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DESCRIPTION
THREE-DIMENSIONAL IMAGE DISPLAY

TECHNICAL FIELD
The present invention relates to a three-dimensional image

display capable of displaying a stereoscopic image in a space.

BACKGROUND ART
| Various proposals have recently been made on techniques

for displayihg a steredécopic image as a result of the progress'

of optical technologies . dne of such techniques is two-glass type

three—di:nensibaal viewers éuch as IMAX ..T-_I-IEIATER (tradenlai'k)
capa'ble. of pr.eéenting ster‘ebs'copic display to a user who wears
dedicated ayegl-asses to see an image formed by an image for the
left eye and'. an image for the right éye in an overlapping

relationship. This apparatus can presenf stereoscopic display

-in the form of a stereogram utilizing parallax between left and

" right eyes.

Stereoscopic display is 'a:'I.so. perfo'J_:'med with holography
utilizing co‘herent light from a laser or the like. This technique
is to disblay a stereoscopic image by forming a hologram on a dry
plate or the iike-using object light and reférence liglit in advance
and by irradiating ‘the hologram with i:he original reference 1ight :
1_:6 obtain reproduction light.

Further,. there are lens plate three-dimensional image
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display techniques represented by the so-called IP (integral

photography) method. There is a proposal made by Lippmax‘in in

which a p‘hoto_graphic dry plate is provided on a focal surface of

a lens plate called "fiy-eye lens” .consti_tu.ted'by a multiplicity
of small convex lenses; object light is exposed through the lens
plate to record a mult'iplicity of small obj_éct images on the
photogfaphic dry plate: and the 'photograph-:i.c dry plate is
thereafter developgd, placed in exactly the same position as its
initial posit‘ioh and irradiatéd with light dn the back surface
thereof. | |

Among the | above t'echnique's, the labove-desc'ribed
stereoscopic viewe_rs afe inconvenient for a viewer because he or
she must v}ear dedicated eyeglassés énd are not suitable for
observation for a'long time beqause they present unnatural images
which arellikély to 'give fatigue. In order to solve this problem,
stereoséopic televisions have fece‘ntlj been proposed which do not
requi:_:e any ded:l'.catéd eyeglasses. However, fechn_iq_ues for
ste_reoscopic views of ,this type on_ly present pseudo-stereoscopic

dispﬁl,ay utilizing parallax between left and right eyes and do not

| allow three-dimensional diSplay in a true sense. Therefore,

although an image can bé represented with a stereoscopic sense
in the hor:l.zontai direction of a screen, it can not be reﬁrésented
with a s'tereoscobic sense in the vertical direction and, for
example, can not bé vieWed..by a person who is 1y:l.ng down. Further,
since those are techniques util.izing bara_llax, a change of a view

point only results in a view of the same image with a stereographic
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sense (a sense of depth), and a side of an object will not appear

even if the viewer moves the head to look at the object from left

and right sides thereof.

The above-described technique for presentin'g stereoscopic
display utilizing holography involves a large scale apparatus at
a high manufacturing cost because of the requirement for coherent
light from e_ laser or the like and also results in._a reduction
of image quality attributable to speckle interference patterns
which are characteristic of lasers. Further, ho'lography is
suitabie for still images but unsuite.ble for three-dimensional
display of dynamic images because it presents stereoscopic
display of an object utilizing a hologram formed on a photographic
dry plate in advance. This equally applies to the above-described
IP method in that it is unsuitable for dynamic images because it
involves a step of -reco_;:‘ding amultiplicity of small object images
on a photogrephic dry plate in advance.

As described above, it has been difficult to provide
televisions aﬁd very large displays installed in the street,
stadiums or the like capable of presenting s_tereoscopic dynamic

images in a true sense.

DISCLOSURE OF THE INVENTION

The present invention has been made taking such problemsl
into consideration, and it is an object of the invention to provide
a three-dimensiohal image display - capabie o_:l_f presenting

stereoscopic display in a true sense not only for a still image
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but also for a dynamic image without any need for a dedicated
eyeglass or coherent light.
A three-dimensional image display according to a first

aspect of the invention has: two-dimensional image forming means

.formed by arranging a plurality of pixels, capable of forming a

two-dimensional image by driving each of the | pixels; and
three-dimensional image forming means for forming a lthree-
dimensional image in a space based on the two-dimensional image .
formed by the two-dimensional image forming means.

In this three-dimensional image - display, a three-
dimensional image Iis formed in a space by the three-dimensional
image forming means based on a two-dimensional image formed by
driving the plurality of pik‘els of the two-dimensional image
forming means.

A three-dimensional imagé display in a £irst mode according
to the first asbedt of the invention has a configuration wherein
the two-dimensional :Lm_age forming means includes a plurality of
two-dimensional image forming el_e_ments each of which is formed
by arranging a 'plurality of pixels_ and is capable of forming a
two-dimensioilal image, and wherein the three-dimensional image
forming means includes: a light diffusing element provided in a
face-to-face relationship .with each of the plurality of two-
dimensional image forming elements, the light diffusing element
allowing light which has exited the respective two-dimensional
image forming elements and has impinged thereupon to exit to thé

space in a diffused state; and display control means for
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controlling the two-dimensional image forming elemen{:s such that.
fhe light which has exited the light diffusing elements forms a.
multiplic:i_.ty of point light source images that form a three-
dirﬁensional image in the space.

In the three-dimensional image display in th_e first mode,

‘light which has entered the light diffusing elements from the

respective two-dimensional image display elements exits to the
space in a diffused state. The multiplicity of point 1ight source
images that form a three-dimensional image to be displayed are
formed by those beams of exit light. |

In the three-dimeﬁsional image display in the first mode,
the display control means may control the display operation of
the two-dimensional image fpmiﬂg' elements by supplying data of
two-dimensional images two-dimensionally representing a
three-dimensional image to be displayed as a whoie oj:' in part from
view points d:l.ffereﬁt from each other to the respective two-
dimensional image forming 'eiements, theﬁreby | forming the
multiplicity of point light source images in the space with the
light which has exited the light diffusing elemeﬁts.

In the three'—-d:i.ménsional image display in the first inode,
the 1light diffusing element may be formed with a converging pdrtio_n
capable of converging incident light at one point and a planer
exit surface located at the converging point defined by the
éonverging portion. An entrance surface of the converging
portion of the light diffusing element may include an aspherical

surface having a convex configuration on the entrance side thereof
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or a spherical surface whose center of curvature is located at

the converging point. Alternat:l.veiy,

the converging portion of the 1light diffusing element may include
a Fresnel lens. The converging portion of the 1igf11: diffusing
element may have a configuration in which it converges light with
an interference fringe formed on the entrance surface thereof.
In the three-dimensional imaée display in the first mode, the 1light
diffusing element may be formed as a plate-like body or £film with
an interference fringe in a predetermined pattern formed thereon
and may be provided wiﬁh a function of converging incident light
at one point or diverging incident light as if it were diffused
from one point.

In a three-dimensional image display in a second mode
_acdording to first aspect of the invention, the two-dimensional
image forming means includes: a plurality of two-dimensional
image forming elements each of which 1s' Formed by arranging a
plurality of pixels and is capable of forming a two-dimensional
image, and the three-dimensional image forming means includes:
a microscopic opening prdvided in a face-to-face relationship
with each of the plufal:l.ty of two-dimensional image forming
elerﬁents, the microscopic opening allowing light which has exited
the respective two-dimensional image forming elements and has
impinged thereupon to pass through as it ié; and display cbntrol
means for controlling the two-dimensional image forming elements
such that the light which has exited the microscopic opening forms

a multiplicity of point 1light source images that form a
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three-dimensional image in the space.

In the three-dimensional image display in the second mode,

‘1ight which has exited the two-dimensional image forming elements

exits td the space through the respective microscopic opening.
The multiplicity of point light source images that form a
three-dimensional image to be displayed are formed in the space
by those bheams of exit light. |

In the three-dimensional image display in the second mode,
the display control means may control thg two-dimensional image
forming elements by supplying' data of two-dimensional images
tﬁo-dimensionally representing a three-dixnensiohal image to be |
displayed as a whole or in part from view points different from
each other to the respective two-dimensibnal image ' forming
elements, thereby forming the multiplicity of point light source
images in the space with the 1light which has exited the microscopic
opening.

A three-dimensional image display in a third mode according
to the first aspect of the invention has a configuration wherein
the two-dimensional image férming means includes: &a two-
dimensional image forming paﬁe], formed by arranging a plurality
of pixels, capable of forming a two-dimensional image by driving

each of the pixels, and wherein the three-dimensional image

- forming means includes: an optically opening/closing cell array

formed by arranging a plurality of optically opening/closing .
cells, the optically opening/closing cell array being provided

in a face-to-face relationship with the two dimensional image
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forming panel and allowing light which has exited the pixels of
the two-dimensional image forming panel and has impinged
thereupon to pass through as it is or blocking the same; optically
opening/closing cell control means for scanning the optically
opening/closing cell a_rréy ‘to control the optically
opening/closing cells such that they sequentially enter an open
state; and display control .means for controlling the two-
dimensional imagé forming panel such that an image forming range
of the two-dimensional image forming panel is sequentially
shifted in synchroniém with .the scan of the optically
opening/ closing cell array by the optically opening/closing cell
control means and such that light which has exited pixels in the
image forming rénge and has passed through the optically
opening/closing cells 1in the 6pen state of the optically
opening/closing cell array forms a multiplicity of point light
source images that form a three-dimensionai image in the space.

in the three-dimensional image display in the third mode,
the optically opening/closing cell array is scanned and
controlied such that the opticaily opening/closing cells
sequentially enter the open state, ‘and coni:rol is performed such
that the image forming range of the two-dimensional image forming
panel is sequentially shifted in synchronism with the scan. The
multiplicity of point light source images that form a three-
dimensional image to be displayed are formed in the space by light
which has exited the pixels in the sequentially shifted :i.maQe

display range and which has passed through the optically
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opening/closing. cells in the open state of the optically
opening/closing cell array. |

In thé three-dimensiohal .J'.mage diSplay in the third mode,
the display control means may control the two-dimensional image
forming panel by supplying " data of two-dimensional images
two-dimensionally representing a three-dimension_al image to be
disﬁlayed as a whole or in part from view points different from
each other to the respective pixels in the image forming range
of the two-dimensional image forming panel, thereby forming the
multiplicity of point lighf éource :i.mé.ges in the space with the
light which has passed through the opfically opening/closing
cells in the open state.

The three-dimensional image display in the third mode may
have a configuration wh_erein a plurality of basic units including
a pair of the two-dimensional image forming panel and the optically
op’ening/ closing cell array are arranged and wherein the optically
op,exiing/clo’sing cell control means is provided for thé optically
opening/closing cell array of each of the basic units, the
optically opening/closing cell control means controlling scan of
‘the optically opening/closing cell arréy such that the optically

opening/closing cells of the optically opening/closing cell

| arrays in positions associated with each other enter the open state

in synchronism with each other, the display control means
controlling the two-dimensional image forming panel such that the
image forming ranges of the two-dimensional image forming panels

of the plurality of basic units are shifted in synchronism with
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" the scan of the optically opening/clbsing cell array by the

optically opening/closing cell control means and such that light
which has exited pixels in the image forming ranées and has .passed
through the optically opening/closing cells in the open state of
the optically opening cell arrays associated with each other forms
a multiplicity .of point' light source Iimages that form a
three-dimensional image in the space.

In this three-dimensional image display, a plurality basic
units having the two-dimensional image forming panel and
optically openi_ng/ closing cell 'arré.y are arranged. The optically
opening/closing cell arrays of the plurality of basic units are
scanned in parallel to perform control such that the optically
opening/closing cells in positions ‘associated with each other
entér the open state in synchronism with each other .' Control is
performed such that the image forming ranges of the two-
dimensional image forming panels of the plurality of basic units
are shifted in parallel (simultaneously) in synchronism with the
parallel scan of the plurality of optical]_.y opening/closing cell
arrays; Light which has exited the pixels in the image forming
rangés passes through the optically opening/closing cells in the
open state of the respéctive optically opening/closing cell
arrays, and the multiplicity of point 1ight source images that
form a three-dimensional image to be displayéd are formed in. the
space by those beams of transmitted light.

In this three-dimensional image display, the display

control means may control the two-dimensional image forming panel
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by s'upplying data of two-dimensional images two-dimensionally
representing a three-dimensional image to be displayed as a whole
or in part from view points different from each other to the
respective pixels in the image forming ranges of the two-
dimensional image forming panels of th_e plurality of basic units,
thereby forming the multiplicify of point'ligh_t source images in
the space with the light which has passed through the .qptically-
opening/clﬁsing cells in the open state.

A three-dimensional image display in a fourth mode according

to the first aspect has a configuration wherein the two-

dimensional image forming means includes image formation control
means for controlling an image forming operation such that a
two-dimensional image fdﬁned thereby changés with time, and
wherein the three-dimensional image forming means includes
deflecting means for deflec'ting. the projecting. direction of the
two-dimensional image such that the projecting direction 6f the
two-dimensional image formed by the two-dimensional image forming

means changes in accordance with time-dependent changes of the

two-dimensional image.

In fhe three-dimensional image display in the fourth mode,
the projecting direction of the two-dimgnéional imagg' changing
with time formed bjr tl_le two-dimensional image forming means is
deflected such that 'tﬁe projecting direction changes in
accordancé with the time-dependent changes of the two-dimensional
image. As a result, after-images of the two-dimensional image

projected in various directions provide a view of a three-



Y

10

15

20

25

12

dimensional image in the space.

In the three-dimensional image display in the fourth mode,
fhe deflecting means may include a transmission direction
variable type  liquid crystal element in which liquid crystal
molecules are aligned in the direction of an electric field to
achieve a function of allowing 1igh1i to be transmitted only in
the direction of the electric field.

The three-dimensional image display may further have
diffusing means for diffusing the projecting direction of a
two-dimensional image in a direction which is different from the
direction of deflection by the deflecting means .I in the
three-dimensional image display, the image formation control
means may control the image forming operatidn such that the
magnification of a two-dimensional image in the deflecting
direction thereof in accordance with the projecting direction of
the two-dimensional' image deflected by the deflecting mean's,.

In the three-‘dimensional image display in the fourth mode,
the two-dimensional image forming means may further include:
receiiring means for receiving encoded two-dimensional imagé data;
and decoding means for decoding the two-dimensional image data
received by the reCeiving means. | When the deflecting means

periodically performs the operation of deflecting the projecting

 direction of a two-dimensional image, the encoded two-dimensional

encoded data received by the receiving means may include: first

compressed image data provided in a position in timing in

synchronism with the period of the deflecting operation of the
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deflecting means and obtalined by compressing and encoding
two-dimensional still image data independently; and second
compressed encoded data provided in a position adjacent to the
first compressed encoded data and constituted by differential
data representing the difference from the first compressed
encoded data.

In the three-dimenéional image display in the fou:fth mode,
the image formation 'control means may be enabled to form a
two-dimensional image in halftﬁnes by performing at least either
pixel driving control on a time division basis or b:l.xel driving
confrol on a spatial basis. The deflecting means may deflect the
projecting direction of light which is being transmitted thereby.
Further, the deflecting means. may deflect the | projecting
direction of incident light when it reflects the same. The
deflecting means may be formed by arranging a plurality of
rotatably disposed prisms or reflecting mirrors.

In the three-dimensional :iJnage display in the fourth mode,
the deflecting means may be formed utilizing a hologram which can
deflect incident light in a direction assoclated with the positidn
of incidence. 1In this case, the deflectingmeans may sequentially
deflect incident light by shifting the h_ologram in directions
different from the direction of incidence of the light. The
deflecting means may include a pluraiity of sets of the holograms
which are regularly arranged. |

In the three-dimensional image display in the fourth mode,

the hologram may be formed on a plate-like member. In this case,
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the deflecting means may sequentially deflect incident light by
reciprocating the plate-like member in a direction different from
the direction of incidence of the light.

In the three-dimensional image display in the fourth mode,
the hologram is formed on a film-like member. In this case, the
deflecting means may sequentially deflect incident 1light by
shifting the film-1like member in one direction different from the
direction of incidence of the light.

In the three-dimensional :Lmage display in the fourth mode,
the hologram may be formed on a predetermined curved surface. For
example, the curved surface may be a cylindrical surface.

In the three-dimensional image display ;‘.n the fourth mode,
the deflecting means may be formed using a light transmitting
member whose thickness is locally changed in accordance with a

signal voltage applied thereto to produce irregularities on the

-surface thereof.

In the three-dimensional image display in the fourth mode,

the deflecting means may deflect the projecting direction of a

two-dimensional image by defiecting light before it is subjected
to image formation by the- two-dimensional image forming means.
In this case, the deflecting meens may include a rotary refle.cting
body or refracting body. The deflecting means ﬁay include a 1light

source which reciprocates and an optical system for guiding 1light

. emitted by the light source to the two-dimensional image forming -

means. The deflecting means may include a light source which can

change the emitting direction of light in accordance with
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time-dependent change of a two-dimensional image formed by the
two-dimensional image forming means.

In a three-dimensional iﬁage_displ&y in a fifth mode
according to the first aspect of the invention, the two-
dimensional image forming means includes: a plurality of two;
dimensional image forming elements each of which is formed by
arranging a plﬁrality of pixels and is capable of forming a
two-dimensional image, and the three-dimensional image forming
means includes: a plurality of point light sources which arel
respectively provided in a face-to-face relationship with fhe
plurality of two-dimensional image forming elements and which
emit light having directivity such that the respective fwo-
dimensional image forming elements are illuminated by light
diffusing from one point; and dispiay control means for
controlling the two-dimensional image forming elements and the
point light sources such that a three-dimensional image is formed
by the light which has been emitted by the'point light sources
and has passed through the two-dimensional image forming
elements. |

In the three-dimensionallimage display in the fifth mode,
a three-d1méns1onal image is formed by the light which has been
emitted by the point light sources and which has passed through
the two-dimensional image forming elements.

In.the three-dimensional imagé display in the fifth mode,
the display control means may control the two-dimensional image

forming elements by supplying data of two-dimensional images
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two-dimensionally represent:l.ng three-d:l.mens:i.dnal image to be
displayed as a whole or in part from view points different from
each other to the respective two-dimensional image forming
elements.

In a three-dimensional image display in .a sixth mode
according to the first aspect of the invention, the two-
dimensional image forming means includes é two-dimensional image
forming panel that is formed by arranging a plurality of pixels
and is capable of forming a two-dimensional image by driving each
of the pixels, and thg three-dimensidnal image forming means
izicludes:' a plurality of point light sourées which are provided
in a face-to-fade relationship with the two-dimensional image
forming panel and which emit light having directivity such that

respective predetermined ranges of the two-dimensional image

forming panel are illuminated by light diffusing from one point;

and display control means for controllirig the two-dimensional
image forming panel and the point light sources such that an image

forming range of the two-diniénsional image forming panel is

' sequentially shifted and such that the image forming range is

illuminated by light emitted by the respective point light source
to form a three-dimensional image with the 1ight which haslpassed
through the image forming range. |

In the three-dimensional image dispJ.ay in the sixth mode,
a three-d:lmensional_ image is formed by the light which has been
emitted by the point light sources and which has passed through

the image forming range of the two-dimensional image forming
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panel.

In the three-dimensional image display in fhe sixth mode,
the display control meané. may control the fwo-dimensional image
forming panel by supplying data of two-dimensional images
two-dimensionally representing a three-dimensional image to be
displayed as a whole or in part from vieiv points different from
each other to respective pixels in the image forming range of the
two-dimensional image forming panel. |

A three-dimensional image display according to a second
éspe‘ct of the invention has: two-d:i.mensioﬁal image forming means
for forming a plurality of two-dimensional imageé with light which
has been subjected to time-modulation based on information on a
plurality of two-dimensional imagés ; and three-dimensional image
forming means for forming a three-dimensional image by projecting
the plurality of two-dimensional images formed by the two-
dimensional image forming means in directions different from each
other.

In this three-dimensional image d:I_.s_play, the two-
dimensional image forming means forms a . plurality of two-
dimens:l.onal images with the 1light which haé'been subjected to time
modula_tion based on informat:l.on on a plurality of two-dimensional
images, and the three-dimensional image forming means forms a
three-dimensionai image by projecting the pltirality o.f two-
dimensional images formed by the two-dimensional image forming
means in directions different from each other.

In the three-dimensional image display according to the
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second aspecf of the invention, the two-dimensional image forming
means may form the two-dimensional images by scanning modulated
light. In this case, the three-dimensional image forming means
may project the plurality of two-dimensional images in directions
different from each other by reflecting the light scanned by the
two-dimensional image forming means in different directions in
accordance with positions of incidence. The three-dimensional
image forming means may have a region in which position information
useci for controlling the positions of incidence of the light
scanned by the two-dimensional image forming means is recorded.
The three-dimensional image forming means may further have a
region in which synchronization information for synchronized
control of the display as a whole is recorded. |

A three-dimensional image display according to a third
aspect of the invention has: two-dimensional image forming means
for forming a plurality of two-dimensional images by emitting
light carrying information on a 'plurality of tondimensional
images; and three-dimensional image forming means for forming a
three-dimensional image by projecting the light emitted by the
two-dimensional image forming means in different directions in
accordance with positions of incidence to project the plurality
of two-dimensional images in directions different £fromeach other.
The three-dimensional image forming means has a region in which
position information used for controlling .the positions of
incidence of the light emitted by the two-dimensional image

forming means is recorded.
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In this three-dimensional image display, the two-

dimensional image forming means emits light carrying information

‘on a plurality of two-dimensional images to form a plurality of

two-dimensional images, and the three-dimensional image forming
means projects the light emitted by the two-dimensional image
forming means in different diredtions in accordance with the
positions of inﬁ:l.dende, which results in projection of the
plurality of two-dimensional images in directions different from
each other to form a three-dimensional image. In this three-
dimensional image display, since the thfee—dimensional image
fortning means has the region in which position informatioh used
for controlling the positions of incidence of the light emitted
by the two-dimensional image forming means is recorded, it is
possible to control the posit:l.oris of incidence of light upon the
three-dimensional image forming means.

In the thrée-dimension‘al image display according "I:o the

third aspect of the inventidn, the three-dimensional image

forming means may further have a region in which synchronization
information for synchronized control of the display as a whole
is recorded.

The above and other objects, features and advantages of

_the invention will become sufficiently apparent from the

following description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view of a three-dimensional image display
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according to a. first embodiment of the invention showing a
configuration of the same.

Fig. 2 is a sectional view of a major part of the
three-dimensional image display.

Fig. 3 is.an enlarged sectional view of a major part of
the three-d:l.m_ensional image display.

Fig. 4 ié a block diagram showing a schematic configuratibn
of a display control circuit for controlling a display operation
of the three-dimensional image display.

Fig. 5 is an illustration for explaining héw a sterebscopic
image is displayed by .the thfee-dimensional image display.

Fig. 6A shows an example of an image 1;0 be displayed by
the three-dimensional image displé.y, and Fig. 6B shows image data
obtained by converting the image to be displayed into binary
values.

Fig. 7 is an illustration for explaining a procedure for
slicing partial image data frdm image data.

Fig. 8 shows partial image data (sliced data) sliced
according to the prbcedure shpwn in Fig. 7. |

Fig. 9 shows inverted data obtained by inverting the sliced

‘data shown in Fig. 8.

Fig. 10 is a sectional view for explaining operations of
a major part of the three-dimensional image display.

Figs. 11 is an illustration for explaining how point light
source imaiges are formed in a space by the three-dimensional image

display.
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Fig. 12 shows a state in wh:l.ch a planar image is formed
in a space by the three-dimensional image display.

Fig. 13 shows a state inwhich é stereoscopic image is formed
in a space by the three?dﬁhensional image display.

Fig. 14 shows a relationship between the distances of point
1ight source images from a three-dimensional display screen and
angular resolutions when tﬁe field angie is kept constant.

Fig. 15 is a sectional view of a modification of a light
diffﬁs:l.ng element.

Fig. 16 is a sedtional view of another modification of the
light diffusing element.

Fig. 17 is a sectional view of still another modification
of the light diffusing element.

Fig. 18 shows an entrance surface of the light diffusing
element shoﬁn in Fig. 17.

Fig. 19 is a sectional view of still anothe:_:' modification
of the light diffusing element.

Fig. 20 is a sectional view of a modification of collimator
lenses.

Fig. 21 is a pers'pective viewof a threé-d:i.mens:l.onal :Lmagé
display according to a second embodiment of the invention showing
a configuration thereof.

Fig. 22 is a sectional view of a majoi:' part of the
three-dimensional image display showing a configuration of the
same.

Fig. 23 is an enlarged sectional view of a major part of
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the three-dimensional image display showing a configuration of
the same. |

Fig. 24 is a perspectivé view of a three-dimensional image:
display according to a third embodiment of the invention showing
a configuration thereof.

Fig. 25 is a sectional view of a major part of the
three-dimensional image display showing a configuration of the
same.

Fig. 26 is a block diagram of a display control cii'cuit
for controliing é display operation of the three-dimenéional '
im_ag'e display showing a schematié configuration of the same.

Fig. 27 is an illustration for explaining the operation
of the three-dimensional image display.

Fig. 28 is an illustration for explaining the operation
of the. three-dimensional image display.

Fig. 29 isan illustration fbr explaining a specific example
of the three-dimensional image display.

Fig. 30 is a perspective view of a three-dimensional image
display according to a fourth embodiment of the invention showing
a configuration of the samé.

Fig. 31A through 31C are illustrations for explaining the

operation of the three-dimensional image display.

Fig. 32A through 32C are il:_l.ustrations for explaining the
operation of the three-dimensional image display.
Fig. 33 isanillustration for explaining a specific example

of the three-dimensional image display.
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Fig. 34 is an illustration for explaining the specific
ex'ample of the three-dimensional image display.

.Fig. 35 is a plan view of a three-dimensional image display
according to a fifth embodiment of the invention showing a
configuration of the same.

Fig. 36 is a perspective view of a major part of the
three-dimensional image display sthn in Fig. 35 showing a
configﬁration of the same. |

Fig. 37 is a side view. of the major part of the three-
dimensiohal image dispiay shown lin Fig. 35 showing a structuj:‘e
of the same. |

Fig. 38 is a plan view for explaining a photographic
principle for acquiring tivo-dimensional image data to be supplied
to the three-dimensional image display.

Figs. 39A through 39C are illustrations showing how images
from view points different from each oi:her are viewed depending
on the viewing direction.

Fig. 40 is a sectionai view of the deflecting plate shown
in Fig. 35 showing a structure of the same.

Fig. 41 is a sectional viefv of the deflecting plate shown
in Fig. 35 shéwing a state of operation of the same..

Fig. 42 is a sectional view of the deflecfing pl.ate shown
in Fig. 35 showing another state of operation of the same.

Fig. 43 is a block diagram showing a cohfiguration of a
control circuit for controlling the operation of the three-

dimensional image display.
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Fig. 44 isan illustration for explaining a principle behind |
image width modulation. |

Fig. 45 is an illustration for explaining the principle
behind image width modulation. |

Figs. 46A through 46C are illustrations for explaining the
principle behind image width modulation. |

| Fig. 47 illustrates a method of compressing image data

according to the MPEG.

Fig. 48 illustrates the method of compressing image data
according to the MPEG. | |

Fig. 49 illustrates an example of an arréngement of pixels
of the LCD shown in Fig. 35.

Fig. 50 illustrates a method of rei)resenting halftones
using a technique on a time division basis.

Fig. 51 illustrates a method of representing halftones
usirig a technique on a space division basis.

Fig. 52 illustrates a method of imprbving the definition
of an image.

Fig. 53 1llustrates a method of imfproving the definition

" of an image.

Fig. 54 is a perspective view showing a _configurat:l.on of

a deflecting prism array as a modification of the deflecting plate

in Fig. 35.

Figs. 55A through 55E illustrate an action of the deflecting
prism array shown in Fig. 54.

Fig. 56 illustrates another example of a rotary prism that
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forms a part of the deflecting prism array shown in Fig. 54.

Fig. 57 is a plan view of a three-dimensional image display
aecording to a sixth embodiment of the invention shewing a
configuration of the same.

Fig. 58 is a sectional view of the deflecting plate in Fig.
57 showing a structure and action of the same.

Fig. 59 is an enlarged sectional view of a part of the
deflecting plate in Fig. 57 showing a structure and action of the
same.

Fig. 60 illustrates the operation of the three-dimensional
image dis.play shown in Fig. 57.

' Fig. 61 i1llustrates the operation of the three-dimensional
image display shown in Fig. 57.

Fig. 62 illustrates the operation of the three-dimensional
image display shown in Fig. 57.

Fig. 63 illustrates the operation of the three- dimensional
image display shown in Fig. 57.

Figs. 64A throth 64F show a cemparison between the
principles of deflecting operations of the three-dimensional
mage display shown in Fig. 35 and the three-dimensional image
display shown in Fig. 57.

Fig. 65 1s en illustration for explaining the operation
of a three-dimensional image display according to a modification
of the three-dimensional image display shown in Fig. 57.

Fig. 66 is an illustration for explaining the operation

of the three-dimensional image display according to the
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modification of the three-dimensional image display shown in Fig.

- B57.

Fig. 67 is an illustration for explaining the operation
of the three-dimepsional image display according to the
modification of the three-dimensional image display shown in Fig.
57.

Fig. 68- is a plan view of & three-dimerisiona’l image disp]_.ay
according to a seventh embodiment of the invention showing a
configuration of the same. |

Fig. 69 is a plan view of a three-dimensional image display
according to an eighth embodiment of the invention showing a
configuration of the séme.

Fig. 70 is a plan view of a deflecting film of the
three-dimensional image display shown in Fig. 69 showing a
configuration and action of the same.

Fig. 71. is a perspective view of the defle'ctin'g film of
the three-dimensional image display shown in Fig. 69 showing the
action of the same.

Fig. 72 is a plan view of the deflecting film of the
three-dﬂﬁens:l.onal image display shown in Fig. 69 shbwing an act:’n_.on
of a deflecting cell thereof

Fig. 73 is a perspective view of a three-d:_'.mens:l.onal image
display as a modificat:l.on of the three-dimensional image display
shown in Fig. 69 showing a schematic configuration of the same.

Fig. 74 is a plan view of the three-dimensional image

display shown in Fig. 73.
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Fig. 75 is a sectional view of a deflecting plate used in
the three-dimensional image display according to the ninth
embodiment of the invention showing structures and actions of
major parts of the same.

Fig. 76 is a sectional view of the deflecting plate shown -
in Fig. 75 showing an action of the same.

Fig. 77 is a. plan view of a modification of a projecting
optical system used in the three-dimensional image displays in
the fifth through ninth embodiments of the invention.

Fig. 78 is a plan vj.ew of a three-dimen#:l.onal imaQe display
according to a teni:h embodiment of the invention showing a
structure and action of the same.

Fig. 79 is a plap view of the thrée-dimensional image
display shown in Fig. 78 showing the action of the same.

Fig. 80 is a plan view of a three-dimensional image display
as a modification according to the tenth embodiment of the
invention showing a structure and action of the same.

Fig. 81 is a plan view of a three-dimensional image display
as another mod:l.f:l.bation according to the tenth embodiment of the.
invention showing a structure and action of the same.

Fig. 82 is a plan view of a three-dimensional image display

as still another modification according to the tenth embodiment

of the invention showing a structure and action of the same.
Fig. 83 is an external perspective view of the directive
deflection light-emitting panel shown in Fig. 82 showing a

configuration of the same.
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Fig. 84 is a sectional view of a modification of the
deflecting plate used in the three;dimensional_image display
according to the éixth through eighth embodiments.

Fig. 85 is a perspective view of a three-dimensional image
display according to an elevenfh embodiment of the invention
showing a schematic coﬂfiguration of the éame.

Fig. 86 is a perspective view of a part of the projecting
portion in Fig. 85.

Fig. 87 is an illustration of.an inner circumferential
surface of the deflecting screen in Fig. 85 showing a. configuration
of the same.

Fig. 88 1s a perspective view of the deflecting region in
Fig. 87 showing a configuration of the same.

Fig. 89 is an enlarged perspective view of the reflecting
portion in Fig. 88.

Fig. 90 is a perspective view of another example of the
configuration of the deflectihg’fegion'in Fig. 87-.

Fig. 91 is a block diagram of the three—dimensibna;.image
display according to the eleventh embodiment of the invention
showing a circuit cbnfiguratibn of the same. |

Fig. 92 1s an illustration of the relationship between an
angular range for the deflection of light at a reflecting portion
of a deflecting region of a deflecting screen .apd a region in which
a three-dimensional image is formed in the eleventh embodiment
of the invention.

Fig. 93 is an illustration of the relationship between an
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angular range for the deflection of light at a reflecting portion

of the deflecting region of the deflecting screen and a region

in which a three-dimensional image is formed in the eleventh
embodiment of the invention. |

Fig. 94 is an illustration of a modification of the
three-dimensional image display according to the eleventh
embodiment of the invention. |

Fig. 95 is a perspective view of a three-dimensional image
display according to a twelfth embodiment of the invention showing
a schematic configuratién of the same.

Fig. 96 is a perspective view of a three-dimensional image
display according to a thirteenth embodiment of the invention

showing a schematic configuration of the same.

BEST MODES FOR CARRYING OUT THE INVENTION

Preferred embodiments of the pre'se'nt il_lvention will now
be described with reference to the drawings.
[Firét Embodiment ]

Fig. 1 shows a frontal structure of a three-dimensional
screen forming a part 6:E a thrée-dimensional image display
according to the present embo_diment . Fig. 2 .shows a sectional
structure of the three-dimensional image diéplay taken along the
iine A-A' in Fig. 1. Fig. 3 is an enlarged viéw of a part of the
sectional struéture of the three-dimensional display screen shown
in Fig. 2. As shown in Fig. 1, the three-dimensional display

screen 10 has screen dots 11 arranged in the form of a matrix at
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constant intervals in each of the horizontal direction (latei:al '
direction of the figure) and the vertical direction (vertical
direction of the figuré) . As shown in Figs. 2 and 3, the
three-dimensional display screen 10 has: a multiplicity of light
diffusing elements 12 formed of a transparent material that allows
visible light to pass through with substantially no loss and
arranged in the form of a matrix:. and liquid crystai display
elements (hereinafter referred to as "LCDs") 13 provided in a
face-to-face relationship with entrance surfaces 12b of the light
diffusiﬁg elements 12 to be described later.

Each of the light diffusing eiements 12 has a base portion
12a, an entrance surface 12b formed on one side of the base portion
12a in the form of an outwa:d convexity and an exit surface 12c
formed as a_ flat surface on another side o_f_'th_e base porfion 12a.
The entrance surface 12b is formed as an aspherical surface such
as a parabolic surface having a convex configuration on the
entrance side. It is preferable to form all of the 1light dif'fusin'g
e'lements 12 integrall& with each other. The entrance surfaces
12b correspond to the "converging portion” according to the
invention, and the exit surfé.ées 12c correspond to the "exit
surface” according to the _inventio_:n. |

Each of the LCDs 13 is configured like a matrix in which,
for example, 15 pixels (liquid crystal cells) and 9 pixels afe
arranged in the horizontal and vertical dii‘ections » respectively
and is secured to a 1light diffusing element 12 with a support member

14. Fig. 3 shows only 9 pixels in the horizontal direction and
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9 beams of light for convenience. The invention is not limited
to those numbers of pixels, and any modification may be made -
appropriately. Each pixel of an LCD 13 is driven in accordance
with image data which represent the whole or each part of a
three-dimensional image to be displayed as a two-dimensional
still image from each of view points different from each other.
One screen dot 11 is formed by a pair of a 1ight diffusing element
12 and an LCD 13.

As shown in Fig. 2, one collimator lens 20 is provided behind
the three-dimensional display screen 10 in association with each
group of a ,plurality of screen dots 11, and a light source portion
30 having light lemitting diodes 31 is provided behind the
collimator lens 20. Light émitted by the light emitting diode

31 is transformed by the collimator lens 20 ihto parallel beams

of light  which impinge upon the LCDs 13. For | example, the

collimator lens 20 may be constituted b_j a Fresnel lens or the
like as shown in Fig. 2. |
As shown in Fig. 3, the pa:;'allel bea:ﬁs of 1i§ht which have

exited the collimator lens 20 'are sélectively modulated when

passing through the '1iquid crystal cells forming the pixels of
the LCD 13, inc:l.'dent upon the entrance surfaces 12b of tﬁe light

diffusing élements 12, and refracted by the entranée surfaces 12b

to converge at one point on the exit surface 12¢ (converging point

12d). The light converged at the converging point 124 is further

refracted thereby to exit into the space in a substantially uniform

diffused state. For example, let us assume here that the
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numericél aperture (NA) of the entrance surface 125 of the light
diffusing element 12 is 0.55 and that the refractive index of the
base portion 12a is 1.80. Then, an efféctive numericai aperture
for light that is converged by the entrance surface 1l2a at the
converging point 124 is 1.0, i.e. ,. 0.55 x .1.80 =1.0. Therefore,
the light converged at the conversing point 12d is diffused at
an angle of 180 deg. when it is into the space frbm the exit surface
12c. That is, diffuse light exits to the space from the 'conve_rging
point 12d serving as a point light source. The LCDs 13 correspond
fo the “"two-dimensional :Lmége forming element” according to the
invention, and the light diffusing elements 12 correspond to the
"light diffusing elemenf" according to the invention.

Fig. 4 shows a display control circuit for controlling
display on the threé-dimensional display' screen 10 having the
above-described configuration. The display control circuit 40
has: a data input portion 41 for inputting two-dimensional-'still
image data 48 constituted by a plurality of partial image data;
a data buffer 42 for temporarily storing the input two-dimensional
still image data 48; a distribution porti'on. 43; for dist:l_:ibuting_
aﬁd outputting the two-dimeris:l.onal still image data 48 stored in
the data buffer 42 as la plurality of partiéll :Lmage data; buffer
memories 44 for temporérily storing the respective partial image
data output by the distribution portion 43 and for outputting the
partial image data to the respective LCDs 13 simultaneously at
predeterminéd timing; and a main control portion 45 for

controlling the above-described portions. As described in a
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specific example to follow, partial image data are daté genérated
by invertin_g data which represent each part of a three-dimensional
still image to be displayed on a two-dimensional basis from each
of view points different from each other. The term “inversion”
in this context means not only inversion of an image in the vertical
and horizontal directions but also inversion in the directi_.on of
depth (i.e., a direction perpendicular to the threéfdﬁnensional
display screen 10 in the case of display on the three-dimensional
display screen 10) . Such inversion is carried out in advance to
prevent an _ultimately obtained spatially stereoscopic image from
coming with inverted convexities and concavities as seen on adeath
mask taking inversion of the original image (image supplied to
the LCDs 13) by the light diffusing elements .12 intd account. The
above-mentioned predetenﬁined timing is timing iﬁstructed by the
main control portion 45. The display control circliit 40
corresponds' to the “display control means” accord:l.ng to the
invention. |

A description will now.be made with _reference to Figs. 1
through 5 on the operation of the three-dimensional image display

having the above-described configuration. Fig. 5 illustrates a

. state in which the three-dimensional display screen 10 is viewed

directly from above. Fig. 5 omits the light source portion 30
and collimator lens 20 shown in Fig. 2. |

First, in an image processor which is not shown, a plurality
of sets of partial image data are generai:ed by inverting image

data that represent each part of a three-dimensional image to be
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displayed from each of view points different from each other and
are input to the data input portion 41 (Fig. 4) of the display
control circuit 40 as two-dimensional still image.data 48. For '
exampie, while the “partial image data” are obtained by
photographing an object each time a constant distance is traveled
by a camera which moves relative to the object (e.g., from the
left side to the right side of the object), the data may be
generated using computer graphics. Alternatively, the data may
be a CT (computerized tomography) scan image or a roentgen image
obtained using X-rays or even an image obtaiaed using anultrasonic
diagnostic appafatus. To display a three-dimensional dynamic
image, a plurality of sets of partial image data as desc.ribed above
are generated for each of three-dimensional images representing
a continuous scene and are sequentially input_to the data 1nput
portion 4l. |

The two-dimensional still image data 48.input to the data
input portion 41 are tempoi:arily stored in the data buffe:f 42 and
are thereafter distributed and output by the distribution portion
43 to the respective buffer memories 44 as partial image data.to
be temporarily stored respectiﬁely. The partial.image data
stored in those buffer memories 44 are simultaneously output to
the respective LCDs 13 in sﬁchronism with an output .timi'ng signal
from the main control portion 45.

As shown in Fig. 2, light emitted by the light emitting
diodes 31 of the light source portion 30 is.transformed by the

collimator lenses 20. into parallel beams of light which in turn
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vertically impinge upon the LCDs 13. As shown in Fig. 3, light

incident upon each pixel is subjécted to intensity modulation in
accordance with image data associated therewith among the partial
image data and then exits as it is perpendicularly to the pixel.

The intensity modulation performed at each pixel may be modulation

into two levels, i.e., “0" and "1" or may alternatively be

multi-level modulatior_i into three or more levels.

As shown in Fig. 3,' beams of light exiting the pixels of

the LCDs 13 impinge ' upon the entrance surfaces 12b of the

respective 1ight ldiffusing elements 12 by which they are refracted
to converge at the con\}erging points 124 on the respective exit
surface 12c and are thereafter diffused to exit into the space.
As a result, as shown in Fig. 5, a fnultiplicity of point light
source images P are formed by beams of light exiting the light
diffusing elements 12 .of the respective screen dots 11 in the space
in front of the three-dimensional display screen 10. Those poirit
light source images are distributed not only in the horizontal
énd vertical directions of the three-dimensional display screen
10 but also in the direction of the depth thereof to form a
three-dimensional still image as a whole. It is therefore
possible for a viewer Q located in fronf of the three-dimensional
display screen 10 to view a stereoscopic spatial :I;nage R in that
space. |

At this time, when the magnitude of modulation at pixels
of the LCDs 13 associated with each other is varied at each of

the screen dots 11, the intensity of the point light source images
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P viewed by the viewer Q varies depending on the viewing direction.

In this case, therefore, even variation of luminance depending

on the movement of the view point can be represented. For exampie .
it is possible to represent a state of reflection of light on a
metal surface faithfully.

In the example shown in Fig. 5', since the diffusing angle
of light exiting the light. diffusing elements 12 of the screen
dots 11 in the horizontal direction is substantially nearly 180
deg., the field angle is also nearly 180 deg. Therefore, the
viewer Q can take a view of lateral sides of the spatial image
R by moving to the left and right.

By performing the above-described process in a cycle at
a high speed (e.g., about 1/30 of a second) for each of
three-dimensional still images having a continuous content, a
three-d:i.mensionai dynamic image can be rendered in a space in front
of the three-dimensional display screen 10 (Fig. 5), .and the viewer
Q can view a realistic sterebsc_opic dynamic image as a result of
an after-image phenomenon in his or her eyes. '

A specific examplé of the present embodiment will now be '
described with refereﬁ'de to Figs. 6 through 11.

. For simplicity of the description, this specific example

" will describe display of planar characters "COMETS” as shown in

Fig. 6A in a space. As shown in Fig. 6A, an image of the characters
"COMETS"” is divided into 31 pixels in the horizontal direction
and 5 pixels iri the vertical direction. Then, as shown in Fig.

6B, each pixel is represented by binary data "0" or "1". The data
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"1" represents a lighf' point pixe'i, and the data "0" represents
a dark po_int-ll)i:tel. Numbers X1 through X31 are assigned to the
pixels in the horizont'al direction, and nﬁmbers Y1 through ¥5 are
assigned to the pixels in the vertical direction.

Next, 15 bits of data are sliced off from each of the data
in the horizontal direction. When the data in the row Y1 in Fig.
6B 1s considered by way of examéle, as shown in Fig. 7, 14 bits
of dummy data are added on each of the left and_ right sides of
31 bits of original data to provide 59 bits of data in total, and
15 bits of data afe sliced.off by sequentially shifting if bit
by bit from the left end. |

The reason for adding the 14 bits of _dulmny.data on each
of the left and right sides of the original data is as follows.
Specifically, as shown in part (a) of Fig. 11, in order to provide
proper display of 7 dots on each of the left and right sides of
the spatial image, too, additional 7 screen dots 11 are required
1n the hor:l.éorital direction of the thré_e-dimensionai display
screen 10 on each of the left and right sides of 31 screen dots
11 corresponding to the number of horizontal pixels of the image
"COMETS" to be displayed. Therefore, 45 + 14 = 59 spatial dots
are formed in total when virtual _épatial dots (14 + 14) which are
not displayed in practice are considered, and 59 bits of data are
required accordingly. Part (a) of Fig.. 11 illustrates a
positional relationship between the thfee-dimensional display
screen 10 and each dot (point 1ight source image) of the spatial

image, and part (b) of Fig. 11 illustrates the spatial image which
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appears in front of the three-dimensional display screen 10. Part

(a) of Fig. 11 shows a state of the three-dimensional display
screen 10 as viewed from directlj above the same, and part (b)
of Fig. 11 shows the state as viewed at front ways. Part (a) of
Fig. 11 omits the light source portion 30 and collimator lens 20
shown in Fig. 2. Part (a) of Fig. 11 shows oﬁly the uppermost
row of dots Of.the spatial image 1ﬁ part (b) of Fig. 11 and
represents dots which actually appear (point light source images)
with black dots (°).

In this specific example,.as shown in Fig. 8, 45 sets of
15 bit daté are sliced off from the 59 bits of data in total.

Next, an inverting process is performed to replace high
order and 1ow order bits (left and right sides-Of Fig. 8) with
each other for each of the 45 sets of sliced data shown in Fig.
8, which provides 45 sets of inverted data as shown in Fig. 9.
The screen dot'numbers in Fig. 9 are numbers é.ssigned to the screen
doté 11 of the three-dimensional display screen 10 shown in.Fig._
11 in an aécending order starting with the dot at the left end.

The above-described process is similarly performed on the
data in each of the rows Y2 throﬁgh ¥5 in Fig. 6B to obtain 45
sets of inverted data as shown in Fig. 9 for each of the rows.
The inverted data obtained for the rows Y1 through Y5 are
respectively-subplied to the LCDs. 13 of the screen dots 11 having
numbers corresponding thereto. The inverted data for the fow Y1l
are sequentially suppiied to the lpwermost row of pixels of the

LCDs 13 starting with the pixel at the left end as viewed from
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the front side of the three-dimensional display screen 10, and
the invertéd data for the row Y5 are sequentially suppiied to the
uppermost fow of pixels of the LCDs. 13 starting with the pixel
at the left end. That is, the data supplied to the LCDs 13 are
inverted hot only in the horiz_qntal direction buf also in the
vertical direction. More specifically, fqr example, the bits of
the inverted data "000000000000000" for thé'screen dot bl among
the inverted data for the row Y1 shown in Fig. 9 are sequentially
supplied to the lowermost row of pixels of the LCD 13 at the screen
dot D1 (Fig. 11) starting with the pixel at the left end, and the
bits of the inverted data "100000000000000" for the screen dot
D2 are sequentially supplied to the lowermost row of pixels of
the LCD 13 at the screen dot D2 starting with the pixel at the
left end. This equally applies to the other screen dots D3 through
D45. |

Fig. 10 shows a state in which the inverted data for the
row Y1 are supplied to the'.LCDs. 13 at the screen dots D15 through

D19 to drive the respective lowermost rows of pixels. In this

.figure, the shaded pixels are in a "0” state (closed state), and

" the unshaded pixels are in a "1" state (open state). As shown

in the figure, beams of light that have passed through pixels in
the open state of the LCD 13 of each of the screen dots 11 exit
the light diffusing element 12 in i‘espective predetermined
directions to form a multiplicity of point light source images
P in a space in front of the three-dimensional display screen 10.

As shown in Figs. 10 and 11, in this specific example, up to 15
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beams of light exit each of the screen dots 11. In other words,
each of the point light source images P is always formed by beams
of light from 15 screen dots 11. |
| Fig. 12 is an air view of a state in wh:l.ch planar characters
"COMETS” have appeared in a space in front of the three-dimensional
display screen 10. As shown in this figﬁre, in this specific
example, since the original image is a planar imagé of charactefs ,
the image displayed as if it were floating in the space also looks
planar and has no depth. On the contrary, wheﬁ the original image
is | stereoscopic characters "COﬁETS" , as shown in Fig. 13,
stereoscopic characters "COMETS” having a depth can be presented
in the 5pace in front of the three-dimensional display screen 10.
Normally, a configuration is emplbyed in which all of the
screen dots 11 of the three-dimensional display screen 10 are equal
in the ar_igle of diffusion therefrom, i.e., the field angle. 1In
this casé, as shown in Fig. 14, lighf exiting a .greater number
of screen dots 11 contributes to the formation of a spatiéJ. dot
(point J.ight source image), the further the spatial dot is from
the three-dimensional display screen 10. Foi:" example, let us
assﬁme that a field angle 0 is constant in all positions in the
space in front of the three-dimensional display screen 10 as shown |
in the same figure. Then, while one spatial dot is formed by screen
dots 11 in aquantity as great as 21 inaposition at a great distance
A from the three—dimensional display screen 10, one spatial dot
is formed by screen dots 11 in a smaller guantity, i.e., 11 in

a position at a smaller distance B from the three-dimensional
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display screen 10. Fﬁrther, one spatial dot is formed by screen
dots 11 in a quite small quantity, i.e., 3ina poSition at astill
smaller distance C from the three-dimensional display screen 10.
Therefore, a viewer Q can view a stereoscopic image that appears
i_n_ a space closer to him or her (a space further from the
three-di_mens,ional display screen 10) with an angular resolution
higher than that of a stereoscopic image that appears in a space
further from him or her (a space closer to_ the three-dimensional
display screen 10). Here, an angu.lar resolution indicates a cycle
of an angle of movement of thé_ view po:l.ht of a Viewer Q in which
apoint light séurce image P appears and disappears when the viewer

moves the view point horizontally or vertically relative to the

. point light source image P.

While the data are sliced off by shifting them bit by bit
as shown in Fig. 7 in the specific example illustrated here, the
slicing may be ‘carried out by shifting two or more bits at a time.
In this case, the number of b:_i.ts shifted at a time may be
appropriately determined debending on the field angle and the
pitch of the screen dots 11.

As described above, in the three—dimens:l.onai image display
of the present embodiment, eiectrooptical elements, _'i.e. . the
LCDs 13 that allow an easy change of the contents of displéy are
used to form object images, | and the object images on the LCDs 13 |
are projected into a space to form a spatial image, instead of
generating a spatial image using a multiplicity of small object

images fixedly formed on a photographic dry plate as in the IP
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method iﬁ prior art; This makes it possible to significantly
reduce or Simpiify complicéted preparations such as development
and installation of a photographic dry plate which have been
required after an object is photographed. This is because it is
required in the three-dimensional mage display of the present
embodiment only to generate image data by electrically processing
an image obtained in advancé through a photographic operatiof; and
to supply the data to the LCDs 13.

The three-dimensional image dispiay of the present
embodiment can perform display of a stereos.c.opic dynémic image
which has been difficult with the IP method in prior art because
the contents of an image supplied to the LCDs 13; can be changed
at a high épeed.

Further, the three-dimensional image display' of the
present embodiment is adva}ntageous from the viewpoint of
designing and cost because it can employ a non-coherent light
source such as the above-described 1ight emitting diode 31 without
any need for coherent light as in prior-art apparatuses utilizing |
a hologram. However, a coherent light source such as a
semiconductor laser may obviously be used.

Furthermore ,_' in the three—dirﬁensional image display of the
present embodiment, light from the light source portion 30 is
caused to ﬁnpihge upon the chs 13 after being transformed info
parallel beams of light, and light that has passed through the
LCDs 13 is diffused after being temporarily converged at the 1light

diffusing elements 12. Specifically, light from the light source
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portion 30 almost entirely passes through the LCDs 13 without being
diffused and theﬁ exits the light diffﬁsing elements 12. The
converging points 12d of the light diffusing elements 12 can be
regarded comparable to a pin hole in a pin hole camera and,
consequently, light can be substantially enfire],.y used by
cbnverging it at the pin holes except for 'ioss_es attributable té
absorption and reflection ‘at the LCDs 13 and light diffusing
elements 12. It is therefore pbssible to display a. three-
dimensional spatial image with increased luminance.

In the three-dimensional image dispiay of the present
embodiment, the size of the screen dots 11 tends to be relatively
large because the size of the light diffusing elements 12 must
be equivalént to the size of the LCDs 13. Therefdre, the
three-dimehsional image display of the present .embodiment is
preferabiy used as a three-dimensional display with a large screen
to be installed in the sfree‘t, a movie theater, a stadium or the |
like rather than as a television receiver for home use when the
possibility of display with a high. luminance and spatial
resolution as described above is taken into consideration.

The three-dimensional image display will now be descr.ibed
with reference to several modifications of the same.

While the entrance surfaces 12b_ of the light diffusing
elements 12 are fonhed as aspherical surfaces such as parabolic
surfaces in the example of the present embodiment shown in Fig.
3, the light diffusion elements may be formed as so-called SILs

(solid immersion lenses). For example, as shown in Fig. 15, such
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an SIL is configured by forming an entrance surface 112b on a base
portion 112a as a spherical surface and by providing a converging
lens 115 between the entrance surface 112b aﬂd an LCD 13. In this
case, a configuration is employed in which the base portion ll2a
is formed such that the center of curvature of the spherical

surface which is the entrance surface '112b is located above an

- exit surface 112c of the base portion 112a and in which beams of

light exiting a converging lens 115 straightly traveJ_. without
being refracted by the entrance surface 112b of the base portion
112a. That is, the position of the focal point of the cénverging.
lens 115 is matched with the exit surface 112c. The configuration
is otherwise the same as that of the light diffusing element 12
in Fig. 3, and 1ike components are therefore indicated by like
reference numbers. |
As shown in Fig. 16, a light diffusing element 122 may be
configured by providing a Fresnel lens 122b having effects
equivalent to those of the entrance s'u.i_:'face 112b instead of the
entrance surface 112b constituted by a spherical surface i_n Fig.
15, and screen dots 121 ui:iiizing such 1igh_t:dif_fusing elements
122 may be arranged on a. three-dimensional display screen 120.
| | As shown in Fig. 17, a J.ight diffusing element 132 may be
formed with é flat entrancg surface 132b; a pattern 116 of
interference fringes in the form of conclentric circles as shown-
in Fig. 18 may be fonnéd on the entrance surface 132b; and screen
dots 131 utilizing light diffusing elemer_lts 132 having Such a

configuration may be arranged on a three-dimensional display
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screen 130. Fig. 18 represents a section taken along the line '
B-B’' in Fig. 17. The configuration is otherwisé the same as that
in Fig. 3, and like components are therefore indicated by lil;e
reference nurﬁbers. Ina 1ighi: diffusing element 132_having such
a configuratio'n, light incident upon a base portion 132a is
diffracted by the pattern 116 of interference fringes on the
entrance surface :_|.32b to be converged on an exit surface 132c and
is diffused thereby toexit into'a space. For example, the p&ttern
116 of interference ffinges on the entrance surface 132b may be
generated as follows. | |
First, a three-dimensional interference pattern is
calculated for generating desired reproduction light (that is,
in this case, beams of light converged on the exit surface 132c
of the base portion 132a) when a recording medium serving as a
master is irradiated by' reference light for reproduction; the
three-dimen_sibnal interference péttei‘n is divided into a
plurality of partial interference patterns; and reference light
for recording and informat:l._on light for recording are calculated
for each of the partial interferehée patterns. Next , a recording
head capable of radiating the .J':'eference light for recording and
information light for recording is moved with fhe recording medium |
transported to form partial holograms by irradiating the
recording medium with the reference light for recording and
information 1j.ght for recording using the recording head while
changing the relative positional relationship between. the

recording medium and the recording head, thereby creating a final
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master hologram recording medium. Next, a multiplicity of
hologram replicas can be produced as follows based on the master
hologram recording medium thus creeted. Specifically, both of
the above-described master hologram recording medium and an
unrecorded recording medium are irradiated by reference light
with those recording media overlapped with each other such that
reproduction 1ight_ is generated by holograms in the master
hologram recording medium, and an interference generat‘ed as a
result of interference between the reproduction light generated
by each hologram when irradiated by the reference iight, and the
reference light is recorded in the unrecorded recording medium.
This completes a recording medium in which a hologram of an
interference pattern that is the.inversion of the hologram in the
master hologram recording medium is recorded. The above-
described replicating step can be performed using the recording
medium thus created as a stemp to produce a multiplicity of

replicas of the hologram in the original mester hologram recording

medium.

Any of the light diffusing elements described above as
examples has a function of temporarily converging incident light
on the exit surface and thereafter diffnsing, and causing it to
exit into a space. For example, while the example in Fig. 3 has
a configura.tion inwhichlight is diffused from point light sources
(converging points 12d) located on the exit surfaces 12c of the
light diffusing elements 12 _(i.e., the surface of the three-

dimensional display screen 10), another configuration may be
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employed as described below in which light is diffused from point
light sources (converging points) located, for example, behind
the three-dimensional display screen 10.

- Fig. 19 sche_matically shows a sectional configuration of
such a 1light diffusing element. The light diffusing element 142
showﬁ in this figure is a space coordinates specifying element
in the form of a sheet conf:l.gured by arranging é space coordinates
specifying cell 142a in a position associated with each of the
pixels of an LCD 13, and one screen dot 141 is formed by the light
.d:l.ffusing elemeht 142 and LCD 13. The space coordinates
specifying cells 142a of the light diffusihg element 142 have a
function of diffracting a beam of light incident _thereupon-in a
direction which is predetermiﬁed individually, and can be
constituted by so-called volume holograms. The diffracting
direction of light is differeni: for each of the space coordinates
specifying cells 142a and is set such that the light seems as if
it were entirely emitted from a virtual point of 'em:l.ssio'nll;v behind
a three-dimensional display screen 140. |

Specific examples will now be shown on numerical values
éssociated with the llight diffusing eiement 142 having the
above-described configuration. Let us assume here that fhe
number of pixels in the horizontal direétion of each LCD 13 is
set at a practicé.l value (e.g., 1024 pixels) and the field angle
is set at, for examplé, 90 deg. Then, the angular resolution of
the light diffusing element 142 is 90 deg./1024 pixels' = 0.088

deg. The angular resolution of a spac'e coordinates specifying
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element utilizing a volume hologram nd::mally depends on the
thickness of the same and, for example, thicknesses of 100 um,

500 um, 1000 pm and 5000 pym result in values of 0.25 deg., 0.05

deg., 0.025 deg. and 0.005 deg.', respectively. Therefore, there

~is a good possibility of providing the light diffusing element

142 with an angular resolution of 0.088 deg_.. or less as described
above by sétting the thickness of the same at abt:;ut 500 pm.

When the SGreen_ do_t 141 is _formed using such a light
diffusing element 142, there is no need for the process of
inveri::l.ng (replacing high and low order bits) sliced data (Fig.
8) unlike the case wh_eréin the 1ight diffusing element 12 in Fig.
3 is used, which simplifies a pre-process. This is because light
which has passed through the light diffus':l.ng element 142 shown
in Fig. 19 forms an e_recfed virtual image because it acts like
a kind of concave lens, while light which has passed fhrough the
light diffusing element 12 in Fig. 3 forms an inverted real image
because it acts like a kind of convex lens. Sucha 1ight di.ff'us;ing
element 142 constitut-ed bj a space coordinates speciffing cell
142a can be produced and replicated using the same method as that
described with reference to Fig. 17. |

While the collimator lens 20 constituted by a Fresnel lens
is provided in a face-to-face relationShip with each of the
plurality of screen dots 11 to transform divergent light from the
light source portion 30 into parallel beams of light in Fig. 2
described above, this is not limitihg the present invention, and

parallel beams of 1ight may be obtained using other configurations.
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For e:tample, as shown in F:Lg.' 20, a collimator lens 20° having
a configuration similar to lthat of the light diffusing element
12 may bel pfovided for each of the light diffusing elements 12
such that an exit surface 152b. théreof faces an LCD 13. A base
porfion 152a, exit surface 152b and entrance surface 152c of the
collimatoi:' lens 20" correspond to the base portion 12a, entrance
surface 12b and éxit surface 12¢ of .a light diffusing element 12,
respectively. The optical .axes of the collimator lenses 20" and
light diffusing elements 12 are aligned, and 1light emitting dlodes
31 are provided at fhe points where the optical .axes and the
entrance surface 152c of the collimator lens 20° intersecf. The
illustration in the same figure omits the support meﬁbef 14 which
is shown inFig. 2. Insucha configuratidn, beams of light emitted
by the light emitting diodes 31 and diverged in the base portions
152a of the colli‘mai:or lenses 20" are refracted by the respective
exit surfaces 152b into beams of 1light in parallel with the 6entral
optical axis which verticélly impinge upon the LCDs 13. In this
modification, a reduction is the number of parts can be _achieved
because common parts may be used for the light diffus:l.n'g'elements
12 and collimator lenses 20’ which have the same coﬁfiguration.
[Second Embodiment] |

A second embodiment.of the invention will now be described.

Fig. 21 shows a schematic configuration of a three-
dimensional image display according to a second embodimeﬁt of the
invention. The three-dimensional image display has an LCD panel

61 formed by arranging a plurality of LCDs 60 in each of the
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horizontal and vertical directions and has a three-dimensional

display screen 63 which has a configuration including a plurality

‘'of pinhole elements 62 and which is provided in parallel with the

LCD panel 61 in a face-to-face relationship with the same. A

diffusing plate and a iight source portion which, are not shown
are provided behind the LCD panel 61. Although Fig. 21 shows the
LCD panel 61 and threé-—dimensional screen 63 as being spaped at
a considerable interval for convenience, they may be prévided
closer. The LCD panel 61 corresponds to the " two-dimensional
imagé forming element” of the invention.

Each of the LCDQ 60 is formed by arranging H pixels in the
horizontal direction and V pixels in the vertical direction in
the form of a matrix and cbrrespbnds to the LCD 13 in the first
embodiment (Figs. 2 and 3). A two_-dimensional still image may
be formed by each of the LCDs 60 by supplying partial image data
as described in the first embodiment thereto. The pinhoie
eleménts 62 of the three;dj:nensional display screen 63 ai:e
provided in a one-to-one relationship wifh the LCDs 60 in positions
where they face the central portions of the respective LCDs 60.

Fig. 22 is an enlarged view of a seétional stmcfure of
the three-dimensional display screen. 63 in Fig. 21 taken along
the line C-C’. As shown in the same figure, the three-dimensional
diéplay screen 63 has a configuration including a pinhole plate
64 and an entrance plate 65 and an exit plate 66 provided such
that they sandwich the pinhole plate 64. The pinhole plate 64

is formed of a material having light blocking properties and has
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pinholes 64a. Both of the entrance plate 65 and exit plate 66
aré formed of a material transparent to visible beams of light
and have entrance sui:faces 65a and éxit surfaces 66a constituted
by spherical surfaces centered at the pinholeé 64a of the pinhole
plate 64. One pinhole e.lement 64 (Fig. 21) is formed by a pinhole
64a, an entrance surfac_e 65a and an exit surface 66a. The pin
héle 64a correspbnds to the “microscopic opening” of the
invention.

A circuit for drlv:l.ng the three-dimensional :Lmage display
of the present embod:.ment is equivalent to a version of the dJ.splay
control circuit 40 described in the first embodiment (Fi.g.' 4) in
which the LCDs 13 are replaced with the LCDs 60. The following
description Wlll be made us:|.ng F:Lg. 4. | |

The operat:l.on of the three-dimensional image display
having such a configurat:l.on will now be described.

The method of dri'ving' the LCDs 60 in the present embodiment
is similar to that in the first embOdimenf. Specifically, in an

image processor which is not shown, a plurality of sets of'partial

-image data are first génerated by inverting image data that .

represent each part of a three-dimens:l.onal image to be displayed
on é two-dimensional basis from each of view boints different from
each other, and are input to a data input portion 41 (Fig. 4) of
a display control circuit 40 as two-dimensional still image dafa
48. Referring to how to generate the "partial image data”, as
described in the 'f_irst embodiment, they may be images ob_tained

by photographing an object actually or may be images obtained using
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computer graphics. To display a three-dimensional dynamic image,
a plurality of sets of partial image data as'. described above are
generated for each of three-dimensional imageé representing a
continuoué scene and are sequentially input to the data input
portion 41.

The two-dimensional still image data 48 input to the data
input portion 41 are fempnrariljr stored in a data buffer 42 and
are thereafter distributed and output by a distribution portion
43 to respective buffer memories 44 as partial image data tn be
temporarily stored respectively. The partial im_age data stored
in those buffer memories 44 nre_ simultaneously output to
respective LCDs 60 in synchronism with an output timing signal
from a main cont':roi portion 45. |

Referring to Fig. 21, 1light emitted by a -light source
portion which is not shown is nniformly diff.used by the diffusing
piate which is not shown to' impinge upon each of the LCDs 60 of.
thg I.Cb panel 61. The light incident upon_ the pixels of each LCD
60 is subjected to intensity modulation in accordance with data
of corresponding pixels in partial image data and then divergingly
exits each of fhe pixels. In this éase, the intensity modulation
performed at each pixel may be quulat_idn into two levels, i.e.,
"0" and "1" or may alternatively be multi-level modulation into
three or more levels similarly to that in f_he first embodiment.

As shown in Fig. 21, among beams of 1light exiting the pixels
of each LCD 60, beams of light toward the respective pinhole

element 62 of the three-dimensional display screen 63 travel
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straightly without being refracted by the entrance surface 65a

of the pinhole element 62 to pass through the pinhole 64a and

further travel straightly without being refracted by the exit
surface 66a to exit the three-dimensional display screen 63. As
a result, a multiplicity of point light source images are formed

by beams of 1ight that have exited the respective pinholé elements

62 in the space in front of the three-dimensional display screen

63. Those point light source images are distributed not only in
the horizontal and vertidal directions of the three—_dimensional
display screen 63 but also in the direction of the depth thereo.i.=
to form a three-dimensional still image as a whole. It is
therefore possible | for a viewer Q located in front of the
three-dimensional displé.y screen 63 to view a stereoscopic
spatial image in that space. At this time, by .varying the
magnitude of modulation at pixels of the LCDs 60 associated with
each other at each of the LCDs 60, it is possible to represent
even variation of luminance depending on t_he m'oxiement of the view
point and to represent a state of reflection of 1ight. on a metal
surface faithfully.

The present embodiment also makes it possible to display
a three-dimensional dy_nam:l.c image by p'r._'oviding a plurality of sets
of partial image data as described above for each of three-
dimensional images representing a cdn'tinuous. scene and by
supplying them to the LCDs 60 sequéntially. Display of a
three-dj.mensional dynamic image will now be described with

reference to examples of specific numerical values.



10

15

20

26

54

Referring to Fig. 21, let us assume that the numbers H and
V of the pixels in the horizontal and vertical directioﬁs forming
an LCD 60 are, for example, 256 and 144 respectively:; the driving
speed of each pixel is, for example, 1 usec. (microsecond); .and
display is performed using 3 dots simultaneous sampling. The 3
dots simﬁlfaneoﬁs sampling is to drive pixels in the horizontal
direction for three dots siinultaneously. In this case, the time
required for displaying one partial image with the LCD 60 is about
12.3 msec. (milliseconds) because 256 x. 144 x 1 usec./3 = 12.288.
That is, the time for displaying one two-dimehsional still image
with the three-dimensional display screen 63 as a whole can be
sufficiently reduced to 30 msec. or less which is the frame period
of a normal television. it is therefore possible to display a
three-dimens:l.onai dynamic image which gives the viewer Q no
feeling of wrongness.

Let us assume that the numbers H and V of the pixels in
the horizonfal and vertical directions forniing an LCD 60 are, for
example . 1024 and 576 respectively: the driving speed of each pixel
is, for example, 1 usec.; and display is ‘performed using 24 dots
simultaneous sampling. Then, the tilﬁ'é required for displaying
one partial image with the LCD 60 is about 24.6 msec. because 1624
x 576 x 1 psec./24 = 24.576, and it is therefore possible to achieve
representation of a three-dimensional image with higher
definition.

In the first embodiment, the light diffusing' elements 12

serving as pinholes and the LCDs 13 are provided relatively close



10

15

20

25

65

to each other, and the LCDs are illuminated with parallel beams.

Thus, the LCDs 13 and light diffusing elements 12 must be

substantially equal in size and, therefore, the LCDs 13 cannot
have so many pixels.

On the contrary, in the present embodiment, the pinhole
elements 62 are provided relatively apart from the LCDs 60; the
LCDs 60 are illuminatedwith diverging light £rom fhe 1light source;
and a spatial image is represented using beams of light t'ravel_ing

toward the pinhole elements 62 of the three-dimensional screen

| 63 among beams of light diverging from each pixel of the LCDs 60.

Thus, the size of the LCDs 60 can be considerably larger than that
of the pinhole elements 62 of the three-dimensional display screen
63. That is, the LCDs 60 can have a great number of pixels as

that in the above-described specific example. Therefore, the

three-dimensional image display of the present embodiment

achieves'higher definition when it comes to repre'sentation of an
image td be viewed by the viewer Q at each view boint . i
[Third Embodiment]
A third embodiment of the invention will now be described.
While the three-dimensional image di‘splay of the second

embodimént can achieve high definition in representing an image

- to be viewed by the viewer Q at each view point, the angular

resolutid_n is lower than that in the first embodiment because the

pinhole elements 62 of the three-dimensional display screen 63
must be arranged at a large pitch D (Fig. 21), which can result

in a phenomenon that a stereoscopic image appears or disappears
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each time the viewer Q changes the view point. In order to
eliminate such a problem, the present embodiment makes it possible
to improve angular resolution. A detailed description on the
embodiment will now be made with reference to Figs. 24 through
28.

_F:Lg. 24 shows a schemat:l.c_ configura_,tion of a three'-
dimensional image display according to a third embodﬁnent of the
invention. The three-dimensional image display has: a picture
LCD panel 70 including a multiplicity of pixels in the horizontal
and vertical directions 'in the form of a mtri#; and a pinhole
LCD panel 71 provided in parallel with the picture LCD panel 70
in a face-to-face relationship. A diffusing plate and a light

source portion which are not shown are provided behind the picture

- LCD panel 70. Although this figure shows the picture LCD panel

70 and pinhole LCD panel 71 as being spaced at a considerable
interval for 'convenience, they may be _pi'ovided cldser. The
picture LCD panel ')0 'cbrresponds to the “two-dime_ns:l.onal_ image
display panel”, and the pinhole LCD panel 71 corresponds to the
“optically 'opening/closing cell a::_'ray" of the invention.

Thé picture LCD panel 70 is COnfigured such that partial
image display regions SP inclﬁding Hl pixels and V1 pixels in the
horizontal direction X and vertical direction Y respectively are
controlled to. become active while being scanned.and shifted in.
the horizontal direction X and vertical direction Y pixel by pixel
at constant time interva]_.s. Therefore, if the numbers of pixels

of the picture LCD panel 70 in the horizontal and vertical
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directions are represented by N and M respectively, the number
of partial image display regions SP scanned and shifted in the
horizontal direction (in éther words, the number of positions
where the partial image display regions SP stop in the horizontal

direction) is N-H1l+1l, and the number of the partial image display

‘regions SP scanned and shifted in the vertical direction (in other

words, the number .o'f positions .wh'ere the partial image 'd:l..splay
regions SP stop in the vertica'l_direction) :I.s M-Vi+l. Here, the
term "active” indicates a state in which data are supplied to each
pixel in a region so as to forﬁt an image acfually. The partial
image display :_:'egioﬁs SP correspond to the LCDs 13 in the first
embodiment (Figs. 2 and 3) and the LCDs 60 in the second exhbodiment .
Partial image data as described in the first embodiment are
supplied to respective partial image display regions SP which are
shifte_d every moment, such that partial still images f.fom
respective different view points are formed at the partial image
display regions SP at eééh ._éoint in time.

Pinhole pixels .PX of the pinhole LCD panel 71 are provided
in pdsitions in a face-to-face relat:l.onship with centers of_ the
partial image display regilors SP of the picture LCD panel 70 which
sequentially bedom_é active. The numbers of pixels of the pinhole.
LCD panel 71 in the horizontal and vertical directions are equal
to the numbers N-Hl+1l and M-Vl-_i-l of the partial image display
regions SP in the horizontal and vertit’:al directions. The pinhole
pixels PX of the pinhole LCD_ panel 71 are controlled such that

they sequentially enter an open state in synchronism with the scan
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and shift of the partial image display regions SP of the picture

LCD panel 70. Therefore, among the pinhole pixels PX of the

pinhole LCD panel 71., only pixels associated with active parf_ial
image display regions SP of the picture LCD panel 70 enter the
open state. In consequence, pinhole pixels PX of the pinhole LCD
panel 71 | in the open state are scanned and shifted at the same
speed as the scanning and shifting speed of the partial image _
display regions SP of the picture LCD panel 70.

Fig. 25 is an enlarged view of a sectional structure of
the pinhéle LCD pénel 71 shown in Fig, 24 in the horizontal
direction thereof. As shown in the same figure, the pinhole LCD
panel 71 has | a configuration including: a pinhole LCD 72
functioning similarly to the pinhole plate 64 (Fig. 22) of the
second embodiment; and an entrance plate 73 and an exit plate 74

provided such that they sandwich the pinhole LCD 72. Pinhole

‘pixels PX of the pinhole LCD 72 are arranged at the same pitch

as the pitch of the pixe'ls of .th'e '_picture LCD panel 70, and only
specified pixels enter the open state to allow light incident
thereupon to pass as it is. Both of the entrance plate 73 and
exit plate 74 are foﬁned of amaterial transparent to visible beams
of light and have entrajmce surfaces 73a and exit surfaces 74a

constituted by spheridal surfaces centered at the pixels of the

‘pinhole LCD 72. One pinhole pixel corresponding to the pinhole

‘element 62 in the second embodiment (Fig. 21) is formed by a

pinhole pixel PX in the open state of the pinhole LCD 72, an

entrance surface 73a and an exit surface 74a. Each of the pinhole
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pixels PX of the pinhole LCD 72 corresponds to the “optical
o.pening/closing cell” of the invention.

Fig. 26 shows a schematic configuration of a display control
circuit 180 for controlling display of the three-dimensional
image display of the present embodiment. The display control

circuit 180 has: a data input portion 181 to which two-dimensional

- still image data 48 constituted by data of a plurality of partial

images are input and which extracts a synchronizing signal 184
from the input two-dimensional still image data 48; a data buffer
82 for temporarily storing the input two-dimensional still image
data 48, for extracting e.ach. of partiai image data from the
accumulated two-dimensional still image data 48 and for
outputting the same at .timing J.n ‘synchronism with the
synchronizing signal 184 from the data inpuf portion 181} a scan
address specifying portion 183. for outputting a scan address

signal 186 to the picture LCD panel 70 and pinhole LCD 72 in

synchronism with the synchronizing signal 184 from the data input

portion 181; and a main control portion 185 for controlling the
above-described portions. ' Similarly to the above-described
embodiments, partial image data are data generated by :I.nverting

data which represent each part of a three-dimensional still image

to be displayed on a two-dimensional basis from each of view points

different from each other. Tne synchronizing signal 184 is a

signal indicating timing for the beginning of each of partial image

data forming the two-dimensional still image data 48, and'the scan

address signal 186 is a signal for specifying the positions of
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partial image display regions SP of the picture LCD panel 70 to
be activated and the positions of pixels of the pinhole LCD panel

71 to be put in the open state. The display control circuit 180

corresponds to the “display control means” of the invention, and

the scan address specifying portion 183 primarily corresponds to
the "optically opening/closing cell control means” of the
invention. |

A description will now be made with reference to Figs. 24
through 26 and further Figs. 27_ and 28 on the operation of the
three-dimensional l:.i.mage display having the abqve-described

configﬁration. Fig. 27 shows the picture LCD ,pahel 70 and pinhole

' LCD panel 71 as viewed from above, and Fig. 28 shows the same as

viewed sidewajrs. Thé' illﬁstrations of those figureé omit the
light source portion and diffusing plate. |
Similarly to the above-describéd embodiments, in an image
processor which is not shown, a plurélity of sets of partial image
data are generated by inverting :i._mage data l_that represent each
part of a three-dimensional image to be displayed on a two-
dimensional basis from each Of. view points different from each
other and are input to the dafa input portion 181 (Fig. 26) of
the displaj control circuit 180 as two-dimensionai still image
data 48. The method for generating the "part:l.a_l image data” is
as deécribed in the above-described .embod'ime.nts. To display- a
three-dimensional dynamic image, a plurality of sets of partial
image data as described above are génerated for each of

three-dimensional images representing a continuous scene and are
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sequentially input to the data input portion 181.

The two-dimensional still image data 48 input to the data
input portion 181 are temporarily stored in the data buffer 182.
The data input portion 181 extracts a synchronizing signal 184
for each set of the partial image data from the two-dimensional
still image data 48 and outputs it to the scan address specifying
portion 183 and data buffer 182. Upon féce’ipt of the same, the

scan address specifying portion 183 outputs a scan address signal

186 to the pinhole LCD panel 71 and picture LCD panel 70 to specify

the positions of partial image disélay regiohs SP of the picture
LCD panel 70 to be activated and the pos:l.f:l.ons of pinhole pixels
PX of the pinhole LCD panel 71 to be put in the open state. The
data buffer 182 extracts a set of pa:ftiél image data from the
accumulated two-dimensional still image data 48 and supplies the
Safne to the picture LCD panel 70 at t:l_.:ﬁing in synchronism with
the synchronizing signal 184 from the data input portibn 181. The
partial image data supplied from the data buf_fer 182 are suppliéd
to the specifiéd partial image display regions SP of the picture
LCD panel 70 to drive each pixel.

Referring to Fig. 24, light emitted by a light source

_'portion which is not shown is uniformly diffused by the diffusing

plate which :l.S not shdwn to impinge upon each of the pixels of

-the picture LCD panel 70. The light incident upon each of the

pixels is subjected to intensity modulation in accordance with
data of the corresponding pixel in partial image data and then

divergingly exits each of the pixels. In this case, the intensity
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modulation performed at each pixei may be modulation into two
levels, i.e., "0" and "1" or may alternatively be multi-level
modulation into three or more levels similarly to thai: in the
above-described embodiments.

Among beams of light divergingly exiting the pixels of a
partial image display region SP as shown in Fig. 24, beams of 1ight
toward a pinhole pixel PX in the open state lof the pinhole LCD
panel 71 travel straightly without being refracted by the entrance
surface 73a of the entrance plate 73 to pass i:hrough the pinhole
pixel PX in the open state of thc pinhole LCD 72 and further travel
sti‘aightly without being refracted by the exit surface 74a of the
exit plate 74 to exit the pinhole LCD panel 71, as shown in Fig.
. S _ .

Such an operation is pcrfomed for each set of the partial
image data in synchronism with the synchronizing signal 84.
Specifically, as shown in Fig. 27, an active pai‘tial image display
region SP of the picture LCD panel 70 is shifted bit by bit in
t_he horicontal direction to SP1 'through SPn. In conjunction
therewith, the pinhole pixel PX in the open' state of the pinhole
LCD 72 of the pinhole LCD panel 71 is shifted bit by bit in the
horiz'ontal_ direction to PX1l through PXn (n = N-H1+1) and, at the
same time, one set of partial image data are read from the data
buffer 82 and are supplied to the active (or selected) partial.
image display region SP of the picture LCD panel 70. When the
scan and shift in the horizontal direction is términated, as shown

in Fig. 28, the partial image display region SP of the picture
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LCD panel 76 and the pinhole pixel PX of the pinhole LCD 72 are
both shifted one bit in the vertical direction, and scan and shift
as described above is performed at the positions in the vertical
direction.
As the activé. partial image display region SP of the picture LCD
panel 70 is scanned aﬁd shifted in the vertical direction to SP1
through SPm, the pinhole pixel PX in the open state lcof the pinhole
LCD 72 is scanned and. shifted in the vertical direction to PX1
through PXm (m = M-V1+1). As a result, .a beam of light exits £from
each of the pixels of the pinhole LCD 72 at a small time difference.
For éxample, wheh the picture LCD panel 70 and the pj_.nhole
LCD 72 are entirely sca_nned in a period of about 1/ 30 of a second,
a viewer Q in front of the pinhole LCD panel 71 feels as if a
multiplicity of point light source images were formed in the space
in front of the pinhole LCD panel 71 by beams of light exiting
the pixels' of the pinhole LCD 72 because of an after-image

phenomenori in his or her eyes. Those point light source images

‘are distributed not only in horizontal and vertical directions

but aiso' in the direction of a depth to form a three-dimensional
still image as a whole. Therefore, the viéwer Q can view a
stereosdopic spatial imagé in that space. At this time, by
varying the magnitude of modulation at pixels .of the partial image
display reg;i.ons SP assoclated with each other at each of the
partial image display regions SP, it is possible to represent even
variation of luminance depending on the movement of fhe view poi_nt

and to represent a state of reflection of 1light on a metal surface.
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The present embodinient also makes it possible to display a
three-dimensional dynamic image by providing a plurality or sets
of partial image data as. described above for each of three-
dimensional images representing a continuous scene and by
supplying them to the partial image display regions SP
sequentially. Display of a three-dimensional dynamic intage will
now be described with reference to examples of specific numerical :
values. | |

-Let us assume here, as shown in Fig. 29, that a partial
image display region SP of the p:l.cture LCD panel 70 in Fig. 24
is formed by. for example 15 X9 pixels and that the pinhole LCD
72 of the pinhole LCD panel 71 is formed by, for example, 16 x
9 pixels. It is assumed that the driving sbeed of the pii:els of
the picture LCD panel 70 is, for example, 1 usec. Then, the time
required for displaying one partial image et the partial image
display region SP is 0.135 msec. because 15 x 9 x 1 ptsec; = 135.
Therefore, the f:l.me required for scanning the entire pinhole LCD |
72 (or the time required for displaying one three-dimensional
still image) is about 20 msec. because 16 x 9 x 0.135 msec. = 19.44.
The time can thus be sufficientljr reduced to 30 msec. .or less which
is the frame period of a normal television. It is therefore
possible to display a three-dimensional dynamic image which gives
the viewer Q no feeling of wrongness.

Let us assume here that the pinhole LCD 72 of the pinhole

LCD panel 71 is formed by, for example, 16 x 9 pixels; a partial

image display region SP of the picture LCD panel 70 is formed by
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64 x 36 pii:els; and 18. dots simultaneous sampling.'is performed
at a driving speed of the pixels of the picture LCD panel 70 of,
for example, 1 usec. Then, the time required for dispiaying one
partial image at the partial image display region SP is 0.128 msec'.
because 64 x 36 x 1 usec./18 = 128. Therefore, the time required
for scanning the entJ.re pinhole LCD 72 (or the time required for
displaying one three dimensional still image) is about 18 msec.
because 16 x 9 x 0.128 msec. = 18.432. It is therefore possible
to represent a three-dimensional dynamic imaQe with higher
definition. | |

As me‘ntioned at the b_eginhing of the description of the
present embodiment, in the above-described secend embodiment, a
spatial stereoscopic image viewed by a viewer Q may have a low
angular resolution because of relatively large intervals D
between the pinhole elements 62 which are attributable to the fact
that partial images are displayed by the LCDs 60 that are fixedly
proirided (Fig. 21) and that the pinhole elements 62 are fixedly
provided in association mith the LCDs 6(_). On the contrary, the
three-dimensional image display of the present embodiment has an
improved angular resolution because the pinhole pixels PX of the
pinhole LCD 72 serving as pinholes are close to each other.
Further, since the present embodiment has a configuration in which
"pinhole pixels .Px in the open etate' are sequentially shifted
to sequentially display two- d:l.mensional images (partial images)
in an overlapping relationship ona two-dimensional image display

plate (the picture LCD panel 70) behind the same, the total number
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of pixels of the LCDs used iﬁ the display as a whole can be small
even 1f displaying with higher definition is attempted.
[Fourth Embodiment]
| A fourth embodiment of the -:I.nv'ention will now be described.

In the third embodiment, as mentioned in the description
of the specific example, even if the driving speed of the pixels
of the picture LCD panei 70 1is increased and multiple dot
simultaneous sampling is performed, the number of pixels forming
the picture LCD panel 70 and pinhole LCD panel 71 can not be very
large in consideration to the fact that the time fequired' for
displaying one three;dﬁnensional still image is to be equal or
shorter than 30 msec. to allow display of.a dynamic image. In
order to achieve an improvement in this point., acc_:ording to the
present embodiment, a plurality of three-dimensional image
displays having the configurafion describéd in the third
embodiment are arranged and are driven in parallel.

f'ig. 30 shows a schemai:ic | configuration of a three-
dimensional image display accérding to the fourth embc_odiment of
the invention. As showh' in the figure, the three-dimensional
image display of the pfesent-embodiment has: a pinhole LCD assemﬁly
paﬁel 81 formed by arranging k. pinhole LCD panels 71 (hatched
parts) having the same configuration '(having an n x m pixel
configuration) as that in the third embodiment (Fig. 24) in each
of the horizontal and vertical directions; and a large picture
LCD panel 80 formed by arranging pixels in a quantity greater than

that of the picture LCD panel 70 shown in Fig. 24 described above.
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A combination of a part of the large picture LCD panel 80 and a
pinhole LCD panel 71 corresponds to the "basicunit” of the present
invention.

Let us assume that the total number of the pixels of the
pinhole LCD assembly panel 81 is, fdr exainple, n x k in the
horizontal direction and m x k in the vertical direction and that
the total number of the pixels §f the large picture LCD panel 80
is, for example, n x k + 20. in the horizontal direction and m x

k + 2B in the vertical direction.

The large picture LCD panel 80 is contro:_l.led such. that a
pllirality of partial image display regions' SP including Hl1 and
V1 pixels in the horizontal and vertical directions respectively--
are scanned and shifted pixel by pixel. in the horizontal or
vertical direction in parallel w;l.thout overlapping with each
other as pinhole pixels PX in the open state of the pinhole LCD
assembly panel 81 are shifted. 'Therefore, referring to one of
i;he pinhole LCD panels 71 of the pinhole. i.CD assembly panel 81,
the number of partial image display. regions SP séanned and shifted
in the horizontal direction (or the number of positions where the .
partial image display reg:l..ons SP stop) is n, and the number of-
partial._ image display regions .' SP scanned and shifted in the
vertical direction is m. Partial image data as described in the
abbve embodiments are respectively suppliéd to the plurality of
partial image display regions SP which are shifted every moment
1_:o form partial still ihuages from respective different viéw points

at the partial image display regions SP at each point in time.
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Pinhole pixels PX of the pinhole LCD panels 71 of the pinhole
LCD assembly panel 81 are provided in pbsitiori's. in a face-to-
face relationship with centers of the partial image display
regions SP of the large picture LCD panel 80 which are sequentially
shifted. The pinhole pixels PX of the pinhole LCD panels 71 are
controlled such that they s_equentially enter an open state in
synchronism with the scan and shift 61_5 the partial image display
regions SP of the large picture LCD panel 80. Therefore, among
the pinhole pixels Px of the p:I.nhole LCD assembly panel 81, only
pixels in each of the pinhole LCD panels 71 which are associated
with active partial ':I.mage display regiéns SP of'tl'i'e large picture
LCD panei_. 80 enter the open state. In consequence, a plurality
of pinhole pixels PX of the pinhole LCD assembly panel 81 in the
open state are scanned and shifted at the same speed as the scanning
and shi_fting speed of a plurality of partial :Linage display regions
SP §f the large picture LCD panel 80 with a constant pixel pitch
maintained between each other. |

Light which has exited the partial image display reglons
SP of the large picture LCD panel 80 travel toward pinhole pixels
PX in the open state of the respéctive pinhole LCD panels 71 of
the pinhole LCD assembly panel 81 and _straightly pass i:hi:ough the
same as it is. A microlens in a convex configuration (not shown)
is formed on the side of' an exit surface of the 1érge picture LCD
panel 80 in association with each pixel to prévent light exiting
each pixel from being diffused more than néeded. The reason is

that light exiting a partial image display region SP can impinge
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not only upon pinhole pixels PX in the open state of the pinhole
LCD panel 71 of the pinhole LCD assembly panel 81 associated
therewith but also upon pinhole pii:els PX in the open state of
an adjacent pinhole LCD panel 71 when the diffusing angle of .the
exiting light is tpo large.

Other parts (e.g., a diffusing plate and a light source
pd;‘tion provided behind the large picture LCD panel 80, thé secfion
of the pinhole LCD assembly_ panel 81, etc.) have configura‘tions
similar to those in the third embodiment. Reférring to a basic
configuratioh | of a display control circuit _J'.n_ the thrée-
dimensional _ix_nage diSplay, it may be configuréd as acircuit formed
by arranging a plurality of the display control circuits 180
described in the third émbodiment, althoﬁgh not shown. The
circuit for_med by arranging a plurality of the display control
circuits 180 corresponds td the "parallel display control means”
of.'the invention, and a part formed by arrénging a plurality of
the scan a'ddress specifying portions 83 of the display control

circuits 180 corresponds to the “optically opening/closing cell

'parallel control means” of the invention.

The opérafion of the three-di.mensional image display
having such a confj.gurat:l.on will now be described with reférence
to Figs. 30, 31A th.rbugh 31C and 32A through 32C. Figs 31A through'
31C show the iarge picture LCD panel 80 and pinhole LCD assembly
pahel 81 as viewed from above, and Figs. 32A through 32C show the
same as viewed sideways. The illustrations of thﬁse figures omit

the light source portion and diffusing plate.
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In the three-dimensional image display of the present
embodiment, as shown in Figs. 31A through 31C, in synchronism with
bit by bit shifts of pinhole pixels PX in'the open state of the
pinhole LCD panels 71 of the pinhole LCD assembly panel 81 in the
horizontal direction, the partial image display regions SP of the
large picture LCD panel 80 are shifted bit by bit in the same
direction. At this time, new partial image daté are supplied to
each of the partial image displaylregions SP of the large picture
LCD pah_el 80 each time it is shifted. Light which has exited each
of the partial image display regions SP travéls toward the pinhole
pixels PX in the open state of the associated pi.nhole LCD panel
71 of the pinhole l'._.CD assembly panel 81 and straightly pés_ses
through the same as it is. Fig. 31A shows a state of each pinhole
LCD panel 71 in which. the pinhole pixel PX located on the left
end thereof in the ho'rizon.tal diréctibn is in the open state. Fig.
31B shows a si:ate of each pinhole LCD panel 71 in which the pinhole
pixel PX lo_ca..ted. in the second place from the_ left end i:hereof
in the horizontal direction is in the open state. Fig. 31C shows
a state of each pinhole LCD panel '}1 in which the pinhole pixel
PX .1ocated on thé right end thereof in the -horizontal direction
is in the open state. |

In each pinholé LCD panel 71, when horizontal scan and shift

of pinhole pixels PX in the open state for one line is terminated,

as shown in Figs. 32A through 32C, the partial image display
regions SP and the pinhole pixels PX in the opén state of each

pinhole LCD panel 71 are both shifted one bit in the vertical



10

15

20

25

71

direction, and scan and shift as described above is performed in

the horizontal direction in the positions in the vertical
direction. Fig. 32A shows a state of each pinhole LCD panel 71
in which the pinhole pixel PX located on the upper end thereof
in the vertical direction is in the open state. Fig. 32B shows
a state of each pinhole LCD panel 71 in which the pinhole pixél
PX located in_ the éec_ond place from the upper end théréof in the
vertical direction is in the open state. Fig. 32C shows a state
of each pinhole LCD panel 71 in which the pinhole pixel PX located
on the iower end thereof in the vertical d_irectibﬁ is in the open
state. Thus, pinhole pixels PX in the open state of the pinhole

LCD panels 71 are scanned and shifted in the vertical direction

in synchronism with the sequential scan and shift of the partial

image display regions SP of the large pigture LCD'panél 80.

| In such a manner, beams of light exit simultan‘eouslj (in
parallel) from the pinhole pixels PX in the open state of each
of the pinhole LCD panels 71 of the pinhole LCD assembly pa'nél-
81. Therefore, as described in the third embodiment, when the
pixels thrdughout the pinhole LCD panels 71 are scémied in a period
of about."l /30 sec., aviewer Q in front of the pinﬁole LCD assembly
panel 81 feels as if a multiplicity of point light source i_.inages
were formed in the space in front of the pinhole LCD assembly panel

81 by beams of light exiting the pixels of the same because of

‘an after-image phenomenon in his or her eyes. That is, the viewer

Q can view a stereoscopic spatial image in that space._

At this time, by varying the magnitude of modulation at
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pixels of the partial image diéplay regions SP; it is possible
to represent a state of refléction of light on a metal surface
or the like .. A three-dimensiﬁnal dynamic image can.be displayed
by preparing a plurality of sets of partial image data as described
above for each of three-dimensional images representing a
continuoussceneandbysupplyingthantothepartialimagedisplay
regions SP. Displéj of a three-diménsional dynamic image will now
be described with reference to examples'of specific numerical
values.
| Similarly to the specific example of the third embodiment
(Fig. 29), let ﬁs.assume here that a partial image display region
SP of the large picture LCD panel 80 is formed.by, for example,
15 x 9 pixels; a pinhole LCD pénel 71 of the pinhole LCD assembly
panel 81 is formed by, for example, 16 x 9 pixels; and k, a and
B in Fig. 30 are 64, 7 and 4, respectivelj. In this case, as
shown in Figs. 33 énd.34, the size of the large picture LCD'panel
80 is 1038 x 584 pixels, and the size of the pinhole LCD'assemblf
panel 81 is 1024 x 576 pixels. Fig. 33 shows the large picture
LCD panel 80 and pinhole LCD assembly panel 81 as viewed from above .
and Fig. 34 shbws the same as viewed sideways. The illustrations
of those figures omit thé, 1ight source portion and diffusing plate.
Let us assume here that the driving speed of the pixels.
of the large picture LCD panel 80 is, for example, 1 p.séc. Then,
the time required for displaying one partial image at a partial
image display region SP is 0.135 msec. similarly'fo the specific

example of the third embodiment. Therefore, the time required
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for displaying one three-dimensional still image is about 20 msec.
The time can thus be sufficiently reduced to 30 msec. or less which
is the frame period of a normal television, which makes it
possible to display a three-dimensional dynamic image which gives
the viewer Q no feeling of wrongness.

Thus, in the three-dimensional image display of the preser_it
embodiment, as apparent from Figs. 33 and 34 showing a specific
example, partial images formed in the respective partial image
display regions SP of the large picture LCD panel 80 behind the
pinhole LCD assembly panel 81 are projected in thé space in front
through eachof a multiplicity of (here, 1024 x 576) pixels forming.
the panel 81, thereby displaying a three-dimensional image which‘
has unity as a whole at high speed. It is therefore possible .to
display three-dimensional images including even dynamic images
with high definition. In addition, since the pinhole pixe1§ PX
of the pinhole LCD assenibly panel 81 functioning as pinholes are
close to each other similarly to tl:ie third embodiment, a sufficient
angular resolution can be achieved.. That is, the three-
dimensional image diéplay of the present embodiment is capa‘ble
of providing a threé-dime’nsional dynamic image with quality which
is good enough from any of viewpoints of the resolution of
displayed images, angular resolution,.. naturalness of dynamic
i:ﬁages.

Further, since the present embodiment has a configuration
in which "pinhqle'pixels PX in th_e open state” .a.re sequentially

shifted to sequentially display two-dimensional images (partial
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images) in an overlapping relationship on a two-dimensional 'image

display plate (the large picture LCD panel 80) behind the same,

similar to that in the third embodiment, the total number of pixels

of the LCDs used in the display as a whole can be small even if
displaying with higher definition is attempted. Therefore, the
three-dimensional image display can be vei:y much compactly
conf:l.gﬁre’d compared to that of the first or second embodiment and
can be satisfactorily used in, for example, a stereoscopic
television for home use or the like.
tFifth Embodﬁnent]

A fifth embodiment df the invention will now bé described.

Fig. 35 shows a schematic conf:l_.guration of a three-

‘dimensional image display according to a £ifth embodiment of the

invention. The s'a:ne figlire shows the display as viewed directly
from above. This display has: a 1ight soutce-portion 201 capable
of emitting parallél beams of white light, an LCD 203 for spatially
modulating the light emitte_d by the 'light source portion 201 to

form and output a two-dimensional color image; a beam expander

_ formed by a condenser lens '204, a collimator lens 205 or the like

sequentially provided behind (on the light emitting side of) the
LCD 203; a deflecting plate 206 provided behind the collimator
lens 205; and a lenticular plate 207 provided in tight contact
with a rear surface of thé defiedting plaf.e 206. The LCD 203 along
with a part of a control circuit 210 to be described later primarily
corresponds to the “two-dimensional image forming means” of the

invention, and the deflecting plate 206 primarily corresponds to
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the "deflecting means” .o'f the inve.ntion.

The light source portion 201 j.s formed by, for example,
a high luminance light-emitting body such as a halogen lamp and
a reflecting mirror such as a rotary ellipsoidal mirror or. the
like and is capable of emitting parallel beams of white light.

The beam expander formed by the condenser lens 204 and

collimator lens 205 is provided for expanding the width of parallel

beams of light exit;l.ng the LCD 203. For example, a Fresnel lens
as 1llustrated is used as the collimator lens 205.

The 1enti¢uiar plate 207 is constituted by a multiplicity
of very small semicylindrical lenses extending in the horizonta_l '
direction, arranged in the verfical dir_ection, and it has a
function of diffusing light exiting the deflecting plate 206 in
the longitudinal direction (vérfical direction oxr the direct:l.on
orthogonal to the plane of the figure). |

'Fig. 36 shows a major part df the three-dimensional image
display shown in Fig. 35 as diagorially 1061§ed down, and Fig. 37
shows the major part of the three-dirﬁens:_l.ohal image display as
viewed sideways (in the direction of the arrow K in Fig. 36). As
shown in those figures, 11§ht which has passed through the
collimator lens 205 to be collimated is deflected when it passes
through the deflecting plate 206 at an anglé in accordance with
the position of entrance in the lateral direction (or horizontal
direction that is the direction orthogonal to the direction of
entrance in the plane of the figure) and is thereafter diffused

by the lenticular plate 207 in the vertical direction with an



L

10

15

20

26

76

expansion at an angle . The lenticular plate 207 corresponds
to the "diffusing means” of the invention.

For example, the LCD 203 is a single-plate color filter

" type liquid crystal display element having filters in colors R,

G and B, and is configured such that it forms a two-dimensional

'dynamic image based on image data supplied by a control circuit

210 to be described later. For example, ferroelectric liquid

crystal (FLC) which allows high speed operations are used in the

liquid crystal portion. To provide amonochromatic _image display,
a mono_chromatic liquid érystal display element having no color
filter may be used instead of the LCD 203. Instead of the light
source portion 201 and LCD 203, a light source portion may be
provided which has a configurat:l.on including color sepafating
means such as a dichroic mirror or dichroic prism for each of the

colors R, .G and B and three mbnochromatic LCDs in total (not shown)

‘provided for the respective colors R, G and B. In the present

‘embodiment, for example, a liquid crystal display element having

600 x 400 pixéls is used as the LCD 203 for convenience in
explanation.

Fig. 38 illustrates a photographic principle for acquiring

- two-dimensional image data to be supplied to the LCD 203. In the

present embodiment, a photographic camera (not shown) is moved

s_tepwise along an arc EN about an object E from an angular direction

01 to an angular direction 060 at intervals of an angle A6. A

two-dimensional image of the object is photographed in each

angular direction 6i (i = 1, 2, .., 60) and is acquired as
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two-dﬁnensional still image data.  For example, the angle AB is
set at one deg. If it is assumed that one two-dimensional still
image thus aequired is referred to 'asl “an image for ene field”,
scan in the angular directions 01 through 060 provides two-
dimensional still images for 60 fields. In the following
description, the two-dimensional still images obtained by the
scan in the angular directions 01 through 060 are referred to as
"images for 60 space fields”. The image acquisition in the
angular directions 01 through 060 is controlled such that it is
performed at respect:l.ve points :_I.n time tl through t60.

When the acquisition of the images for. 60 space fields in
the angular directions 01 through 660 is completed further images
for the 60 space fields in the angular d:l.rectJ.ons 01 through 060
are acquired at subsequent points in time t61 through _t120.
Thereafter, the acquisition of images for 60 space fields each
is similarly repeated. When this is repeated 60 times, images
for 3600 fiel_ds are acquired in total. For a certaln angular

direction 01 of interest, images for 60 fields are acquired at

peints in time ti through t(i + 60 x 59). In the following

‘description, two-dimensional still images acquired at points in

time ti through t(i + 60 x 59) in each angular direction 0i is
referred to as “images for 60 time field_s"

If it is assumed here that J'.mages for the 60 spaee fields
in the angular d:l.rectiens 01 through 060 are'acquired in a period
of 1/60 sec., an image acquisition period At is 1/3600 sec., and

images for 3600 fields are acquired in one sec.
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A set of two-dimensional still images thus _acqu:l.red can
be regarded as a series of two-dimensional dynamic images. The
two-dimensional dynamic images are subjected to a compression
process according to the MPEG to be described later or the like
and are recorded in a recording medium such as a video CD as
compressed dynémic imaige data. Compressed dynamic image data
reproduced from the récording medium are subjected to a
decompression process to be described later and a predetermined
modulation process and are thereafter supplied to the LCD 203 to
fonﬁ two-dimensional dynamic images on the sanme.

The description' continues with reference to Fig. 35 again;

The deflecting plate 206 is provided for deflecting light that

. has exited the collimator lens 205 in the horizontal direction

such that it will tré.vel in different directions as time passes,
and it is formed using an element referred to as "polYmér dispersed
liquid crjstal (PDLC)"” or "liquid crystal polymer'composite" as
shown in Fig. 40 to be described later. This polymer dis'péfsed
liquid crystal element has a function of allowing an opaque state
and a ti;ansparent state to be switched dependirig on the viewing
éngle‘ utilizing an effect of a match between thé‘refractive indices
of the poj.ymer and 1iquid. crystal which is achieved by applying
a'v@ltage to the composite of the polymer aﬁd liquid crysfal to
aligﬁ the orientation of the liquid crystal molecules with the
direction of _the electric field.

For example, in accordhnce with the ph_oteraphic

conditions described with reference to Fig. 38, the present
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embodiment has a configuration as shown in Fig. 35 in which the
field angle 0 is 60 deg. and the angular resolution A0 is one deg.
In this case, the deflecting plate 206 has a function of causing

a part of light vertically entering the same from the collimator

lens 205 to sequentially exit in angular directions 01 through
060 with increments of one deg. In the present embdd:l.ment , angular
scan at angles 61 through 060 (hereinafter referred to as "beam
deflecting scan”) is performed in a period of 1/60 sec. in
synchronism with the above-described timin§ for image formation
.at the LCD 203, and the beam deflecting séan is performed 60 times
to display a three-dimensiqhal dYnamic image. In this célse, for
example, a viewer Gl in the angular direction 61 will see 60
twb-di:ﬁensional stiJ.l images in.one sec., and those still images
are viewed as a dynamic image for one sec. as a result of an
after-image phenomenon in the eyes of the viewer G1. For example,
a viewer G2 (or G3) in the angular direction 030 (or 060) will
see 60 two-dimens:l.onél still images in one sec. from a view poin’t
different from that for the still images viewed in the angular
direction 61; and they are viewed as a dynamic image for one sec.
For exampie, if it is assumed that two-d:_I.meriSionél image data
supplied to thé LCD 203 are obtained with the setting shown in
Fig. 38, the viewers Gl, G2 and G3 in the _angular directions 01,
630 and 060 will see images from view points different from each
other, for example, as shown in Figs.. 39A through 39C.

The configu:_:‘afioh of the deflecting plate 206 will be

described in more detail.
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Fig; 40 is an enlarged view of a sectional structure of

the deflecting plate 206 in the horizontal direction. In order

~ to avoid complexity of illustration, diagonal lines to indicate

a section are omitted in Fig. 40 and Figs. 41 and 42 to be described

later. As shown inFig. 40, the deflectingplate 206 in the present

embodiment is constituted by a polymer dispersed liquid crystal

element as described above, and it has a polymer/liquid crys_tal
composite layer 206c formed by dispersing needle-shaped liquid
crystal molecules 206b of a few microns or less in a polymeric '
material 206a and has stripe electrodes 2064 and 206le with a
microscopic width which are formed on an en'trance.surface and an
exit surface of the polymer/liquid crystal composite layer 206c
such that they face each other with the polymer/liquid crystal
composite layer 206_&: interposed and such that they extend in the
diredtion orthogonal to | the plane of i:he figure. The

polymer/liquid crystél composite layer 206c corresponds to the

_“vériable transmitting direction type liquid crystal element” of

the invention.

While the. si:ripe électrodes 206d and 206e may be prdvided
such that the directions of the stripes (the longitudinal
directions of the elt_'actx;odes) -are in parallel with each othel_i' as
desbribed above, the sb-called siniplé matrix arrangement may be
employed. Alternatively, an active matrix arréngement
configured using TFTs (thin film transistors) or the like may be
employed. In those caseé, the deflecting direction can be

controlled on a two-dimensional basis.
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A scattefing surface 206f capable of uniformly scattering
incident 1ight is formed on the entrance side of the polymer/liquid
crystal composite layer 206c. The stripe electrodes 2064 and 206e
are formed by transparent conductive films éuch as ITOs (indium
tin oxides) or fhe like and extend in the direction oi:thogonal
to the plane of the figure (longitudinal direction). A
predetermined voltage is selectively applied between the stripe
electrodes 2064 and 206e. Light transmitted by one pixel of the
LCD 203 (Fig. 35) vertically impinges upon the deflecting plate
20_6 such that it spans a plurality of stripe electrodes 206d. .The'
stripe electrodes 2064 and 206e are arranged at a pitch which is
kept as small as possible provided that the 60 angular directions
01 through 060 can be accommodated.

Liquid crystal optical axes (longitudinal axes) of the
i:l.qu:l.d crystal molecules 206b are oriented in random directions
in the polymeric material 206a when no voltage is applied thereto.
In this state, the effective refractive index of the liquid crystal
molecules 206b and the refractive index of the polymeric material
206a do not match, and the polymer/liquid crystal composite 1aye:£'
206c as a whole is iﬁ an opaque and white state as a resullt.of
a light scattering effect at interfaces hetween the liquid crystal
molecules 206b and polymeric material 206a. On the contrary, when
a voltage is selectively applied between the.stxjipe electrodes
2064 and 206e, the direction of the optical axes of the liquid
crystal molecules 206b are aiigned in coincidence with the

direction of the electric field within a small range of expansion
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of the resultant eleetric' field. As a result, the apparent
refractive index of the liquid crystal .molecules 206b willlhave
a value n0 which is a value of the 1iquid crystal molecule 206b.
associated with normal beams of light. Therefore, the use of a
polymeric material 206a having a value substantially equal to no

eliminates the difference between the refractive indices of the
liquid crystal molecules 2065 and polymeric material 206a at

interfaces between them, which rednces the light scattering
effect in the direction of the electric field to make the
polymer/liquid crystal lcomposite layer 206c¢ traneparent.

Speeifically, only light scattered at the _sdattering surface 206f
in the direction of the electric field only _exits.

The selective application of a voltage to the stripe

electrodes 2064 and 206e is'contx_'olled such that the application
of the voltage .to a pair of e_lectrodes is s'equentially shifted

from left to right in the figure while keeping the direction of

' a straight line connecting a pair of electrodes to which the

voltage is applied in alignment with the angular direction B_].f
More specifically, scan for applying a pul_se voltage to the stripe
electrodes 206e arranged.' on the side of the exit surface
sequentially (hereinafter referred to as "vol.tage application.
scan) is performed in synchronism with voltage application scan

for applying a pulse voltage to the stripe electrodes 206d arranged

on the side of the entrance surface s'equentia'lly at predetermined

time intervals. At this time, control is performed to maintain

a horizontal offset distance associated with the angular
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direction 0i between a étripe electrode 2064 on the side of the
entrance surface to which the voltage is applied and a stripe
electrode 206e on the side of the exit surface to which the voltage
is applied.

For example, Fig. 40 shows a state at a certain moment during

voltage application scan such that the direction of a straight

line connecting a pair of electrodes to which a voltage is applied

coincides with the angular direction 01. Fig. 41 shows a state
at a moment when the electrodes to which a voltage is applied are
shifted four places frém those in the state shown in Fig. 40. Those
figures show a case in which'voltage api:lication scan is perfomed
on two p_airs' of stripe electrodes 206d and 2l06e in parallel in
order to reduc.e' the time required for voltage application scan
in each angulai:' direction 0i. .In order to achieve a further
reduction of the time required for voltage a_pplication scan,
voltage application scan may be perfdrmed on three or more pairs
of stripe electrodes 2064 and 206e in parallel. When such
parallel scan is performéd, however, the pluralitj of pairs of
stripe electrodes 2064 and 206e must be sufficiently spaced frbm
each other in order to prevent elé&trical fields generated by them
from interfering with each other. Obvibusly, scan may be
performéd such that a voltage :f_.s applied to only a pair of stripe
electrodes 206d and 206e at a time. |

For example, let us assume here that L represents the
thickness of the polyme:‘f/liqu:l.d c::_'ystal composite layer 206;: p

represents the pitch at which the stripe electrodes 2064 and 206e
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are arranged; ni represents the number of horizontal offset
pitches bétween the stripe electrodes 206d and 206e associated
with the direction of an exit angle di (angular di:fgction 0i);
and di represents a horizontal offset distance di between both
electrodes associated with the angular direction 6i. Then, the
number of horizontal offset pitches between the stripe electrodes
2064 and 206e assocliated with an angular difection 0i is. éxpressed
by the following Equation (_1) where i = 1, 2, .., n because tandi
= di/L = p x ni/L.

ni = L x tand/p .. (1)

When vbltage application scan on pairs of the stripe
électrodes 2064 and 206e is performed such that the number of
hor:l.zontal offset pitch given by the Equation (i) is ma:l.ntainéd,
only light in an anguiar direction 0i is selected to exit 'the_
deflecting plate 206.

- When the scan in the angular d:l.rection 0i is téminated,

sdan in an angular direction O0(i + 1) will follow. Such voltage

application scan in the horizontal direction is pexrformed for each

‘of the angular directions 01 through 060. Fig. 42 shows a state

ata certain moment during voltage application scan in the angular
direction 060. In the present embodiment, voltage application
scan for one angular direction 0i is performed in a time period
of _ 1/3600 sec. Therefore, the time required for voltage
application scan for all of the angular directions 61 through _060
is 1/60 sec. Since the orientation of the liquid crystal

molecules 206b has hysteresis, the oriented state is maintained
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for a certain time even after the electric field moves away from

the molecules. Therefore, the LCD 203 may be caused to display

‘an image in a period of 1/3600 sec. after such orientation scan

is performed throughout the deflecting plate 206. = More
specifically, .1e1.: us assume that a scan duty ratio defined as the
ratio of actﬁal time reqﬁired for voltage application scan to the
periodlof the voltage'appliCAtion scan (= 1/3600 sec.) is 50 %
or less and that a display duty ratio defined as the ratio of an
actual display time to the display period of the LCD 203 (= 1/3600
sec.) isalso 50 % of less. Then, lone cycle of voltage application
scan and display of ohe imagé on the LCD 203 is performed in a
period of 1/3600 sec. When matrix electrodes are used instead
of the stripe electrodes 2064 and 206e as described above,
halftones can be displayed by témporarily disturbing the
orientatibn-of the liquid crystél molecules 206 and by orientin'gl
only a part of the iiquid_crystal moiecules 206 in one pixel in
an anguiar dire@tion oi. | | |

For example, the polymer/liquid crystal composite layer _
206c is formed using a method wl'_xerein a solution of a polymer and
a iiquid'crystal is applied to a substrafé and the solvent is
evaporated thereafter of amethodutilizing an ef_fect of fofmat:l.oﬁ
of small liquid crystal droplets as a resﬁlt of depositiozi of the.
1:I.§u:l.d c_rystal that occurs when monomers of a polYmeric material
is polymerized and hardened. However, it may be formed using
other methods. For example, it may have a structure in which a

nematic liquid crystal is dispersed in an aqueous solution of
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polyvinyl alcohol (PVA) or the like to formmicrocapsules of liquid
crystal droplets or a structure in which a small amount of a
gelatine polymeric material is dispersed in a liquid crystal.
While spherical 1liquid crystal molecules are used in a
conventional polymer dispersed liquid crystal, it is desirable
that liquid crystal molecules have a needle-like shape for
applications like the present embodiment in which they must have
directivity. For example, methods for forming such a needle-
shaped 1liquid crystai includes a method in which a liQuid crystal
is deposited in a uniform magﬁetic fiéld to fo::i_n microcapsules .'
According to fhis method, néedle-shaped liquid crystal molecules
206b are formed as a result of a tidal effect in the direction
of a magnefic field. '

Fig. 43 shows a schematic configuration oi;' acontrol circuit
6f the three-dimensional image display according to the present

embodiment. The control circuit 210 performs a prédetermined'

. signal proceSs on t'wo_-dimensionai image data reproduced by an

image reproducer 211 from a recording medium_ _21_1a such as a video
CD (compaét disk) or DVD (digital video disk), ' supplies the
resuitaﬁt data to the LCD 203 and controls deflect:l.on at the
deflecting pJ.ate 206 in syncﬁronism with thé timing at which the
two-dimensional image. data are supplied to the LCD 203. For
example, the two-dimensional image data rec_o_rde'd.in the recording
medium 21la are acquired based on the photographic: principle
illustrated in Fig. 38. The two-dimensional image data supplied

to the control circuit 210 are not limited to data reproduced by
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the image reproducer 211 and may alternatively be data transmitted
over a transmission channel such as a communication network.
The control circuit 210 has:I a demultiplexer 212 for
separating data read by the image reproducer 211 from the recording
medium 21la into two-dimensional image data, audio date aﬁd text
data; an input buffer_ 213 constittited by a frame memory or the
like connected to an output end of the demultiplexer 212; lend an

MPEG (Moving Picture Experts Group) decoder 214 connected to an

output end of the input buffer 213. The control circuit 210 also

has: an intermediate buffer 215 connected to an outpuf end of the
MPEG decoder 214; a video signal processihg portion 228 connected
to an output end of the 'interm'ediate buffer 215; an outpuf buffer
217 eonnected to an output end of the video signal prdceésing
portion 228; and an LCD driver 218 connected tq an output end of
the output buffer 21.7' and connected to the input side of th’_'e LCD
203 (Fig. 35 )'. The control circuit 210 further has: a deflection
controller 220 for controliing the deflecting operation 6f the
deflecting plate 206 (Fig. 35); a c_leflection driver 221 connected
to an output end of the deflection controller 220 and connected
to the input eide of the deflecting plate 206; and a I"I.L (phased
locked loop) circuit 219 for performing control to synch:_fonize_
the deflection controller 220 .and. LCD driver 218. The circuit
formed by components from the demultiplexer 212 up .to the LCD
driver 218 primarily corresponds to the "image formation controi
means” of the invention. The PLL circuit 219, defle'ction.

controller 220 and deflection driver 221, along with the
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above-described deflecting plate 206, primarily correspond to the
"three-dimensional image forming means” of the invention. The
input buffer 213 énd MPEG decoder 214 correspond to the “rede:l.ving
means” and "decoding means” of the invention, respectively.
The demultiplexer 212 separates compressed image data from
data reproduced by the image reproducer 211 and inputs the same

to the input buffer 213. The MPEG decoder 214 is provided for

"performing a decompression process on the compressed image data

input from the input buffer 213, a decoding process on a video
format a.ﬁd the liké. The video signal processing portion 228 is
provided for performing é video s;i,gnal modulation process and the
like on two-dimensional image data input from the intermediate
buffer 215 .depending on a.def:_l.ectin'g direction. The video signal
modulat:l.dn process is performed to change the _width of an image

to be displayed on the LCD 203 in the horizontal direction (a

. display magnification) depend:l.ng on a deflecting direction, and'_

a description on this process will follow. The LCD driver 218
generates a drive signal 223 having a frequency and a voltage
waveform.suitable for the driving of the LCD 203 based on a video

signal from the output buffer 217 and supplies the same to the

 LCD 203.

.In the present embodiment, a video signal supplying
frequency for the LCD 203 is 3600 fields/sec. Therefore, if the

LCD 203 is adapted for color display with, for example, 600 x 400

pixels, the frequency of the drive signal 223 or the switching

frequency of the pixels of the LCD 203 is 3600 x 600 x 400 x 3
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=2592MHz. This fr_equency ié a value which can be readily achieved
by normal LCD drivers arranged in parailel.

The LCD driver 218 also transmits a basic clock signal 224
at 360 Hz serving as the basis of timing for supplying a video
signal to the PLL circuit 219.

" The PLL circuit 219 performs control 't_':o achieve a phase
lock between the basic cloc_k signal 224 from the deflection
controller 220 and a clock signal 225 from the LCD dr:l._ver 218 to
feed back a locked clock signal 226 to the deflection controller
220.

The deflection controller 220 outputs a deflection control

signai 227 for controlling timing for deflection at the deflecting

'plate 206 in synchronism with the clock signal 226 locked by the

PLL circuit 219. 1In the present embodiment, the frequency of the
deflection control signal 227 is 3600 Hz. The deflection driver

221 generates a drive signai suitable for the driving of the

-deflecting'plate 206, i.e., a drive signal 229 having a voltage

waveform and a frequenc_y which can be applied to the stripe
electrodes 2064 and 206e of the deflecting plate 206 based on the
deflection control signal 227 £from the deflection controller 220,

and supplies the same to the deflecting plate 206. One scan across

' the deflecting plate 206 is to _.be performed in association with

an image for one field (1/3600 sec.) of the LCD 203. For this
purpose, the frequency of the drive signal 229 applied to the
stripe electrodes 206d and 206e of the deflecting plate 206 may

be set at about 3600 x 10 Hz, for example, if the number of
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electrodes per pixel is 10, although it depends on the pitch ( of
thé number) of the stripe electrodes 2064 and 206e.

| The operation of the three-dimensional image display
having the above-described config‘ﬁration will now be described.

First, the operation of the control circuit 210 will be

‘described with reference to Fig. 43.

The image reproducer 211 reproduces data recorded in the
recording medium 21_1a in a compressed form and suppliés the same
to the demultiplexer 212. The demultiplexer 212 separates the
received data into two-dimensional dynamic :Lmaige data, audio data
and text data. The dynamic image data thus séparated are input
to the MPEG decoder 214 through the input buffer 213.

The MPEG decoder 214 perfqrmé a decompression process on
the compressed image data input. from the input buffer 213 and a
decoding process and the 1ike on the video format thereof ahd
outputs the result. The video sighal out_pui: bjr the MPEG decoder
214. 1s input to the video signal__processing portion'228 'through
the intermediate buffer 215.

The video signal proce'ssing‘ portion 228 performs a

- magnification modulating process (hereinafter referred to as

. "image width modulating process”) and the like on the video signal

input from the intermediate buffer 215 such that an image width
in accordance with a deflecting direc_:tion is achieved. A detailed

description will be made below on the image width modulating

-process with reference to Figs. 44 and 45 and Figs. 46A through

46C.
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Fig. 44 schematically illustrates the relationship between
the deflecting direction of light exiting the deflecting plate

206 (the projecting direction of a two-dimensional image) and the

" width of an image as viewed in the projecting direction. The width

W1l of the image as viewed by a viewer in the projecting direction

is expressed by the following Equation (2) where W represents the

' _w:l.dth of beams of light representing the two-dimensiohal image

which have exited the LCD 203 (not shown in the figure) and have
impinged upon the deflecting plate 206, and & représents an angle
defined between the projecting direction of the imdge and a
perpendicular through the deflecting plate 206, i.e., the exit
angle, as shown in the same figure. |

Wl = W x cosd ...(2) |

Therefore, in order to make the width of the image as viewed
by a viewer located in the direction at fhe exit angle § equal

to the intrinsic (original) value, the width W1 of the original

':I.mage must be subjec.téd to modulation expressed by the following

Equation (3) to form an image with a corrected width W at the LCD
203. |

W = Wl/cosd .. (3)

Fig. 45 is a graphical representation of the modulation
function shown in the above Equation (2). This figure shows a
case wherein the field angle is 60 deg. As .shown in the figure,
as the angle defined by the p_roj‘ecting direction and the

perpendicular through the deflecting plate 206, i.e., the exit

‘angle & changes from "-30 deg.” to "0 deg.” and then to "+30 deg.”,
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the value of the modulation function changes from. "2/(3Y*)" to
"1" and then to "2/(3V?)" again. Therefore, if it is assumed,
for example, .that an image viewed by a.viewer G2 (Fig .- 35) in the
frontal direction of the deflecting plate 206 ‘(.6 = 0 deg.) is as

shown in Fig. 46B, while an image to be formed on the LCD 203 in

association with this'direction (0 =0deg.) (for example, an imaQe

-at a point in time t30)' may be the same in width as the image in

Fig. 46B, an image to be formed on the LCD 203 in associat:l._on with

the direction of a viewer G1 (8 = '-30 deg.) (for example, an image

at a point in time tl1l) must be an image which is expanded in the
1ai:eré.1 direct_:i.dn like that shown in Fig. 46A. Such _image width
m_odulation allows correct images as shown in Figs. 39A through
39C_t6 be viewed from all directions.

| Referring again to the Fig. 43, the operation of the control .
circuit 210 will be described. A irideo signal output by the video
_signai précessing portion 228 is input to the tCD driver 218
through the oiﬁ:-put buffer 217. - The LCD driirer 218 'gé_nerates a
drive signal 223 having a frequency and a voltage'wévefom suitable
for the driving of the LCD 203 based on the video signal from the
.'out1.>ut buffer 217 and supplies it to the LCD 203. As a result,
a two-dimensional image whose contents changt_é at a speed as high
as 3600 Hz, i.e., a dynamic image is formed at the LCD 203.
| The deflection controller 220 outputs a deflection control
signal 227 for controlling the timing for deflection at the
deflecting plate 206 in synchronism with a clock signai 226 locked

by the PLL circuit 219. The deflection driver 221 generates a
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drive signal 229 based on the deflection control signal 227 from

the deflection controller 220 and supplies it to the deflecting

plate 206. As a result, the deflecting plate 206 deflects fhe _
prejectin'g direction of the two-dimensional image in synchronism
with changes in the two-d:l.mension_ai image formed at the LCD 203.

More specifically, as shown in Figs. 40 through] 42, the
drive signal 229 is sequentially and selectively applied bet-weeh :
the stripe electrodes 2064 and 206e to achieve a uniform
orientation of the liquid crystal molecules 206b in the direction
of conhecting those electrodes, which causes. light to exit oniy
in that direction. Such voltage application sean .is performed
at a rate of one cycle per 1/3600 sec. A two.-dimensio'nal image -
for one field is maintained on the LCD 203 during that period.
Therefore, one two-dimeneional st_i.ll imege is formed at each point
in time tj (j =1, 2, .., 3600), and the two-dimensional still image
is projecfed by the defiecting plate 206 in one projecting

direction a)ssociai’:e_d with the two-dimensional still image. Then,

as shown in Fig. 35, deflecting scan at points ';i.n time t1 through

t60 causes two-dimensionel still images for 60 'space fields to

be préjected in respective angular direcfions_ 01 through 060.
Thereafter, deflecting scan at points ili time t61 through t120
causes two-dimensienal still images for 60 space fields to be
projected in respective angular di_rections 01 through eéo.
Thereafter, the projection of images for 60 space fields are

similarly 'repeated with the angle varied. This is repeated 60

times to project images for 3600 fields in total.
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In this case, for a certain angular direcﬁion 0i of interest,
two-dimensional still images for 60 time fields are viewed at
points :I.ﬁ time ti, t(i+60) , t(1+60%2), .., t(1i+60x59). For example,
a viewer Gl located in the angular direction 01 (Fig. 35) views
two-dimensional still images for 60 time fields in total having
contents associated with the angular direction 01 at points in
time t1, t61, tiZl, w, t3541. That is, the viewér Gl vieﬁs images.
fpr 60 fields per second, and the viewel;' feels as if a dynamic
image similar to a dynamic image displayed by a normal television
feceiver were displayed because_ of the effect of an after-image
phenomenon in his or her eyes as long as the positions of the
viewer’'s eyes are fixed.

If the viewer Gl moves to the right to face the display,
for example, in the angular d:l.rection 9'1'0':, the viewer Gl views
two-dimensional still images for 60 time fields in toté.l' having
contents associéte’d with the angular direction 010 at pbints in
time t10, t70, t80, .., t3550. The view point for the contents
of the two-dimensional still images associated with the angular
direction 610 is different from the view point for the contents
of the two-dimensional still images associated witil_ the angular

direction 61. As a result, the viewer Gl views a set: of two-

‘dimensional images from different view points projected by the

deflecting plate 206 as a stereoscopid dynamic image or

three-dimensional dynamic image.

A description will now be made with reference to Figs. 47

and 48 on a method of compressing image data supplied to the
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three-dimensional image display.

While image data to serve as a basis of ‘an image formed

by the LCD 203 of the three-dimensional image display is obtained,

for example, using the photographic method shown in Fig. 38 as
described above, the image data are similar to normal dynamic image
data in that the contents of the image éontinuously change as time
passes. It is therefqre'possible and preferable to perform j.tﬁage
compression according to the MPEG which is commonly used for
dynamic images on the image data.

Fig. 47 i.llustrates a method of applying the dynamic image
compression method according to the MPEG to the fhrge-dimensional
image display accord:l.ng to the present emquiment. As described
above, image data sﬁpplie_d to the LCD 203 in the presenf embodiment
can be. regarded as dynamic image data with 3600 fields/sec. As
shown in Fig. 47, three types | of compressed images (wh:l.gh are
simply referred to as "pictures" in the figure), i.e., I-pictu;'és ’
B-pictures and P-pictures are generated based on images at poihts
in time tj. The I-pictures correspond to the “first compj:'essed
encoded data". of the in_vention, and the B-pictures and P-pidtures
¢orrespond to fhe "second compressed encoded data” .'of the
invention.

As shown in Fig. 48, an I-p:l.;:ti:re is referred to as "in-frame
encoded image” or "intra encode.d image” and is a picture formed
by compressing an original still image for one field' as it is
indebendently of other fields._ The desc'ripf.ion. is based on an

assumption that the terms "frame” and "field” mean the same thing. |
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A P-picture is referred to as “inter-frame forward predictive
encoded image” or "predictive encoded image." and is a picture which
is formed by motion wvectors represénting the amounts of changes
from the previous (preceding) field. A B-picture is referred to
as ;'bidirectionally éredict:l.ve encoded image” and is a picture
formed by using motion vectors representing the amounts of changes
from not only the previous | (preceding) field but also future (the
succeeding) field.

Such I-pictures, B-pictures and P-pictures are arranged
in the order of “I, B, B, P" or "P, B, B, P" as shown in Fig. 47
to form one GOP (group of pictures) from 60 pictures. Such a GOP.
serves as a unit for random access, and GOPs are formed such that
I-pictures are always placed at the respective leading positions,
i.e., the positions of the points in time .t1, t6l, tl21, .., t3541.

Dynamic image compression us;‘.ng such a method makes it
possible to compress image'data. in a tremendous quantity of 3600
fields/sec. efficiently. "This lmakes it possiblé to reduce the
amount of consumption of a recording area of the recording medium
2lla in Fig. 43 and to' substantially achieve high speed data
transfer and band corﬁpression.

As described abbve, _in the three-dimensional image disj_)lay
according to the present embodiment, a two-dimensional image that
changes depending on time (that is, .a kind of two-dimensional-
dynamic image) is formed by the LCD 203, and beam deflecting scan
is performed to deflect the _prbjecting direction of the two-

dimensional image with the deflecting plate 206 such that the
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two-dimensional imagé -thus forme_d is sequentially projected in
different directions in accordance with the time-dependent
changes of the two-dimensional image. Thus, the two-dimensional
image that changes depending on time is converted into a set of
two-dimensional ilhages from view points different from each other
and, as a result, the set of those two_-_dimens:l.onal images can be
viewed as a three-dimensional iméQe . The three-dimensi_onal image
thus viewed is a stereoscopic image which is more reaiistic in
that lateral surfaces of the object can be v_:l.ewed by moving the
view point laterally inétea‘d of being a quasi-steréoscopic
display image according to prior art that _utilizes' parallax
between the left and right eyes of a person. That 1is, the
th.i'ee-dimehsional imagé display of the pr.eéent embodiment itlakes
it possible to diSplay a stereoscopic image without using
hplography according té prior art or parallax of the eyes.

In the present embodimenf, since a two-dimensional image

formed by the LCD 203 is simply deflected'and projectéd with the

deflecting plate 20_6, light is utilized more efficiently than in
the first through fourth embodiments to allow an image to be
displayed with higher 1uminance.

'Ihe present embodiment maké_s it possible to view a
three-dimensional dynamic image by performing beam deflecting
scan for deflecting the projecting directioln of a two-dimensionali
image repeatedly in short periods and by making a difference
between the c.onfents of a two-dimensional image projected in a

particular direction in a certain deflecting scan period and the
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contents of a two-dimensional image projected in the particular
direction in the next deflecting scan period. That is, the
three-dimensional image display of the preseﬁt embodiment makes
it possible to achieve display of a three-dimensionai dynamic
image which has been difficult with lens plate three-dimensional
image display techniques based on the IP method and holographic
techniques in prior art. '

In the present embodiment, while high speed display
characteristics can be guaranteed 'by uéing, for example, a
ferroelectric 1:|.quid -crystal és the LCD 203, it .is howevér
difficult to represent a halftoné with a single pixel in the
present situation of the art. In this case, for example, a
halftone may be achieved by driv:l.ng.each pixel 203a of an LCD 203
shown in Fig. 49 on a time division basis. The example in the
figure shows a. stripe type LCD in which color filters for R, G
and B are respectively. fofmed on three pixel eiectrodes that
constitute one pixel.

'In order to represent_ halftones, as shown in Fig. 50, a
period for one field (that is 1/ 3600 sec. in this case) is divided
into, for example, three periods 1l through 3, and pixels are
selectively driven in each period. In the figure, the hatched
parts represent undriven electrodes, and the parts which are not
hatched represent driven electrqdes. A pixel dr:l.ven in none of
the three .periods 11 through t3 has a composite luminance at [level

0], and a pixel driven in all of the three periods tl through T3

has a composite luminance at [level 3]. A pixel driven in only
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one of the periods has a composite luminance at [level 1], and
a pixel driven in two periods has a cbmposite luminance at [level

2]. In this case, consequently, a single pixel can represent

'tones at four levels. While R, G and B pixels are driven

simultaneously (at a time) in the example of the figure in order
to simplify the explanation and facilitate understanding, it is
obv:l.ous that each of R, G and B pixels may be J.ndependently driven
to provide halftones of each arbitrary color.

For example, as shown in Fig. 51, halftones can be
represented by dr:Lving four pixeis ndjacent to each other on a
space division basis. The parts in the figure. which are not
hatched represent driven pixels. In this case, none, one, two,
three or all of the four pixels may be selected and driven. This
makes it possible to represent tones at 5 levels from [level 0]
up 'to. [16ve1 4]. In the case of such a spatial synthetic technique,
:I_.t is also possible to provide nalftones of each arbitrany color
by driving éach of R, G and B pixels indep'endently; Further, a
combination of time division and space division makes it possible
to represent a greater number of tones.

While the present embodiment .has been described .on an
assumption that the angular resolution or the intervals of
deflecting angles nrovided by the deflectin§ plate 206 are 1 deg.
by way of example, a three-dimenéional_ image with higher
definition can be obtained by defining .deflecting angles. at
smaller intervals. In this case, as shown in Figs. 52 and 53,

for example, a new angular direction 0(i+1/2) may be provided
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between angular directions 0i and 6(i+l). For this purpose, an

image for one field is projected and displayed by performing

voltage application scan twice, for example, as shown in Fig. 53.

Specifically, voltage application scan is performed with a
deflecting direction initial value of 01 and an incremental angle
of 1 deg. at the first scan [sl], and voltage application scan

at the second scan [s2] may be performed with the deflecting

- direction initial value shifted 0.5 deg. and with an incremental

angle of 1 deg. similar to that for the first scan. 1In this case,
it is possible to achieve a spatial resolution which is twice that
in the above-described embodiments.

i In addition, when an image for one field is projected and
displayed by performing voltage application scan twice,
projection and display can be performed in 120 angular directions
in spite of the fact that the frequency is 60 angular directions
x 60 fields/sec. = 3600 fields/sec. For eXanp_le, while driving
must normally be ..performed at a frequency as high as 120 angular
directions x 60 fields = 7200 fields/sec. to project and display
an iniage for one field in one cycle of voltage application scan
with an incremental angle of 0.5 deg., driving ils facilitated when
an image for one field is projected and displayed by,perfomin§
yoltage application scan twice as described above because there
is .no need for increasing the frequency. |

Similarly, each of. the angular direction intervals of 60
angular directions may be divided into five directions to pro ject

and display an image for one field through five cycles of scan.
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In this case, projection occurs in angular directions of 1 deg.,
2 deg., 3 degq., .., 60 deg. at the first scan; projection occurs
in angular directioné of 1.2 deg., 2.2 deg., 3.2 deg., .., 60.2
deg. at the second scan; projection occurs in angular directions
of 1.4 deg., 2.4 deg., 3.4 deg., .., 60.4 deg. at the third scan;
projection occurs in angular directions of 1.6 deg., 2.6 deg.,
3.6 deg., ., _60.6 deg. at the fourth scan; and projection occurs
in angular directions of 1.8 deg., 2.8 deg., 3.8 deg., .., 60.8
deg. at the £fifth scan. Then, projection .occurs again in angular
directions of 1 deg., 2 deg., 3 deg., , 60 deg. at the sixth scan.
By repeating this thereafter, steps of 0.2 deg. can be introduced'

to the spatial resolution. In addition, the frequency of 60

angular directions x 60 fields/sec. = 3600 fields/sec. may be képt

unchanged in this case. Consequently, an effect can be achieved
which is equ'ivélent to a five-fold increase of the spétial
frequency to 60 x 60 x 5 = 18000 fields/sec.

The deflectin’g ._angle :I.ntérvals may conversely be set é.t
1 deg., and an image for one field may be projected and displayed
through two cycles of scan. Specifically, projéction occurs in
odd angular directions of 1 deg., 3 deg., 5 deg; ; -, 59 deg. at
the fifst scan, and projectién occurs in even angular directions
of 2 deg., 4 deg., 6 dec_j. R 60 deg. at the second scan. In this
case, a spatial resolution similar to that in the above-described
embodiment can be achieved in .spite of a lower frequency of 30
angular directions x 60 fields = 1800 fields/sec.

Further, the deflecting angle intervals may be set at 1
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deg., and an image for one field may be pi‘ojectéd and displayed
through five cyclas of scan. Specifically; projection occurs in
angular diréctions of 1 deg., 6 deg., 11 deg., ..., 56 deg. at the
first scan: projection occurs in angular directions of 2 deg.,
7 deg., 12 deg., ... 57 deg. at the second scan; projection occurs
in angular directions of 3 deg., 8 deg., 13 deg., .., 58 deg. at
the third scan; projection occurs in angular direations of 4 deg. ’
9 deg., 14 deg.', ~, 59 deg. at the fourth scan; and projection
occurs in angular directions of 5 deg., 10 deg., 15 deg., .., 60
deg. at the fifth scan. Then, projection ocaurs again in angular
directions of 1 deg.. 6 deg., 11 deg., ., 56 deg. at the sixth
scan. This is repeated thereafter. Although the frequency is
fui*tner reduced to 12 angular directions x 60 fields = 720

fields/sec. in this case, a substantial spatial resolution will

‘be similar to that in the above-described embodiment because the

resolving power of human eyes is not So high. Thatis, a sufficient
reduction of the driving frequency can be achieved without

reducing the spatial resolution. This makes it possible to

configure a driver at a relatively low cost.

A modification of the present embodiment will now be
described. |

Fig. 54 shnws an external configuration of a defleating
prism array 216 as deflecting maans to replace the deflecting plate
206 in Fig. 35 and shows a state pf the same as looked down
diagonally. The deflecting prism array 2'16 has a plurality of

microscopic rotary prisms 216b prov:l.ded such that each of them
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can rotate about a rotatiénal axis 216a. All of the rotary prisms
216b have the same configuration and 'ai:'e arranged such that the
rotational axes 216a positioned in parallel at constant intervals.
For example, the rotary prisms 216b are formed as triangular
columns as 1llustrated. For example, the sectional configuration
of them may be in the form of an equilateral triangle, an :i_.soscelés

triangle or any other t:_:i'angle. Those rotary prisms 216b rotate

"in the same direction in synchronism with each other at the same

rotating speed. The rotary prisms 216b correSpond to the

_"rotatably disposed prisms” of the invention.

Figs. 55A through 55E show how the deflecting -direction
of light exiting a. certain rotary prism 216 of interést changes
as the rotary prism 216b rotates. As shown in those .f'igures y,
incident light exits the rotary prism 216b after being deflected
as a result of a refracting action in a quantity in accordance
with the angle of rotation of the same. Therefore, by rotat;'l.ng'
all of the rotary prisms 216b in SynchroniSm as described above,
it is possible _to cause incident light to exit with de_flection

at angular directions 01 through 060 simultaneously. Fig. 54

shows a state in which exiting light is deflected by i relative

to the direction of inci_dent light to exit in an angular direction
0i. | | |

The rotary pi'isms 216b are not 1imited to triangular columns
and, for ei:ample, square column rotary prisms 216b’ having a
sectional configuration as shéwn in Fig. 56 may be employed. The

apical angle 1 of the rotary prisms 216b and 216b’ may be determined
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in accordance with the required maximum deflecting éngle.
Specifically, the greater the apical angle m, the greater the
maximum deflecting aﬁgle.

A plurality of rotatable microscopic reflecting mirrors
may be disposed instead of the rotary prisms 216b to deflect l:Lght
by reflecting the light with those reflecting mirrors. In this
cése, the reflecting lnirrdrs correspond to the "rotatably
disposed reflecting mirrors” of the invention. The rotary prisms
or rotary mirrors are not limited to those rotating only in the
same direction, and théy'mayﬂperfornla swinging operafion.which
is bidirectional-rbtation; i.e., a swinging rotary operation.
[Sixth Embodimenf] |

A sixth eitlbodiment of the ir_wention will now be described.

Fig._ 57 shows a schematic configuration of a'_ three-
dimensional image display according to_a sixth embodiinent of the
invention. The same figure shows a state of the display as viewed
directly from above. ' In the figuf:e, components "which are
identical to compongnts shown iﬁ Fig. 35 are indicated by 1ike
reference numbers, and. the descriptiqn will omit them.
appropriately. |

The three-dimensional image displaj of the present |
embodiment has a deflecting plate 226 which is formed using a
hologram instead of the deflecting blate 206 in the fifth
embodiment. The deflecting plate 226‘ can reciprocate a
predetermined stroke in a directioﬁ orthogonal to the direction

of incident light (the direction of the arrow X1). The optical
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configuration and arrangement of the same are otherwise similar
to those in Fig. 35. The present embodiment is also based on an
aslsumption that the number of pixels of an LCD 203 in the horizontal
direction is also 600 for convenlence in explanation and
understanding. |

Fig. 58 is an enlarged frie_w of a part of a section of the
def—lectirig .plate 226 1:5 the'horizental direction. The figure

omits hatching at the sectional region. The deflecting plate 226

has eleven deflecting regions Hr (r=1, 2, ... 11) having the same

structure. Each of the deflecting regions Hr has a width
corresponding to the total width of 60 beams of incident light
which have entered after beirig transmitted by 60 respective pixels
(not shown) provided in the horizontal direction of the LCD 203.
Each of the deflecfing regions Hr includes 60 deflecting cells
HC(J;',i) (r=1, 2, w, 11 a@and i=1, 2, .., 60). Therefore, the

deflecting plate 226 as a whole has 660 deflecting cells HC(r,1i).

However, as described later, there are only 600 simultaneously

used deflecting cells, i.e., deflecting cells upon which incident
beams of light impinge at a certain moment among those 660

deflecting cells HC(r.,1i). The deflecting plate 226 reciprocates

~a stroke corresponding to 60 deflecting cells HC(r,i) (the

above-described predetermined stroke).

The deflecting cells HC(r,i) are in the form of stripes

elongate in the vertical direction (the direction orthogonal to

the plane of the drawing in Fig. 58) and are capable of defleci:ing

incident beams of 1light in respective unique horizontal
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directions 0i (i=1, 2, .., 60). Specifically', a deflecting region

Hr deflects an incident beam of light at a certain point in time

tj (3 =1, 2, .., 3600) in a direction which is uniquely defined

' in accordance with the pos:l.tion of incidence of the incident beam

of light. In other word, an incident beam of light PBv (v =1,
2, ... 600) for 60 pixels incident upon a certain single deflecting
regic;n Hr is deflected in 60 angulai:' directions Bll ~th:rough 060
different from each other. If it is assumed here that the field
angle 0 is l60 deg., the angle A0 of the interval between adjoining
angular directions is 1 deg. similarly _to that in the fifth
embodiment. |

" One deflect:l.ng region Hr corresponds to a screen dot 141

forming a part of the above-described three-dimensional screen

140 shown in Fig. 19, and one deflecting cell HC(r,1) corresponds

to a space coordinate specifying cell 142a. ' The deflecting plate’

226 having a plurality of such deflecting regions Hr may be formed

using, for example, a hologram as described later.
Fig. 59 shows a part of the section of the deflecting plate
226 at a higher magnification. This 'figure also omits hatching

at the sectional region. As shown in this figure, the deflecting

plate 226 is formed by sequentially stacking deflecting layers

2268, 226G and 226R and a protec-tii_re lé.yer 226b on .a base material
226a. Each of the deflecting layérs 226B, 226G énd 226R 1s a
hologram layer in which information is recorded in the form of
a three-dimensional interference pattern utilizing wvolume

holography. Those hologram layers are formed of hologram
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materials whose optical characteristics such as the refractive
index, dielectric constant and reflectivity change depending on
the intensity of light when irradiated by the light. However,
the optical characteristics of the deflecting layer 226R are
changed only by red (R) 1light; the optical characteristics of the
deflecting layer 226G are changed only by green (G) light ; and
the .optical characteristics of the deflecting layer 226B are
changed only by blue (B) 1ight. For example, photopoljmers or

the like may be used as such hologram materials. All of R- . G=

and B-light included in light incident upon one deflecting cell

HC(r,i) of a certain deflecting region Hr are deflected in the
same direction 0i. For example, Fig. 59 shows a state in which
all of R-, G- and B-incident light- incident upon the deflecting
cell HC(1,1) of the deflecting region H1 are deflected in the
direction 01 ‘and in which all of R-, G- _and 'B-in'cident' light
incident upon the deflecting cell HC(1,60) are deflected in the
direction 060. |

Next, a description will be made with reference to Figs.

60 through 63 and 64A through 64F on the operation of the

three-dimensional image display according to the present
embodiment. Figs. 66 through 62 show how incident beams of li.ght
exit the deflecting plate 226 in Fig. 57 under deflection thereby
as the plate 226 reciprocates in the direction of the arrow Xi,
and Fig. 63 specifically shows how the exiting directions of the
incident beams of light under deflection sequentially change in

the range from 01 to 060 as time passes.
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As shown in Figs. 60 through 62, 60.'0 beams of incident light
PBv (v=1, 2, 3, .., 600) which have entered through respective
600 pixels in the horizontal direction of the LCD 203 :unpinge upon
the deflecting plate 226.

At the first point in time tl1, the deflecting ple.te 226
is located at the right end of its stroke as sthn in Fig. 60,
and the 60.(_)'beams of incident light PB\) respectiveiy itnpir_ige upon
the deflecting cells HC(1,1) through HC(10, 60) in the-deflecting
regions H1l through H10. Specificaily, the beams of incident 1ight
PBl through PB60 respectively impinge ‘upon the deflecting cells
HC(1,1) through HC( 1 60) in the deflecting region Hl and the beams
of incident light PBGl through PB120 respectively impinge upon
the deflecting cells 'HC(2,1) .through HC(2;60) in the defiectihg
region H2. Similar actions follow, and the beams of incident
light PB541 through PB600 respectively impin'ge.l ' upon the
deflect:l.ng cells HC(10,1) through HC(10,60) in ‘the deflecting

region H10. As shown in Figs. 60 and 63, at the pozl.nt in time

' t1, 60 beams of incident 1ight incident upon each deflecting region

Hr exit the same while being fespectively deflected by the

deflecting cells into the angulai: directions 01 through 060 in

. the left-to-right order shown in the figures. 'The vertical

direction of Fig. 63 represents the direction in which time passes
from the point in time tl to the point in time t3600, _aQnd the beams
of incident light PBv (v = 1,_ 2, ., 600) are shown in the lateral

direction. The angular directions 0i of deflected exiting light

are shown at intersections of the vertical and lateral direction.
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At the next point in time t2, the deflecting plate 226 is
shifted to the left in an amount corresponding to one deflecting
cell, although not shown. As a result, .the 600 béamé of incidenf
light PBv respectively impinge upbn the deflecting cells HC(1,2)
through HC(11,1) in the deflecting regions Hl through Hll.
Specifically, ‘the beams of incident light PB1 through PB60
respectively impinge upon the deflecting cells HC(1,2-’_ through
HC(2,1) in the deflecting regions Hl1l and H2, and the beams of
incident 1ight 3361 through PB120 respectivelylimpinge' upon the
deflecting cells HC(2,2) | through HC(3,1) in the deflecting
regions H2 and H3. Similar actions follow, and the héams of
incident light PB541 through PBGOO respec_tively impinge upon the
deflecting cells HC(10,2) through HC(11,1) ih ‘the deflecting
regions H10 and H1:_I.. As shown in Fig. 63, at the point izi'time
t2, 60 beams of incident 1‘i_ght' incident upon each deflecting region

Hr exit the same while being respectively: deflected by the

' deflecting cells into the angular difections 02 through- 060 and

01 in the -left-to-right 'ordér shown in the figures.
FJ.g. 61 shows a state at the point in time t31. At this
time, the deflecting plate 226 is shifted to the left by a distance

corresponding to 30 deflecting cells from the initial position

"(Fig. 60). Therefore, the 600 beams of incident light PBv

respectively impinge upon the deflecting cells HC(1,31) through

HC(11,30) in the deflecting regions H1 through Hll. Specifically,

the beams of incident light PBl through PB60 respectively impinge

upon the deflecting cells HC(1,31) through HC(2,30) in the



10

15

20

25

110

deflecting regions H1 and H2, and the beams of incident light PB61
through PB120 respectively impinge upon the deflecting cells
HC(2,31) throngh HC(3,30) in the deflecting regions ﬁz and H3.
Similar actions follow, and the beams of incident light PBS4l
through PB600 respect.ively impinge upon the deflecting cells
HC(10,31) through HC(11 30) in the deflecting regions H10 and H11.
As shown in Fig. 61 and also assumed from Fig. 63, at the point
in time t31, 60 beams of incident light incident upon each

deflecting region Hr exit the same while being respectivély

deflected by the deflecting cells into the angular directions 031,

w, 060, .., 030 in the left-to-right order shown in 'the figures .-

Fig. 62 shows a state at the point in time tGQ. At this
time, the deflecting plate 226 is shifted to the left by a distance
corresponding to 59 deflecting cells from the initial position
(Fig. 60) to be located at the left end of 1ts stroke. At this
time, the 600 beams of incident light PBv respectively :|.mp:|.nge
upon the deflecting cells HC(1,60) through HC(11,59) in the
deflecting regions Hl through H11l. Specifically, the beams of
incident light PB1 through PB60 respectively impinge u'pon the
deflecting cells HC(1,60) _through ‘HC(2,59) in the det‘lecting
regions H1 and H2, and the beams of incident light PB61 thro_ugh
PB120 respectively impinge upon the deflecting cellslHC(z,GO)
through HC(3,59) in the deflecting- regions H2 and H3. .s'imilar
actions follow, and the beams of incident 1light PB541 through PB600

respectively impinge upon the deflecting cells HC(10,60) through

_HC( 11,59) in the deflecting regions H10 and H11. As shown inFigs.
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62 and 63, at the point in fime t60, 60 beams of incident light
incident upon each deflecting region Hr exit the same while being
respectively deflected by the deflecting cells into the angular
directions 060, 01, .., 059 in the 1eft.-t§-right order shown in
the figures. |

For éxample, referring to the beams of incident light PB1 .
PB61, PBJ.21, «, PB541 in f‘ig. 63, the éngular direction. of each
exiting light sequentially changes from 01 to 060 during the period
between the points in time tl and t60 and sequentially changes
from 060 tol 01 during thg period between the poinfs j.n time t61
and t120 to return to the initial direction. The angular
direction of the exiting light sequentially changes again from
01 to 060 during the period between the points in tinie t121 and

t180, and sequentially changes from 060 to 01 during the period

- between the points in time t181 and t240 to return to the initial

direction. Thereafter, the sequential change from 01 to 660 and
from 060 to 01 is similarly repeated on a cycle of 120 points in

time (120 space fields). In consequence, 30 _strokés (3600/120)
of beam deflecting scan 'are performed during 3660 space fields
from the boint in thﬁe t1l up to the point in time t3600. |

| For example, referring to the beamé bf incident 1ight PB2,
PB62, PB122, .., PB542 in Fig. 63, the angular direction of each
exiting light sequentially changes fr.om 82 to 060 and then to 01
during the period between the points in time tl and t60, and

sequentially changes from 01 to 060 and then to 02 during the period

between the points in time t61 and t120 to return to the initial
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direction. Thereafter, the sequential change from 62 to 060 and
then to 01 and from 01 to 060 and then to 62 is similarly repeated
oﬁ a cycle of 120 sp‘ace .fi'elds. In consequence, 30 strokes of
beam deflecting scan are also performed during 3600 space fields
from the point in time tl up to the point in time t3600.

The same applies to the beams of incident light PB3, PB63,
PB 123, ...; PB543 through PBGb_. 1_’3120,- PBiBO; -, PB600. 1In
consequence, 30 strokes of beam deflecting scan are pe_rform_ed
during 3600 space fields for each of the_beams of incident_ light
PBv. If it is aésumed that the time intérval (i.e., one space
field) is 1/3600 sec., 30 strokes of beam deflecting scan are
performed per second. For this purpose, the_ de.flet:ting plate 226
may be reciprocated 30 times pér seconci in a stroke corresponding
to 60.def1ecting cells. |

As shown in Fig. 57, for example, a viewer Gl 1o¢ated in

the angular direction 01 views fwo-dimensio'nal images projected

' from the deflecting plate 226 in the angular direction 01 in 60

time fields in total, i.e., points in time t1, ti20, tl21, t240,

w, £3541. A viewer G3 located in the angular direction 0660 views

two-dimensional images pro‘jected from the deflecting plate 226

in the angular direction 660 in 60 time fields in total, i.e.,

points in time t60, t61, t180, t181, .., £3600. In each of other
angular directions 0i, two-ldimen_s'ional images pi'ojected from the
deflecting plate 226 are viewed. |

Consequently, the viewer Gl views images for 60 fields per

second similarly to the £ifth embodiment (Fig. 35), and the viewer
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feels as 1f a dynamic imagé‘ similar to.a dynamic image displayed
by a. normal television receiver were displayed as iong as the
positions of the his or her eyes are fixed. If | the viewer G1 moves
to the right to face the display, for example, in thé angular
direction 010, the viewer Gl views two-dimensional still images
for _60 time fields in total having contents associated with the

angular direction 010 at points in times associated with the

-angulaf direction 610. The view point for the contents of the

two-dimensional still 1mages associated with the angular
direction 010 is différent frorﬁ the view point for the cdntents
of the t'wo-dimensional' 'still imagés associated with the.. first
angular direction 01. As a result, the viewer G1 v;Lews a set of
two-dimensional images from different v_:I.ew points projected by
the deflecting plate 226 as a stereoscopic dynamic image or
th:ee-d:i.thensional dynamic image.

In the present embodiment, howéver, since beam deflecting
scan ét the deflecting plate 226 is perfonnéd- bidirectiohally
(back and forth), if two-d:i.m_ensional :i'.mag_e data supplied to the
LCD 203 are acquired using the phﬁtographic method shown in Fig.
38 in the fifth embbdiment, it i‘s necessary to change the order
in which the two-dimensional image data are supplied to the LCD
203. Alternétively, the order in which .the picture-taking
direct:l.bn is switched during the photographic operation (i.e.,
switching of photographic cameras) may be matched to the order
of the bidirectional beam deflecting scan af the deflecting plate

226 of the three-dimensional image display in advance.
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A description will now be made with reference to Figs. 64A
through 64F on dif'_ferences and s.:l.milar;i..ti'es betﬁeen prindiples
behind beam deflecting écari usinga deflec‘ting plate in the present
emb_o.diment and the fifth embodiment. Figs. 64A through 64C
schematically illustrate the principle behind beam deflecting
scan in the fifth embodiment, and Figs. 64D thrbugh 64F
schematically illustrate the principle béhind beam deflecting
scan in the present embodiment. In those figures', nine beams of
incident light that constituté a two-dimensional :I.niage formed by
the LCD 203 (which is not shown in those figures) are indicated
by respective reference numbers O) throﬁgh‘ @ for convénience in
explanafion. | | |

In the fifth embodiment, as shown in Figs. 64A through 64C,
the beams of .iﬁcident light @ through ® are: simultaneously
deflected by the deflectihg plate 206 in the sénie Qirection at
each time. Strictly speaking, there is slight time .d:l'..fferences
in the i:iming of deflection between the beams of ].-ight,. but it

may be thought that the beams of iight are deflected simultaneously

‘because the time differences are quite' small.

Specifically, the two-dimensional image formed by the LCD
203 is projected only in a direction 6c at the point in time ta
shown in Fig. 64A; the two-dimensional image fo::m_ed'by the LCD
203 is projected only in a diréétion Op at the point in time tf
shown in Fig. 64B; and the two-dimensional image formed by the
LCD 203 is projected only in a direction Oy at the point in time

ty shown in Fig. 64C. In addition, the two-dimensional images
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projected by the deflecting plate 206 at pointsl in time ta, tp
and ty are images photographed from view points associated with
the respective projecting directions. As a result , aviewer will
see a three-dimensional image in the space as described with
reference to Fig. 35. |

In the present embodiment, as shown in ,Figs. 64D through
64F, the beams of light @ through @ are not simultaneonsly
deflected by the deflecting plate 206 in the same diredtion.
Specifically, a part of the two-dimensional images -formed'by the
LCD 203 at the points J.n time ta, tg and ty are projected in
different directions 6a, 6 and Oy, respectiveiy.

Specifically, at the timing ta shown in Fig. 64D, a part
of the two-dimensional image formed .by the LCD 203 repreSented
by three beams of incident 1ight @, @ and @ is projected in the
direction fo; a part of the same represented by three beams of

incident light @ ® anda ® is projected in the direction Bﬁ and

a part of the same represented by three beams of J.ncident-light

'®, ® and @ is projected in the direction 6y. At the timing tf

shown in Fig. 64E, a part of the two-d:iJnen'sional image formed by
the LCD 203 represented by the three beams.of incident light @,
@ and is projected in the direction 6a; a part of the same
represented by the three beams of incident light @, ® and @ is

projected in the direction 0f; and a part of the s_ame represented

‘by the three beams of incident light @. @ and @ is projected in

the direction 6y. At the timing ty shown in Fig. 64F, a part of

the two-dimensional image formed by the LCD 203 represented by
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the three beams of incident light ®,® and@ is projected in the

‘direction 60; a part of the same represented by the three beams

of incident light O, @ and @ is projected in the direction op:
and a part of the same represented by the three beams bf incident
light @, ® and is_ projected in the direction 0y.

It is apparent from Figs. 64D through 64F .that . for acertain
direction Gd of :l.nterest., the projection of a tﬁo-dim_ensional
image in the direction 0a occurs in three steps at points in time
to, tp and ty. Specifically, the beams of light @D, ® and @ are
projected in the direction Oa at the point in time ta; the beams
of 1ight @, @l and® are projected in the direction Oa af the point
in time tP; and the beams of light ®, ® and @ are proj‘eéted in
the direction Bo at the point in time ty. If we take up the
direction 68, the projection of a two-dimensional image in the
direction 6B also occurs in tﬁree stebs at points in time ta, tf
and ty. This also applies to the direction Oy.

When one space_field' is 1/3600 sec. as 'desc;:'ibed above,
the maximum time difference between the points in time ta, tp and
ty is 1/ 60 sec. Therefore, a viewer can not 'distinguish in
practicé a view of one two-dimensional image imoﬁected on a time
division basis as shown in Figs. 64D through 64F 'an_d a view of
one two-dimensional image projected at a time as shown in Figs.
64A through 64C._ That is, a three-dimensional image similar to
that in the fifth embodiment is viewed even when deflecting scan -
on a time division basis as in the present embodiment is carried

out.
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As described above, in the three-dimensional image display
according to the present embodiment, the deflecting plate 226 is
formed usirig a hologram capable of deflecting incident light in
a predetermined direction in accordance with the position of
incidence, which makes it possible to replic_ate the same part
easily and to manufacture' the deflecting plate 226 on,.a mass
production basis at a low ‘manufacturing cost. _In the present
embodiment, the deflecting plate 226 is only required to
reciprocate'in a direction orthogonal to the direction of incident
light in syhchronism with time-dependent changes in a two-
dimensional image formed by the LCD 203, which involves a
relatively simple mechanism "a_nd control. |

While the deflecting plate 226 has a config"uratior_i
including one deflecting region Hr corresponding to 'the _stroke
of the reciprocation in addition to ten deflecting regions Hr
associated with the nurﬁber of pixels of the LCD_ 203 in the present
embodiment, this is not 1hﬁiting the invention. For exampie, as
shown in F_ig. 65, a deflecting plate 226’ may be copfigured which
has ten deflecting regions Hr associated with the nlnnber o_f pixels
and has, for example, the same number of (ten) ."additional
deflecting regions Hr. In this oase, deflecting scan for 600
space fields is performed only by moving.the deflectir_lg plate 226"
from an initial position (the position of the right end of the

reciprocation stroke thereof) shown in Fig. 65 to an end position

(the position of the left end of the reciprocation stroke thereof)

shown in Fig. 67. Fig. 66 shows a state in which the deflecting
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plate 226" has been mdved a distance cor:_:‘esponding to six
deflecting regions or 300 space fields. In this case, defiecting
scan for 3600 space fields is performed by'causing the de_fie_cting
pllate 226’ to make six one-way movements or three. reciprocating

movements. That is, the deflecting plate 226’ is to be moved at

a speed to make three round trips pér second. Thereforé,
- according to the present modification, ‘the deflecting plate 226 '_

' requires a simpler moving mechanism and provides high accuracy

with improved facility compared to the deflecting piate 226 which
is moved .at a i'elatively high frequency of 30 round trips per éécond
as described with reference to Figs. 60 through 62. |
[Seventh Embodiment] |

A seventh embodiment of the iriveﬁtion will now be described.

Fig. 68 shows a schémat:l.c. configuration of a three-
dimensional image display according to a seventh embodj.ment_ of
the invention. The- same figure shows the display as viewed
directly from above. In the -.figure, components which are
identical to components shown in Fig. 57 are indicated by like
reference nmnberé, ' and the description will omit | them
appropriately. | |

The three-dimensional image display  of the present

embodiment has a deflecting £film 236 instead of the deflecting

plate 226 in the sixth embodiment (Fig. 57). The deflecting film
236 is formed in a closed configuration like an endless tape and
has a sectional structure including a multiplicity of deflecting

regions Hr each of which includes 60 deflecting cells HC(x.,1i)
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similarly to the deflecting plate 226 shown in Figs. '59 and 60.
However, the deflecting regions Hr of i:his deflecting £ilm 236
are continuously formed without any separation unlike the
above-described deflecting plate 226_. Therefore, the number of
the deflecting regions Hr may be regérded Substantially infinite.
The deflecting film 236 is _stretchéd between a plurality
of transport rollers 237a through 237d (four rollers, in this case).
For example, the transport roller 237b among those .transport
rollers is driven for rotation by a motor which is not shown to
move the deflecting film 236 in one direction (the direction of
the arrow X1) at a constant 'speed. Each o.f the tranSport rollers

237a through 2374 has a plurality of sprockets (not shown) which

‘engage perforations (transport hoies) which are not shown on the

deflecting film 236 to allow the deflecting film 236 to be
transported With high accuracy. The basic configuration is
otherwise simiJ.ar to that in Fig. 57 and will not therefore be_
described. . | |

In the thi:'ee-dimensional image display of the present

embodiment, the deflect:l.rig regions Hr are always moved in a

. constant direction by transporting the deflecting £ilm 236 in one’

direction similarly to an endless tape. As a result, deflecting

scan of a single beam of incident light PBv by a deflecting cell

"HC(r,i) is always performed in one direction (i.e., in the

direction from the angular direction 61' toward the angular
direction 860) on a cycle of 60 space fields similarly to the fifth

embodiment. For example, referring to a beam of incident light
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PBl of interest, this beam of light is deflected in the angular
directions 01 through 0860 during 60 space fields from a point in
time t1 to a point in time t60 as shown in F:l.g.. 68, and is furtner
deflec_ted in the angular directions 01 through 060 duning 60 space
fields from a next point in time t6l1 to a point in time t120.
Thereafter, beam deflecting scan 1s s.imilarly performed always
in the an'gul-ar directions 01 throngh 060 on a cycle of 60 space
fields. | |

In the present embodiment, there is no need fer the
relatively_ compiicated mechanism fo_r' reciprocafing the
deflecting plate 226 or deflecting plate 226" in the sixth

embodiment, and a mechanism to transport the deflecting £ilm 236

in a constant direction is sufficient. Thei:efore, the three-

dimensional image display of the present embodiment is simple in
structure and is suitable especial_ly for ap.pl'ications in whieh

a large screen is required as in t_he case of, for example ., amovie

the.ater .

While the deflecting £ilm 236 functions as transmission
type deflecting means in the three-dimensional image dlsplay of

the present embodiment, this is not lim:.ting the invention, and

.a reflection type deflect:.ng £ilm may be used as deflecting means

as in the embodiment described below.
[Eighth Embodiment]

A three-dimensional image display according to an eJ.ghth

' embod:.ment of the invention will now be described.

Fig. 69 shows a schematic configuration of the three-
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dimensional image display according to the eighth embodiment of
the invention. The same figure shows the display as viewed

directly from above. In the figure, components which are

"~ identical to components shown in Fig. 68 are indicated by like

reference numbers, and the descriptioﬁ "will : omit them
appropriately.

The thrée;dimer_lsional- image diéplay is configured using
a reflection type deflecting f£film 246. The deflecting film 246 _
is configured such that it is moved in one direction alonga sﬁrface
forming a part of a cylinder having a radius Ra when transport
rollers 247a and 247b are driven for rotétion._ In ofder to cause
thédefleci:_ing £1lm 246 to extend along the surface forming a part
of the cylinder, fdr example, £ilm guides (not shown) that extend

along the surface forming a part of the cylinder may be provided

‘in marginal areas at upper and lower ends of a deflecting sci:eeﬁ

‘surface 246a upon which no 1light impinges', to guide the deflecting

f£film 246.
A projecting optical system constituted by a light source
portion 201, an LCD 203, a condenser lens 204, etc. is provided

such that the focal point F of the condenser lens 204 is located

on a central axis of the above-described ¢ylind,rica1 surface. The

projecting optical system is provided in 'a posi_.tion higher than
the center of the deflecting screen éurfac_e 246a of i:he deflecting
film 246 (a position on this side of the planel qf the- drawing),
and fhe optical axis of the same extends d:l.agonaily downward toward

the center of the deflecting screen surface 246a. That is, light
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that has exited the LCD 203 irradiates the deflecting screen

surface 246a of the deflecting film 246 diagonally from above,

as shown in Fig. 71.

Light transmitted by the LCD 203 and collected by the

.condenser lens 204 spreads after focusing at the focal point F

to impinge upon the screen surface 246a of the deflecting £ilm
246 perpendicularly. As aresult, a two-dimensional image formed
by the LCD 203 is projected upon the screen surface 246a of the
deflecting £film 246. The term ‘pérpendiculai:ly"- in this context
means perpendicularity in thel horizontal plane shown in Fig. 69
(in the plane of the drawing). |

Figs. 70 through 72.illustrate how thé light incident upon
the deflecting £ilm 246 shown :I.n.Fig. 69 is reflected while being
deflected. - Among those figures, Fig. 70 isa horizontal sectional
view 'showing deflection and réflection at déflecti_ng .cells
HC(r,':I.) includ.ed'. in a single deflecting region Hr, and Fig. 71
is a'bird's-eje view of the same state. Fig.' 72 ié a hbrizontal
sectional view showing time-dependent changes of the 'diréction

of deflection and reflection at a single déflecting cell HC(r,1)

in a deflecting region Hr.

As shown in those figures, in the present modification,
the deflecting regions Hr are continuously fbrmed on the
deflecting £ilm 246 similarly to that in the seventh embodiment.
EBach of the deflecting regions Hr includes 60 deflecting cells
HC(r;i) formed like stripes. A beam of _1ight transmitted by a

certain pixel of the LCD 203 perpendicularly impinges upon a
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deflecting cell HC(r,i) in a corresponding position of the

deflecting £ilm 246. The term "perpendicularly” in this context
means perpendicularity in the horizontal blane shown in Fig. 70
(in the plane of the drawing) . Sixty beams of incident light PBv
impinge upon one deflecting region Hr to be reflected "by the
respective deflecting cells HC(r,i) while b.eing defleqted in the
angular _diréc_ﬁtions él through 060 in the horizontal section. On
the other hand, in a vertical section (in é plane that extends
through the axis of the cylindrical surface formihg the defJ.ecting
screen surface 246a of the defleéting f:l.im 246 and that is
perpendicular to the plane of Fig. 70), beams of incident light
PBv incident upon the deflecting regions Hr diagonally from above
'afe reflected such that they laJ.:e diffuéed substantially uniformly
upward and downward in the vertical séction, as shown in Fig. 71.

Such reflection resulting in upward and downward diffusion can

be caused by, for exa_mple,' forming a lenticular ]_.a_yér (hot shown)

having a _func_t:I.On similar to the lenticular plate' shown in Fig.

35 for example, on the deflecting film 246.

The basic priﬁciple and action of beém 'deflecting scan
utilizing the deflecting £ilm 246 of the three-dimensional image
display of the present embodiment are similar 'to_ those in the
seventh embodiment (Fig. 68). For example, as shown in Fig.. 72,
if we. take ﬁp a certain béam.of incident i:ll.ght'PBv of interest,
this beam of 1light is reflected by deflecting cells HC(r,i) which
sequentiaily move in the direction 'of the arrow X2 while bging

deflected in the angular directions 01 thrbugh 060. As a result,
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a viéwer will view two-dimensional images from differeﬁt view
points depending on the direci:ion of his or her own line of sight ,
and those images are recognized as a three-‘dimenSional image.

In the seventh embodiment (f‘ig. 68), light which has exited
the LCD 203 impinges upon the deflecting film_236 as parallel beams
of light. In other words, a two-dimensional image formed by the |
LCD 203 is carfj.ed by a plarie wave to reach fhe defledf:ing film -
236 in the form of a plane. On the contrary, in the three-
dimensional image display of thé pre_sent embodiment; a two-

dimensional image formed by the LCD 203 is carried by a spherical

‘'wave to reach the deflecting £ilm 246 in the form of a cylindrical

surface. That is, there is no need for the collimator lens 205
(Fig. 68) for trans_forming" diffused beams 6f light iﬁtb parallel
beams of light. This makes it possible to reduce fhe number of
parts required for the cpnfiguration of the display. |

In the preseht embodiment, since the reflection fype
deflecting film 246 is used, the projecting optic.al. system can |
be provided on the side of a _viewer. Therefore, the display
substantialljr requires a smaller space for installation compared
to that iﬁ the seventh embddiment (Fig.  68) i‘n which the
transmission type deflecting film 236 is used, which is
advantageous especially when the display.is used in a movie theater
or the 1iké where a large screen is required.

While a part of the dgflecting film 246 is formed like a
cylindrical surface to perform béam deflecting scan usilng' the same

part in the present embodiment, this is not limiting the invention.
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For example, as shown in Figs. 73 and 74, a panorama type

three-dimensional J.mage display can be provided in which an inner

" surface of a deflecting screen 256 in the form of a cylinder is

entirely used to perform beam de_flecting scan. Fig. 73 is a
bird’'s-eye view of the display as a whole, and Fig. 74 shows a
horizontal section of the display.

In the modification, deflecting regions Hr lare
continuously formed on the entire inner surface of the cylindrical
deflecting screen 256 in the circumferential direction thereof
without any separation in the fon'nlof vertically. extending sti:ipes .
The cylindrical deflecting screen 256 is configured' such that it
can rotate in one direction as a whole. In the middle. of the
cylindrical deflecting sc.reen 256, a ptojecting 'opt.ical system
258 1is disposed_ which can form six two-dimensional 'images
independent of each other in parallel and which can project them
around itself. The p:':ojecting'.optical system 258 is secnred'to
a bottom portion 259, for example, with a post 257. For example,
the projecting optical system 258 is configured with six sets of
projecting optical systems each of which is constituted by the
light source portion 201, LCD 203, condenser lens 204, etc. shown
in Fig. 69. |

In the present embodiment, the. inner circumferential
surface of the cylind_rical deflecting screen 256 is equally
divided into six partial screen surfaces such that they have a .

central angle of, for example, 60 deg. to provide a configuration

in which two-dimensional images are projected upon respective
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partial screen surfaces from respective parts of the projecting
optical system 258. The deflecting screen 256 is rotated in the

direction of the arrow X3 at a constant speed in synchronism with

~the timing of projection of the two-dimensional images. As a

result, a three-dimensional image is formed on each part,ial'screen
based on the same principle as described with reference to Fig.
72 to collectively provide'l a three-dimensional image. Therefore,
a viewer G4 who is located, for example, near the c;ente:f of the
cylinder views a three-dimensional image on the ent:i..re' surfaces
surrounding him- or herself, which allows the viewer to experience
a view with so mt;ch presenée. Therefore, the three-dimensional
image display will provide people _ with a quite enjoyable
attraction when-:l.nfroducéd to, for example . Various kir;ds of theme
parks. |

In the three-dimens"ilo.nal image display shown in Fig. 73,
a ceiling surface may be prdvided on top of the cylj:ndriéal chamber
in addi'tion. to the inner cir'cﬁ_mferential surface of the
cylindrical deflecting screen 256. A deflecting screen may be

disposed on the bottom surface of the ceiling and may be rotated

integrally with the cylindrical deflecting screen 256, and a

two-dimensional image may be projected upon the deflecting screen
on the ceiling.

Further, a similar deflecting screen may be disposed also
on the floor of the cylindrical chamber. The deflecting screen -
may be rotated integrally with éhe deflecting screen 256 on the

cylindrical surface, and a two-dimensional image may be projected
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upon the deflecting screen on the floor. In this case, however,
siﬁce there is a need for preventing a viewer from being rotated,
the floor may be divided into, for exaxﬁple, a f£loor in the ;'iart
on which a viewer stands and a fotating floqi:'. - Altern’atively,
a double floor structure may be employed, an upper floor thereof
on which a viewer stands being a fixed transparent floor, a lower
floor imder the same being prow}ided with a rotatable deflecting
screen thereon. _ | |
[Ninth Embodiment]

A three-dimensio’nai image display according to .a ninth
embodiment of the :I.nve:ition will now be described.

Fig. 7.5 shows major parts q'f a three-dimensiqnal image
display according' to the ninth embodiment of the invention.

Specifically, this figure shows a sectional structi_:re of a

‘deflecting plate 266 which is used, for example, instead of the

deflecting plate 226 of the threé-d:l.niension&l image display shown
in Fig. 57. However, the same figure omits hatching on the
gsectional region in o;:'der to prevent it from confusing beams of
light.

As shown in Fig. ;75, the deflecti-hg plate 266 has a
configuration including a base material 267, a multiplicity of
electrodes 268 in the form of stripes arranged on the base material
267 such that they extend in a direction orthogonal to the plane

of the drawing, and a deformation layer 269 having insulation

_propert:l.e‘s formed to cover the array of the electrodes 268. The

base material 267 is formed of a transparent insulating material,
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and the electrodes 268 are formed of a transparent conductive
materiai such as ITO. The deformation layer 269 is a soft layer
which is in a rubbery state or gelatine state .at room temperature
and which has the_ property of being deforming easily when subjected
to an external force. The deformation layer 269 is preferably

fomed of a material having a high dielectric constant. Counter

"electrodes 269a in the form of stri_pes arranged in a face-to-

face reiationsh:l.p with the electrodes 268 are formed on a surface
of the de_formation 1ayér 269. The counter electrodes 269%9a are
also formed of a transparent conductive materia_l, e.g., ITO. The
déflecting plate 266 corresponds to the "deflectinQ means” of the
inventibn, and the deformation layer 269 corresponds to the
"light-transmitting méinber" .
An action of ‘the deflecting piate 266 having such a
configuration will xipw be described.
| The surfaces of thé deflecting plate 266 and deformation
1a.1yer' 269 are substantially flai: in a non-operating state. When
electric potentials with different polarities are applied to any
of the electrodes 268 and the counter electrode 269a in a
face-to-face relationship theiewith, the electrdde 268 and
counter electrode 269a attract and.' appr_oach each pther. The
thickness of the deformation 1a.yer 269 is minirﬁized in that part,
and the thickness of the deformatlion layer 269 grédually increases
as that part becomes apart. When the same electric potential is
applied to any of the electrodes 268 and i:he counter electrode

269%a in a face-to-face relationship therewith, a repulsion force
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is generated between the electrode 268 end counter electrode 269a.
The thickness of lthe .deformation layer 269 is maximized in that
part, and the thickness of the deforlilation layer. 269 gradually
decreases as that part becomes apart. ' Therefore, a gentle
cylin_dr:l.cal concave portion 269b can be formed by appropriately
eontrolling the electric potentials applied to the electrode 268
af;d counter electrode 269a. A spanwidth Wﬁ of the concave portion
269b is set equal to the tetal width of beams of ineident' light
for 60 pixels which have been transmi_tfed- by the LCD 203.
When the pos:l.tion ef the pair of the electrode 268 and
counter electrode 269a to which the voltages are to be applied
is gradually ehifted, for example, in the right-to-left direction
(the direction of the arrow X4) in Fig. 75, the deformation layer
269 is accordingly subjected to sequential deformations, and the
concave portion 269b moves from right to left. 1In ad_dition, when
a 'negative voltage is simultaneously appiied to a plurality of
the electrodes 268 at a pitch pl which is "e'qual to the span width

W2 of the concave portion 269b instead 6f | applying the voltage

to only one pair of electrodes, concave portions 269b are

periodically generated at the deformation layer 269 as shown in
Figs . 75 and 76, and those concave portions 269b sequentially move
from right to left like a travel of a wave. Fig. 76 shows a state

observed when a certain period of time has passed since the time

-of the state shown in Fig. 75. Since one concave portion 269b

acts siniilarly to a cylindrical concave lens, all of beams of

incident light PBv for 60 pixels incident upon the concave portion
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269b are deflected in different directions. 'Sixty "beams of
incident 1light PBv incident upon one concave portion 269b can be
.deflected in 60 direcfions, i.e., angulér directions 01 through
060 by apprc;priately setting the concave configuration of the
. 8 concave portion 269b, the refractive index of the deformation
layer 269, etc.
' .:.['n conclu-s:l.oﬁ, 'the deflecting plate 266 has a function
similar to that of the defiecting plate 226, deflecting fiim 246
or deflecting screen 256 used in the sixth, seventh or eighth
10 elhbodiment (Figs. 5.7, '68 or 69). | Therefore, the deflecting plate
266 shown in Fig. 75 may be used instead of the deflecting plate
226 , deflecting £ilm 246 or deflecting screen 256 used in the sixth,
seven.th or eighth embodimént.
When the defledting means is formed using a hologram as
15 in the sixth through eighth embodiments, since a deflecting region
Hr is fixed, it is not possible to freely cha'ngé the déflecting
angle of each of the 60 beams of 1':I.ght incident upbn the defiecting
region Hr and the size df the deflecting region Hr. On the contrafy,
in the case of the deflecting plate 266 shown in Fig. 75, since
20 thé span width W2 and the depth of a éoncave portion 269b
correspondiﬁg toa defléct:l.ng region Hr can be changed by changing
the number of electrodes 268 to be driven simultaneously, the
magriitud_es of the. applied voltages, etc., the defl_ecting angle
of each beam of light and the size of the concave portion 269b
25 can be appropriately changed. |

While the counter electrodes 269a of the present embodiment
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are divided electrodes in the form of stripes, this is not limiting

the invention. For example, a counter electrode may be formed

‘as a single £film covering the deformation layer 269 entirely, which

 is shared by the plurality of electrodes 268 and which is fixed

at a constant electric potential (e.g., a ground potential). In
the case of divided counter electrodes as shown in Fig. 75, however,
the polarity of the voltages applied to the electrodes 268 and

counter electrodes 269a can be varied from electrode to electrode.

' In this case electric potentials having different polarities may

be applied to an electrode 268 and a counter electrode 269a, and
electric potentials having the same polarity may be applied to
those electrodes thereafter to cause mutual repulsion.betWeen the
electrodes. This makes it possihle to performmore active control,
i.e., control for removing deformation of the deformation layer
269 to restore the initial state by force, which allows an
operation at a high speed. .Further, the waveform of the applied
voltages may be a 'sin.e. wave, a saw-tooth-wave or the like, which
makes it possible to control the direction of refraction of light
freely. For example, the deformation layer 269 may be adapted
to function as a set of cylindrical lenses in which the positions
and curvatures of curved surfaces thereof change as time passes.

Instead of arr'anging. the electrodes 268 and counter
electrodes 269a such that they have the same longitudinal
direction (extending direction), a so-called simple matrix type
arrangement may be employed in which they extend in directions

orthogonal to each other. In this case, since intersection points
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between the electrodes 268 and counter electrodes 269a can be
selected one by one, the deformation layer 269 can be deformed
point by _point to provide -the concave portions 269b with a
spherical configuration or a configuration similar thereto. This
increases freedom of control. Specifically, refraction can be
caused not only in the horizontal direction but .also_. in the
vertical direction. |

The deformation 1ayei' 269 can be defomed 'point by point
with increased fréedom if both of the electrodes 268 and counter
electrodes 269a are formed like points (01::' islands) instead of
stripeé' to provide a so-called actiVe matrix arrangement.
Therefore, the deformation layer 269 can function like, for
example, a set .of a multiplicity of r_nicrolénses having curved
surfaces w:l.t‘:h variable positions and cﬁrvatures._ Since the
attracting force and repulsion force originating from electric
charges can be freély controlled, one of the groups of elecfrodés
can be used also as electrodes for driving the LCD.

A qharg_e storége film may be formed. in place_ of the counter
electrodes 269a and may be charged by applying thereto electric
charges _w:i.th.'one polarity through corona discharge or the like,
and a voltage with the other polaritj may be applied to the
electrodes 268. Aiternati\}ely, the liquid crystal itself may be
used as the deformation 1a§er 2'69 the thickness of which may
therefore be controlled utilizing fluidity of the same.

While a transmission type liquid cryétal element is used

as the LCD 203 in any of the above-described £fifth through ninth
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embodiments, this is not limiting the inventioﬁ, and the
projecting optical system may be configured ﬁsing a reflection
type liquid crystai, for example, as shown in Fig. 77. Parts in.
fhis figure identical to components shown in 'Fig. 35 and so on
are indicated by like reference numbers.

The proijecting eptical system has a configuration includiﬁg
a refle‘ctioﬁ type LCb' 303 and a polarization beam splitter
(hereinafter referred to as ‘PBS') 300 insteed of the transmission
type LCD 203 in Fig. '35. The PBS 300 has a poiar:l.zed light
splittieg surface 300a which reflects s-polarized components of
1;i.ght in light incident thereupen and transmits p‘-polarized
components of light in the same. In this projectiﬁg optical
system, oﬁly- s-polarized components of iight in light coming fr'om.
the light source portion 201 are reflected by the pelarized_. light
splitting surfaee 300a to reach_ the LCD 203 at which they are
selectively subjected to modulation of the polarizing direction
on the basis of pixeis and 'afe reflected. The polarizing
direction of light reflected at modulated pixels is retated 20
deg. to provide p-pelarized light which is in turn trans'ni:l.tted
by the polarized iight splitting surface 300a of the PBS 300 to
impinge upon the condepser ;Lene 204. lThe polarizing direction
of light reflected at unmodulated pixels is not changed, and the
s~polarized light. impinges upon the polarized light splitting
surface 300a of the PBS 300 as it is. The light is therefore
reflected there aﬁd does not travel toward the cendenser lens 204.

[Tenth Embodiment]
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A three-dimensional image display according to a tenth

embodiment of the invention will now be described.

In any of the above—describ.éd fifth through ninth
embodiments and modifications thereof, a two-dimensional image
is formed by the LCD 203 or the 11ke; and the projecting direction
of the two-dimensional image is deflectéd using the deflecting

means. The present invention is not limited th_ereto, and a

' cohfiguration may be employed in which a two-dimensional image

is formed using light deflected by the deflecting means and the
two-dimensional image is projected as it is. An example of such
a configur'ation will be described below.

Fig. 78 shows major parts of a three-dimensional image

' display according to a tenth embodiment of the invention. The

three-dimensional image display has: a rotational vibration
mirror 310 which makes a rotational vibration at a predetermined
angle of rotation about a rotational axis 310a; a PBS 311 provided
1n the traveling direction 6f light féflected by the rotational
vibration mirror 310; a reflect:l.on type LCD 312 _provided close
to or in contact with one surface of the PBS 311 and a lenticular
plate 313 provided close to or in c_ontact with a surface of 'thé
PBS l311 facing the surface on which the LCD 312 is provided. The
rotational vibration mirror 310 corresponds to the "deflecting
means” of the invention.

The PBS 311 has a polarized light splitting surface 3lla
which reflects s-polarized components of light and transmits

p-polarized components of 1ight. For example, a reflection type
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ferroelectric liquid crystal is .used' as the LCD 312. The
lenticular plate 313 is an integral arréy of very small
semicylindrical lenses extending in a direction parallel with the
plane of the drawing similar to the lenticular plate 207 in Fig.
35, and it has a function of diffusing 1ight exiting the PBS 311
in a direction orthogonal to the plane of the drawing. |

The operation of the thrée-dimensional image display
having such a configuration will now be described.

As shown in Fig. 78, when the rotational vibration mirror
310 is in an intermediate position €2, only .a beam of light PI2
which is a part of beams of incid_.ént light c_ontributes to formation
of a two-dimensional image by thé LCD 312. In this case, the beam
of light PI2 vertically imp:l.ngés upon the PBS 311, and only
s-polarized comporients thereof are reflected by the polarized
l:l.ght_ splitting sﬁrface 31lla ﬁo reach the LCD 312

at which they are selectively subjected to modulation of the

‘polarizing direction on the basis of pixels and are reflected.

The polarizing direction of the light reflected at modulated
pixels of thé LCD 312 is rotated 90 deg. to provide p-polarized

light which is in turn transmitted by the polarized light splitting:

~ surface 31la of the PBS 311 to exitf. in the direction of the normal

plane of the exit surface through the lenticular plate 313. The
polarizing direction of the light reflected at unmodulated pixels

of the LCD 312 is not changed, and the s-polarized light impinges

upon the polarized light splitt:l.rig surface 31la of the PBS 311

as it is. The light is therefore reflected there and does not
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exit .the lenticular plate 313.

As shown in Fig. 79, when the rotational vibration mirror
310 is in a position &l which is. furthesf from the PBS 311, only
a beam of light PI1 which is a part of beams of incident light
contributes to formation of a two-dimensionai image by the LCD

312. In this case, the beam of light PI1 impinges upon the PBS

~3llatan an'glle' of incidence (-¢) and, th_eteafter. only s-polarized

components thereof are reflected by the polarized light splitting
surface 31lla to reach the LCD 312 at which they are selectively

subjected to modulation of the polarizing direction on the basis -

of pixels and are reflected. The light reflected .at modulated

pixels of the LCD 312 exits through the PBS 311 and lenticular
plate 313 in a direction which is at an angle (;6)"'1:0 the normal
plane of the exit surface.

As shown in Fig. 79, when the rotational v;i.bration mirror

310 is in a position €3 closest to the PBS 311, only a beam of

' light PI3 which is a part of beams of incident light contributes

to formation of a two-dimensional image by the LCD 312. In this
case, the beam of light PI3 impinges 'upon the PBS 311 at an angle
of incidence (¢) and, thereafter;" only s-polarized components
thereof are :Eeflected by the polarized light splitting surface
31lla to reach the LCD 312 at which they are selectively éubjected
to modulation of the polarizing dii'ection on the basis of pixels
and are reflected. The light reflected at modulated pixels of
the LCD 312 exits through the PBS 311 and lenticular plate 313

in a direction which is at an angle (d) to the normal plane of
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the ei::l.t surface.

In consequence, the two-dimensional image f_ormed by the
LCD 312 éxits the exit surface of the PBS 311 at exit angles ranging
from (-8) to (d) in acdordance with the rotational vibration 6f
the rotational vibration mirror 310. As a result, a viewer G5
will view a three-dimensional image inside the PBS 311.

While the present embodiment emplpyé a configuration -in
which light which has been deflected as a result of reflection
at the rotational vibration mirror 310 impinges upon th_e LCD 312,
this is not limiting the invention. For example, the rotational
vibratioh mirr&r 310 may be replaced with é cylindrical prism
rotatable about an axis or a deflecting prism array 216 formed
by a plurality of microscopic rotary prisins 216b each of which
is rotatable about a rotational axis 216a, for example, as shown
in Fig. 54. Light defledted by a refracting action when
transmitted by the cylindrical prism or de_fiecting prism array
may be projected upon the LCD 312. The fotationai .v:l.bration
mirror 310 corresponds to the “rotary reflecting body” of the

invention, and the cylindrical prism or déflecting prism array

216 corresponds to the “rotary refracting body” of the invention.

. A -deflecting reflection mirror array 315 capable of
sequentially reflecting incident light in different directions
as time passes .may be provided, for example, as shown :l.ﬁ Fig. 80,
and 1ight deflected by the deflecting reflection mirror array 315
may be préjected upon the LCD 312. A modificatioh shown in the

same figure will now be briefly described.
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Fig. 80 shows a s_chematic pian configuration of a
three-di.mensionai image display according to a modification of
the present embodiment. In the figure, corhponents :I.denticai to
components shown in Fig. 78 are indicated by like reference numbers
and will not be described appropriately. The three-dimensional
image display has: a 1light source portion 314 for emittingparallel
beams of i_ight: a PBS 311 upon which the light emitf_ed by the 1ight
sourcé portion 314 impinges: a reflectiqn type LCD 312 provided
close to or in co_ntact with a surface of the PBS 311 opposite to
the .light entrance sﬁrface; a deflecting reflection mirror affay
315 provided ciose __td or in contact with a surface of the PBS 311
orthogonal to the surface on which the LCD 312 is provided; and
a lenticular plate 313 provided close: t§ or in contact with a
surface of the PBS 311 fécing the surface on which the deflecting
reflection mirror array 315 is. provided. The de'flecting
reflection mirror ai:‘r’ay 315 corresponds. to i:he "defiecting mean'.s"
of the invenfion. | |

The PBS 311 has a polarized light splitting sﬁrfac_:e 3lla
whidh reflects s-polarized components of 1':i.ght and transmits
p-boiarized cpmponents ‘of light. The deflecting reflection
mirror érray 315 is forméd by, for example, coating the rotary
prisms 216b forming the deflectihg prism array 216 shown in Fig.
54 with a polarized .light reflecting fiim, and it is capable of -
so-called polarized light deflecting .scan for transforming
incident s-polarized light into p-polarized 1light and for

reflecting it in different directions sequentially as time passes.
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The configurations and functions of the LCD 312 and lenticular
plate 313 are the same asl those in Figs. 78 and 79.

In the three-dimensional image display having such a
confliguration, only p-polarized components of 1light among
parailel beams of light which vertically impinge upon the PBS 311
from the light source portion 314 are transmitted by the polarized
light splittiﬁg' surface 31l1la to .reach' the LCD 312 at which they
are selectively subjected to modu_lat.ior'l of the polarizing
direction on the basis of pixels and are vertically reflected.
The polafizing direction of the light reflected at modulated
pixels of the LCD 312 is polarized 90 deg. to provide s-polarized
light which ié in turn reflected by the polarized light splitting
surface 31la of the PBS 311 to | impingé upon the .deflecil:ing
réflection mirror array 315. The s-polariied light iﬁcident upon
the deflecting reflection mirror array 315 is transfonﬁéd into
p-polarized light aé a result of reflection at thé polariied light
reflecting £ilm on the rotary prisms 216b (not shown :Ln Fig. 80). |
that constittite the same. The light' is also reflected
sequentially in different directions in accordance with the

rotation of the rotary prisms 216b, which results in deflection

in the horizontal direction. The p-polarized light reflected by

- the deflecting reflection mirror array 315 exits through the

lenticular plate 313. As a result, light gxits the 1er_1ticular
plate 313 at exit angles ranging from (-8) to 8. That is, an image
formed by the LCD 312 is projected in angular directions 01 through

060. The polarizing direction of the light reflected 'at
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unmodulated pixels of the LCD 312 is not changed, and the p-
polarized li_ght is transmitted by the polarized light splitting
surface 311a.as it is. Tl_ierefore, the light will nét exit the
lenticular plate 314. |

While the direci:ion of incidence of light upon the LCD is
deflected by the deflecting means interposed between the fixed
light source and PBS.in the a_bove-déscribed modifications (Figs.
78 and 80), for example, the light source 320 itself may
alternatively be moved to deflect beams of light incident upon
the LCD 312, as shown in Fig. 81. A modification shown in the
same figure will be described be.low. |

~Fig. 81 shows a schematic plan cbnfiguration of a

three-dimensional image display according to a modification of

the.pres'ent embodiment. In the same figure, cdmponents identical
to components shown in Fig. 78 are indicated by like refére’nce
numbers, and the description will omit them appropriately. The
three-dimensional iinagé dispiay has: a 1ight source 320 which is
a semiconductor la_ser, a light-emitting diode or the like; a
collimator lens 321 having a focal length £; a PBS 311; an LCD
312 and:;: a 1enti‘cu1ar plate 313. The light source 320 is.provided
on the focal point c}f the collimatoi‘ lens 321 and is configured
such that it vibrates with a constant amplitude in a direction
orthogonal to an | optical axiél 322 on the focal plane. If the
amplitude is represented by x, the angle of deflection caused by
the lens 321 is x/(2f). Therefore, a 1ar§e deflecting angle can

be achieved by making the focal length f sufficiently small and
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making the amplitude x as large as possible. The light source
320 corresponds to the "reciprocating light source” of the
invention, and the coilimator lens 321 corresponds to the "optical
system” of the invention.

For example, a direé_tive deflection light—emitting panel
330 whose light emitting direction changes as time passes may be
used as the light source, as shown in Fig. 82. A modification
shown in the same figure will be briefly described ‘below.

Fig. 82 shows a schematic plan configuration of a '
three-dimensional image displéy acctirding to a modification of
the present embodiment. Iri the same figure, components.identicél
to components shown in Fig. 78 are indicated by like reference
numbers, and the description will omit them appropriately'. 'i'he
three-dimensional image display has a directive deflection
light-emitting panel 330, a PBS 311, an LCD 312 and a ller_lticular
plate 313. For example, the directive deflection light:-emitting
panel 330 has a plurali_tY of very I_small rotary members 332 each
of which is provided .su-ch that it can rétate about a rotational
axis 331 and a plura_li{:y of directive light-emitting bodies '33'3
disposed on a surfacé of each of the rbtary members 332, as sliown
in Fig. 83. Fig. 83 isa diagonal bird’ s;eye view of the directive
def_lectidn light-emitting panel 330 in a diagonal direc_tion. The
rotary members 332 fotate in the :saine diregtion in synchronism
with each other at the same rotational speed. For example, the
directivé light-emitting bodies 333 are éonstituted by light-

emitting diodes (LED), semiconductor lasers or the like having
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high directivity. A single directive light-emitting body 333 is
constituted by three light-emitting bodies foi:' lights in colors
R, G and B. The direc_tive deflection .lig'ht—emitting panel 330
correspdnds to the "light source capable of changing the
projecting direction of 1j.ght in accordance with time-dependent
changes of a two-dimensional image formed by the two-dimensional
imége forming means”. | | |

In the three-dimensional image display having_ such a
con_figuration, the projecting direction of light from the

directive deflection light-emitting panel 330 changes as time

_passes, and the direction of incidence of 1ight incident upon the

LCD 312 is thus deflected. Adcordingly, the projecting direction
of an image which is formed by the_ LCD 312 and which exits the
1enticu1_ar plate 313 also changes. .

The threé-_dimenSional iniagé display of this modification

is advantageous in that the diéplay can be compactly configured

‘because the light source itself also serves as defledting means.

Display can be presented without the PBS and L.CD by employing
a configuration in which the directive ligh-t-em:l.tt'ing bodies
shown in Fig. 83 are used &s independent pixels. and in which those
pixels. are independently subjected_ to time modulation. = This
is because the pixels which are directive light-emitting bodies
are directly driven to eliminate the need for wave detection (light
detectiqn) by the PBS. This configuration is especially suitable
for screens in large sizes on the order of several meters bjr séve_ral

meters. In this case, such a :configura_tion may be extended to
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cover not only the front side 6f the deflécting plate (deflecting
directions from 0 deg. to 180 deg.) but also the rear side thereof
(deflecting directions from 180 deg. to 360. deg.) to project an
image in all directions (frdm 0 deg. to 360 deg.), which makes
it possible to create images which do not rely upon flat surfaces.

While the present invention has been described above with
reference to several embodiments théreof » the invention is not
limited to those embodiments and may be modified in var:l.oﬁ_s ways.
For example, beam deflecting scan is performed only in the lateral
direction (horizoni:al directidh) in the fifth through ténth
embod_i.ments. and the modifications thereof. This is not limiting _
the invention, and beam deflecting scan may be performed not only
in the lateral direction but also in the vertical direction to
allow three-dimensional display also in the vertical direction.
In this case, a viewer can iriew not Oﬁly the lateral surfaces of

an object but also the top and bottom surfaces thereof by moving

the view points to the left ahd_ right' and up and down, which makes

it to display a quite realistic stereoscopic image.

While a hologram is used to form the deflecting plate 226
and the like in the sixth through eighth embodiments, this is not
limiting the invention and, for example, a deflecting plate 226’

formed using a linear Fresnel lens in the form of a brazed prism

as shown in Fig. 84 may be used. Fig. 84 shows a horizontal section

of the deflecting plate 226°'. The deflecting plate 226" is a

“band-shaped Fresnel l_ens whose horizontal section has the same

configuration wherever it is taken, and it is formed by r_epetitive
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deflecting regions Hr having the same configuration upon which
light for 60 pixels will impinge. Beams of light incident upon
the pixels are refracted (deflected) in respective different

directions (angular directions 01 through 060) before they exit.

The numbers of pixels of the LCDs used ir_l the above

embodiments are merely examples and may be appropriately changed.

For example, while the numbei:' of pixels of the LCD 203 in the

horizontal direction in the fifth embodiment is 600, it may be
a different number. For example, the number of the deflecting
cells HC(r,i) inc_:luded in one deflecting region Hr, i.e., the
number of directions in which deflection can occilr in one
deflecting region Hr is not limited to 60, and it may be a different
number. The angular intervéi befweeh the deflecting directions
:_i.s not limited to 1 deg., and it may be a different wvalue.

. Liquid crystal display elements which are passive elements
that require back-light or illuminating iight as booster light
are used in the above embodiments. This is .not_ limiting the

invention, and active display elements which can display an image

' by emitting light by themselves, .e.'g. . PD (plasma display)

elements and EL (electro-luminescence) elements and, further, FED
(field emission display) elements and the like may be used. except
in cases where the projecting optical system is formed using a.
re_flection type liquid crystal (the dases shown in Figs. 77, 78,
80, 81 and 82). 'An FED is an element in which a multiplicity of
microséopic electron sources are arranged as cafhodes in the form

of an array; a high voltage is applied to the cathodes to extract
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electrons from the cathodes; and the electrons are caused to
collide with.a fluorescent body applied to anodes to cause
emission. |
[Eleventh Embodiment]

A three-dimensional image display according to an eleventh
embodiment of the invention will now be descr:l.bed._.

Fig. 85 shows a schematic configuration of the three-
dimensional image display according to the present embodiment.
The three-dimensional image display has a cylindrical deflecting
screen 401 and a projecting portion 402 provided in the middle
of the deflecting screen 401. Aswillbe described in detail later,
an inner circumferential surface of the deflecting screen 401 is
a reflect:l.ng surface which reflects light in different directions
in accordance with'positions of incidence of the light. Unlike
the eighth embodiment, the deflecting screen 401 is fixed. The
inner circumferential surface of the deflecting screen 401 is
virtually divided at equal intervals in the circumferential
direction into six regions . For example, the projecting portion
402 is secured to a bottom portion 404 with a post 403.

| The projecting portion 402 emits eix laser beams.toward
the si_i: regions of the .deflecting screen 401 and shifts the laser
beams in the circumferential direction of the deflecting screen
401 (hereinafter referred to as "main scanning direction”) and
in the vertical direction of the deflecting screen 401
(hereinafter referred to as *sub scanning direction”) to scan

those regions with the laser beams. More specifically, for
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example, a laser beam moves from the left end to the right end
of one region of the deflecting screen 401. In the same period,
the laser beam siightly moves also downward. Therefore, the locus

of the laser beam is at a slight angle to the horizontal direction.

When the laser beam reaches the right end of the region of the

deflecting screen 401, it returns to the left end and then moves
to the righ.i_:' end again.

In the thre'e-dim_ens;lona.'_L image display of the present
embodiment, a three—dimensibnal image is formed -i_nside the
deflecfing screen 401. A viewer G4 canview the i:hree_—dimensional
image by .stalnding inside the deflecting screen 401.

Fig. 86 is a perspective view of a part of fhe projecting
ﬁortion 402. The deflecting portion 402 has a polygon mirror 411.
The polygoﬁ mirror 411 has 'a rotary body in the form of a hexagonal
column and a motor wh:l_.ch is not showh to rotate the rotary body.
A reflecting surface is 'forme_d on the six 1atéral surfaceé of the
rotary body. |

The projecting pért_i_on 402 further has a lighf source

portion 412 which emits laser beams toward the reflécting surfaces

- of the polygon mirror 411, a beam splitter 413 provided between

. the light s@urce portion 412 and the polygon mirror 411, and a

photo-detector 414 provided on one side of the beam splitter 4_i3.

Although not shéwn, the light sourde portion 412 has three
semiconductor laser devices (hereaf—ter referred to as "LD") for
emitting laser beéms in red, green ahd blue and an optical sys_tem

for synthesizing the beams emitted by the LDs into emission in
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one direction. The light emitted by the light source portion 412
passes through the beam splitter 413 .and is reflected by one
reflecting surface of thé polygon mirror 411.

The projecting portion 402 further has a galvano mirror
415 provided in the traveling direction of the light reflected.
by the polygon mirror 411. The galvano mirror 415 has a
plate-shaped mirrof and a drivi_nQ bortio'n which is not shown for
dr_:l.ving the mirror for reciprocal rotation about an axis along
the surface of the mirror. |

The light emitted by the light soﬁrce portion 412 and
reflected by the polygon mirj:'or 411 and galvano mirror 415 is
further reflected by a mirror'which is not showri' to be projected
toward orlle.region of the deflecting. screen '401. This light is
shifted by the polygon mirror 411 in a main scanning direction
416 and shifted bj the galvano mirror 415 in a sub sc‘anﬁing
direction 417. o ”

The light-' project'ed. upon the déflecting screen 401 and
returned to the projecting portion 402 by being reflected by the
deflecting screen 401 is reflected by t_he gaivano mirror 415 and
polygon mirfor 411 in that order, reflected by the beam splitter
413 to impinge upon the photo-detector 414 and detected by the
photo-detector 414.

The three-dimensional image display according to the
present embodiment has six sets of the 1light source portions 412,
beam splitters 413, phbto-detéctors 414 and galvano mixjrbrs 415

shown in Fig. 86. Beams of light emitted by the light source
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portions 412 of those sets respectively impinge upbn different
surfaces of the polygon mir_rér 411 fo be reflected. They are
reflected_ by the different gaivano mirrors 415 to be projected
upon the six regions of the deflecting screen 401.

A configuration of the inner circumferential surface of
the de_flecting scree_ﬁ 401 will now be described with reference
to Fig. 87. Clock regibns 421 and address servo regions 422 are
prbvided on the inner circumferential surface of the deflecting
screen 401 at predetermined intervals in the circumferential
direction. Deflecting regions 423 are provided in parts of the
inner circumferential sﬁfface of thé deflecting screen 401 othe:f
than the clock regions 421 and servo regions 422.

Synchronization information for synchronized control of
the display as a whole is recorded. in the clock regions 421.

Specifically, the clock regions 421 are formed with, for example, '

- a pattern in which reflecting portions 424 and non-reflectiﬁg

-port'ions 425 having prédetemdnéd-widths are alternately provide'd
in the main scanning direction (the circumferentia_l direci:ion of
the deflecting screen 401). Such patterns are provided in' the
same quantity as the number of scan lines in the sub scanning
direction (the vertical direction of the deflecting screen 401).

The non-reflecting portions 425 are required to have a small

reflectivity such that the quantity' of light reflected by the

reflecting portions 424 can be distinguished from the quantity
of 1ight reflected by the non-reflecting portions 425. While Fig.

87 shows the reflecting portions 424 as having an elliptic
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configuration, the reflectihg portions 424 may be formed like
baﬁds extending in the sub scanning direction.

- Position inform&tion used fof cbntrolling the position of
incidence of l1ight upon the deflecting screen 401 is recorded in
the address servo regions 4.22-. Specifically, for example, a
16-bit address repres_entirig a position on the deflecting screen

401 is recorded in an address_'servo region 422. The_ address servo

region 422 has four areas in each of which four bits of the 16-bit

address are recorded and one area in which parity data are recorded.

As _illustrated, for ei:ample, hexadecimal ldata (0 .thrOugh F)
determined by the pattern of the _arrangement of reflecting
portions 426 and non-reflecting portions 427 are recorded in such
regions. The non-reflecting portions 427 'are. required to have
a small reflectivity such that the quantity of lj.ght reflected
by the reflecting portions 426 can be dist.inguish'ed from the
quantity of light reflected"by the non-reflecting portions 427.

The reflecting portions _42'6 of thg address servo regions
422 have a configuration like an arc that._ protrudes toward the
front surface when viewed sideways. Therefore, when light from '
the projecting portion 402 impinges upon the center in the verticai
diréction of a reflecting p§rtion 426, the light is reflected in
the direction opposite to the direction of incidence. When the
light impinges upon a position of the reflecting porfion 426 which
deviates from the center in the vertical direction, the light is
reflected in a direction at an angle to the direction opposite

to the direction of incidence. This angle is positively or
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negatively polarized depending on the direction, i.e., the upward
or dcwnward direction, in which the position. of incidence of the
iight deviates from the center in the vertical direction. The
absolut.e value of this angle becomes greater, the greater the
upward or downward deviation from the center. Therefore, servo
information for positioning the position of incidence of light

on the center of the reflecting portion 426 in the vertical

‘direction can be generated by detecting a signal that is in

accordance with the position of return light with the photo-
detector 414 of the projecting portion 402, For exainple, a
ph_otb-detector having a double light—receiving area may be used
as the pnoto-detec_tor 414 for detecting the 's'j.gnal in accordance
with the poeition of return light.
Light projected upon the inner circumferential surface of
the deflecting screen 401 moves across the clock reg:l.ons 421,
address servo reglions 422 andl deflecting regions 423. However,
the light will be at a siight .a_ngle to the horizontal direction
as described above. As a result, a plurality of patte_rhs
representing addresses associated with the same scan line located
in the plurality of discreteiy provided address servo regions 422
are in positions which are shifted in the vertical d:l.rection in
accordance with the locus of the_ light. |
| A configuration of the deflecting regi-cns 423 will now be
described with reference to Fig. 88. Fig. 88 is an enlarged
perspective view of a part of a deflecting region 423. Reflecting

portions 428 in the form of vertically elongate bands and
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non-reflecting portions 429 in the form of vertically elongate

bands are alternately provided in the deflecting region 423. The
pitch .of the.refl_ecting portioﬁs 428 corr..'esponlds. to the pitch of
horizontal pixels of a two-dimensional image projected upon the
deflecting screen 40l1. Preferably, the réflectivity of the
non-refleci:ing portions 429 :_i.s kept as small as pbssible. The
surface of the i:'eflecting portions 42.8_ is a cylindr:i_.dai surface
that is a part of a cylinder ‘whose central axis extends in the
vertical direction.

Fig. 89 is an enlarged pérspective view of a part of a
reflect_irig portion 428. Light from tﬁe projec__ting portion 402
perpendiéularly impinges upon a virtual plane which is tangent
to the center of the réflecting portion 428 in the _lateral |
direction thereof . Thei:efore, the light from the projecting
portion 402 is reflected in the direction opposi'te__ to the direction
of inciden‘ce when it impinges upon the center of the reflecting
porti'oh.428 in the lateral direction thereof, and it is reflected
in a direction at an ang_l_e 2 x 6a to the direction opposite to
the direction of inqidence when :I.f ilhp:l.nges upon a position w_hose
normal direction is at a deviatién of 6a from that of the center
of the reflecting portion 428 in the lateral direction thereof.

For example, as shown in Fig. 89, light incident upon a position

_ whose normal direction is 30 deg. apart from the center of the

reflecting portion 428 in the lateral direction thereof is
reflected in a direction at an angle of 60 deg. to the direction

opposite to the direction of incidence. When the light from the
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projecting portion 402 moves across the refiect:l.ng portion 428
having such a configuration, reflected light £rom the reflecting
portion 428. is deflected such that ifs direction is sequentially
changed. |

As shown in Fig. 89, convex portions which are in the form
of arcs protruding toward the front surfac_é when viewed sideways
arélperiodically férmed in the vertical direction on the surface
of the reflecting portion 428. As a result; light incident upoh
the reflecting portion 428 is diffused at a predetermined angle
in the vertical direction. |

In the 'preserit embodiment, light projected 'upon the
déflecting regions 423 of the deflecting screen 401 is modulated
to project a pluralit§ of two-dimensional images in different
directions, thereby forming .a three-dimensional image. For
example, let us assume that one three-.din_tens“idnal still image is
formed by 60 two-dimensional still images projected in angular
dir.",ectj_.ons 01 through 660. In this case, 'wheh_ light from the
projecting portion 402 passes through one of the reflecting
portions 428 of the deflecting region 423, the intensity of the
light is controlled based on informafion of one pixel of the
two-dimensional iméges assocliated with the _é.ngular directions 01
through 060 in accordance with the timing. _of projection of. the
reflected light in the angular directions 61 through 060.
Therefore, when one cycle of scan of the light from the projecting

portion 402 is completed, 60 two-dimensional still images are

projected in the 60 angular directions 01 through 060 and, as a
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result, one three-dimensional still image is formed.

For example, let .us assume that the number of pixels of. _
a twﬁ-dimensional image is 640 (horizontal pixels) x -480 (vertical
pixels); halftones are represented by data having ten bits; and
60 three-dimensional still images are formed per second to display
a three-dimensional dynamic image. Then, the frequency of
modulation applied to light projected upon the deflecting screen
401 must be equal to or greatér than a value which is given by
the following equation:

640 (pixels) x 480 (p:I.xels). x 60 (angﬁlar directions) x 10
(bits) x 60 = 11 GHz. | |

This frequency is a frequency which caﬁ be modulated by
a semiconductor laser. The modulation -frequency may be decreased
by performing thinned display utilizing means such as sbatial
interlace. | |

Fig. 90 shows 'é.nother example of the configuration of the
deflecting regions 423. In this example, the deflecting i;egion
423 has a plurality of réf lecting bortions 430_ which are regularly
arrangéd in the main scanning direction and sub.séanning direction.
The. surfac.e 6f the refiecting portions 430 is formed like a

spherical surface protruding toward the front surface. The area

~ of the deflecting region 423 except the reflecting portions 430

isa nbn-reflect:l.ng portion 431. The positions of the reflecting

‘portions 430 correspond to the positions of pixels of a two-

dimensional image projected upon the deflecting sdre_en 401. The

deflecting regions 423 having the configuration shown in Fig. 90
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also make it possible to deflect reflected light and to diffuse
the same in the vertical. direction.

A circuit configuration of the three-d.ime.nsional imaQe
display according to the pre'sent.embodiment will now be described
with reference to the block diagram in Fig. 93. The three-
dimensional image display according to the present embodiment
has: a video data processing circuit 441 to which video data of
two-dimensional images assoclated with the angular directions'-ei
through 060 are input and which__ performs processes such ae
rearrangement of data to seqﬁentiaily ontput the data associeted
with the anguler directions 01 throngh 060 for each pixel; and
an LD driving circuit 442 Whieh drives the LDs of the light source
nortion 412 based 'on the data outpht by the video data processing
circuit 441 such that the 1ight emitted by the light source portion
412 is modulated. | |

The three-'dimensional image display furt'her has: a signal
detection circuit '443 to which the signal output by t'he :
photo-detector 4i4 is input and which detects and outputs a
position 'deviation signal representing a deviation between a
signal as.sociated'with the total amount of received light and the
position illuminated with the light; and a position
information/clock. detection circuit 444 which detects position
information and an external clock based on the signal output by
the signal detection circuit 443. The position information
includes address information and servo information. |

The three-dimensional image di_splaf further has an
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automatic gain contrdl (hereinafter referred to as "AGC") circuit
449 to which the signal associatéd with the total amount of
received 1ight output by the signal detection circuit 443 is input.
The AGC circuit 449 samples the optical intensity of return light
and controls the LD driving circuit 442 to keep the quantity of
the light emitted by the light source portion 412 cqnstant, based
on the sampled opt.j..cal :l.ntensity:.' |

The three-dimens:l.onal image display further has a polygon
mirror driving circuit 446 which drives the polygon mirror 411,
a 'gﬁlvano mirror driving circuit 447 which drives the galvano
mirror 415, and a system clock generation circuit 445. The syétem
clock generation circuit 445 has a phase-locked loop (hereinafter
referred to as "PLL") ci;'cu:l.t and genei‘ates and outputs a system
clock in synchronism with the external clock detected by the
positidn infomatidn/clodk d_etection clircuit 444 ﬁsing the PLL
circuit. The video data broceSsing circuif 441, polygon mirror
driving circuit 4.46, galvand mirror driving circuit 447 and AGC
circuit 449 operate based on the '.system clock generated by the
system clock geﬂerét:l.on circuit 445. |

The three-dimensional image displajr further has a control

portion 448 which controls the video data processing circuit.' 441,

polygon mirror driving circuit 446 and galvano mirror driving
circuit 447. The pos:_Ltion information or address information and
servo information detected by the position information/clock
d_efection circuit 444 is input to the control portion 448. The

control portion 448 recognizes the position on the deflecting
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screen 401 illuminated with light based on the address information
and controls the .video data processing circuit 441, polygon mirror
driving circuit 446 and galvano mirror driving circuit 447 such
that a desired position is illuminated with iight carrying desired
information. Further, the control portion 448 controls the
polygon mirror driving circuit 446 and galvano mirror ‘driving
circuit 447 based on the servo information to correct any 'dev_iationl _
of the position on the deflecting s_creen 401 il]_.umiﬁated with
light.

A descriptien will now be made wit_h refereﬁee to Figs. 92
and 93 on the relationship between the range ef angles in which
light is deflected by the reflecting portiens 428 in the reflecting
regions 423 of the deflecting ecreen 401 and a region in Whieh
a three-dimensional image is formed. In Fig. 9_2, a reference

number 451 represents a region in which a three-dimensional image '

.is formed when light is deflected by the reflecting portions 428 '

in the deflecting regions 423 of the deflecting screen 401 in an

'anglar range of 60 deg. 1In Fig. 93, a reference_number 452

represents a region in which a three-dimensional image is formed
when light is deflected by the reflecting portions 428 in the_
deflecting regions 423 of the deflecting screen 401 in an angular

range of 30 deg. The regions 451 and 452 are regions in which

‘deflecting ranges in a plurality of positions of the deflecting

screen 401 overlap each other.
.As apparent from Figs . 92 and 93, a three-dimensional image

is formed in a greater region, the greater the angular range in
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which light is defiected by the reflecting portions 428 in the
deflecting regions 423 of the deflecting screen 401.

Fig. 94 shows a modificafion of the three-dimensional image
display according to the present embodiment. In this
modification, a dome-shaped deflect.ing screen 461 is provided

instead of the cylindrical deflecting screen 401 shown in Fig.

- 85. In this example, a platform 462 which can be elevated is

prpvided below the center of the deflecting screen .461 . Aviewing
room 463 to accommodate vie_wers is provided on the platfoi:m 462,
A proj_ecting pértion 402 is 'provided above the_ viewing room 463.
The scan range of the projecting portioh 402 in the vertical
direction is, for example, an angular range of 60 deg. about the
horizontal direc.tion.

The configuration of the deflecting screen 461 is basically

‘similar to that of the deflecting screen 401. In this example,

however, the center of the reflecting direction of light and the
diffusing range of the light in the vertical direction are varied
depending on the position of the light on the deflecting screen

461 in the vertical diréction-. The center of the reflecting

direction of light in the vertical direction is the direction from

each position on the deflecting screen 461 toward the center of
the viewing room 463. The diffusing range of light is a range
which covers the viewing room _463. Specifically, for example,

the diffusing range at the upper end of the scan range of the

projecting portion 402 is 15 deg.; and the diffusing range in the

middle in the vertical direction of the scan range is 13 deg.:;
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and the diffusing range at the lower end of the scan range is 11
deg., as illustrated.

The operation _of the three—dimensional image display
according. to | the present embodiment will now be described. As
shown in Fig. 86, the light source portion 412 of the projecting
portion 402 emits light which has been modulated based on
information on 60 two-dimensional it_liages in different projecting
diredtions . The 1ight is reflected by the polygon mirror 411 and
galvano mirror 415 to be projected upon the deflecti_ng screen 401.
The light is sh:l.fted in the main scanning direction 416 b_y.the
polygon mirror 41.'1 and is shifted iﬁ the sub scanning direction
by the galvano mirror 415. |

The light projedted ﬁpon the deflecting 'regions 423 of the
deflecting screen 401 is reflected in different directions in
accordance with positions of incidénce upon the reflecting
portions 428. When one cycle of scan with the 1ight- from the
projecting portion 402 is cofnple_téd, 66 _tw@-dirﬁensional still
images are pro.jected in 66 angular directions, i.e., angular
diréctions 01 through 060 to form one three-dimensional still
image. |

When the light projected upbn the deflecting‘ screén 401
passes through the clock regions 421 of the deflecting screen 401,
light reflected by the reflecting portions 424 returns to the
projecting portion 402. The return l:I.ght_ is detected by the
photo-detector 414. | | |

Only when the light projected upon the deflecting screen
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401 impinges upon the centers of the reflecting portions 428 in
the lateral direction thereof during passage of the light through

the deflecting regions 423 of the defiecting screen 401, only light

‘reflected by the reflecting portions 428, i.e., light in the

direction 030 returns to the projecting portion 402. The light

is detected by the photo-detector 414 .
The position information/clock detection circuit 444 shown

in Fig. 91 detects an external clock based on signals output by

‘the photo-detector 414 when the light passes through the clock

regions 421 and_ deflecting portibns 423. A system clock is
generated by the system clock generation 'éircuit 445 based on the
external clock. The external clock is detected based on a signal
éssociated with the total amount of receivéd light among the
signals output by the photo-detector 414.

Wh‘ep the light projected upon the deflecting 's.creen 401
passés throﬁgh the address sérvo regions 422 of the deflecting
SCreeﬁ 401, positi.on information including address information
and servo i_nformation is detected by the position
information/clock detection circuit 444 based on 'signals output
by the photo-detector 414. The addfess information is detected
.'based_ on the signal associated with the 1.':.otal amount of J:l'_eceived
J.ight among the signals output by the photo-detector 414, and the
servo information is detected based on a position deviation signal
representing any deviation of the position illuminated with light
among the signals output by the photo-detector 414.

The control portion 448 shown in Fig. 91 recognizes the
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position on the deflecting screen 401 illuminated with light based
on tﬁe address information, and controls the video data processing
Circuit 441, pelygon mirror driving circuit _4 46 and galvano mirror
driving circuit 447 such that a desired position is illuminated
with light carrying desired information. The control portion 448
controls the polygon mirror driving circuit _44.6 and galvano mirror
driving circuilt 447 based on_the servo infometion to correet the
deviation of the position of the deflecting screen 401 illu'm:_‘.nated
with light.

As described above, the three-dimensional image display

according to the present embo'dimentl can be implemehted w:I._th"s:I.mple

. facility because there is no need for moving the deflecting screen

. 401 unlike the eighth embodiment. -

In the present embodiment, since the address servo regions
422 are. provid_,ed on the deflecting screen 401,' e position
illuminated with light can be aecuretely contrblled, which makes
it possible te_ form a three-dimensional image accurﬁtely.

In the present embodiment, synchronized cont:_‘ol of the
dieplay as a whole is possible because the clock regions 421 are
provided on the defl.ecting screen 401. |

~ In the present embodiment, the AGC clrcuit 449 samples the

optical intensity of return light, and the LD driving circuit 442

is controlled to keep the quantity of light emitted by- the light
source portion 412 constant based on the sampled optical intensity. '
Therefore, according to the present embodiment, it is possible

to correct variations of the reflectivity of the deflecting screen
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401, fluctuétions of the output of the LDs of the light source
portion 412 attributabie to temperature, and.fluctuations of the
output of the LDs of the light source portion énd changes in the
reflectivity of the deflectiﬁg screen 401 attributable to aging,
and is thereby possible to always present pictures with consistent
quality to viewers.

The configuration, operation and effects of the present
embodiment are otherwise similar_ to those of the eighth
embodiment.

The eighth embodiment may be modified by providing the clodk
regions 421uand address éervo regions 422 on the.defiecting film_
246 shown in Fig. 69 or the deflecting screen 256 shown in Fig.
73 and by providing means for detectihg return 1ight similar to
that in the present embod:l.inent . Further, in the eighth embodiment,
return light from the deflecting £i1m 246 or deflecfing3screen
256 in the.direction 030 may be detected to detecf an external

clock as in the present embodiment. Those arrang_etnents make it

‘possible for the eighth embodiment to achieve the same effects

as those in the present embodiment.
[Twelfth Embodiment]

A three-dimensional image display according_' to a twelfth
embodiment of the inventioh will now be described.

Fig. 95 shows a schematic configuration of the three-
dimensional image display act_:ording to the present embodiment.
The three-d:l.mens.ional image display has an L.CD panel 561 which

is similar to the LCD panel 61 in Fig. 21. The LCD panel 561
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includes a plurallity of LCDs 560 similar to the LCDs 60 in Fig.
21. The present embod:l.ment. is unlike the second embodiment in
that neither diffusing plate nor light source portion is provided
behind the LCD panel 561. |

The three-dimensional image display further has a point
light .source array 563 provided in a position correspdnding to
that of the thrée-dimensional diéplay screen 63 in Fig. 21. A
pJ.urality of directive point light source elements 562 are
provided at the point light source array 563 in positions
corresponding to those of the pinhoie elements 62 i_n.Fig. 21. The
difegtive point light source elements 562 emit directionai light
such that the respective LCDS 560 are illuminated with 1ight which
is diffused from one point . The point light source array 563 is
also adapted to aliow any of the -directivé point light source

elements 562 to be selet:tively caused to emit light. For example,

' 1light luminance LEDs may be used as the directive point light

source elements 562.

The operation of the three-dimensional image' display
according to the present embodiment will now be described. The
operation of the LCD panel 561 is similar to that of fhe LCD panel
61 in Fig. 21. In the present embodiment, at the timing of the
formation of a two-dimeﬁsional image at each of the LCDs 560 of.

the LCD panel 561, the directive point 1ight' source element 562

- assoclated with the LCD 560 is selectively caused to emit light.

The 1light emitted by the directive point light source element 562

is spatially modulated when it passes through the respective LCDs
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560 and is projected in a space. A _three-dimens:l.onai image is
formed by the light which has passed through each of the LCDs 560
on the si_de of the LCD panel SSi opposite to the point light source
array 563. A viewer Q can view this three-dimensional image on
the side of the LCD panel 561 opposite to the _poih_t light source
array 563. | | |

According to the present embodiment, _light emitted by f_he
light source can Be_ utilized moré effectively than in the second -
embodiment, which makes it possible to display a brighter
three-dimensional image. : | |

According to the present ‘embodiment, three-dimensional
display can be ach:_l.éved with the relatively .-simple configuration
having the LCD panel 561 including the plurality of LCDs 560 and
the point light source array 563 including the _plurality of
directive point light sburde elements 562.

The configuratibn, operation and effects of the préseht
embodimént are otherwise 'si-m:_l.lar to those of the second
embodiment. _

[Thirteenth Embodiinent] |

A three-dimensional _ image display accofding " to a

thirteenth embodiment of the :l.nvention will now be described.
- Fig. 96 shows a schematic configuration of the three-

dimensional image display according to the present embodiment.

‘The three-dimensional image display has a large picture LCD panel

580 similar to the large picture LCD pane1 80 in Fig. 30. The

present embodiment is unlike the fourth embodiment in that neither
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diffusing plate nor' light source portion is provided behind the
large picture LCD panel 580. No microlens is provided on an end
face of the large picture LCD panel 580.

The three-dimensional image display further has a

directive point light source assembly panel 581 provided in a

position corresponding to that of the pinhole LCD assembly panel
81 in Fig. 30. The directiVe point light source assembly panel
58_1 has a plurality of directive p'oii.nt light source portions 571
provided in positions corresponding to those of the pinhble pixels
PX in Fig. 36. The d:l.:fectiir’e point light source portions 571 emit
directional light such that.partial image display regions SP are
iiluminated with light which is diffused from one point. The
point .1ight sburce assembly panei 581 is also adapted to allow

any of the directive point light source portions 571 to be

‘selectively caused to emit light. - Referring to the directive

point light source assembly 'panei 581, for example, it is possible
touse a part in which high luminance LEDs are used as the directive
point light source portions 571 , a plasma display or a liquid
crystal panel which has a back-light.

| The operation of the three-dimensional image display
according to the present embodiment will now be described. The
operation of the 1arge picture LCD bénel 580 is similar to that
qf the large picture LCD panel 80 in Fig. 30. In the present
embodiment, at the timing of the formation of partial still images
at a plurality of the partial imagé display regions SP of the large

picture LCD panel 580, the directive point light source portions
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571 associated with the partial 'image display regions SP are
seléctiv_ely caused .to emit light. The light emitted by the
direct:l.ve point light source. portions 571 is spatially modulated
when it passes through the respective partial image display
regions SP and is projected in a space. Three-dimensional images
are formed by the 1light which has paséed through the partial image

display regions SP on the side of_ the large picture LCD panel 580

' opposite to the directive point iight'source assembly panel 581.

A viewer Q can view the three-dimensional images on the side of
the .1arg_e picture LCD panel .580 opposite to the directivé point
light source assembly 'pane_l 581.

According to the prese.nf embodiment, 'lig_ht emitted by the
light sourcé can be utilized more eff_ective'ly than in thé fourth
embodiment, which makes it possible tb display a brighter
three’-diméns:l.opal image. | |

According to the present' embodiment, three-dimensional

~display can be achieved with the"relatively simple configuration

‘having the large picture LCD panel 580 and the directive point

light source assembly panel 581.

The configuration, operation and effects of the present

embodiment are otherwise s:i.m:_‘.lar to those of the fourth

embodimeﬁt .

As described abbve, in the thre_e-dimené:l.onal image display
according to the first aspect of the invention, a three-
dimensional image is formed in a space based on a two-diméns:l.onal

image formed by driving a plurality of pixels of the two-
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dimensional image forming means. This is advantageous in that

the contents of the two-dimensional image formed by the two-

dimensional image forming means can be easily changed and,

~ therefore, the contents of the three-dimensional image formed in

 the space can be also changed easily. Therefore, there is an

advantage in that a dynamic image can be also stereoscopically
displayed by changing the contents._'in a shorter time. An
advantage also arises in that stereoscopic display in a true sense
can be achieved without any need for dedicated eyeglasses or
coherent llight. | | |
Especially, in the three-dimensional_image display in the
first or second mode écc'ording to the first aspect of the invention,
there is provided the plurality of twﬁo-dimensional image forming
elements capable'of forming a two-dimensional imagé by .- driving
a plurality of pixels; and the light diffusing element that is
prbvided in a face-to-face relationship with each of the plurality
of two-dimensional image forming elements and éllows 1i§ht that
has exited the respective two-_dim’ensional image forming elements
to exit to the space in a diffused state or the microscopic opening
which allows 1ight that has exited',' the respective two-dimensional
image forming elements énd has' impinged thereupon to pass
therethrough .as it is. The disi)lay .o.perat.ion of the two-
dimensiohal image forming elements is controlled such that the
light which has exited the light diffusing_ elements or the
mic;'roscopic openings forms a multiplicity of point light source

images that form a three-dimensional image to be displayed in the
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spacé. This is advantageous in that three-dimensional display
can be achieved with the relatively simple configuration which
is a combination of the two-dimensional image forming elements
and the light diffusing elements or microscopic openings.

| In the three-dimensional image display in the third mode
adcording to the first aspect of the inve_nt:ion, there is provided
the tWo-diJnensional image forming panel dapable of forming a
two—dime’n'sioﬁal image by driving pixels; and an. o_pi:ically
opening/closing cell array formed by arranging a plurality of
optically opening/closing cells, the. optically opening/closing
cell array being provided in a face-to-face J:-'elationship' with the
two d:l.mensiona; image forming'panel and éilow‘ing light which has

exited the pixels of the two-dimensional image forming panel to

| pass through as it is or blocking the same. The scan of the

opt‘:l.c.ally opening/ closing éell array is contrélled sqch that the
optically opening/closing cells sequentially entér an open state.
Cohtrol 1s performed such that the mage form:l.hg' range of the '
tﬁo-dimensional image forming panel is sequ_entially shifted in
Synchronism with the scan. The 1ighf. which has exited pixels
in the sequentially shifted image fonﬁing range and has entered
optically opening/closing cells in the open state of the optically
opening/closing cell array forms a multipl:!.city of boint iight
source images that form a three-dimensional i_mage to bé displayed
in the space. Therefore, the optically opening/closing cells
functioning as pinholes can be piovided close to eéch other. This

is advantageous in that the displayed three-dimensional image has
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an improvéd.angular resolution and improved image quality.

In the thr.:ee-.dimens:l.onal image display in the third mode,

the plurality of basic units having theltwb-dimensionai image
forminig panel and the 6ptica11y openiné/closing cell array are
arranged. The optically opening/closing cell arrays of the
plurality of basic units aré scanned in parallel to performcontrol
such th&t optically ope_hing/ closing cells in posit_ions assoclated
with each other enter the open state in synchronismwith each other.
Control is performed such that the image forming ranges of the
two-dimensional image forming pahels of the plurality of basic
units are shifted 1h parallel (simultaneously) in synchronism
with the parallel scah of the plurality of opticélly
bpening/ closing cell arrays. As a result, light which has exited
the pixels in the image fomj.ng ranges passes thro_ugh the optically
opening/closing cells in the 6pen state of the respéctive
opt:l.caliy opening/closing cell ai:‘rays to f_qim a inultiplicit_y of
point light source images that fo:nla.three-dimensionél iﬁége to
be displayed in the space.
This is advantageous in that a three-dimenéidnal dynamic image
witﬁ quality which is good enough from any'ﬁf viewpoints of the
resolution of the displayed image, angular resolution,.
néturalness of the dynamic image and thellike. |

In the three-dimensional image display in the fourth;mode
according to the first aspect, the projecting direction of a
two-dimensionél image changing with time formed by the two-

dimensional image forming means is deflected such that the
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projecting direction changes in accordance with the time-
dependent changes o_f the two-dimensional image. This .is
advantageous in that a three-d:l.ménsional image l_is synthesized .in
the space as a result of an aftér-image effect in the eyes of a
viewer who views the two-dimensional image projected in various
directions every moment, and the viewer can fhere_fofe view the
same as a stereoscopic :i.mégé. |
Especially, when the deflecting_ means 1is formed using a

transmission direction variable type liquid crystal element in

- which liquid crystal molecules are aligned in the direction of

an electric field to achieve a function of allowing 1ight tb be
transmitted only in the diréct:l.on of the 'electrié field, an
advaﬁtage is provided in that deflection control andl ma:l.ntelnance
can be simplified because no mechanicallf movable mechanism is
included.

In the three-dimensional image display in the fourth mode,

when the three-dimensional image forming means is further

equipped with the diffusing ineans for diffusing the projecting
direction of a two-dimensional image in a diréction which is
d:l.fferen.t from the direction of deflection by the déflect:l.ng means,
an advantage _' is proVided in._ that a viewer can view a three-
dimensi_onal image even. when he or she moves the view point to a
direction different from the direction of _deflectiqn by the.
deflecting means.

In the three-dimensional image display in the fourth ﬁbde,

when the image formation control means controls the image forming
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operation such that i:he magnification of a twb-ditnens:l.onal image
in the deflecting direction thereof in accordance with the
projecting _direction of the two-dimensional image deflected by
the deflecting means, an advantage is provided in that a viewer
can view a three-dimensional image having a correct aspect ratio
regardless of the viewing direction. |

In the three;dimensional image di'spJ.ay in the fourth mode,
when the two-dimensional image forming means further' includes
rédeiving means for receiving encoded two-dimensional image data

and decoding means for decoding the two-dimensional image data

‘received by the receiving means, an enormous amount of two-

dimensional image data required for three-dimensional display can
be received in an encoded state. This is advantageous in that the

consumptionof a recording area of a recording medium for recording

the image data can be reduced and in that the speed of data

transmission can be substantially increased.

In this case, especially when a set of two-dimensional still
image data in different points in time are compréssgd and encoded
asa dynamic imagé, there is an advantage ir_l that a common'téchnique
for compressiﬁg a dynamic image can be used.

In the three-dimensional image displa'y.in ‘the fourth mode,
when .the deflecting means is forl_ned utilizing a hologram which
can deflect incident light iﬁ a direction associated with_ the
position of incidence, an advantage is achieved in that the
deflecting means can be manufactured on a replication basis to

improve the productivity on a mass production basis.
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In this case, especially when a film-1like member on which

a hologram is formed is moved in one direction different from the

direction of indidénce of light tq sequentially deflect the
incident light, there is an advantagé in that a fnechan:l.sm for
moving the £film-like member required for the deflecting operation
can be relatively easily formed. |

In the three-dimeﬂsional image display ir;.the fourth mode, _
when the deflecting means is formed using a light transmitting
member whose thickne_ss is locally changed- in accordance with a
signal voitage applied thereto to produqe irregularities oh the
surface thereof, the st.ate of deflection and conditions for
deflectj,on can be relatively easily' _changed only by changing the
setting of .the signal voltage. |

In the three-dimensional image display in the fourth mode,

‘when the deflecting means includes a 1ight source which can change

'the emitting direction of light in accordance with time-de_pendént '
change of a t_wo-dimensidnal in'ngé_ formed by the two-dhnensiohal
image formin_g means, an adﬁaﬁtage is achieved in _that the display
can be compact. | |

The three-ditnensional image display in the fifth Imo'de
according to the first _ézsp‘ect of the iﬁvention is advantageous
in that three-dimensional display caﬁ be achieved with a
relatively simple configuration having' the plurality of two-
dimensional image forming elements and the plurality of point
liglr_lt sdurce_s . |

The three-dimensional image display in the sixth mode
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acdord:l.ng to the first aspect of the invention is advantageous

in that three-dimensional display can be achieved with a

relatively simple configuration having the two-dimensional image

forming panel and the plurality of point light sources.

In the three-dimensional image display according to the
second aspect of the invention, a plurality of two-dimensional
images are formed by li'ght' th.ch has been' subjected to time
modulation by the two-dimensional image forming means based on
information on a plurality of two-dﬂnensioﬁal images ,' and a
three-dimensional imagel is formed by projecting the plurality of
two-dimensional images fermed by the 'two;diJnensional image
forming means in directions different frb_m' each other. This is
advantageous in that | the contents of the two-dimensional image
formed by the two-dimensionai image forming means can be changed
easily and the contents of the 'three-dimensional image formed in
the space can thefefore be also changed easily. Therefore, an
advantage arises 1in that 'a dynamic image can be also
steﬁeoscopically displayed by chang:I.ng the contents in short;er
time. There 1s another adirantage in that stereoscopic display
in a true sense can be achieved without any need for dedicated
eyeglasses or coherent light.

In the three-dimensional image display according to the

.second aspect of the invention, when the three'—dimensional image

forming means has the region in which position information used
for controlling the positions of incidence of the 1light scanned

by the two-dimensional image forming means is recorded, an
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advantage is achieved in that the positions of inc_idence of 1ight '
upbn the three-dimensional image forming méans cén be controlled
toallow a three-dimensional image to be formed withhigh accuracy.

In the three-dimensional image display according to the
second aspect of the invention, when there is further provided
the region in which synchronization information for "'sjmchronized
control of the display as a Whole. is recorded, an advantage 1is
achieved in that syt_lchroni'zed control of the display as a whole
can be performed.

'fhe three-dim.ension'al image display according t6 the third
aspect of the invention has: the tﬁo-dimens_idnal image forming
means fo;:' forming a plurality .of two—dimeris_ioné.l images by
em:l.tting light carrying :Lnformai:ion on the plurality pf two--

dimensional images; and the three-dimensional image forming means

. for forming a three-dimensional image by p:;'ojecting the light
emitted by the two-dimensional :Lmage forming means _in different

directions in accordance with positions of incidence to project

the plurality of two-dimensional images in directions different
from each other. The three-dimensional image forming means has

the regioh in which po_s:l.tioh information used for controlling the

positions of incidence of the light emitted by the two-dimensional

image forming means is recorded. This is advantageous in that

the positions of incidence of light upon the three-dimensional

. image forming means can be controlled to form a three-dimensional

image with high accuracy.

In the three-dimensional image display according to the
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third aspect of the invention, when the three-dimensional image
forming means further has the region in which synchronization

information for synchronized control of the display as a whole

" is recorded, an advantage is achieved in that synchronized control

of the display as a whole can be performed.
It is apparent from the above description that the present
invention can be carried out in various mbdes and modifications.

The present invention can be carried out in modes other than the

above-described best modes for carrying out the invention within'

the scope of equivalence of the appended claims.
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1. A three-dimensional image display comprisiﬁg:

two-dimensional image forming means fo'med by arranging a
plurality of pixels, capable of forming a two-dimensional image
by driving each of the pixels; and |

i three-dimensional image forming méé.:_:is for forminQ a

three-dimensional image in a space based on the two-dimensional

imagé formed by the two-dimensional image fbrming means.

2. A three-dimensional image display according to claim 1,
wherein the two-dimensional image forming meéns includes:
| a plurality of two-dimensional image forming elements each
of ﬁrhich is formed by arranging a plurality of .pixels aﬁd is capable
of forming a two-dimensional image, and wherein the three-
dimensional image forming means includes:

a light diffusing element provided in a face-to-face
relationship ﬁith each of the pluraiity of twd-di:nénsi@nal image
foming elemén‘ts, fhe light diffusing element 'Iallowing light
which has exited the 'respectifre two-dimeﬁsional image forﬁ:ing
élements and has impingéd thereupon to .ex:l.t to the space in a
diffused state; and |

display control means for contro]_.ling fhé two-dimensional
image forming elements such that the light whic_:h has exited the
1ight diffusing element forms amultiplicity of point 1ight source
images that form a three—-dimerisional image in the space.

3. A three-dimensional image display according to claim 2,
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wherein the display control means has a function of controlling
the two- dimensional image forming elements by supplying data of
two-dimensional images two-_dimensionally_ representing a
three-dimensional image_ to be displayed as a whole or in part from
view points different from each other to the respective two;
dimensional image fonning elements, thereby forming the
multipl:l.c:l.ty of point light source images in the space with the -
light which has exited the - light diffusing elements.

4_. A- three-dimensional image display accor_ding to claim 2,
wherein the light diffusing element- is formed with a converging
portion capable of converging incident light at one point and a
planer exit surface lecated at the converging point defined "py
the converging _.portiOn. |

5. A three-dimensional image -display display according to
claim 4, wherein an_entrance surface of the converging portion
of the .light diffusing element includes an aspherical surface
having a convex’ conf'iguration on the entrance side thereof.

6. A three-dimensional image display_ acc_ording to claim 4,
wherein the entrance surface of the converging'portion of the 1ight
diffusing element in(:ludes a spherical surfaee whose center of
curvature ‘1s located at the converging point.

7. A three- dimens:l.onal image display according to claim 4,
wherein the converging portion of the 1:|.ght diffus:.ng element
includes a Fresnel lens.

8. A three-dimensional image display aecording to claim 4,

wherein the converging portion of the light diffusing element
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converges light with an interference fringe formed on the entrance

surface thereof.

9. A three-dimensional image display according to claim 2 .
wherein the 1light diffusing element is formed as a plate-like body
or £ilm with an interference fringe in a pifedetemined pattern
formed thereon and is capable of converging incident 1i§ht at one -
point or divergi_ﬁg incident light as if it were diffused £rom one
point.

10. A three-dimensional image display according to claim
i, wherein the two-dimensional image forming means includcs:

a plurality of two-diménsional :I.mage forming elcmeﬁts each
of which is formed by arfangin_g aplurality of pixels and is capable
of forming a two-dimensional image, and wherein the thrce—
dimensional image forming means includes H

a microscopic opening provided 1n a faceé’f.o-face
relationship with each of the plurality of t_wo-d:l.mensionél image
forming elements, the microscopic opéning allowing lighf which |
has exif_ed t_he respecfive 'two-di_.mensional image forming elements
and has impinged thereupon to pass through as it :I.s} and

display control means for controlling the twc'-dimensional
image forming elements such that the light which has exited the
microscopic opening forms a multiplicity of point light source
images thaf form a three-dimensional image in the. space. |

11. A three-dimensional image dispiay according to claim
10, wherein the display control means has a function of controlling

the two-dimensional image forming elements by supplying data of

This Sheet Has Been Replaced
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two-dimensional images two-dimensionally representing a
thfee—dimensional image to be displayed as a whole or in part from
view points different from each other to the respective two-
dimensional image forming elements; thereby Iforming- the
5 multiplicity of point light source images in the space with the
light which has exited the microscopic opening;
12. A three-dimenSional-image display.aecording to clein
1, wherein the two-dimensional image-forming.means includes:
a two-dimensional image forming panel formed.by arranging
10 aplurality of pixels, capable of forming a two- dimens:.onal :|.mage
by driving each of the pixels, and wherein the three-dimensional
image forming means includes:
an optically opening/ closing cell array formed nY arranging
a plunality of optically opening/closing cells, the optically
15 opening/closing cell'erray being provided in a face-to-face
relationship with the fwo dimensional image forming panel and
allowing light which has exited_ the pixels of the two-dimensional
image forming panel and has impinged thereupon to pass througn
as it is or blocking the same:
20 optically opening/closing. cell control means for scanning
| the optically opening/closing cell array to control the optically
opening/closing cells such that they sequentially ente: an open
state; and
display control means for control_ling the two-dimensional
25 image forming panel ‘such that an image forming range of the

two-dimensional image forming panel is sequentially shifted in
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synchronism with the scan of the optically opening/closing cell
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array by the optically opening/closing cell control means and such

that 1ight which has exited pixels in the image forming range and

‘has passed through the optically opening/closing cells in the open

state of the optically opening/elosing cell array__ forms a
multiplicity of point li.'ght .source meges' that form a three-
dimensional image in the space.

13. A three-dimensional image display according to claim
12, wherein the display control means has a funct_ion of centrolling
the two-dimensional image forming panel by supplying data. of
two-dimensional images two-dimensionélly representing a.
three-dimensional image to be displayed as e whole or in part from
view points different from each other to the respective pixels
in the image forming range of the two-dimensional image forming
panel, thei:'eby forming the mliltiplicity of point light source
images in the space with the light which has passed through the:
optically open:l.ng/closing cells in the open state.

14. A three-dimensional image display according to cla:l.m
12, wherein a plurality of basic units including a pair of the
two-dimensional imaée forming panel- and the optically
opening/closing cell array are arranged and wherein the optically |
opening/closing cell control means is provided for the optically
opening/closing cell. array of each. of the basic units, the
optically opening/closing cell control means controlling scan of
the op'tically opening/closing cell array such that the optically

opening/closing cells of the opti_cally opening/closing cell
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arrays in positions associated with each other enter the open state

in synchronism with each other, the displaj control means
cohtrolling the two—dimerisidnal image forming panel such that the
image forming ranges of the two-dimensional image forming panels
of the plurality of basic units are shifted in synchronism with
the scan of the optically opening/closing cell array by the
optically opening/closing cell control means and such that light
which 'has exited pixels -in the imﬁge forming ranges and has_passe_d
through the optically opening/closing cells in the open state of
the optically opening cell érr_ays associated with each othér forms
a multiplicity of point 1:I.gh£ source images that form a
thfee-dimensional image in thé space.

15. A. three-dimensional. image display according to Claim
14, wherein the display control means has a function of controlling
the two-dimensional image forming panel by supplying 'data of
two-dimensional images two-dimensionally .repi'esehting a
th:_:ee-dimensibnal imagé to be d:LSplayéd 'as a whole or in part from
view points different from each other to the fespect’ive p:l.xéls
in the image forming ranges of the two-dimeﬁsional -image forming
panels of the plurality of basic units, thereby forming the
mult:Lplicity of point light source images in thé space with the
light which has passed through the optically opening/closing
cells in the open'state. | |

16. A three-dimensional image display according to claim
1, wherein the two-dimensional image forming means includes image

formation control means for controlling an image forming
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operation such that a two-dimensional image formed thereby
changes .with time, and wherein the three-din‘tensional image
forming means includes_ deflecting means :Eer deflecting the
projecting direction of the t’wo-d:l.menéional image such.that the
projecting direction of the two-dimensional image formed by the
two-dimensional image forming means_. changes in aecordance with
time- dependent changes of the two dimensional image.

17. A three-dimensional image display according to claim
16, wherein the deflecting mea_ns includes a transmission
direction variable type liquid .crystal element in which liquid
crystal molecules are aligned in the.direction of an electric field
to achieve a function of allowing light to be transmitted only
in the .direction of Ithe electric f.ield..

18. A three-dimensional image display according to claim
16, wherein the three-dimensiona]l. image foming means further has
diffusin_g means for diffusing the projecting direction of a
twe-dinlensional image in a direction which is different from the
direction of deflection by the deflecting mea'ns.. _

19. A 'three-dimensional imagé display according to claim
16, wherein the image formation .control means has a function of
controlling | the image forming o_perat;l.on such that the
magn:l.fication of a two-dimensional image in the deflecting
direction thefeof in accordance with the projecting direction of
the two-dimensional image deflected by the deflecting means.

20. A three-dimensional image display according to claim

16, wherein the two-dimensional image forming means further
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includes:

rece:l.ving means for receiving encoded two-dimensional image
data;. and |

decoding means for decoding the two-dimensional image data
received by the receiving means. |

21. A three- dimens1ona1 image display according to claim
20, wherein the deflecting means periodically performs the
operation of deflecting _tne projecting direct':l.on cf a two-
dimensional image, and wherein the encoded 'two-dimensional image
data received by the receifring meane include: |

first compressed encoded data provided in a position in
f.im:l.ng in synchronism with the period of the deflecting operation
of the deflecting means and obta:l.n_ed by compressing and encoding
two-dimensional still image data independently: and |

second compressed encoded data provided in a position
adjacent to the first compressed encoded data and consti.tuted by
differential data representing the difference. frcnl the first
ccmpressed encoded data. -

22. A three-dimensional image dlsplay according to claim
16, wherein the image formation control means can form a two-
dimensional image ;n halftones by performing at least either pixel
driving ccntrol on a time division basis or pixel driving control
on a spatial basis.

23. A three-dimensional image display according to claim
16, wherein the deflecting means deflects the projecting

direction of light which is being transmitted thereby..
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24. A three-dimensional image display according to claim

16, wherein the deflecting means deflects the projecting

direction of incident light when it reflects the same.

25. A three-dimensional image display according to claim
16, wherein the deflecting means is formed by afranging aplurality
of rot_atably,d:l.sposed prisms or reflecting _m:_I.rfors.

26. A three-dimensional image display aécbrding to claim
16, wherein the deflecting means is formed ﬁtilizing a hologram
which can deflect incident light in a directiox_i associated with
the position of inciden_ce. |

27.. A three-dimensional image dispJ.ay acc.ord:i.ng to claim
26, wherein the deflecting means sequentially deflects incident
light by shifting the hologram in direcfibns differenf from the
direction of incidence of | the light.

28. A three-dimensional image display according to claim
26 or 27, wherein the deflecting means includes a plurality of
sets of the ﬁoldgrams which are regularly arranged. |

29, A three-dimensional image display according to claim
26; wherein the hologram is formed on a plate-like member.

30. A three-dimensional image displa& according to cla:l.rh
29, wherein the deflecting means seguentially déflects 'in_ci_dent
1ight by reciﬁrécating the plate-like member in a di:fection
different from thé direction of incidence of the light. |

31. A three-dimens:l.qnal image display according to claim
26., wherein the hologram is formed on a film-like mémber.

32. A three-dimensional image display according to claim



-

as Been Replaced

i .

31, wherein the deflecting means sequentially deflects incident
light by shifting the £ilm-like member in one direction differént
from fhe direction of incidence of the light.

33. A three-dimensional image display according.to claim

5 26, wherein the hoiogram is formed on a predetermined curved
surface.

34. A three-dimensional image display accbrdiﬁg to claim
26,-wheréin the predetermined cﬁrved surface is a cylindrical
surface.

10 35. A three-dimensional imége display according to claim
16, wherein the deflecting means is formed using a 1light
transmitting member whose thickness is locally changed in
.accofdance with a signal voltage appiied thereto to produce
1rregular1ties on the surface thereof. | |

- 156 36. A three-dimensional image display accordlng to claim
16, wherein the deflecting means deflects the projecting
direction of a twoédimensional image by deflecting light before
it .is subjected to image formation by thg two-dimensional image
forming means. |

20 3f. A three-dimensional image display acéording to claim
36, wh_erein the deflecting mééns includes a rotary reflecting body
or refracting body.

-38. A three-dimeﬁsional image display acdording to claiﬁ
36, whereiﬁ the deflecting means includes a light source which

25 reciprocates and aﬁ optical system for gﬁiding light emitted by

the light source to the two-dimensional image forming means.
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39. A three-dimensional image display according to claim

36, wherein the deflecting means includes a light source which
can change the emitting direction of 1light in accerdance with
time-dependent change of a two-dimehsional image formed by the
two-dimensional image forming means.

40. A threé-dimensiohal image display according to claim
1, wherein the two-dimensional image forming means inclﬁdes a
plurality of two-dimensional image forming elements each of which
is formed by arranging a plurality of pixels and is capable of
forming a two-dimensional image, and wherein the three-
dimeneional image foming means includes:

a plurality of point light sources which are respeetively
provided in a face-to-face relationship with the plurality of
two-dimensional image forming elements and which emit light
having directivity'euch that the respective two-dimensional image
forming elements are illuminated by light diffusing from one
point; and |

display control means for controlling the twe-dmensional
image fo_rmin'Q el_ements and the point light sources such that a
three-dimensional image i1s formed by the light which has been
emitted by the point light sources and has passed thrbugh‘ the
two-dimensional image forming elements.

41. A three-dimensional image display according to claim

40, wherein the display control means controls the two-

: dimensional image forming elements by supplying data of two-

dimensional images two-dimensionally representing three-
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dimensional image to be displayed as a whole or in pari: from view

points different from each other to the respective two-

dimens:Lonal image forming elements.
42. A three- dimensional image display according to claim

1, wherein the two-dimensional image forming means includes a

‘two-dimensional image forming panel formed by arranging a

plurality of pixels, ca_pable of -forming a two-dimensional image
by driving each of the pixels, and wherein the three-dimensional
image forming means includes:

a plurality of point light sources which are provided in
a face-to-face relationship with the two-dimensional image
forming panel and which emit light having directivity such that
reepective predetermined ranges of the two-dimensional image
forming panel are illuminated by lighi: diffusing from one peint:
a : _

display control means for controlling the two-dimensional
image forming panel an_‘d'the poin't'light sources such that an image
forming range pf the twe-dimensional_ image forming panel is

sequentially shifted and such that the image fortning range" is

illuminated by ligh‘t emitted by the respective point light source

to form a three-dimensional image with the light which has passed
through. the image forming range.

43. A three-dimens_ional .image display according to elaim_
42, wherein the display control means controls the two-
dimensional image forming panel by supplying data of two-

dimensional limages two-dimensionally representing a three-
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dimensional image to be displayed as a whole or in part from view

points different from each other to respeét:‘gve pixels in the image

forming range of the two-dimenéidnai image fd.fming par;e]_.. |
44. A three-dimensional image display comprising:

two-dimensional image forming means for forming a

- plurality of two-dimensional images with light which has been

-subjected to time-modulation based on information on a plurality

of two-dimensj.onal .images; and

three-diménsional i‘mb.ge forming means for forming a
three-dimensibnal :i.magé by projecting the plura_litjr of two-
dimensional images 'formed. by .the two-dimensional image forming
means in directions different from each other.

45. A three-dﬁnensional image display according to claim
44, wherein the two-dimensional image forming means forms the
two-dimensional images by scanning modulated light.'

46. A three-dimensionai image display according to claim_
45, wherein the three-dimensional image forming means projects
the plurality of two-dimensional images in directions different
from each other by refleéting the light scanned by the two-
dimensional image forming means in different directions in.
accordance with positions of incidence. l_

47. A three-dimensional image display according to claim
46, wherein the three-dimensional image forming means has a 'region
in which position information ilsed for controlling the positions

of inc:l.dence of the light scanned by the two-dimensional image

forming means is recorded. _
This Sheet Has Beer Replaced
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48. A three-giimenSional image display according to claim
46, wherein the three-dimensional image forming means has a region
in. which synchronization information for_sjnchronize'd control of
the display as a whole is recorded.

49. A three-dimensional image display comprising:

two-dimensional image forming means for forming a plurality
of two-dimensional images by 'emit'tl:I_.'ng'light carrying information
on a plurality of two-dimensiﬁnal images; and

three-d:imeris:l.onal image forming means for forming a
three-dimensional irhage by projecting the light emitted by the
two-dimensional image fdrming .means in different directions in
accordance with positions of incidence to project the plurality
of two-dimensional images in directions different fromeach othér,
wherein the three-dimensional image forming means has a region

in which position information used for controlling the positions

of incidence of the light emitted by the two-dimensional image

forming means is recorded.
50. A three-dimensional image display according to claim
49, wherein the three-dimensional image forming means further has

a region in which synchronization information for synchronized

~control of the display as a whblé is recorded.
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