrating an examples

+
—
=

the relationship between 2 horeopter circle and an angle
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Fig. 16 iz a diagram illustrating a fourth
examole of the thres-dimensional conversion unit 130 in the
embodiment of the present ilnvention.
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ig., 17} Fig. 17 is a diagram illustrating an example
of the relationship between a horopter circle and a display
surface.

. : e =
lustrating a £ifth

-

[Fig. 18] Fig. 18 is a diagram I
example of the three-dimensional conversion unit 130 in the

embodiment of the present invention.

[Fig. 19] Fig. 1% is a diagram illustrating one Iorm of

-~

the projection onto tilt-shift planes in the

Py
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1fth example
of the three—-dimensional conversion unit 130 in the
embodiment of the present invention.

[Fig. 201 Fig. 20 is a diagram illustrating =a specific

example of the prcjection onto the tilt-shift planes in the



[Fig. 28] Fig. 28 is a diagram illustrating an example of a stereo image generated by the sixth example
of the three-dimensional conversion unit 130 in the embodiment of the present invention. [Fig. 29]
Fig. 29 is a diagram illustrating another example of a stereo image generated by the sixth example of
the three-dimensional conversion unit 130 in the embodiment of the present invention. Best Mode for
Carrying Out the Invention [0016]  Next, an embodiment of the present invention will be explained in
detail with reference to the drawings. [0017]  Figy 1 is a diagram illustrating an example
configuration of a stereoscopic image generation apparatus in an embodiment of the present
invention. This stereoscopic image generation apparatus includes an image signal input unit 110, a
signal processina.ynit 20, a hiegadimensional conersing LnithAP. Apasametersetting unit 140, an
observation distance measurement unit 150, a post-processing unit 160, a format conversion unit 170,
12 source selactionAmii8: and-ae displayunitsE30: invention.
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example of the projection onto a display surface in the
fifth example of the three-dimensional conversion unit 130
in the embodiment of the present invention.

{Fig. 22] Fig. 22 is a diagram illustrating.an

exemplary processing procedure performed by the fifth

example of the three-dimensional conversion unit 130 in
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embodiment of the present invention.

[Fig. 23] Fig. 23 is a diagram iilustrating a sixth
example of the three~dimensional conversion unit 130 1in the

ambodiment of the present ilnvention.
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3. 24 1s a diagram illlustrating an overview
of a process perfcrmed by the sixth example of the tThree-
dimensicnal conversion unit 130 in the embodiment of the
present invention.

[Fig., 25) Fi 2% is az diagram 1llustrating an exampls

@]

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. 261 Fig. 26 1s & diagram illustrating an example
of degree-of-depth information that i1s estimated by the
sixth example of the three-dimensional conversion unit 130

in the embodiment of the present invention.



[0018] The image signal input unit 110 is designed to receive an input image signal of a non-stereo
image. The non-stereo image to be input is not limited to a still image and may be a moving image.
The source device of the non-stereo image is assumed to be a television broadcast receiver, a video
reproducing device (player), an imaging device (camcorder: CAMera and reCORDER), or the like.
[0019] The signal processing unit 120 is designed to perform predetermined signal processing on
an input non-stereo image. Examples of the signalprocessing are assumed to include white balance
adjustment, noise reduction processing, level correction processing, and gamma correction
processing. [0020]  The three-dimensional conversion unit 130 is a feature portion of the present
invention, and is designedt locopvert A tho-dimensingl nonsiereolmnage igio afuggdimensional
image. With this three-dimensional conversion processing of the three-dimensional conversion unit
130, a thiggsgimgnsionalimage thatds based onpensstersolmageris geperated. Asithis
three-dimensional image, for example, an image for the left eye and an image for the right eye are
obtaineds184802¥ample of the three-dimensional conversion unit 130

in the embodiment of the present invention.

2

Tig. 28} Fig. 28 is a diagram illustrating an example

E

of a stereo image generated by the sixth example oI the

three-dimensional conversion unit 130 in the embodiment of

ot

the present invention.

[Fig. 29] Fi

O

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
cof the present invention.
Best Mode for Carzying Out the Invention
[001e]

Next, an embodiment of the present invention will be
explained in detail with reference to the drawings.
[0017]

Fig. 1 is a diagram illustrating an example

ot}
[43]
pars
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[§]

opilc image generatlion apparatus
in an embodiment of the present invention. This
stereoscopic image generatipn apparatus includes an lmage
signal input unit 11C, a signal processing unit 120, &
three~dimensional conversion unit 130, a parameter setting

unit 140, an cbservation distance measurement unit 150, a

ost-processing unit 160, a format conversion unit 170, &

ge]



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 noropter circle described below, or the like.
[0022] The observation distance measurement unit 150 is designed to measure the distance
between the display unit 190 and the observation position of a viewer. On the basis of the observation
distance measured by this observation distance measurement unit 150, the three-dimensional
conversion processing can be performed in the three-dimensional conversion unit 130. In this regard,
a pre-assumed observation distance may be used without actually measuri a the observation distance.

[0023] The post-processing unit.16Q is designed to perform post-processing for preventing the
p % Olq UNdG .z‘g 3%15 = CP \pun { Q_;SS

occurren€ 8t affasing on the three-dimensional image obtained by the three-dimensional conversion

processiqg)ggrggqrmed in the three-dimensional conversion unit 130. For example, if it i0 assumed that
the image for the left eye and the image for the right eye are alternately displayed line-by-line on the
14 display unit 19G; theresis asrisk.afjaggy (stairssteppediedges) deingrdisplayed eluetv<aliasing. In
order to avoid it, the post-processing unit 160 applies a filter in the vertical direction to smooth the
changes #rthéririagel [002] S 1 el fobrat coveTSioR it TR Edesighed Teeoriverttie

three-dimensional image into a format suppprtegltt%‘the display unit 190. The format conversion unit

170 can peifstn cSnversionEhthat, forexample. the image for the left eye and the image for the right

eye can he alternately aranged-line-bysline.in accprdanceswith the, format supported by the display
unit 190. [0025] N
is assumed to be a television breadcast receiver, a video
reproducing device {(plaver), an ilmaging device (camcorder:
CAMera and reCCRDER), or the like.
[0019] |
The signal processing unit 120 is designed to perform
predetermined signal processing on an input non-sterec image.
Examples of the signal processing are assumed to include
white balance adjustment, noise redudtion processing, level
correction processing, and gamma correctlon processing.

00207

The three-dimensional conversion unit 130 1s a feature

1

portion of the present invention, and is designed to convert

<
t

a two-dimensional non-sterec image into & three-dimensional
image. With this three-dimensional conversion processing of
+he three-dimensional conversion unit 130, & threese-
dimensional image that is based on the non-sterec image 1s

generated. As this three-dimensional image, for example, an

ry

image for the left eys and an image for the right eye are

ocbhtained.



The source selection unit 180 is designed to select, as a source, an image to be displayed. That is, the
source selection unit 180 selects the output of the signal processing unit 120 in a case where the
non-stereo image is to be displayed without changes, and selects the output of the format conversion
unit 170 in a case where the three- dimensional image for stereoscopic vision is to be displayed.
[0026] The display unit 190 is a display that displays an image. While it is assumed here as a
premise that the display unit 190 has a function foy glisplaying a three-dimensional image for
stereoscopic vision, a means for 15 implementing this function is not specifically limited. For example,
as described in Japanese Unexamined Patent Application Publication No. 2002-365593, it is

conceiva Ig t?%; separated wavelength plates are disposed every other line to convert linearly
polarized Ilg% rays from even-numbered lines and odd-numbered lines of the display screen into light
rays that are perpendicularto-@achether to;aligw thellight raysiekdifferent ipages ta:enter the two
eyes. 0027]  Fig. 2 is a diagram lllustrating a first example of the three-dimensional conversion unit
130 in the embodimentefdthe presentdnverition:Thisdirstiexemiple rof thestimee-dirhensional conversion
unit 130 includes a horopter-plane image projection unit 311, a display surface right-eye projection unit
316, and RIHSHIAY SUFaBE [SHREYE ProjectictFuit- SR T0638 Fe Réropteiipiane image projection unit
3

unit 130. Such a parameter is assumed to be, Ior example, =z
radius for specifying a horopter circle described beslow, or
the like.
[0022]

The observation distance measurement unit 150 is
designed to measure the distance between the display unit

190 and the observation position of a viewer. On the basis

he observation distance measured by this observation

Fy
¢t

o
distance measurement unit 150, the three-dimensional
conversion proceséing can be periormed in the three-
dimensiconal conversion unit 130. In this regard, a pre-
assumed observation distance may be used without actually
measuring the observation distance.

[0C23]

The post-processing unit 160 is designed to perform
post-processing for preventing the occurrence of aliasing on
the three-dimensional image obtained by the three-
dimensicnal conversion processing performed in the three-
dimensional conversion unit 130. For example, 1If 1t is
assumed that the image for the left eye and the image for

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



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 (horocter). The term horopter circle is a
circumference that is tangent to the two eyes, and it is known that binocular retinal images with respect
to a point on this horopter circle are 16 identical to each other. This cylindrical plane is referred to as a
horopter plane, and an image projected onto the horopter plane is referred to as a horopter image.
Additionally, an intersection of the lines of sight of;the two eyes is referred to as a point of
convergence, and the angle defined thereby is referred to as a convergence angle or an angle of
circumference. Convergence angles are equal on the horopter circle. In this first example, the size ,e
of the horgpter.circle is.specified by horopter circle information, Additionally, the relative positional
relationsh vihife fd ey o 15 SEAGTEd by oh ietbeutar At e S8 Thé ForDt dirce
informatiQnand the,interoculas distance 2a ate supplied: frem theparametersetting yait 140 via a
signal line 149. Note that while in the following, the size of the horopter circle is specified using a
radius "r"ias,horopter ciclerinfareationgthesize obthesharaptes circleéimay beispecified using the
distance from the center of the two eyes to a vertex of the horopter circle, the angle of circumference,
or he like?Kite!that tHe A6roptériplafe FRage préjection anig sl ishart BRamphe6f-the cylindrical

plane proie(%igg unit described in CLAIMS. [00291 The display surface right-eye projection unit
316 is designéd to project the horopter image onto a display 7 7

The format conversion unit 170 is designed to convert
the three-~dimensional image into & format supported by the
display unit 190. The format conversion unit 170 can
perform conversion so that, for example, the image for the
left eye and the image for the right eyve can be alternately

.

arranged line-by-line in accordance with the format

" supported by the dispiay unit 190.

—_—

(0025}
The source selection unit 180 is designed tc sslect, as
a source, an image to be displayed. That is, the source
selection unit 180 selects the output of the signal
processing unit 120 in a case where the non-sterec image is
to be displaved without changes, and selects the output of
The format conversion unit 170 in & cass where the three-
dimensional image for stereoscoplc vision is to be displayed.
[0026]
The display unit 120 is & display that displays an
image. While it 1s assumed here zs z premise that the
cdisplay unit 180 has a function for dispiaying a three-

dimensional 1mage f£or stereoscoplc vision, & means for



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 radiusof the horopter circle, and an
assumed observation distance "d". An image projected onto the display surface for the right eye is
referred to as a right-eye image, and an image prejected onto the display surface for the left eye is
referred to as a left-eye image. Theye image and the left-eye image are supplied to the
post-processing unit 160 via a signal line 139. Note that the display surface right-eye projection unit
316 and the display surface left-eye projection unit 317 are examples.of the display surf, ace projection
unit descﬁ%‘eb(é‘ ‘ler%)n ATRIS. fob30) - QRF%L.%% ]asdigéjr%arﬁ ﬁl%Eﬁét}rlgga‘egﬁg fgr]r”ﬁﬁ:éf' t“thy' proﬁfggtion onto the
horopter plane in dhe ficst example,ofithe-thregsdiraensional conversion-unit 130 in the embodiment of
the present invention. A ho opter circle 520 is a circle that passes through a right eye 511, a left eye
512, and Ajpdintef:convergericecz3i (vertéx) ok 532.-Heéres i is assumed thatdhe vighi eye 511 and the
left eye 512 are eaPh 18 spaced apart from each other bywith respect to the center of the two eyes.
That is, the'fiteré&ardistance 38 24 T Adbitonall thé Fadids BPthErko BafeT Cirele 520 is "r".

line to convert linearly polarized light rays from even-
nunbered lines and odd-numbersd lines of the display screen

hat are perpendicular to each other to

f
ot

into light ravs
allow the light rays of different images to enter the two
eyes.
[0027]

Fig., 2 is a diagram illustrating a first example of the

“hree—-dimensional converslon unit 130 in the smbodiment ©

h

g

the present invention. This first example of the threse-
dimensional converslicon unit 130 includes z horopter-plans
image projection unit 311, a display surface rignt-eve
projection unit 316, and a display suriface left-eye
projection unit 317.

(oczel

The horopter—-plane image projection unit 311 is

designad to projsct the non-sterec ilmage supplied from the
signal processing unit 120 via a signal line 129 onto a
cylindrical plane including a horopter clrcle (horopter).
The term hcropter circle 1s a clrcums

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

images with respect to a point on this horopier cilrcle are



[0031) The binocular retinal images of the right eye 511 and the left eye 512 with respect to a point
on the ho opter circle 520 are identical to each other. This is because convergence angles are always
equal in a case where points on the horopter circle 520 are set as points of convergence. For example,
a convergence angle 533 with respect to the point of convergence 531 and a convergence angle 534
with respect to the point of convergence 532 are equal to each other. A non-stereo image is projected
as a horopter image 530 onto a cylindrical plane ngropter plane) including the horopter circle 520.
Thus, retinal images that are identical to each other and that have no binocular disparity can be
formed on the right eye 511 and the left eye 512. [0032] Fig. 4 is a diagram illustrating a specific
example of the projection onto the tgglrré)Pter Ql%pse iré tq%ggggxample of the three-dimensional

conversiorGAit 136 1n tHe EMBOdifTent of the' présent invertion- [0033] Fart (2) of Fig. 4 ilustrates the

coordinate syster of -19.an inpyt image 1(, 8) supplied;fromthe signak progessingzunit 120 via the

signal line 129. Since theinput image is a non-stereo image, the two-dimensional coordinate system is
used. The etigin-ef:the cenkdinatersystamds: settoshe £enter point:of the input image. Additionally, the
input image size (width) is assumed to be "27r". [0034] Part (h) of Fig. 4 illustrates the coordinate
system ofrdditionally, 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

Fh

onn the horopter circle. In this first example, the slze ¢
the horopter circle is specified by horopter circle
information. Additionally, the relative pcsiticnal
relationship with the two eyes 1s specified by an
interocular distance "Za". The horopter circlie information
and the interocular distance "2a" are supplied from the
parameter setting unit 140 via a signal line 149. Note thai
while in the following, the size of the horopter circle is
specified using a radius "r" as horopter circle information,
the size of the horopter circie may be specified using the
distance from the center of the two eyes To a vertex of the
horopter circle, the angie of circumference, or the like.
Note that the horopter-plane image projection unit 311 is an

exampie of the cylindrical plane projection unit described

in CLAIMS.

The display surface right-eye projection unit 316 is

designed to project the horopter image onto a display



e horopter plane on which the horopter image 530 is projected. Since the horopL_er plane is
three-dimensional, the three-dimensional (X, y, z) coordinate system is used he e. Inc origin of the
coordinate systent is set to the center of the horopter circle 520. Part (b) of Fig 4 is a figure viewed
from a direction perpendicular to the horopter plane, that is, a direction perpendicular to the y axis.
[0035] At this time, a horopter image H(x, y, z) is obtained by projecting the input image i(p, g) onto
the horopter circle having the radius r, and is represented by the following equation: [0036] H(x, y, z) =
[((7/2-y)xr, where 20 FO037]  Note that while it s assumed here that the input image size(width)
"217 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.

surface for the Tight eye. The display surface leit-eye

projection unit 317 is designed to project the horopter

image onto a display surface for the left eye. The display

surface right-eve projection unit 316 and the display

the display surfaces for the right and left eyes on the
basis of the interccular distance "Za", the radius "r" of
the horopter circle, and an assumed observation distance "d".
An imace projected onto the display surface for the right
eye is referred to as a right-eye image, and an Iimage
projected onte the display surface for the left eye is
referred to as a left-eyve image. The right—eye image and
the left-eve image are supplied to the post-processing unit

160 via a signal line 139. Note that the display surface

right-eve projection unit 316 and the display surface left-

-

D
R

g projection

[
&

fa
5

it 317 are examples of the display surface

+

projection unit described in CLAIMS,
ro03o]

Fig. 3 1s & diagram illustrating cone form of the
prodjection onto the horopter plane in the first example of
the three-dimensional conversion unit 130 in the embodiment
of the present invention. A horopter circle 520 is a circle
‘that passes through a right eye 511, a left eye 512, and &
point of convergence 531 (vertex) cr 53Z. Here

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



[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, itis considered that the point of convergence 532 on the horop er circle 520 is
projected onto a display surface 540. An image formed on the right eye 511 with respect to the point of
convergence 532 is displayed at a display position 541 on the display surface 540. On other hand, an
image formed on the left eye 512 wi.th respect to hge point of convergence 532 is displayed at a
display position 542 on the display surface 540. That is, even for the same horopter image 530,
images to be displayed on the display surface 540 are basically different images for the right eye 511
and the left eye 512. OOﬁO];Fi&. 6 is %dia%:k?mﬁillustratjmg gﬁsp}gciﬂc e%(gcr:ng)l%gf .21 the projection onto
the displayFsurfiteTRThe firdt Exaniple of the thrée.diriensional conversion unit 130 in the

embodimenterthe present inYeNUON. . . That is, the interocular distance
is "2a". Additionally, the radius of the horopter circle
520 is "x".
00311

The binocular retinal images of the right eye 511 and

the left eye 312 with respect to a point on the horopter
circle 520 are identical to esach other. This 1s because
convergence angles are always egual in a case where points
‘on the horcpier circle 520 are set as points of convergence.

For example, a convergence angle 533 with r

®

spect to the
polnt of convergsnces 531 and a convergence angle 534 with
respect to the point of convergence 532 are sgual to sach
other. A non-sterec iﬁage is projected as a horopter i1mage
530 ontc 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 tThe right eye 511 and the left eye 512.
roo3zy

Fig. 4 is a diagram illustrating a specific example of

ot
oo

he proiection onto the horopter plane in the first example
of the three-dimensional conversion unit 130.1in the
embodiment of the present invention.

[0033)

Part (a)} of FPig. 4 illustrates the coordinate system of



[0041] Part (a) of Fig. 6 illustrates the coor nate system on the horopter plane and the display
surface. While the three-dimensional (X, y, z) coordinate system is used here, unlike the case in part
(a) of Fig. 4, the position of the origin on the xy plane is set to an intermediate point between the right
eye 511 and the left eye 512. Here, the distance ceen the origin in this coordinate system and the
center of the horopter cirCle 520 is expressed by: %2,1/2 C = ([0042] Part (b) of Fig. 6 illustrates
the coordinate system of a display image J(s, t) prfj)ected on a display surface. Display images are
respectively obtained for the right eye 511 and thé Teft 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 poinL of the display, images. #004,3 At this_time, a position D(xR, YR, zid
on the digplay-Sitface 56 wHic s S#ojg&Bafr]o?‘r?%Hé: ght'eye SriPthfoudit & positiohH(xo, yo, zo)

on the horopter iMAge IS .22, . :gral line 129. Since the input image is

a non-sterso image, The two-dimensional coordinate system 1s
used. The origin cof the ccordinate system 1s set to the
center point of the input image. Additicnally, the input
image sizer(width) is assumad fo be "2L7.

[C034]

Part (b} of Fig. 4 illustrates the coordinate system of
the horopter plane on which the horopter image 530 is
proﬁected. Since the horopter plane is three-dimensional,
the three-~dimensional (%, vy, z) coordinate system 1s ussad
heré. The crigin of the cocrdinate system 1s set to the

center of the horopter circle 520. Part (b) of Fig. 4 41

n

&
figure viewed from & direction perpendicular to the horopter
plane, that 1s, a direction perpendicular To the y axis.
[C035]

ALt this time, a horopter image Hi{x, v, zZ) 1is obtained
Dy projecting the input image I{p, g; onto the horopter

circle having the radius r, and 1 rewresented by the

following equaticn:

f0C36]

Hix, v, z, = I{{n/Z2-wixr, v}
where

zi+x’ = vt



given by the following equation: [0044] D(XR, YR, zR) = j(xR, yR) = H(xo, Yor  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] (xo0-a) / (xR-a) = Yo/YRz0/d XZ0-0) 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(x0, yo, zo) (X0/, yo, Zo obtained from ixR, YR, zRI

20

(0037]

Note that while 1t 1s assumed here that the input image
size {(widthy "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 sc as to change the

physical size c¢f the image.

Fig. 5 is a diagram illustrating one form cf the
projection onte a display surface in the first example of
the three-dimensional conversicn unit 130 in the embodiment

of the present invention.

Here, 1t i1s considered that the point of cenvergence
532 on the horopter circle 520 is projected onto a display
surface 540. An image formed on the right eye 511 with
respect to the point of convergence 532 is displayed at a
display position 541 on the display surface 540. On tThe
other hand, an image formed on the left eye 512 with respect
to the point of convergence 532 is displaved at a display
position 542 on the display surface 540. ThaiAis, even for
the same horopter image 530, images to be displayed on the
display surface 540 are basically different images for the
right eye 511 and the left eye 512.
100407

Fig. 6 is a diagram i1llustrating a specific exampie of



[0046] Note that while the position D(xR, yR, zR), which is projected from the right eye 511, has
been explained here, a position D(xL, YL, zi) on the display surf ace 540, which is projected from the
left eye 512 through the position H(xo, Yo, zo) on the horobter image, can also be determined in a
similar manner. [0047]  Additionally, while the explanation has been given of an example where the
size of the horopter circle is 23 specified by the radius "r" by way of example, as described above, the
size of the horobter 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] r+c

the projection onto the display surface in the first example
cf the three-dimensional conversion unit 130 in the
embodiment of the present invention.

(0041]

Part (a) of Fig. & illustrates the coordinate system on
the horopter plane and the display surface. While the
rhree—-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 Tto an intermediate point

-

between the right eye 511 and the left eye 512. Here, the

distance c between the origin in this coordinate system and

I

the center of the horopter circle 520 1s expressed by:

-~

Part {(b) of Fig. © illustrates the coordinate system of

o

a display image J(s, Tt projected on a display suriace.

Display images are respectively obtained for the right eye

<

511 and the left eye 512. Since each image 1s a two-
dimensional image, the two-dimensional coordinate system 1s
used. The origin of the coordinate system is set To the

center point of the display images.

At this time, 2 position D(xg, Vs, Zr) ©n the display
surface 540, which 1s projected from the right eye 511

through 2 position Hlxg, Vo, Zo) on the horopter image 1is



=(r2ta2)1/2 Moving r to the left side and squaring both sides yield: 2 (f2+a2)/2f ushe radius "r" can be
determined using the disbance  from the center of the two eyes to the point of convergence and the
interocular distance "2a". The relationship between the angle of circumference and the radius will be
explained in the following example (Fig. 1) 0049]  Fig. 7 is a diagram illustrating an exemplary
processing procedure performed by the first example of the three-dimensional conversion unit 130 in
the embodiment of the present invention. [0050] First, when an input image i(p, ) is input from the

giver by the following equation:
[0044]

D(xr, Yre 2Zr) = J(%zs ¥Ya) = H{Xo, Yo, Zo)

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

d, zp = ¢ 1s obtained and the following expressions hold

True:

[0045]
(sp=a)/ (Zz—a) = vao/yz = zo/a
xo’+ (zo=a)? = 1
zg » U

Accordingly, an image to be projected at the positicn
D(%z, va, zz) on the display surface 540 can be determined
using the position Ei{xo, Vo, Zo). That is, {xg, Yo, Zgl is
chtained from {xwx, Vi, Zzr!.

[0040]

Note that while the position D(xg, ¥r, 2Zr), which 18

projected from the right eye 511, has been explained here,

u

peosition D(xy, Vi, 2i) on the display surface 540, which is
projected from the left eyve 512 through the position Hixg, Vo,
zg) on the horopter image, can alsc be determined in a
similar manner.

[0047]

Additicnally, while the explanation has been given o

by

an example where the gize of the horopter circle is



24 signal processing unit 120 via the signal line 129 (step S911), the input image i(p, q) is projected as
a horopter image H(x, y, z) onto the horopter plane (step S912). Note that step 5912 is an example of
the cylindrical plane projecting procedure described in CLAIMS. [0051]  Then, display images are
respectively generated for the right eye and the left eye in the following manner (loop L901). First,
perspective transformation is performed for the disblay surface 540 on which the image is to be
projected from the right eye 511 through the positian H(xo, yo, zo) on the horopter Image to obtain the
three-dimensional position D(xR, yp" mR) step 5913). Then, a two-dimensional display image .7(x5,
yR) for the display surface is obtained from this three-dimensional position (step S914). Similarly,
perspective transformation, is perf fqum_%pp surfa whigch im is to be
projected” ﬁgr%ltééTgft%é e%igt r%%yg%gthe*poiﬁ'onv}lglé(o%o%%%%%% e t%o%oét%% Trﬁg%eee!t:f) obtain the
three-dimensienal pesition D(xL £yl 17i() {stephAla3) cFhen & tupydimensienal gisplay image J(xL,for
the display surface is obtained from this three-dimensional. position (step S914). Note that steps 3913
and S914:arengxamplesicf the dispfayesurface prjectingproceduré desetibed reCLARMS. [0052]

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 1s given by the felliowing

eguation:
(0048
| f = r+c
= 3».L(3:”_82>1/4
Moving r to the left side and sguaring both sides vyield:
FlmDrfar? = ri-g?
ro= (£+af) /2t

Thus, the radius "r" can be determined using the distance

-

"f' from the center of the two eyes to the point of

lagl

convergence and the interocular distance "2a". The
relationship between the angle of circumference and the
radius will be explained in the following example (Fig. 132).
0049

Fig. 7 is a diagram illustrating an exemplilary
processing procedure performed by the first example of the
three-dimensional conversion unit 130 in the embodiment oI

resent invention.

+
iy
@

o]

I{p, ) 1ls input from the

1

First, whern an input image



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 horop er 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 eve 512 can be generated. [0053] Fig. 8 is a diagram illustrating a
second example of the three-dimensional conversign unit 130 in the embodiment of the present
invention. This second example of the three-dimensional conversion unit 130 includes a horopte plane
image projection unit 321, a convergence point setting unit 322, a display surface right-eye projection
unit 326, and a display surface left-eye projection upit 327, %qg) 4] | ; Like the haropter-plane image
projection Unit 311" ﬁw%%é’r%b?e%— ng‘ﬁé? i%gge %Fo%ec“tgoen ugr% 3%{L isldhéjl'—s(%ger%ggi to%rolgg:t the non-stereo
image Sitrenythe signal precessing.urit 120 viaytheisignatdine 428-0me a:cylindagaltane including a
horop er circle, In this 26 the convergence point setting unit 322. Note that the horopter-plane image
projection uait 821 is: an:examplenf the:byindricatylame picjectionsttitdéscribed inCEAIMS. [0055]
The convergence point setting unit 322 is designed to set a point of convergence and to supply a
radius "r"thatis Bezed Oh-this-poidt ofédiveteride. The donveRfenceoift siting unit 322 sets a
point of convergence using the interocular distance '2a’, t servation distance "d", the display
surface size™2 “&n%th%%ﬁ&éﬁ%ge%%é " %ﬁ.{%OOEG]\'“a%QQ'

[00%1:

Then, display images are respectively generated for the
right eye and the left eye in the following manner (loop

.

L901). First, perspective transformation is periormed

=

or
the display surface 540 on which the image i1s to be

projected from the right eye 511 through the position H(Xg,
Yo, Zol on the noropter image to obtain the three-dimensional
position Di(xg, vy, zs} {(step 5913). Then, a two-dimensional
dispiayAimage J{xr, va) for the display surface is obtained
from this three-dimensional position {step $5914;. Similarly,

o

21 ve T
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P ansformation is performed for the display

surface 540 on which the image is to be pro:
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left eye 512 through the position H{xg, ¥Ye, Zg) on the
horopter image to obtain the three~dimensicnal position Dix,
vy, Zzu) (step S913). Then, a two-dimensional display image
J(xy, vi) for the display surface is obtained from this
three-dimensional position {step $814). Note that steps

8613 and $914 are examples of the display-surface projecting
procedure described in CLAIMS.

[0052]



Similarly to the first example, the display surface ht-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 left eye. Note that the display surface right-eye projection unit 326 and the display
surface left-eye projection unit 327 are examples on the display surface projection unit described in
CLAIMS. [0057] Fig. 9 is a diagram illustrating the relationship between he size of the horopter
circle and the positions of points of convergence. g'.gle horopter circle is uniquely specified by the
interocular distance and the radius. Therefore, in a case where the radius is 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 distanceB%), the point of Co_nveggjencgitl}ehlar%er the convergence an le, and therefore the
smaller the radioE. [0058] " Heré! it i understood thatif an input imagé is projected onto a horopter
circle with the size of the inpit image fixed, as inihe same figure,the size, (width) thereof on the
display surface differs from one horopter circle to another. That is, as in a horopter circle 521, the
smaller the-distanceito-the point of convergenee dhe largee thessize {wielth)eaf the display surface. As
in a horopier circle 522, the larger the distance to the point of convergence, the smaller the size (width)
of the dishlaystitfacel retie setohdiexaniplethereforel férithe plrpssecstidisSiayinyg an input image
across the entirety of the display surface, the poirgC of con\ger%e ce ona horgﬁtgr circle is calculated

back from e Brofection $i2& of the Bisplay-Surface 'Shd set J00BY] Fig. o i85 diagram illustrating one
fo”nOfﬂ%ﬁ%?@%yggOQH%HK%h%&§$%5§my%g@§8§efgggﬁ%@nﬁ%eQE actually

measured or estimated observation distance. Thersefore, a
stereo image for the right eye 511 and the left eye 512 can
pe generated.
[0053]

Fig. § is a diagram illustrating & second example of

the three-dimensional conversion unit 130 in the embodiment

of the pressnt invention. Thls second example of the three-
dimensicnal conversion unit 130 includes a horopter-plane
image projection unit 321, a convergence polnt setting unit

322, a display surface right-eye projection unit 326, and a
display surface left-eye projection unit 3Z7.
[0054]

Like the horopter-plane image projection unit 311, the
horopter-piane image projection unit 321 1is designed Lo

project the non-sterec image supplied from the signal

h

processing unit 120 via the signal line 129 onto a
cylindrical plane including & horopter circle. In this
second example, the horeopter circle is specified using a

radius "r" tThat is based on a point of convergence set by



the three-dimensional conversion unit 130 in the embodiment of the present invention. Here, first,
letting the input image size (width) be "217T, a consideration is gi.ven of the 28 equation by which the
size (width) "2m" of an image projected on the display surface is iepresented. [0060], Assuming a

right triangle defined by sides of lengths p, g, andinside a horopter circle, p and g are represented by
the following equations: [0061]

26

the convergence point setting unit 322. Note that ths
horopter-plane image projection unit 321 is ah 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 chssrvation distance "d", the
display surface sgize "2M", and the input image size "ZL".
[0056]

Similarly to the first example, the display surface
right-eye projection unit 326 and the display surface left-
eye projection unit 327 are designed to project the horopter
image on the display surface for the right eye or the left
eye. Note that the display surface right-eye proljection
unit 326 and the display surface left-eye projection unit

327 are examplies of the display sur

I=h

azce prciection unit

deS”?loed in CLAIMS.

™ 3 . I
T

Fig. 9 is a diagram illustrating the relationship

between the size of the horopt circle and the pesitions of

points of convergence. The horopter circle is uniguely

specified by the interccular distance and

ot

Q3
[8N
[
o
n

he r

Thersefore, in & case where the radius is not fixed, as in



pr.sind) q = r.co4 where 4) is the angle that is ah angle defined by the sides of the lengths g and r. The
angle 4) is represented by the following egu on: [0062] = (L/(27r)).2z = L/r  Additionally, rt is
assumed tnat wiinln the size (width) "2m" of the image projected on the display surface, a portion that
overlaps the right triangle described above is x and a right portion thereof is y. From the similarity in
the right triangle, the following relationshii s obtained: p:x = q: (dc) Therefore, x is given by the fol
lowing equation: [0063] x = p.(d-c)/g 57

the same figure, a number oI 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.
[C058]

Here, it is understood that if an input image is
projectaed onto a horopter circle with the size of the input
image fixed, as in the same figure, the size
onn the display surface diff
another. That is, as in a horopter circle 521, the smaller
+he distance to the point of convergence, the larger the

gize {(width) of th

4]

display surface. As in a hordpter
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 displaving an input image across the entirety of the
display surface, the point of convergence on a horopter
circle is calculated back from the projection size on the
display surface and set.
(00597

Fig. 10 is & diagram illustrating one form of the

proiection onto the horopter plane in the second example of

b

*he three-dimensional conversion unit 130 in the embodiment

(

th

o]
h

o

=

present invention. Here, first, letting the input

image size (width) be "2ZL", a consideration is given of the



Additionally, from the similarity in a right triangle 29 with a vertex T, the following relationships are
obtained: t:a = (t+c):s t:a = (t+c+g):p Therefore, s is given by the fol lowing equation: [0064] s
=((p-a)/(a.(c+q))).((a.(c+qg)/(p-a),,x).a = (a-g-c.p)/(c+g)  Additionally, from the similarity in a triangle
formed by sides of the length s and the radius r the following relationship is obtained:

28

eguation by which the size (width) "Zm"™ 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 g are represented
by the Zollowing eguations:
(00617

p = r-sing

g = r-cos¢
where ¢ is the angle that is an angle defined by the sides
of the lengths g and r. The angle ¢ 1s represented by the
following eguation:

[0062]

Additionally, it is assumed that within the size
(width) "2m" of the image projected on the display suriace,
a portion that overlaps the right triangle described above
is % and a right porticn therecof is y. From the similarity

in the right triangle, the following relationship is

chtainead:
prx = g:(d-c)
Therefore, x 1s given by the following equation:

[0063]
¥ = pr(d-c)/q

Additionally, from the similarity in & right triangle



sy = q:(g-(d-c)) Therefore, y is given by the following equation: [0065) ((g-d+c)/q)-s ((g-d+c)'
(@'g-c.p))/(g.(ctg)) The sum of x and y obtained in this manner equals one half the size (width) of
the image projected on the display surface, "m". [00661 x+y p.(d-c)/q+((g- +c).(a.g-c.p))/(g.(c+Qq))

11 is a diagram illustrating a specific example of the projection onto the horopter plane in the second

example of the three-dimensional conversion unit 130 in the embodiment of the present invention. In
the second example, 59

with a vertex T, the following relationships are obtailned:

tra = (T+ct+g)ip
Therefore, s is given by the following eguation:
(00641

s = ({p-a)/lar{c+gy)) - (la (c+tq)/(p-2a)}+C) 2

= (arg-c'pl/lcHg)
Additionally, from the similarity in a triangle formed

by sides of the length s and the radius r, the fo

—
'_J

owing
relationship 1s obtained:

s:y = g:(g-(d-c))
Thersefore, y ig given by the following eguation:

(006

(8]
[

y = ({g-d+c}/qg)-s

= ((g-d+c) - (a-g-c-p)i/ (g (ctqg) )

The sum of % and y obtained in this manner equals one

nalf the size (width) of th

U]

image projected on the display

surface, "m".
0065}

moo= Nty
= pr{d-c}/g+{(g-dbc) - (arg-crp)) /(g (c+g))

Fig. 11 is a diagram illustrating a specific example of
the projection cntc the heropter plane in the second example

rhe three-dimensicnal conversion unit 130 in the

embodiment of the present invention. In the second example,



30 as described above, the point of convergence is set so that the projection width on the display
surface 540 can be made to extend across the entirety of the display surface 540. Therefore, as
illustrated in the same figure, the width "2M" of the display surface 540 itself is made to match the
display-surface projection width "2m" obtained by the above equation. [0067]  Since the size (width)
"2M" of the display surface 540, the input image size (width) "2L", the interocular distance "2a", and
the observation distance "d" are given to the convgygence point setting unit 322, the radius r of the
horopter circle can be determined so that the display-surface projection size (width) "2m" obtained by
the above equation can be made to match "2M". [00681 this manner, in the second example of

the three-dimensional conversion unit 130 in.the embodiment of the present Inventiqn, hy assuming
the size 6fth %’f’scpq%gﬁrfﬁ% 5 ' i cCER e Ol

© . T ornt OL C rae =l i
&840 in agvg)nce, a point of ¢ convgrgence can be set so that a projected
image onthe display surface 540.ganhe displayed.on-the antirety. of the displaysurface540, and the

horopter circle can be uniquely specified. [0069] Pig. 12 is a diagram illustrating a third example of

to extend across the entirety of the display surface 540.
Therefore, as illustrated in the same figure, the width "ZM"
of the displav surface 540 itself is made to match the
display-surface projection width "2m"” obtained by the above
sguation.
(0067

Since the size (width) "2M" of the display surface 540,
the input image size {width) "2L", the interocular distance
"2a", and the observation distance "d" are gilven 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 pe made to match "ZM".

In this manner, in the second exampls of the three-
dimensional conversion unit 130 in the embodiment of the
present invention, by assuming the size of the display
surface 540 in advance, & point of convergence can be sel SO
that a projected image on the display surface 540 can be

displayed on the entirety of the display surface 540, and

the horopter circle can be uniguely specified.
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ustrating a third example of



31 the three-dimensional conversion unit 130 in the embodiment of the present invention. This third
example of the three-dimensional conversion unit 130 is designed to determine the point of
convergence so as to suppress an increase in the degree of distortion of an image on a display
surface. The greater the deviation from the exact front of each of two eyes, the greater the degree of
distortion between the center and margins of the image. Thus, the point of convergence is set so that
this degree of distortion can thin an acceptahle range. This third example of the
three-dimensional conversion unit 130 includes a horopterplane image projection unit 331, a
convergence point setting unit 332, a display surface right-eye projection unit 336, and a display
surface left-eye projection unit 337. [0070 Like the noropter-plane image projection unit 311, the
horopterjbfllfnetiﬁlfaegee”ér]olfieecrﬁ%hounn‘?l‘t&?,flo is designed t%nﬁrbjeééﬁelﬁonﬁgtegrg% r'Frg)]fa{%]ﬁ%ﬁ|5p|ied from the
signal progessing unit 120 via, the.5igna),brie 4:20.ontg a.cylindreal plangringluding,a hwropter circle. In
this third example, the horopter circle is specified using an angle of circumference "7" that is based on
a point oficenvesgence: seidythe comvergence ppintisettitegruinit. 832 tNotesthat-thierkoropter-plane
image projection unit 331 is an example of the cylindrical plane projection unit described 32 in

CLAIMS H00T:1] ofThetvAvEeRte Point SelingWiP33E & désighed fo7sét a-poiht'sf convergence

and to supply an angle of 4 .
ggggee o% 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 oI
convergence is set so that this degree of distortion can
fall within an acceptable range. This third exampie of the

three-dimensional conversion unit 130 includes a horopter-

IJ.

b

plane ilmage projection 331, a convergence point setting

o

i

unit 332, a display surface right-eye projection unit 336,

3

and a display surface left-eve projection unit 337.

[0070]

Like the noropter-plane image projection unit 311, the

=

horopter-plane image projection unit 331 1s designed to
project the non-stereo image supplied from the signal
processing unit 120 via the signal line 129 onto a
cylindrical plane including a horopter circle. In this
third example, the horopter cirxcle is specified using an
angle of circumference "t" that is based on & point of
convergence set by the convergence point setting unit 33Z.
Note that the horopter-plane image projection unit 331 1s an

example of the cylindrical plane projection unit described



circumference "T" 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 081T. 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-eve projection unit 337 are designed
to project the horopter image on the display surfage, 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  angle of
cwcumferechI';g' in.the present example are equivalent to each other in terms of setting a point of
convergence ere‘Fore both may be replaced with each other for use, as necessary. Note that the
display surface right-eye projection unit 336 and the display surface left-eye projection unit 337 are
examples of the display surface 33 projection unit described in CLAIMS. [00731 13isa
(diagram illustrating arvexamplenarstheaélationship between a hbidpter cirele amube degree of
distortion of an image. While the degree of distortion is determined here for the Ieft eye 512, similarity
applies tc>thie rfgfﬁ‘é%@%l% [org]ergence and to supply an angle of

circumference "t" that i1s based on this peint of convergence.
The convergence point setting unit 332 sets a point of
convergence using the interocular distance "Za", the
observation distance "d", a maximum degres of distortion
"Omax", and a minute angle "&". The details of the setting
will be explained with reference to the following figure.
[oo72]

Similarly to the first example, the display surface
right-eye projection unit 336 and the display surface left-
eve projection unit 337 are designed to project the hoﬁopter
image on the display surface for the right eye or the lelt
eve. Note that although, here, the projection onto the
display surface is psriormed using the angle oI
circumference "t" supplied from the convergence point
setting unit 332, the radius "r" in the first example and
the angle of circumference "1" 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, ag necessary. Note that the dispiay surface
right-eye projection unit 336 and the display surface left-

eve projection unit 337 are examples of the display surface



Distances on the display surface 540 are compared in a case where a position 535 on the horopter
circle, which is viewed in exactly front of the left eye 512, and a position 536 that is rotated by an angle
0 with respect to this position are each deviated by a minute angle "8". In a case where the position
535 is deviated by rue minute angle "8", the view angle of a center point o of the horopter circle is "28".
Thus, a deviation of "26r" occurs at the position 535 on the horopter circle With this regard, in a case
where the position 536 is deviated by the minute angle "8", the view angle of the center point o of the
horopter circle is also "28". Thus, similarly, a deviation of "28r" occurs at the position 536 on the
horopter ircle. [00,5] At the position 545 on the display surface 540 which corresponds to the
position 535 on tbﬁe horo 1Pter C|rcle assummq .a gﬁtTtMgngle with sides each having the 34
observationh distance “d-and the ang1e gFZ" a deV|at|on width Q1 is expressed by the following
equation:;[9976],Ql = 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 observation distance "d! anddhe angle="0! za deviation widthrQ2 isséxpressed by the

following equation: [0077] Q2 = 2d.(tan0-tan(0-8/2))
relationship between a horopter circle and the degree of

distortion of an image. While the degree of distortion is
determined here for the laft eye 512, similarity applies to
The right eye 511,
(00743

Distances on the display surface 540 are compared in a

case where a position 535 on the horopter circle, which is

(1

viewed in exacily front of the left eye 51Z, and a position

536 that 1s rotated by an angle 6 with respect to this
position are each deviated by a minute angle "8". In a case
where the position 5325 is deviated by the minute angle "o,

the view anglie of & center point ¢ of the horopter circle is
"28". Thus, a deviation of "2or" occurs at the position 3535
on the horopter circle. With this regard, in & case where
the position $36 is deviated by the minute angle "8", the
view angle of the center point o of the horopter circle is
also "28". Thus, similarly, & deviation of "20r" occurs at

the position 526 on the horopter circle.

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

assuming & right triangle with sides each having the



Therefore, the degree of distortion Q is obtained by the following equation: [0078] Q2/Q1
(2d.(tan0-tan(0-5/2)))/(2d.tan(6/2)) (tanO-tan(0-8/2))/tan(8/2) Fig. 14 is a diagram illustrating an
example of the relationship between the angle 0 and the degree of distortion Q of the image. Here, the
degree of distortion Q obtained in a case where, in Fig. 13, the minute angle 8 is set to "0.01" and the
angle 0 is changed from "670' to "1-70". [0079] As can also be seen from this example, the greater the
35 deviation from the exact front or the eyes, the greater the degree of distortion Q between the center
and margins of the image. In this third example, therefore, a maximum degree of distortion "Qmax" is

given as a threshold of the degree of distortion, and the angle 0 is set so that the degree of distortion

becomes smaller than the threshold. , o e e e
cheservation distance "d" and the angle "8/2", a deviation

width Q1 is expressed by the following eguation:
[007¢]
0l = 2d-tan(d/2)
At the position 546 on the display surface 540 which

corresponds to the position

{n

3¢ on the horopter circle, on
the other hand, assuming a right trianglie with sides =ach
having the observation distance "d" and the angle /v, &
deviation width QZ is ezxpressed by the following eguation:
[0077]
02 = 2d- (tanb-tan{6-38/2))
Therefore, ﬁhe degree of distortion Q is obtained by
the following eguation:
o0ve] |
¢ = Q2/Q1
= (2d- (tanb-tan(6-8/2) )/ (2d-tan(8/2) )
= (tanb-tan(8-86/2))/tan(d/2}
Fig. 14 is a2 diagram illustrating an example of the
relationship between the angls 0 and the degree of

distortion ¢ of the image. Here, the degree cf distorticn @

obtained in a case where, in Fig. 13, the minute angle 0 is
set to "0.01" and the angle 6 is changed from "-70°" to
!l+700l!

[C079;

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



[0080] Fig. 15 is a diagram illustrating an example of the relationship between the horopter circle
and the angle of circumference. If it is assumed that the angle of circumference is "T", then the angle
at which the center point o of the horopter circle 520 is viewed from the right eye 511 and the left eye
512 is "27". This angle is equally divided into two parts by the perpendicular from the center point o to
the center of the two eyes, each yielding "T". this figure, "7" with reference to the left eye 512 is
illustrated. [0081]  Focusing on a triangle defingd by an intersection 537 of the center line between
the right eye 511 and the left eye 512 and the ho opter circle 520, the left eye 512, and the center point
o of the horobter circle 520, both the angles at the intersection 537 and the left eye 512 are "T/2".
Since the line connecting the p‘ositionﬂ53#5 %n the horgp;cer circle gvhighnig véervggdﬁienreé ctly front of the
36 left eyeB1E andithe 16k eyd 513798 paralfel 1 the centsr e between the Right éye 5T1 and the left
eye 512, the angle formed at the left eyq 512 by the intersection 537, and an.endpeiat 838 of the input
image is ex%ressed by "0-T/2". In this regard, the angle 0 is an angle formed at the left eye 512 by the
position 535:ard the endipoint538-of thednputdmageeTFhetetere, therangleat whichrthe center point o
of the horopter circle 520 is viewed from the intersection 537 and the end point 538 of the input image
is expresséd By <2 40-Ti2)y!. [N¥his:Case: the lengtieof & ciréulapafc Matchesthe &K@ fdth) of the
input image, "L". Thus, the foIIowing equation hohds%true:iQOSZ 2.(0-T/2). _ Additionally, focusing on a
right triangfe GefitetFby 8'tent&tpoiftbétiéen the Tight &ye 811 and the T8t &5¢ 512, the center point
o of the noroptec irdle 520. a0d Ihe eft eye 512 he sadius ks tpresented by the equation below.
That is, it is understood that the radius "r" can be determined using the angle of circumference "T" and
the interoculag distance "2a".

1

&3]

ig. 1% is & diagram illustrating an example of the

%)

relationship between the horopter circle and the angle of
circumference. If it is assumed that the angle of

circumference is "t", then the angle at which the center

M

52

>

point o of the horopter circl ig viewed Irom the right

-

and the left eye 512 is "27". This angie is equally

divided intc two parts by the perpendicular from the center

point ¢ to the center of

n T

the two eyes, each yvielding "t". In

F

this figure, "t" with reference to the left eye 512 1is
illustrated.
roo8L]

Focusing on a triangle defined by an intersection 537

F
-y
4]
-
®
th
ot

of the center line between the right eye 511 and
eye 512 and the horopter circle 520, the left eye 512, and
the center point o of tThe horopter c;rcle 520, both the
angles at ths intersection 537 and the left eve 512 are
"r/2", Since the line connecting the pcsition 235 on the

horopter circle, which is viewed in exactly front of the



[0083] r = a/sin(t) Therefore, removing the radius r from the above two equations yields the following
equation: 37 [0084] 2.(0-7/2).(a/sir(7)) = L It is understood from the above equation that if the angle
"ID", the half of the interocular distance, "a", and the size "L" of the input image are known, the angle
of circumference "P" 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 "5" and the maximum degree of distgétion "Qmax", the point of

left eye 512, and the left eye 512 is parallel to the center
line between the right eye 511 and the left eye 51Z, the
angle formed at the left eye 512 by the intersection 537 and
an end point 538 of the input image 1s expressed by "6~7/2".
In this regard, the angle © isg an angle formed at the left
eye 512 by the position 535 and the end point 538 oI the
input image. Therefore, the angle at which the center point
o of the horopter circle 520 is viewed Ifrom the intersection
537 and the end point 538 of the input image i1s expressed by
"2 (B-1/29". In this case, the length cof a circular arc

matches the size (width) of the input image, "L". Thus, the

Ze{f=1/2)rr = L

Additionally, focusing on a right triangle defined by a

center point between the right eye 511 and the left eye 517,
the center point o of the horopter circle 520G, and the left

eve 512, the radius r is represented by the eguation below.
That ig, 1t is understood that the radius "r" can be
determined using the angle of cilrcumference "t" and the
interocular distance "Zaz'",
[c08z3]

r = a/sin(t}
Therefore, removing tThe radius r from the above two

equaticons yields the following equation:



convergence can be set so that the distortion between the center and margins of the screen can be
made equal to or less than the maximum degree of distortion, and the horopter circle can be specified.
[0086] Fig. 16 is a diagram illustrating a fourth example the three-dimensional conversion unit 130 in
the embodiment of the present invention. This fourth examplethe three- dimensional conversion unit
130 is designed to determine a point of convergence so as to suppress an increase in the distortion of
an image on a display surface and to scale up or own the size (width) of an input image so that the
input image can be displayed on the entirety of the display surface. This fourth example of the
three-dimensional 38 conversion unit 130 includes a horopter-plane image projection unit 341, a
convergence point setting unit 342, a scaling unit 343, a display surface right-eye projection unit 346,
and a disfo Surface left-eye projection unit 347. [0087]  The convergence point setting unit 342 is
designed to set-a, Q@i_n; /oj>con¥grggggg)a\;nd:tolsupply a radius "r" that is based on this point of
convergence and an angle (S The convergence point setting unit 342 sets a point of convergence
using thesinterecuardistanced'2a% dhe ohseniation distance “di' the maximunhdegreglef distortion
"Qmax", the minute angle "6", and the display surface size "2M".

T

"O"  the half of the interocular distance, "a", and the size
"1 of the input image are known, the angle of circumierence

et ~an be cobtained.

Irn this manner, in the third exampie of the three-
dimensiocnal conversion unit 130 in the embodiment of the

present invention, by giving the minute angle "§" and the

Fh

maximum degree of distortion "QOmax", the point ©
convergence can be set so that the distortion between the
center and margins of the screen can be made egual to or
less than the maximum degree of distortion, and the horopiér
circle can be specifiled.

[008¢&]

Fig. 16 is a diagram illustrating a fourth example of
+he three-dimensional conversion unit 130 in the embodiment
of the present invention. This fourth examplie of the Three-
dimensional conversion unit 130 is designed to determine a
point of convergence so as to suppress an increase in the
distortion of an image on a display surface and to scal
or down the size (width) of an input image so that the input

image can be displayed on the entirety of the display

G

surface. This fourth example of the three-dimensional



[0088] The scaling unit 343 is designed to enlarge or reduce (scale up or down) the non-stereo
image supplied from the signal processing unit 120 via the signal line 129 in accordance with the point
of convergence set by the convergence point setting unit 342. [0089]  The noiopter-plane image
projection unit 341 is designed to project the non-stereo image scaled up or down by the scaling unit
343 onto a cylindrical plane including a horopter circle. Note that the horopter-plane image projection
unit 341 is an example of the cylindrical plane 39-projection unit described in CLAIMS. [00901
Similarly to the first example, the display surface right-eye projection unit 346 and the disolay surface
left-eye projection unit 347 are designed to project the horopter image on the display surface for the
right eye or the left.eye. Note that the display surface right-eye projection unjt 346 and the display
surface 1618VE proj8ttion ﬁhit% 7 are ‘é*xlé%n@p?esaoﬁ%%o%p%a‘"y Siirface ﬁé{ ction unit described in
CLA”wSﬁgg%Qction unit 3241, a convergence point setting unit 342, a

scaling unit 343, a display surface right-eye projection
unit 246, and a display surface left-eye projection unit 347.
[0087]

The convergence point setting unit 342 is designed to

1

f convergence and to supply & radius "r" that

O

set a point

is pbased on this point of convergence and an angle "6"7. The

+H

convergence point setting unit 342 sets a polnt ©
convergence using the interocular distance "2a", the
observation distance "d", the maximum degree of distortion
"Omax", the minute angle "8", and the display surface size
"2MT.
[0088;

The scaling unit 343 is designed to enlarge or reduce

{scale up or down) the non-stereo image supplied from the

5

signal processing unit 120 via the signal line 129 in

ot

fau
L1

accordance with the point of convergence set by

2

convergence point setting unit 34
[oog9]

The horopter-plane image projection unit 341 1s
designed to project the non-stereo image scaled up or down

by the scaling unit 343 onto a cylindrical piane including

34

horopter circle. Note that the horopter-plane image

projection unit 341 is an example of the cylindrical plane



Fig. 17 is a diagram illustrating an example of the relationship between the horopter circle and the
display surface. in this fourth example, similarly to the third example, the angle "0" is determined so
that the degree of distortion with respect to the minute angle "8" can be made smaller than the
maximum degree of distortion "Qmax". Then, based on the angle "0", the horopter circle is determined
and, in addition, the size of the input image is determined. [0092] Since the end point 538 of the
input image is located on the horopter circle 520, the angle at which the end point 538 of the input
image is viewed from the right eye 511 and the left eye 512 is "1". Additionally, focusing on a right -
triangle defined by an intersection 548 between a line 40 connecting the left eye 512 and the end
point 538 of the |ruout image aégl the d| Iay surf %§4Q an intersection 545 between a line
connectify thedeft B8 512 and & e p0|th [6Cated in éxactly front of the left eye and the display
surface 5{1@®§I@d the position of the left eye 512, the angle defined at the intersection 548 from the left
eye 512 is expressed by "7/2-0". Additionally, focusing on a right triangle including a vertex T, the
angle defined attheiintersection 542 fromthe vertex T is, tartbd (daj [6093dutdére; x satisfies the
following relatlonshlp x:a = (x+d):M and is therefore given by: x = a.d/(M-a)

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 eye 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]

l!']

Fig. 17 is a diégram illustrating an example of the
relationship between the horopter circle and the display
gurface. In this foufth example, similarly to the third
example, the angle "8" i1s determined so that the degree of
distortion with respect to the minute angle "&" can be made
smaller than the maximum degree of distortion "Omax". Then,
based on the angle "8", the noropter circle 1s determined
and, in addition, the size ¢f the input image 18 determined.
1005823

Since the end point 538 of the input image 1s located
on the horopter circle 320, 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". Additicnally, focusing on a right

triangle defined by an intersection 548 between a line



[0094]  Therefore, an inner angle at the intersection 549 is expressed by "n-tan(x/a)". Accordingly,
the angle "T" is given by the equation below. That is, the horopter circle is determined by setting T so
that the following equation holds true: [0095] 7 = 0-(n/2)+taTT (/  Additionally, as calculated in the
third example, the angle at which the center point o of the horopter circle 520 is viewed from the
intersection 537 and the end point 538 of 41 the input image is expressed by "2.(0-T/2)". In this case,
the length of a circular arc matches the size (width).of the input image, "L". Thus, the following
equation holds true: [0096] 1), = 2.(0-z/2).r  In the third example, the size oh 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 scallng unit 343 so as tg meet the e&?ove eguatlon Joggg]

conhecting the left int The

input image and the display surface 540, an intersection 545
between a line connecting the left eve 512 and a point 535
located in exactly front of the left eye and the display
surface 540, and the position of the left eyve 512, the angle
defined at the intersection 548 from the left eye 512 is
expressed by "m/2-8". Additicnally, focusing on a right
triangle including & vertex T, the angle defined at the
intersection 549 from the vertex T is "tan '{x/a)".

[0093]

Here, x satisfies the following relationship

[1=8
[N
W

Therefore, an inner angle at the intersection
expressed by "m-tan " (x/a)". BAccordingly, the angle "t" is
given by the eguation below. That is, the horopter circle

iz determined by setting 1 so that the following eguation

T = G-(n/2)+tantix/a)

Additionally, =zs calculated in

[a)

he third example, the
angle at which the center point o of the noropter circle 520

ie viewed from the intersection 337 and the end point 538 of



this manner, in the fourth example of the three-dimensional conversion unit 130 in the embodiment of
the present invention, the point of convergence can be set so that the distortion between the center
and margins of the screen can be made equal to or less than the maximum degree of distortion, and
the horopter circle can be specified. It 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 ii
lustrating a fifth example of the three-dimensional;,gonversion unit 130 in the embodiment of the
present invention. This fifth example of the three-dimensional conversion unit 130 is designed to
generate a stereo image by projecting a non-stereo image onto tilt- 42 shift planes corresponding to

the requctiveier}/eg._and thereaftser %?%Céjectég% ge%Jé;:ngzl m@@_ers/%t.o‘a display, sjgrf%c‘aesg/ithout

LTI (IR 5T 1 = A i
performing the p%cedure g‘feprOJec tfié non-stereo image ‘onto a horopter circle. In this regard, as
illustrated peloyy, an image displayed aggording fo.this,fifth example-s equivalent te andmage
displayed through the horopter circle explained with respect to the first to fourth examples. Therefore,
it is assumediherenthat jn bider toYeneratere stered mwage; acliproptercitcielissassuned and the
radius of this horopter circle is given as a parameter. This fifth example of the three-dimensional
conversidr tiffit 130 includes a tilt-shift plane right-eye setting unit 354, a tilt-shift plane left-eye setting
unit 355, a display surfa (?.f% ht-eye projection unit 356, and a display surface left-eye projection unit
357.[0099]  The tift-shift plane right-eve setting unit 354 is designed to set, assuming the extension
of a visual point-in which 2 point of copvergence.Lquidistant fromdworeyes isvieied om the right
eye, a tilt-shift plane that perpendicularly intersects this extension of the visual point and to project the
non-sterep;imayesupplied fiom the sighalipracessiaguhit 120n4a thesignal liee129as 1@ tilt-shift
image for the right eye. The tilt-shift plane left-eye setting unit 355 is designed to set, assuming the 43

image is variable, and the input image is sca’ed up cor down
by the scaling unit 343 sc as to meet the above equation.
(00877

In this manner, in the fourth examplie oI the three-
dimensional conversion unit 130 in the embodiment of the
present invention, the point of convergence can be set s0
“hat the distortion between the center and margins of the
screen can be made eqgual To or less than the maximum degree

of distortion, and the horopter circle can be specified. In

|.Jﬁ

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.

(00887

Fig. 18 is a diagram illustrating a f£ifth example of

+he three-dimensional conversion unit 130 in the embodiment

Hh

of the present invention. This fifth example of the three-
dimensional conversion unit 130 is designed to gensrate &

stereo image by prolecting a non-sterec image onto tilt-



extension of a visual point in which the point of convergence equidistant from the two eyes is viewed
from the left eye, a tilt-shiane that perpendicuTa ly 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 "&"Zof the horopter circle, the assumed observation
distance "d", and a tilt-shift plane distance "k". Note that each of the tilt-shift planes is an example of
the irradiation plane described in CLAIMS. Additionally, the tilt-shift plane right-eye setting unit 354 and
the tiIt-shif;E plgpeﬁ:l';ft-e e setting unit 355 are §xar111[?Les of thee Lrge}d&fi%ti%n-ggane ojection unit
described i CEAIME foL1051" * = TRE display SUrface rightseye projection unit 356 is designed to
project theshift mage, foy the Ughteye ontown display shuface forhe right eye: The display surface
left-eye projection unit 357 i$ designed to project the tilt-shift image for the left eye onto a display
surface ferthedelt eyerThe disptayrsurtdcesrighteeerprofedtion unit 356cgrd-therdisplay surface
left-eye projection unit 44 357 perform projection onto the display surfaces for the right and left eyes
on the basisofitheifterodiracdistinee® 285 1R tadius i df the hofoptér Eirdlé Jarid the®dssumed
observation distance "d". An.image projected onto the display surface for the rigpt,%ye is referred to as
a right-eyelifiaye” ahGAr ey projectdif Bfito thE didplay satacs fortie et &y s referred to as a
left-eye image. The right-eye and left-eye images, are supplied to the, pasizprocgssing unit 160 via the
signal line 139. Note that the display surfaceht-eye projection unit 356 and the display surface left-eye
projection: Hait 357 e examplesief thertisnlay surface projegtiontunitdescribed in CLAIMS. [0101]
Fig. 19 is a diagram illustrating one form of the project on onto the tilt-shift planes in the fifth example
of the thréedimensisaalidonversidh wmitfk3Ein the ehtbodrheRes! thepreséntinverition.

order to generate a stereo image, a horopter circle is
assumed and the radius of this horopter circle i1s given as &
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 256, and a
display surface left-eye projection unilit 257.

(0099

Hh

The tilt-shift

lane right-eye setting unit 354 is

"3

designed to set, assuming the extension of & visual point in
which a point of convergence equidistant from two eves 1s
viewed from the right eve, & tilt-shift plans that
perpendicularly intersects this extension of the visual
point and to project the non-sterec image supplled 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 tc set, assuming the



[0102] The intersection of the center line between the right eye 511 and the left eye 512 and the
horopter circle 520 is a point of convergence 527 that is equidistant from the two eyes. A right-eye
tilt-shift plane 550 is a plane that perpendicularly intersects, at a point 551, the extension of a visual
point in which the point of convergence 527 is viewed from the right eye 511. A left-eye tilt-shift plane
45 560 is a plane that perpendicularly intersects, at a point 561, the extension of a visual point in which
the point of convergence 527 is viewed from the lgfi eye 512. It is assumed that the distance between
a line segment connecting the position of the right eye 511 and he 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". [0103]
1tIs consideredbets, Mt Images 00.Mha Lneye jit<fit plane 20 .and e pft-eye titshit pane 560
are projected onto a display surface 570. It is assumed that the distance between the right and left
eyes 511-and 513 anddhe gdisplay suracesSehis-assumed toha:an obseration gistanes zd". An
image formed at a point 552 that is distant by a distance "5" from the point 551 on the right-eye tilt-shift
plane 550 ésfdisplayedat aidisplay positiohB7 critHe displaysdiface 570YARtmageg6ied at a point
562 that is distant by the distance "S" from the point Son the left-eye tilt-shift plane 560 is displayed at
a display ‘positiorr5736n the Qisplay suffate? 578 Al thistitie "8 liRé Ronfiecting thEHyht eye 511 and

e e e o
is equivalent to-an inage displayed throughs 46 +ilt-shift image for the left

eve. The tilt-shift plane right-eye setting unit 354 and

the tilt-shift plane left-eye seifting unit 2355 perform

projection onto the tilt-shift planes for the right and left

eyes on the basis of the interocular distance "2Za", the

radius "r" of the horopter circle, the assumsd cbservation

distance "d", and a& tilt-shift plane distance "k". Note

that each of the tilt-shift planes is an exampie of the

irradiation plane described in CLAIMS. Additionally, the

tilt-shift plane right-evye setting unit 354 and the tllt-

[}

shift plane left-eye setting unit 325 are exampies of the

ot

irradiation-plane projection unit described in CLAIMES.
(01007

The display surface right-eve projection unit 356 is
designed to project the tilt-shift imege IZor the right sye
onto & display surface for the right eve. The display
Surface left-eye projection unit 357 1s designed to project
the tilt-shift image for the left eye onto a display suriace
for the left eye. The display surface right-eye projection

unit 356 and the display surface left-eye projection unit



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 cf the present invention. [0105]  Part (a)
of Fig. 20 illustrates the coordinate system of an input image i(p, q) supplied from the signal
processing unit 120 via the signal line 129. Since the input image is a non-stereo image, the
two-dimensional coordinate system is used. The origin of the coordinate system is set to the center
point of the input image. Additionally, the input imade size (width) is assumed to be n2L". [0106]
Part (b) of Fig. 20 illustrates the coordinate system of the tilt-shift planes on whichtilt-shift images are
projected. Since the tilt-shift planes arethreedimensional, the three-dimensional (X, v, z) coordinate
system isSisediere0 Thebtignt 6f-thelcobrdifiafe sy sterifis 2&t t9'the Tehferbetwesh 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, th%WSyr,“a A7 direction T Tger?d}cu gFtthﬁselysaﬁJs". TR TS So ARSI

"2a", the radius "r" of the horopter circle, and the assumed

cbservation distance "d". An image projected ontce the

(]

display surface for the right eye is referred to as & right-
eve 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 tc the post-

processing unit 160 via the signali line 139%. Note that the

display surface right-eye projection unit 356 and the

[

fac

I

display su

!

left-eye projection unit 357 are examples of
the display surface projéction unit described in CLAIMS.
(0101}

Fig. 1% is a diagram illustrating one form oI the
projection onto the tilt-shift planes in the fifth example
of the three-dimensicnal conversion unit 130 in the
empodiment of the present invention.

[01027]

The intersection of the center line between the right
eye 511 and the left eye 512 and the horopter clircle 520 is
a point of convergence 527 that is equidistant from the two
eves. 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. B left-eye tilt-shift plane



[0107] Ifitis 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 "c", each of the right-eye
tilt-shift plane 550 and the left-eye tilt-shift plane 560 has an angle of "c/2" from the horizon. [0108]
Focusing on an intersection 582 that is dropped perpendicularly to the line connecting the two eyes
from the point 561 on the left-eye tilt-shift plane 560, the distance between the left eye 512 and the
intersection 582 is expressed by "k.tan(T/2)". Thegefore, 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(c/2)". Therefore, the relationship between the

left-eye tilt-shift image L(X, y, z) on the left-eve tilt-shift plane 560 and t(ge iup,uta[ , Q) is
represented by ﬁweafoﬁg\igvlrn% ééﬁa?io%?{@lﬁb%eﬁ(xf%ﬁ/: T((xra-k tan(e2))/(cos( )% rJ%)) where, in this

left-eye tilfzshift image 1{X ¥ Zinthedollowingis Tugc 482 3 k-(bet B Hap)Yeingti2)) £
convergence 527 is viewed from the left eye 51Z. It is
assumed that the distance between a line segment connecting
the positiocn oI the right eye 511 and.the position of the
left eye 512 and a line segment connecting the points 551
and 561 i1s assumed to be a.tilt-shift plane distance "k".
[0103]

It is considered here that images con the right-eve

=

£ilt-shift plane 550 and the left-sye tilt-shift plane 560

are projected onto a display surface 570, It is assumed

that the distance betwsen the right and left eyes 511 and

512 and the display surface 570 is assumed TO be an

observation distance "d". A&n image formed at a point 552
that is distant by a distance "S8" from the point 531 on the
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lane 550 1s displaved at s display
position 571 on the display surface 570. An image formec at
a point 562 that is distant by the distance "S" from the
point 561 on the left-eye tilt-shift plane 560 is displaved

the display surface 570

1L}
of
&5
=
C
1
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>
ct

display position 27Z ©

this time, a line connecting the right eye 511 and the point

571 and a line connecting the left eye 512 and the point 372

=

intersect =sach other at an intersection 52

[N

on the horopter
circle 520, That i1s, an image displayed according to this

fifth example is eguivalent to an image displayed through



[00] Rdditionally, 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 I(p, g) is represented by the following equation: [0111]
R(x, Yy, z) = I((x-a+k.tan(t/2))/(cos(t/2)), where, in this-eye tilt-shift image R(X, y, z), the following is true:
k+((x-a+k.tan(t/2))/sin(t/2)) [0112] Fig. 21 is a diagram illustrating a specific example of the
projection onto the display surface in the fifth example of the three-dimensional conversion unit 130 in
the embodiment of the present invention. [0113] 4 ¢

the horopter circle explained with respect to the first to
fourth examples.

[0104]

[

Fig. 20 is a diagram illustrating a specific example o

fu

the prejecticn onto the tilt-shift planes in the fifth
example of the three-dimensional conversieon 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 & non-sterec image, the two-dimensiocnal
coordinate system is used. The origin of the cocordinate
system is set to the center point of the input image.
Additionally, the input image size (width; 1s assumed to be

1121}1! .

Part (b} of Fig. 20 illustrates the coordinate system
of the tilt-shift planes on which tilt-shift images are
projected. Since the tilt-shift planes are three-
dimensionel, the three-dimensicnal {x, v, z} coordinate
system is used here. The origin of the coordinate system is

set to the center between the right eye 511l and the left eye

512. Part (b) of Fig. 20 is a figure viewed from

o8}

y

direction perpendicular to the tilt-shift planes, that is, a



Part (a) of Fig. 21 illustrates the coordinate system of the tilt-shift planes and the display surface. Here,
the three-dimensional (X, y, z) coordinate system is used. [0114]  Part (b) of Fig. 21 illustrates the
coordinate system of a display image J(s, t) projected on the display surface. Display images are
respectively obtained for the right eye 511 and the left eye 512. Since each image is a two- 49
dimensional image, the two-dimensional coordinate system is used. The origin of the coordinate
system, is set to the center point of the display image. [0115] At this time, DL(x1), 3714, 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, 31ZL) =(XL17L) ))=-)L (X0ZO)

direction perpendicular to the vy axis.

- [

Tf 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 15 a convergence angle

e, gach of the right-ey ilt-shift plane 550 and the

1]
+

left-eye tilt-shift plane 560 has an angle of "t/2" ZIrom the
horizon.
0108}

Focusing on an intersection 582 that i1s dropped
perpendicularly to the line connecting the twoe eyes from the

e

voint 561 on the left-eye tilt-shift plane 560, the distance

(G

()

(2]

between the left eye 212 and the intersection 58

]
!_J -

s
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 tne

point 561 on the left-eye tilt-shift plane 560 i1s 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, g) is represented

by the following eguation:

[0109]

-

L(x, v, z} = I{{x+a-k-tan(t/2))/{ces{1/2)), ¥y
where, in this left-eye tilt-shift image L{x, y, z), the

following 1s true:



Additionally, since the distance from the observation position of the viewer is equal to the observation
distance d, zR = a is obtained and the following expressions hold true: [0117]. (x0-6a)/(xL+a) = yo/yL =
zo/d zo > In this regard, as explained using Fig. 20, the following expression holds true: zo =
k-Hx0+a-k.tan(z/2))/sin(f,02)) [0118]  Note that while DL(xL, 310, zi(), which is projected from the left
eye 512, has been explained here, DR(XR, yR, on the display surface 570, which is projected from the
right eve 511 through R(xo, y0, zo) on the right-eyélegtilt-shift 50

7z = k—{{x+a-k-tan(t/2)}/sinit/2))
[0110]

additionally, similariy, the relationship betwesn the
right-eve tilt-shift image R({x, vy, z) on the right-eye tilt-

— — e

shift plane 550 and the input image I(p, g) 1s represented

by the following eguation:

01111
R(x, vy, z} = I{{x-atk-tan{t/2))/(cos(t/2)), vy
where, in this right-eye tilt-shift image Ri{x, y, 2], the
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of the three-dimensionzl conversion unit 130 in th

Y

Part (a; of Fig. 21 illustrates the coordinate system
of the tilt-shift planes and the display surface. Here, the

three-dimensional (%, vy, z) coordinate system is used.

Part (b)) of Fi

18]
B
E_ A3

illustrates the coordinate system
of z display image J(s, t) projected on the display suriace.
Digplay images are respectively obtained for the right esye

511 and the left eye 512, BSince each image is a two-



image, can also be determined in a similar manner. [0119]  Fig. 22 is a diagram illustrati g an
exemplary processing procedure performed by the fiftn example of the three-dimensional conversion
unit 130 in the embodiment of the present invention. [0120] First, when an input image 2(p, q) is
input from the signal processing unit 120 via the signal line 129 (step 3921), the input image I(p, q) is
respectively projected as tilt-shift images. In this regard, unlike the first example, separate tilt-shift
planes are provided for the right eye and the left eye, and display images are generated in tho
following manner (loop L902). [0121]  When the input image I(p, q) is projected as a right-eye
tilt-shift image R(Xx, y, z) on the right -eye tilt-shift plane 550 (step S922), perspective transformation is
performed for the display surface 570, and three-dimensional DR(xR, YR, zp,) is obtained (step S923).

Then, a twoRdirerichal HEpisy intate 5&%’9%}%%%8 Sl S éaué%b%éﬁﬁéa‘?roh?thus

three- dlmensmnalwglosmon (ﬁ r%QZAJL),,l glm f%%r thggl_gptgﬂmggegg)ﬂ d) is prpjected as a left-eye
tilt-shift image L(x,y, z) on the le eye ti shi ane 550 (step 3922), perspec ive transformation is
performeddar the display syrface 578; and threexdimensional D7.(x5, YL, zD is obtained (step 5923).
Then, a two-dimensional display image 07(xL,on the display surface is obtained from this
three-dimeghsidnal position (step 5924). Note that step 5922 is an example of the irradiation-plane

projecting procedure described in CLAIMS. Additiona ,
At this time, Dp(x®i, vy, 2u) on the display surface 570,

which 1s projected from the left eye 512 through L(xg, Vo,

H‘r

7o) on the left-eye tilt-shift image 1s given by the

following equation:
[0116]
Dy(x, vir 2u) = J(xu, vi) =LiXo, Yo, Zo)

Additionalily, since the distance from the cobservation

position of the viewer is eqgual to the chservation distance

d, zg = d 1s obtained and the folilowing expressions hold
true: |
(01171

(sg+a)/{xta) = vo/yy = o/ d

zg > O

In this regard, as explained using Fig. 20, the following
expression holds true:

7o = k={(®pta-k-tan{t/2))/sin{t/2))

Note that while Du{xy, vi, 2}, which is projected Ifrom
the left eye 512, has been explained here, Dplxr, ¥, Zr) OnN

the display surface 570, which is projected from the right

eye 511 through Rixg, Yo, Zp) on the right-eye tilt-shift



steps 5923 and 5924 are examples of the display-surface projecting procedure described in CLAIMS.
[0122] In this manner, in the fifth example of the three-dimensional conversion unit 130 in the
embodiment of the present invention, a non-stereo image is projected as right-eye and left-eye tilt-shift
images onto right-eye and left-eye tilt-shift planes, respectively. Then, theright-eye and left-eve tilt-shift
images are projected onto a display surface located at an actually measured or estimated observation
distance. Therefore, a stereo image for the right eye 511 and the left eye 512 can be generated.
[01231 Fig. 23 is a diagram illustratind a sixth example of t e three-dimensional conve:slon unit 130 in
the embodiment of the present invention. This sixth example is designed to generate a stereo image in
accordance with a depth map that is based.on de ree-of-d%[i)lh information. This sixth example 52
input-image®d@épth Miab §efération thit38Y atordptet-piane dépth tap generation unit 362, a depth
map compj ia;ig unit 363, a display surfaceright-eye projection unit 366, and a display surface left-eye
projection unit 367. [01241

Tig., 22 is a diagram illustrating an exemplary

processing procedure performed by the Ififth example of the
+hree-dimensional conversiocon unit 130 in the embodiment of
the present invention.

[0120]

.

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

>

signal processing unit 120 via the signal line 129 (step

C

S921), the input image I(p, Q) 1s respectively projected as

3

—

tilt-shift images. In this regard, unlike the first example,
separate tilt-shift planes are proviged for the right eye

and the left eve, and display images are generated in the

following manner {loop LOGZ;.

eye tilt-shift image R(x, y, z) on the right-eye tilt-shift

plane 550 (step S%22), perspective transformation 1s

ot

performed for the display surface 570, and three-dimensicnal
Dz (%p, Yrs 2z, 195 obtained (step S$923). Then, a Two-
dimensional display image J(xr, v=) on the display surface is
cbtained from this three-dimensional positicn (step 5824).
Similarly, when the input image I(p, g) is projected as a

left-eye tilt-shift image Li{x, vy, z) on the left-eye tilt-

shi

th

t plane 550 {step $922), perspective transformation is



The input-image depth map generation unit 361 is designed to generate a depth map for the
non-stereo image (input image) supplied from the signal processing unit 120 via the signal line 129. A
depth map is designed to hold information regarding the degree of depth for each pixel, and is
estimated on the basis of, for example, the luminance, high-frequency component, motion, saturation,
and the like. For example, Japanese Unexamined Patent Application Publication No. 2007-502454
describes a multi-view image generation unit that:generates a depth map on the basis of edges
detected in an input image. Note that the input-image depth map generation unit 361 is an example of
the degreeof-depth information generation unit described in CLAIMS. [0125]  The horopter-plane
depth map generatian unit 362 is designed to generate a.depth map for the horopter. . Similarly to
the first ég% ’p?éﬂ%% h%?gpt%%lgnles&%%h ?rll%t’"tﬁg %iz@gf’th%lﬁ%rdéigr“ Ic%:irc égﬁls?qggégﬁegd? by horopter
circle infqgm@tign, ~de the rglbat'igg@g%igaal<r§{a;%9n§@ip3with twaoyes is specified by the interocular
53 distance "2a". %126] The depth map combination unit 363 is designed to combine the depth
map of theiinputimage that is generated:by thednpu-image depth diggrgeneration ani 361 with the
depth map of the horopter plane that is generated by the noropter-plane depth magp g\eneration unit
362. Note'tizt ihe deptiPmap domBiRatsT GRT38S I aA BXBRDIE ofthe degiedt<dépth information
combination unit described in IMS. [0127 The display surfaceright-eye projection unit 366 is
designed {5 -for thé hoﬁ%?@re%%il%?aglessu%%lig]gf ?%?nl%eoﬁgﬁ&eprégé“gsc?ﬁgaU%i??z%?v%l the signal line
129, project a;stereq image forfhe sighteye ontathe display gurface dorithedight eye by taking a
combined depth map obtained the depth map combination unit 363 into consideration_ Additionally,
the display:sisfacedefi-emecprofection tait367ris Designedtbefod thernen-stered #mage supplied from
the signal processing unit 120 via the signal line 129, project a stereo image for the left eye onto the
display surfacestor ifves |efreye By taking tHerdotbined deptt thap obtained by the depth map
combinati&r}uuanitT 363 into consideration. [0128]

In this manner, in the fifth example of the three-
dimensional conversion unit 130 in the embodiment oI the
present invention, a non-stereo image is projected as right-
eve and left-esye tilt-shift images onto right-eye and left-
eye tiltwshift pianes, respectively. Then, the right-eye
and left-eye tilt-shift images are projected onto a display
surface located at an actually measured or estimated
observation distance. Therefore, a stereo image for the
right eye 511 and the left eye LlZ can be generated.

(01231

Fig. 23 is a diagram illustrating a sixth example of
the three-dimensional cenversicn unit 130 in the embodiment
of the present invention. This sixth example is designed to
generate a sterec image in accordance with & depth map that
is based on degree-of-depth information. This sixth example

of the three-dimensional conversion unit 130 includes an



Fig. 24 is a diagram illustrating an overview of a 54 process performed by the sixth example of the
three-dimensional conversion unit 130 in the embodiment of the present invention. [0129] In this
sixth example, degree-of-depth information is estimated by the input-image depth map generation unit
361, and is combined with the horopter plane. Thus, in addition to the feeling of depth using the nature
of the horopter circle explained previously, the stereoscopic feeling can further be enhanced by further
adding degree-of-depth information corresponding 4o the three-dimensional structure of a scene.
[0130] For example, since a point 621 after combination is located in front of the horop ar circle, a
projection thereof onto the display surface is perceived as being located at a closer position.
Additionall}ty, since a p%inthZZ_ after combination is I,(\_)ca;legfb ind thae [ %@gégrecgtclq, a projection
thereof ohto’the ditpiay stfface id' perceived as being Tocated at & farther”’posTtlon.lfOfél% Fig. 25 is
a diagram dllustrating ap.example of a depth map otthehoraptet plans-ascordingto the sixth example
of the three-dimensional conversion unit 130 in the embodiment of the present invention.

363, & display surface right-eye projection unit 365, and &

display surface left-eye projection unit 367.

[0

[

241

The input-image depth map generation unit 36l 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 12%. 2 depth map is design@d to hold

information regarding the degrees of depth for each pixeil,

Hh

and iz estimated on the kasis of, for example, the luminance,
nigh-frequency component, motion, saturation, and the like.
For example, Japanese Unexamined Patent Application
Puplication No. 2007-502454 describes a multi-view image

generates a depth map on the basis of

rt

generation unit tha

b=

edges detected Iin an input i1mag

®

Note that the Iinput-imags
depth map generation unit 361 is an example of the degree-
of-depth information generation unit described in CLAIMS.

01l25]

ey

The horopter-plane depth map genaration unit 362 is
designed to generate a depth map for the horopter plane.
Similarly to the first example, the horopter plane 1s such

that the

n
-
™
&

of the horcpter circle is specified by

horopter circle information, and the relatlive positional

¢

relationship with two eyes is specified by the interocular



55 [0132] Here, the depth map of the horopter plane is represented by dpp. 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] dPH(X, y) = z(X, y) At this time, if it is assumed that the distance of the
horopter plane from the x plane with respect to coordinates (xi) is di, then the function z(y) is given by
the following equation: [0134] z=d (i=1,2,n) =4

distance "Za".
[01z¢)

The depth map combination unit 363 1is designed to
combine the depth map of the Lnput image ibat 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.

;

[0L2

~1

]

The display surface right-eye proijection unit 366 is
designed to, for the non-stereo image supplied from the
signal processing unit 120 via the signal line 129%, project
a stereo image for .the right eye onto the display suﬁface
for the right eye by taking a combined depth map obtained by
the depth map combination unit 363 into censideration.

ndditicnally, the display surface left-eye proiection unit

4

367 is designed to, for the non-stereo image supplied

[®]
t-h
]
O
[

the signal processing unit 120 via the signal line 129
project a stereo image for the left eye ontc the display

surface for the left eye by taking the combined depth map
obtained by the depth map combination unit 3€3 into

consideraticon.

[0128]

T
a1
0
]
L=
=
]

a diagram illustrating an overview of a



26 is a diagram illustrating an example of degreeof-depth information that is estimated by the sixth
example of the three-dimensional conversion unit 130 in the embodiment of the present invention.
[0135] the depth map of the degree-of-depth information is represented by do7. 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 dept map of the degree-of-depth 56
information is a function of x and y, and is repres%rged by the following equation: [0136] dpi(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 (xi, yj has value ei, the function z(x, y) is given by the following equation: [0137]

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

@

ircle explained previously, the stereoscopic feeling can
further be enhanced by further adding degree-of-depth
informaticn corresponding to the three-dimensional structure
of a scene,.

[O0L30]

Tor example, since a peoint 621 after combination is

located in

i+

ront of the horopier circle, a projection
thereof onto the display surface is perceived as being

iocated at a closer position. Additionally, since a point

a projection thereof onto the display surface is perceived
as being located at & farther position.
[01317

Fig. 25 is a diagram illustrating an example of a depth
map of the horopter plane according to thes sixth sxample of

the three-dimensional conversion unit 130 in the embodiment

of the present invention.



z(=ei(i=1,2,..,n) Fig. 27 is a diagram illustrating an example configuration of the depth map
combination unit 363 in the sixth example of the three-dimensional conversion unit 130 in the
embodiment of the present invention. As described above, the depth map combination unit 363 is
designed to co doine the depth map of the input image that is generated by the input-image depth map
generation unit 361 - th the depth map of the horopter plane that is generated by the horopter-plane
depth map generation unit 362. The depth map cgmbination unit 363 includes an average value
calculation unit 3631, a subtractor 3632, and an adder 3633. [0136] The average value calculation
unit 3631 is designed to calculate the average value of depth maps for each input image. The
subtract(:#:&ﬁ zzlis designed to subtract the 57 average value of depth maps for each input image from
a depth map for each pixel of the input image. Thus, the AC components of the depth maps with
respect to the average value asdhe centeryalus.are-ohtajned:- 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=harepteriplané Thirs, a cBmbired:depth:map andthéehoreptelplage can be obtained.

[0139] Fig. 28 is a diagram illustrating an example of a stereo image generated by the sixth
example B thre8-#imERSiBRal-ConVErSiGH uRit 13D3R Hie embbdimient®dtthe present invention. In

this example, an input non:stereo.image is projected an image. for left eye 630 ontg a curved plane
‘o1 T1eC ks i3t IYOm The & Vg g, Llie .
620 corresg%%ndrl#lb i) qr")e‘vptﬁrrlﬁap%, %ngﬂlg %rqe&%d onto %n}rlgln%ae for ﬁ.g%ﬂ eaye 640 corresponding to

respectivg points.pnthe curved plapgb20- piane is 2 function of x and v,
and is represented by the following eguation:
(0133}
dpe (%, V) = (%, ¥
£ this time, 1f it is assumed that the distance c¢f the
horopter plans from the x plane with respect to coordinates
{x:, v} 1s di,‘then the function z({x, y) 1s given by the

following eguation:

[0134]
zi{xy, yey = dy (1 = 1, Z, ..., 1}
Fig. 26 is & 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
empbodiment of the present ilnvention.

[0135]

R

Here, the depth map of the degree-of-depth information
is represented by dp:. The degree-of-depth information 1is
designed tc indicate the degreé of depth corresponding to
each pixel, and is represented as three-dimensional

information. That is, the depth map of the degree-oi-depth



[0140]  For example, a point 631 on the image for left eye 630, which is viewed from the left eye
512, is projected to a point 621 on the curved plane 620. Then, when the point 621 is viewed with the
right eye 511, the point 621 is projected to a point 641 on the image for right eye 640. similarly, a point
632 on the image for left eye 630, which is viewed from the left eye 512, is projected to a point 622 on
the 58 curved plane 620. Then, when the point 622 is viewed with the right eye 511, the point 622 is
projected to a point 642 on the image for right eye 40. [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 g;ape. [Q142% - Fig¢9 is a dviag{ra_r\rg1 illustrating another example, of a tereo image
generated%fyotﬁ% ixth example of the thrée-diménsioRalconVersion ufit 130 i the émbodiment of the
present inyention, 1n,this figure, an jnput non-stereo image Is projected as an image (input image 650)
that is viewed from a center 513 between the right eye and the left eye onto a curved plane 620
correspondingd4e depth maps, and is projected onto an image for left eye 630 and an image for right
eve 640 corresponding to respective points on the curved plane 620. [0143]

dp:(x, y) = z{(x, V)
At this time, 1f it is assumsd that the degree-of-depth
information from the x plane with respect To coordinates (X,
vy) has wvalus e;, the function z(x, y) 1s glvean by the
following eguation:
[0L37]

Z(%s, yiy = e (i =1, 2, ..., nj

Fig. 27 is a2 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

o8}

above, the depth map combination unit 363 is designed to
combine the depth map o¢f the input image that 1s generated
by the input-image depth map gensration unit 361 with the
depth map of the horopter plane that 1s generated by the
horopter-plane depth map generation unit 36Z. The depth map
combination unit 363 includes an average value calculation
unit 3631, a subiractor 3632, and an adder 3&33.
r0138]

The average value calculation unit 3631 is designed Lo
calculate the average valus of depth maps for each input

image. The subtractor 3632 is designed to subtract the



For example, a point 651 on the input image 650, which is viewed from the center 513, is projected to
a point 621 on the curved plane 620. Then, when the point 621 is viewed with the left eye 512, the
point 621 is projected to a point 59 631 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 629, 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 altpough in this ggureéLor cpnveniegge of %xgla@%tioné tnergma e for left eye 630,
the imag@ Y6r At e/ 640, andthe Thpdtifage 50746 illustiated as being shifted in. position relative
to one angther in the zdirection; In-actuaof themare positioned.on-the same planar plane. [0145]

this manner, in the Sixth example of the three-dimensional conversion unit 130 in the embodiment of
the presentipuentinn sa septh mapthatisrbasedvon:tdegreexafdepthdnfonmatior spmbinedin
stereoscopic vision in which the horopter plane explained with reference to other embodiments is uti
ued,ﬂmwgby@ma@ﬁn@@@eg@ﬁéﬁmoﬁaépe are obtained. The adder 3633 1is

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, & combined depth map on
the horopter plane can be obtained.

[0139]

Fig. 28 is a diagram i1llustrating an example of a
sterec image generated by the sixth example of the three-
dimensional conversion unit 130 in the embodiment o©f the
present invention. In this example, an input non-sterec

,

image is projected an image for left eye ¢30 onto & curved

;

plane 620 corresponding to depth maps, and 1s projected onto
an image for right eyve 640 corresponding to respective
points on the curved plane 620.
(01407

For example, a point 631 on the image for left eye 630,
which is viewed from the left eye 512, is projected to a
point €21 on the curved plane 620. Then, when the point €21
is viewed with the right eye 511, the point €Z1 1is projected
to a point 641 on the image for right eye 640. Similarly, a
point €32 on the image for left eye 630, which i1s viewsc

from the left eye 512, is projected te a point €22 on the



60 0146] Note that the embodiment of the present invention illustrates an example for embodying
the present invention, and, as described above, has respectively correspondence relationships with
specific claimed matters in CLAIMS. However, the present invention is not to be limited to the
embodiment, and a variety of modifications can be made without departing from the scope of the
present invention. [0147]  Additionally, the processing procedures explained in the embodiment of
the present invention may be regarded asmethods having the above series of procedures, or,
additionally, may be regarded as a program for causing a computer to execute the above series of
procedures or a recording medium storing the program. This recording medium can be implemented

Lo, LSO R o e A e, S B D0l Pl 2 e
image signal inputuinit 120 signal praeessing, unit 230 threerdimensionat eonvessionunds 2
o the image for right eye £40.
(0141}
Note that although in this figure, for convenience of
explanation, the image for left eye 630 and the image for
right eve 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.
10142]
Fig. 29 1s a diagram illustrating ancother example 0of a
sterec image generated by the sixth example oI the three-
dimensional conversion unit 130 in the embodiﬁent of the

present invention. In this figure, an input non-stereo

i—h

image 1s projected as an image (input imace €650 that is

-t

viewed from a center 513 betwsen the right eve and the left

eve onto a curved plane 620 corresponding to depth maps, and

}.m

is projected onto an image for left eye €30 and an image Ior

iy

right eye 640 corresponding tec respective poilnts on the
curved plane 0620,
(0143]

For example, & point €51 on the input image 650, which
is viewed from the center 513, is projected to a2 point &Z1

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

with the left eve 512, the point 621 is projected to a point



140 parameter setting unit 150 observation distance measurement unit 61 160 post-processing unit
170 format conversion unit 180 source selection unit 190 display unit 311, 321, 331, 341
horopter-plane image projection unit 316, 326, 336, 346, 156, 366 display surface right-eye

projection unit 317, 327, 337, 347, 357, 367 display surface left-eye promotion unit 322, 332, 342
convergence point setting unit 343 scaling unit

59

631 on the image for left eye 630. When the point 621 is

viewed with eye

the right

<

point 621 is projected to

€

>

—

a point on the imags eye 640. Similarly, when

a point 63Z on

ot

the input image 630, which is viewed from th

]

center 513,

curved plane

on the image

the point 652 1s projected tTo a point 622 on th

)
(]

620. Then, when the point 622 is viewed with

-
L

512, the point 622 is projected toc a point 632

left

)

oy

e 630,

s

for ey When the point 622 is viewed

with the right eve 511, the point 622 is projected to

-

<

point 642 on the image for right eve 640.

[(0144]

Note that although in this fi for convenience of

Q

ure,

L '

T L

by

explanation, the image for lefit eye 630,

% mage for right

eye 640, and the input image 650 are illustrated as being

shi orie another in the =z

fted in vposition relative

lirecticn, in actuality, alil them are positioned on the

same planar plane.
[(0145]

In this manner, 0of the threse-

O

dimensional conversion 130 in the embodiment of the

present invention, a depth map that is based on degrse-cof-

depth

}J_

b
I

information is combined with stereoscopic vision

which Ther

o1

jay

the horopter plane explained with reference to
embodiments is utilized, thereby enabling the generation of

=

ford

more stereoscopic sterec ilmags.



354 tilt-shift plane right-eye setting unit 355 tilt-shift plane left-eye setting unit 361 input-image depth
map generation un-,. 362 nompter-plane depth map generation unit 363 depth map combination unit

520 hcropter circle 530 horopter image 540, 570 display surface 620 curved plane after combination
630 image for left eve 640 image fort eye

60

[0146;

Note that the embodiment of the present invention
illustrates an examplie for embodying the present ilnvention,
and, as described above, has respectively correspondence
relationships with specific claimed matters in CLAIMS.
Howaver, 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 expiained in
the embodiment of the present invention may be regarded as
methods having the ébove series of procedures, or,
additionally, may be regarded as a program Ior 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),

O

[

an MD (MiniDisc), & DVD (Digital Versatile Disk), a memory

card, a Blu-ray Disc (registered trademark))

f—t

, O0r the like.

0f Reference Numerals

to
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E_J
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110 image signal input unit

120 signal processing unit

130 three-dimensional conversion unit
140 parameter setting unit

150 observation distance measurement unit



650 input image 62 CLAIMS 1. A stereoscopic image generation apparatus comprising:  a
cylindrical plane projection unit that projects a two-dimensional input image onto a cylindrical plane
including an imaginary circle that is tangent to two eyes to generate a cylindrical image; and a
display surface projection unit that projects the cylindrical image onto a display surface with reference
to each of the two eyes to generate display images to be respectively cast on the two eyes. 2. The
stereoscopic image generation apparatus according to Claim 1, wherein the imaginary circle has a
radius that is set in accordance with an assumed observation distance or a display size. 3. The
stereoscopic image generation apparatus according to Claim,2, further comprising an observation
distance measurement unit that measures a distance between the display surface and an observation
position,  whePR&inRRE radits of fifetintadifary circle is set in accordance with an observation

distance measured by the observation distancg measurement unit.

i

180 source selactlon unit

311, 321, 331, 341 horopterfplane image projection unit

31¢, 326, 336, 246, 356, 360 display suriace right-sye
projection unit

317, 327, 337, 347, 387, 367 display surface left-sys
projection unit

322, 332, 342 zonvergence polnt 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 combinaticon unit

520 horopter circle

530 horopter image

540, 570 display surface

€20 curved plane after combination



4. The stereoscopic image generation apparatus according to Claim I, wherein the imaginary circle has
a radius that is set so that a degree of distortion in the display images is smaller than a predetermined
threshold. 6" 5. The stereoscopic image generation apparatus according to Claim 1, further
comprising: - a degree-of-depth information generation unit that generates degree-of-depth
information using the two-dimensional input image; and  a degree-of-depth information combination
unit that combines the degree-of-depth mformatl%@ with the cylindrical image, wherein the display
surface projection unit projects the cylindrical image with the degree-of-depth information combined
therewith onto the display surface to generate the display images. 6. A stereoscopic image
generation apparatus comprising: an irradiation-plane projection unit that projects a.
two-dimensional input image onto two-dimensional planes that are respectively perpendicular to lines

of sight of twoleyes te yerrarateiriadiationdmisges raspectiviah: cofresponding 6 1te two eyes; and

a cylindrical plane projection unit that projects a
two~dimensicnal input image onto a cylindrical plane
including an imaginary circle that is tangent to two eyes to
generate a c¢ylindrical image; and

a display surface projection unit that projects the
cylindrical image onte & display surface with reference o
gach of the two eyes to generate display images to be
respectively cast on the two eyes.

2. The stereoscopic lmage gensratlon apparatus according
to Claim i, wherein the imaginary circle has a radius that
is set in accordance with an assumed observation distance or
a display size.

3. The sterscscoplc image generation apparatus accprding
to Claim .2, further comprising an observatlon distance
measurement unit that measures a distance between the
display surface and an cbservatlon position,

wherein the radius of the imaginary circle is set in
accordance with an observation distance measured by the
opservation distance measurement unit.

4, The stereoscoplc image generation apparatus according

g

+o Claim 1, wherein the imaginary circl as a radius that

@

is set sc that a degree of distortd

[}

on in the display images

|EN

O

is smaller than & predetermined threshold.



a display surface projection unit that projects the corresponding irradiation images onto a display
surface with reference to the two eyes to generate display images to be respectively cast on the two
eyes. 7. The stereoscopic image generation apparatus according to Claim 6, wherein positions of the
irradiation images are set in accordance with an assumed observation distance. 64 8. The
stereoscopic image generation apparatus according to Claim 7, further comprising an observation
distance meaSurement unit that measures a distafice 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:cenverts adwimdiaensionad triput image sedbatvideoiimages to be
respectively projected onto a right eye and a left eye from a display surface become identical to each
other to respéctivélyyenerate ‘g‘ﬁ@ht@%}@%ﬁb‘é@énd a left-eye image. 10. A stereoscopic image
generation method cmprising: 4. 8:Gylindrical 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 generateza cydindricab imdge:andn £ oradisplaystrfacetprojéeting procedure of projecting
the cylindrical, image onto a display surface with reference to each of the two eyes to generate display

images to b& TEERaEMIEY ¢St on the tWd eyes.

a. degree-of-depth information combination unit that
combines the degrese—of-depth information with the
cylindrical image,

wherein the display surfzce projesction 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 generatlion apparatus comprising:

an irradiation-plane projectlon unit that projects a
two-dimensicnal input image onto tweo-dimsnsional planes that
are respectively perpendicular te lines of sight of two syes
to generate irradiation images respectively correspending to

the two eyes; and

m
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rojaection unit that proiects the

corresponding irradiation images onto a display surface with

regpectively cast on the two eyes.
7. The stereoscopic Lmage generatlion apparatus according
to Claim 6, wherein positions of the irradiation images ars

gset in accordance with an assumed observaltion distance.



11. A stereoscopic image generation method comprising: an irradiation-plane projecting procedure
of projecting a two-dimensional input image onto two-dimensional planes that are respectively
perpendicular to lines of sight of two eyes to generate irradiation images respectively corresponding to
the two eyes; and display-suiface 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 programgfpr causing a computer to execute: a cylindrical
plane projecting procedure of projecting a two-dimensional input image onto a cylindrical plane
including an imaginary circle that is tangent to two eyes to generate a cylindrical image; and a
display-surface projeeting arecedure of prajectinethe:cyindrieabimage ontoa display surface with
reference to each of the two eyes to generate display images to be respectively cast on the two eyes.
13. A progrdifi for alising aXomphtérfréxecute: 2° aF iradiation pane prdjécting procedure of
projecting a fwo:dimensional input image ooto two=dimensignal planesdhat age respectively

perpendicular to lines of sight of two eyes to generate irradiation images respectively corresponding to
the two eyesjiampd.ay surface and an observation positlion,
wherein the positions of the irradiaticon images are set
in zccordance with an observation distance measured by the
chservation distance mesasurement unit.
9. A stereoscopic image generation apparatus that converts
a two~dimensicnal input image so that video images to be
respactively projected onto a right eye and & left eys from
a display surface become identical to each other to
respectively generate & right-eye image and a left-eye image.
10. A stersoscopic ilmage generation method comprising:
a cylindrical plane projecting procedure of projecting
a two-dimensional input image onte a cylindrical plane
including an imaginary circle that is tangent to two eyes to
generate a cylindrical image; and
a display~surface projecting procedure of projecting
the cylindrical image onte a display surfiace with reference
to sach of the two eves to generate display images Lo be
respectively cast on the two eves.
11. A stereoscopic image generation method comprising:
an irradistion-plane projecting procedure of projecting
a two-dimensicnal input image onto two-dimensional planes

that are respectively perpendicular to 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.

w2
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eyves to gsnerate ilrradistion images respectively
corresponding to the two eyes; and

a display-surface projecting procedure of prejecting
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 g computer to executea:

a cylindrical plane projecting procedure of projecting

g two-dimensiocnal input image cntc a cylindrical plans

inciuding an imaginary circle that is tangent to two eyss Lo

3]

generats a cylindrical image; and

a displav-surface projecting procedure cof proiecting
the cylindrical image onto a display surface with reference
to sach of the two eves to generate display images tc be
réspectively cast on the two eyes,

13, A program for causing a computer Lo execute:
an irradiation-plane proiecting precedure of proiecting
3 3

z two-dimengional input image onto Lwo-dimensional planes

that are respectively perpendicular to lines of sicht of two

]

ves to generate irradiation images respectively
corresponding to the two eyes; and

z display-surface proiecting procedure of projecting
the corresponding irradiation imsges ontoc a display surface
with reference to the twoe eves to generate display images £o

be respectively cast on the two eyes.



