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THREE- DI MENSI ONAL DI SPLAY USI NG VARI ABLE FOCUSI NG LENS
BACKGROUND OF THE | NVENTI ON The present invention
w0 edoaber4t 0 a nethod and a device for three-di PENESORD03927
di splay. More particularly, this invention relates to
a nmethod and a device for threedi nensional display
using a variable focusing |l ens conbined with a
t wo- di nensi onal display. The nost popul ar nmethod for
t FHREECHDIMENSIQNAL BINPHA YYSENGOWARIABLE KDEUSENGILENS
t he bi nocul ar paral | ax phenonenon. Thi s net hod
utilizes the principle that the human brain perceives
a three-di nensional inmge when each eye sees one of
two i mages that are neasured at different angles. This
nmet hod does not actually generate a three-di nensiona
image in the space. Rather, parallax by the observer's
eyes is utilized. Therefore, this nethod has
di sadvant ages t hﬁAdﬁbmlﬁa(% ﬁﬁ? h@{;kﬁ%gg{ arbitrary
di stribution of | ar
di sparit ue to deyiations |st bet ween
the rareRdSvplpg e oAt liondacdingr Hfreimengna
ccomo wat chi ng nor e than Qne viewers,
digrtey. P’@af%\ﬁfv@ﬂﬁi% fhip Bwe@mﬁsléteé¥o 3 methpd padsa deviesfor Hwesr
Jimage due to viewer's novenment, etc., are involved,
digprsienabdisplax upga maribleecusingderseaadired vithdetwordimensional
provi de proper three-dinensional display. Hol ography
dispdaya t hr ee- di mensi onal display nethod that generates a

real image in the space. Hol ography has been used for

t hr e didepputid dethoefgethedesdimaysiorRr FisplayTby padrarcivend Gsing
its technical conplexity and high manufacturing

th€ BiRbeus? pRAdl 18R bhdWdmeftord Ihisahethd Puthirs ih8 ptihsipleARRIhEhudn
di spl ay having a 2D display, a

brain perceives a three-dimensional image when each eye sees one of two images that are
measured at different angles. This method does not actually generate a three-dimensional
image in the space. Rather, parallax by the observer’s eyes is utilized. Therefore, this
method has disadvantages that various factors including arbitrary distribution of the
viewer’s position, binocular disparity due to deviations in the distance between the two
eyes, vergence, fatigue accumulation in the eye, accommodation, watching by more than
one viewers, the relative position change of the three-dimensional image due to viewer’s
movement, etc., are involved, and such factors must be considered in order to provide
proper three-dimensional display.

Holography is a three-dimensional display method that generates a real image in
the space. Holography has been used for three-dimensional image display very limitedly

due to its technical complexity and high manufacturing cost.
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fluid-filled variable focusing |ens, and control neans

for controlling the display and the |lens. The 2D
wale@plgssequenti al |y presents 2D i mages repr eBENUS100V@3927

of the cross sections of an object at different

depths. The fluid-filled variable focusing lens is

di sposed in front of the 2D display and has a nenbrane

that responds to the pressure of the fluid within the

| en$)S Pagest No' 4,834,810 A ustis dacldbesadBihdisplge haviag a 2D desplay, a

the focus changi ng speed of the fluidfilled lens is
flugd-fiked vahiabldifsquisig 1érs, andontr@lmheans for contsplimythadisplay and the

realistic 3D imges. US Patent No. 5,986,81 1 to

len¥OTeSATRE s Slhy SHqEMRSIS Pradentt DB GinAgks TEIrésefaBeo fHS trk deblions
creating 3D image froma 2D i mage having a plurality

of 91( olbj%%gﬁdl@féfeﬂ% SeptHNehd fTRELNRd %Xﬁélﬁmdcﬁﬁhgﬂéﬁssls@ﬁsp%ﬁédab{ front
n1cro-|enses havi ng vari abl e focusing | ength,

of pﬁ%@%&gg il tggg%egmﬁﬁmtg%q dJ % tHe:;ffe@shrg%mtﬂdAﬁ mhm the
I d.d
lew%sﬁm Cﬂe nsgl?ars]%gdslﬁga %ﬁé hSaPFl ¥ t?le Ifjoctu% c@a&émfgg\?/ee% of the fluid-

re than ane vie of the
ﬁ“?@’%ﬁ stﬁgo‘?ﬂ’l tag Bivelay eroIRIcOF HrRlaving %Wg’ﬁ% ﬁ%\ge
and the viewer, 2D/ 3D conpatibility or
exc hiSritseh Noi £,986.8b @rW@wﬂa@é@iléﬁ%osahan feagineupetied aneaystem
equal or exceed those of HDTV, |ow manufacturing cost,
forammehting 3B igragd fromret 21 image Arvinge plundite aBimagp agiatst h@lmagmg
been in need. SUVMMARY OF THE | NVENTI ON The present
systém éieluden arc anndyr df\ngisrotlenseo haréng veeiatliefads mgtlapts aod mehre for
prior art. An objective of the invention is to provide
hoRliddthe Brictb B384 @k Elert Withyth€l Bvdge @oinfadf thedD displagpl e
construction and realistic inage

r epheseRtRldIRBh AT iPlze ekbﬁwe%d%d HbAcd, WARIM dafR el
to provide a three- dlnenS|ona di spl ay

requirements related to eye fatigue, watching by more than one viewers, practicality of

the relative distance between a three-dimensional image and the viewer, 2D/3D

compatibility or exchangeability, color expression and resolution that equal or exceed
those of HDTV, low manufacturing cost, and no significant data amount increase, have

long been in need.

SUMMARY OF THE INVENTION

The present invention contrives to solve the disadvantages of the prior art.
An objective of the invention is to provide a three-dimensional display device that

has a simple construction and realistic image representation.
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device and nethod that utilize a set of depthw se

i mges. Still another objective of the inventionis to
w@e@giotre4a t hr ee-di mensi onal di splay devi ce theetT/U82005/003927
di splay a large range of image depth. Still another

objective of the invention is to provide a
t hr ee-di nensi onal di splay device that provide a | arge
i mage size. To achieve the above objectives, a
t hr ameothenelneitoral thdiis@Entyn dev poeideadbredidirgertsenahdsplay
first enbodi nent of the invention includes a
detiv®ardi etAsd thaabtilihe apkeof ddpthpisayinagsa first i mage, and
a variable focusing lens receiving light fromthe
t WO SEl|| ARSEEHctité 5Pthayhvamgbnf 9 toprogida a Ha6€aindnsReA display
The first image includes a predeterm ned depth nunber
de®ite Tl &h SR WLSE rhlROEfndcBAbyRr € di splayed within a
unit tinme, and the second image includes correspondi ng
sec gﬂﬂ ag&%ljw&&%vé ?ﬁt‘ﬂg %veﬁ?o%hs & prBEiﬁe %!tl{r%é-dgﬁewsﬂa%lsd‘?splay
i mages represents e portion of the tirst 1 mage
d havi,n th% sane iqﬁge.depth, and t he twodi nensi onal
CHrS OYIE B Yy "M FFr st dept hwi se image at a tine.
The focal |ength of the variabl.e fqocusing | ens changes
accdPdrhigve %‘e eheveRdiRcHY ST 2 fhﬁeé'41W%%'° ﬂlsgw E%V'Ff‘n%?@%’%mg to
bei ng di spl ayed. The focusing speed of the variable,
thef rsuembagimeni of the inyention includgmtiwar dmengop! disatey displayhg a
afteri mage speed of the human eye and the depth nunber
firgombgeatind hearsbbeoiodusingages recppking tight dendiheewsidonerisional display
the viewer. The variable focusing lens reflects |ight
anfl f@mingdesccvnt chageBiediral imdgesiptiages algredevamiisedd| depth number of
focusing lens is nade of a mcromrror array |ens. The
firSidepRWide i RhgRtha¥ird @Eayed GlithHESurTBliMe, hE R Het sridlifragel he
mcromrrors are arranged in a flat plane toformone

in 5de@5§75§?ﬂm§%§&5§d &ég‘ilﬁ)l/@egin{a ed BEcH dfBhe BEsRB&thwRe images

particu e mcromrror rray
represents the portion of the first image having the same image depth, and the two-
dimensional display displays one first depthwise image at a time. The focal length of the
variable focusing lens changes according to the depth of the first depthwise image being
displayed. The focusing speed of the variable focusing lens is at least equal to the product
of the afterimage speed of the human eye and the depth number so that the second image

looks three-dimensional to the viewer. The variable focusing lens reflects light from the

two-dimensional display.

The variable focusing lens is made of a micromirror array lens. The micromirror

array lens includes many micromirrors. The micromirrors are arranged in a flat plane to
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lens fornms a reflective Fresnel |lens. Each mcromrror
is controlled to change the focal |ength of the
wo aosabi2es4 f ocusing I ens by controlling its PCT/US2005/003927
transl ational notion, by controlling its rotationa
notion, or by controlling both of its translationa
notion and rotational notion. The mcromrror array
lens is suitable for the three di nensional display
foflevhea mdreicbrceptriesdmies imhe filai Wmel. h pantdularf thh ascranfimstarray
focus change speed, |arge range of focal |ength, and
lehsfBEmd 4 re€ldgtivREFrévRelbeisO ERdviRiconiatbgR camedlledt@ changf R focal
the mcromrror array lens is reflective, it cannot be

lerﬁgi‘ﬁbit hOP&Ehbld f@)@ﬁ’sﬁﬁg’lew lg}thn%fPi%g‘its Erﬁ‘nstlzh%nal motion, by controlling
di mensi onal di Sp ay and the viewer. |nst ead a

1tsbr8§3%1§aﬁ) Ho‘ﬁ%ﬁ ror'b?z égﬁ%lﬁb%&ﬁ of i & %lagéﬁah nfltioh 'agali]l"ot tfonal

ween the 't I mensi di spl ay an the varia

mfpcu5|ng Iens. Alternatively, the variable focusing
PEls i s positioned so that the path of the Iight

by Ve iy s yriabedy he et ienSomn ik g fisfice of

di spl ay device may further |nclude a xiliary_ |ens
the, awewg nyepfiasia it r‘ﬁhﬁéél fashtogps ¢hangr weedaﬂadgq ﬁég%%fcf@% Tength,
image is fornmed by the variable focusing |lens and the
angdihat fitican pe madeto mye v hasge apprvreauxi | i ary | ens has the
rol e of changing or extending the range of variable
f oc lindeahgiicrahirtonerrelelenc s reftactive) iroaarsit g pofivorsiddmeaty with
a screen of the three-dinensional display. The
resgevab e odligenéY Hdpiay and dhe @RwEL. NEYSIdPNBdantlé s ineniy

nmet hod. The nethod includes the steps of displaying a
pdsitioRidd GRS Path S1i SHTBBE kM tHeWRo i MBRRInANisflhySRldaMs Patiadle
focusing lens. Alternatively, the variable focusing lens is positioned so that the path of
the light reflected by the variable focusing lens is not blocked by the two-dimensional
display.

The three-dimensional display device may further include an auxiliary lens having
a predetermined focal length, and the second image is formed by the variable focusing
lens and the auxiliary lens together. The auxiliary lens has the role of changing or
extending the range of variable focal length of the device, or increasing the size of a
screen of the three-dimensional display.

The invention also provides a three-dimensional display method. The method
includes the steps of displaying a first depthwise image in two-dimension, displaying a

second depthwise image by receiving light from the displayed first depthwise image and

focusing the light according to the depth of the first depthwise image, and
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second dept hwi se image by receiving light fromthe

di spl ayed first depthw se image and focusing the |ight
waemendizmg to the depth of the first depthw sePCTrag®Ns/003927

andr epeating the above two steps for a predeterm ned

nunber of the first depthwi se inmages within a unit

time. The first depthwi se images forma first inage,

and each of the first depthw se inmages represents the
repeting the abpve twe stéps $or a predptermined mgmbbreofsberBrsi depglevise images

dept h. The di spl ayed second dept hwi se i mages form a
wiles amdititineg€hd fist dépoiokise ingeefbrmmarfastdmage, fand eah\of ehwirst

The focusing speed in the step of displaying the
depeaRCintAgE! iopveSents tAB P& tibS o Pthe it FhaHding e daRR image depth.

product of the afterimage speed of the human eye and

THetBsph %@@@écoﬁrﬁ dERPVRS imddds T asste@cﬂ]dq;nagé fhl BYkrehe

second dept hwi se image, the light received fromthe

difdles: afviids dept hwi se image is reflected. The step
lg? #g%ﬁgyW%gﬁ%he second depthmnse |nage I's perfornmed

rrQr . ,arra

A crom
ool S TR e R B o TRt ga iy
i xel nd t.he riabl.e focus | ens includes many
'eﬂPﬁém%ﬁ fodfie etleftah HealSuGaeiher ofing Ranaive ab B rumbtr of
cusi ng | enses corresponds to each of the pixels. The
depkhéahn thestign of dtplayinaihe secopddepaiyispinnee dbeiehigedestsd dom the
.changes according to the inmage depth of an inage
digfilayedl Syt depshywisaéhagsfis teflectpd.xel s. Each of the variable
focusing lenses is made of a mcromrror array |ens.
The Thectepiofidisplagiagd tiaf setdrel depthwadel imagoic peifoignddenish 4 s at
| east equal to the afterimge speed of the human eye,
mrghigdchrfleishe variabl e focusing | enses reflect |ight
fromthe two-di nensional display.

In the second embodiment, the two-dimensional display includes many pixels,
and the variable focusing lens includes many variable focusing lenses. Each of the
variable focusing lenses corresponds to each of the pixels. The focal length of each of the
variable focusing lenses changes according to the image depth of an image displayed by
each of the pixels. Each of the variable focusing lenses is made of a micromirror array
lens. The focusing speed of the variable focusing lens is at least equal to the afterimage
speed of the human eye, and each of the variable focusing lenses reflect light from the
two-dimensional display.

For both embodiments, the focal length of the variable focusing lens may be
controlled to be fixed so that the three-dimensional display device can be used as a two-

dimensional display device. By fixing the focal length of the variable focal lens, and the

two-dimensional display displaying the usual two-dimensional images, it is easy to
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For both enbodi nents, the focal |ength of the variable
focusing lens nay be controlled to be fixed so that
wo besormnee- di mrensi onal di splay device can be uBedUs®0&003927
t wodi mensi onal display device. By fixing the foca
| ength of the variable focal |ens, and the
t wo- di nensi onal display displaying the usua
t wo- di nensi onal inmges, it is easy toconvert the
cottvertehe thirevedisiensianial displpy dgvickehetweenbiebwimensional display and three-
t wo- di mensi onal di splay and threedi nensi onal display.
dinléigionahdispiages of the present invention are: (1) since
t he three-di nensi onal display device actually

genghah@mntaBELEthd prosent mmahidnrmggg sirlte tHeethfepakRensidhal
devi ce does not suffer fromthe di sadvantage of prior

i | i il g b R the device d
I (B Rl e RES Bl bRkt TR ffce he device docs
it Ui on . , o :
nob i P bR ahilf, A Bt S RSN B RTRE e
the .t eyes, .vergenge, .acco at.ion. . wat chi,ng b
it et s FrARER TF ey ARCariag PLE S lsE P gaston, and
.change of, the three-dinensional |inmage due to viewer's
bingGVIERBRATICY e OREVIEHAT h 1 iEF PGSR I SRaRHER LT EEF
i mage data is inexpensive since the data needs_ onl
acehapnodatinn oy aieltingby mareabii eneorewass, e thgiralatieg Rfﬁmonwﬁﬁ@é of
information, and thus there is no significant increase
thd thredatimemsimahimagadde {3)iewdrs mexenest; CArthdeose fogipropiding three-
converted to a two-di nensional display and vice versa.
difiédshmdDimakgt datp isciaexpensiny dndel therddts ndids efillyydepthrimfarratead, in
the full understanding of the invention can be
ad@RbANERD -Bhehd1Sndl fhiRUhREmEHAVATIYEus Hedeas h&8lgnificant increase
description and appended cl ai ns. DESCRI PTI ON OF THE

in &tgyﬁg&t; and (3) the device can be easily converted to a two-dimensional display
and vice versa.

Although the present invention is briefly summarized, the full understanding of
the invention can be obtained by the following drawings, detailed description and

appended claims.

DESCRIPTION OF THE FIGURES

These and other features, aspects and advantages of the present invention will
become better understood with reference to the accompanying drawings, wherein:
FIGS. la — 1d are schematic diagrams showing how the depth of an image is

changed as the focal length of a lens is changed;
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These and ot her features, aspects and advant ages of
the present invention will becone better understood
wowRdk/oreier ence to the acconpanyi ng draw ngs, RIBUS1003/003927
FIGS. la - Id are schematic di agrans showi ng how t he
depth of an image is changed as the focal lIength of a
lens is changed; FIG 2 is a schematic di agram show ng
a three-di nensional display device of the present
i nvE&HD.i2iea sEheBRtic dngranBshoavig s thinerdimieusichiahdisplag device of the
show ng di splay and focusing of depthw se images; FIG
présantiisveatisghemat i ¢ di agram showi ng how a refractive
Fresnel |ens replaces an ordinary single-bodied I|ens;
FI GRIdd JaS- R 26 BDERLICiBEa8E SHOwiROWspIgy Bodusing of depthwise
reflective Fresnel lens replaces an ordinary
imS4eddg! e-bodied mrror; FIG 5a is a schematic plan view
show ng a variable focusing lens that is nmade of many
m c r-ors. S :
R g i e R R e

(?hovvi ng 3,.3¢ splitter and an auxiliary |lens added to
ordipy SRS onal di splay device: FIG 7 is a

schemat j c di agram show ng a. ni fying.l ens added to
¢ he Gy Aoan AEHSIAR AIRE oA EIEN & etvs T fpvreplices an

schemati ¢ di agram showi ng a 3D di spl ay device, which
orfingry vimgledisideedfraieigsi ng | enses corresponding to pixels
of a 2D di spl ay;
FIG. 5a is a schematic plan view showing a variable focusing lens that is made of
many micromirrors;
FIG. 5b is an enlarged detail plan view of the micromirrors;
FIG. 6 is a schematic diagram showing a beam splitter and an auxiliary lens added
to the three-dimensional display device;
FIG. 7 is a schematic diagram showing a magnifying lens added to the three-
dimensional display device;
FIG. 8a is a schematic diagram showing a 3D display device, which has variable
focusing lenses corresponding to pixels of a 2D display;
FIG. 8b is a schematic diagram showing that micromirror array lens is used as the
variable focusing lens for the device of FIG. 8a; and

FIG. 9 is a flow diagram showing a three-dimensional display method of the

present invention.
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FIG 8b is a schematic diagram show ng t hat
mcromrror array lens is used as the variable
wo owasing | ens for the device of FIG 8a; and FTAISH0$/603927
a flow di agram showi ng a three-di nensi onal display
nmet hod of the present invention. DETAI LED DESCRI PTI ON
OF THE INVENTION FIGS. la - Id illustrate the general

principle regarding the distance or depth of an inage

fornmed by DETAHSED DESGCREPTIONOFI TN VBN | ens.

Wien the light froman object passes through a |ens,

it PoRYaRges idustite/ e gasrd ppiacipicnepatding the dikitaicancdepth of an

bet ween the object and the | ens, and the focal |ength
im@fe fofifed lf’y'hsleni And HR f8&3 EhitAldf @t 18s. When Bieasinfrom an object

|nvent|on 'ens neans an optlcal el enent that

pa{sgﬂ'ﬁ? Qﬁt réc@lmrée of\@ive @ﬁﬁ'né Sh fheldRtdrRE L Bé?ween the

ype ows t hat he ITght from an object

t hr n
obbe’é\ﬁ”?%ienfe Ao 4Rl A FNRE, WL aElgHE é’%ﬁ?ﬁ oy
. lens 2 haV|n short.er The
inyeghomaden Wﬂ? ﬁ%ort&ﬁ@e‘%‘ne“t%@?f%}* ash f‘?(r G4 ??ré“ed 7S
3B. Wen a viewer 4 sees the refracted |ight, the
refjacéiRiyppdangei ves the object 1A |B, which |s
positioned at point P, as existing at point Q.
FI GFIG classhows thahthe lightefrom ghebieetdd) passesihresgh ib"b&é@éé then
through a |l ens 2C and then converges to forma rea
divengeg et BdiffeFdnGangdlel FIG. kb isiaminhitar duigegr tome flens 28 haying azhorter
havi ng a shorter focal |ength. Wen the viewer 4 sees

focd |ePB{heThe n.%n réfBRctddrbguhlehBA | 2BforCa v2idal infege 3AedBr When a
percei ves t object 1C, 1D as the real inage 3C, 3D.

v1é:v@err 43c8H MERFALRH ABRES tHe VARSI MBEGeiVEtahobbjeat Aan8, Whieh is
[ ens, the position of the i mage
positioned at point P, as existing at point Q, Q’.

FIG. 1c shows that the light from an object 1C passes through a lens 2C and then
converges to form a real im;age 3C. FIG. 1d is a similar diagram for a lens 2D having a
shorter focal length. When the viewer 4 sees an object 1C, 1D through the lens 2C, 2D,
the viewer perceives the object 1C, 1D as the real image 3C, 3D.

For a given distance L between the object and the lens, the position of the image
formed by the lens varies depending on the focal length of the lens. The position of the
image can be calculated with Gauss’ Lens Formula. FIGS. 1a and 1b show that the virtual
image 3A is nearer to the viewer 4 with the lens 2A having a longer focal length, and the

virtual image 3B is farther from the viewer 4 with the lens 2B having a shorter focal

length. FIGS. 1c and 1d show that the real image 3C is nearer to the viewer 4 with the
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formed by the lens varies depending on the focal
l ength of the lens. The position of the inmage can be
weadosutated with Gauss' Lens Fornula. FIGS. | ap@ntsS10b5/003927
show that the virtual inage 3A is nearer to the viewer
4 wwth the I ens 2A having a |onger focal |ength, and
the virtual image 3B is farther fromthe viewer 4 with
the Il ens 2B having a shorter focal length. FIGS. Ic
lena € Hadingladengeh fricalt lnegth.eall themag)em3ge 31¥ isrfedhea fronothe veewer 4
viewer 4 with thelens 2C having a | onger focal |ength,
withnkk lehe2D daving Belgete3Rcablefi@ht her from the viewer 4
with the lens 2D having a shorter focal |ength. FIGS.
la FIdY 1denaniioaittutd iad thé PesitRPsiflal vafudbr ReaVinfalgtl @han@és
real image changes according to the focal length of a

acdofdi® % toacﬂéifotcme.pgm bt RAs, %d tﬂaepoglﬁaﬁ 8f ik lithage@MA$ange
continuously as the focal length varies conti nuously

coﬂn@blllsiyg/ac‘sgtngﬁ)%gf l%%l\ ¥a1§’£% rﬁxoggy(t hree-di mensi onal )

accor ng to'the first enbodi nent

sent Jinventi The 3D di s de 0
i ncH}:g@ "@%‘Cefgwo&l S e RS MriS B‘Igii\gpélilﬁy é?‘gfﬁ %@l ng
a first and varlable focusjn
acsueh it T GO PG KRE PEESeE BBAraigh Bt P Bk il 00
second image 5. The vari abl e focusing | ens 7 changes
inclydgs ¢ &Ba(rwq dinesnpiond)) displey 1 hdisplavioga firsiigeses, P%Rgarlable
t hree-di nensi onal for a viewer 8 of the
foduking éend 7 menesiingght diosptha @ Ddkspilayd 0200 formiddn sevagd image 5.
generated in the space by inmagi ng dept hwi se 2D i nages
TheRarixdle fosxindieny? clejppérsitsi focal leagthpacieat thet 3cdridemage 5 &doke
focusing |l ens. The 2D display displays only pixels

thrkdaimenbiond 1 Fobyib WEBAESE tAé thidtedimanBorie fisplaptievicddi 00en
nmonment or a given frame, and the variable focusing

Lo A ST g8 g el R
corresponding depths in the space with the variable focusing lens. The 2D display
displays only pixels that should be imaged at the same depth at a given moment or a
given frame, and the variable focusing lens adjusts its focal length in order to image the
depthwise image to the required location in the space.

FIGS. 3a — 3¢ show that the first image 6 includes a predetermined depth number
of first depthwise images 9A, 9B, 9C that are displayed within a unit time, and the
second image 5 includes corresponding second depthwise images 11A, 11B, 11C. Each
of the first depthwise images 9A, 9B, 9C represents the portion of the first image 6
having the same image depth. The 2D display 10 displays one first depthwise image at a

time. The focal length of the variable focusing lens 7 changes according to the depth of

the first depthwise image being displayed. The focusing speed of the variable focusing
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FIGS. 3a - 3c showthat the first inage 6 includes a
predet erm ned depth nunber of first depthw se i mges

w@®20050B240C t hat are displayed within a unit tPOBUSBENE003927
the second image 5 includes correspondi ng second
dept hwi se i mages HA, HB, HC. Each of the first
dept hwi se i mages 9A, 9B, 9C represents the portion of
the first imge 6 having the sanme i mage depth. The 2D

lensl7 st daastleuali ts phegyraduenef the n¢rinkee tshesidd theragenaye and the
time. The focal length of the variable focusing lens 7

nuf b 3 B&ptiCHanhslithgsebond itagel Ripkéithede-dimendiontas to e piefiet. Stre
i mge being displayed. The focusing speed of the

var¥Blel Bflsthg 1OEUSH AW B3 from the Blo-HRRntiosdWalpldy0 t he
pr oduct of the afteri mage speed of the hunan eye and

t helnwga%at%e s@ﬁ?&n@ﬁll P @ispIId sbRdepRRe! u‘ﬁﬁ%@ 1684 She

three I mensi on to e viewer. The variable focusing
ref | ect I f t
G dhnd Py agsesqtégfﬁ%‘?%??fs e Rty Bt b
. se | ok as the_three-
cisplRbigLIoe Shopeg s g oo ﬁéfte@%%%&g%%tp?ﬁ%% e ERRE°
nmust be di spl ayed fast enqug tilize hunan eye's
focyping benrd Griselhs ade to change ‘Fssfocatl I“F@g\b‘g 3t §R9Uht ocusi ng | ens

7 nust be able to change its focal l[ength fast enoug
For Fenexambls, tordispdiyspl Ruymageaabterimage spes pE@b%é%H@pe@au'red
of about 30 Hz is required. In order to display a

In brdercte dikiphagnsheadiménsagel imagé hayirgd! ( imege defhs, hisce tierl@e
the 10 depths nust all be displayed within one

depthd itist@llbe dispRyseithid, ona thisteitadfl assef adys vartpbpfoedsirgmpeed
2D di splay speed of at |east about 300 Hz (30 x 10Hz)

an&iﬁe disPAYisp&E of ANRadPRR BOOHZI(TRY MR qVirgd. €S
dependi hg on the structure and capability of a

thr ege di ABAYE ﬂﬂ% cgb)lfﬁg’ L%Yesq}g n@ﬁl’g ARRe étﬁ&fﬁ@%ﬁﬁcaﬁn%m@ ofa

better 1 mage qu e variabl'e focusing |ens i S

three- glmensmnal@lsp[ 9@&3{/1{:9 8rr{c?éésés%rsa be-[tté? mrfgg% gg'ﬂit ror

The variable focusing lens 7 is made of a micromirror array lens. The micromirror
array lens is synchronized with the 2D display 10 to display the second depthwise images
11A, 11B, 11C according to the depths of the first depthwise images 9A, 9B, 9C. To
display the second image 5, which has continuous depths, the focal length of the
micromirror array lens is synchronized with the depths of the first depthwise images 9A,
9B, 9C, and thus continuously changes. In order that the second image 5 which consists
of the second depthwise images 11A, 11B, 11C, which have continuous depths, is
displayed realistically, focal length change speed of the micromirror array lens, and the

display speed of the 2D display 10 must be equal or greater than the product of the
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array lens is synchronized with the 2D display 10 to
di splay the second depthw se imges HA, HB, HC

wazosniag to the depths of the first dept hw SECT/usames003927
9A, 9B, 9C. To display the second image 5, which has
conti nuous depths, the focal length of the mcromrror
array lens is synchronized with the depths of the
first depthw se inages 9A, 9B, 9C, and thus

aftecionage speedisf the bhmag exe, whithas aeut 3hHe, and ¢heswmuatred of depgles &
whi ch consists of the second depthw se i mages HA, B

the depthnhise mdgav.e conti nuous depths, is displayed
realistically, focal length change speed of the

M GrGNLd §chEmatidadly slhmovamd:ﬁtahevedarésmblaynssmeéﬁmteg ane
2D di splay 10 nmust be equal or greater than t

ordmagﬁs%fgﬁe Qédl&hl%ﬁq 3@@@%@%%&@&&&%@%1 f¥g13@hi ch
I s "about and the nunber of depths of the

rep@gﬁé QIW%)I Ve‘n@?&@% -bolli Iegsmlr‘}?rsfzc q‘qﬁﬁéd‘:\@%ﬂk hick Wr:brlaf}%/ fns. The

nel ens aces an ordinary
e bo how.a refl ective

mlcﬁ,rglgl}% Frrzfy ﬁgs Tglgges ae;g}lrélgy of mlgro%rl]réci)rrs] a%értyanéileﬁcl‘l mlcborallrreoa 14
mrror ormed with om, rrqr T
s it B Fism e HEEINF LR8N e JaB N ianda e Joeaf onien oF the
mcromrrors 14 and each mcromrror 14 is controlled
variableffogusing lensfh ect i ve Fresnel |ens 13B and to change
the focal length of the variable focusing lens 7. In
or derorden todittainm baight dngsharannagsh all prys hayieg oat pointigfsan object
| eavi ng one point of an object nust converge with the

musaoeyepdeasich the sane phak i oref podm off ameagp [ptane.. ThEnefoef the egles
the roles of a lens are to converge the rays scattered

of D¥ndte RNIRGErg e rifkeatRAGI by AMYobRYirimilke:aSlar® hapih) el
pat h Iength gOPL) Alternatlvely t he i magi ng usi ng

RO OO LA Dy i e
achieved by giving each ray the same periodical phase, even though the rays have
different OPLs, by adjusting the OPL difference to be integer multiples of the
wavelength, A. Each facet converges rays to one point and rays refracted or reflected by
different facets have an OPL difference of integer multiples of A.

To change the focal length of the micromirror array lens, the translational motion
or the rotational motion of each of the micromirrors is controlled. Alternatively, both of
the translational motion and the rotational motion of each of the micromirrors is
controlled. The rotational motion of the micromirror 14 has the role of changing the

direction of light, and the translational motion of the micromirror 14 has the role of

adjusting the phase of the light.
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di fferent OPLs, by adjusting the OPL difference to be

integer nmultiples of the wavelength, |. Each facet
w@ongerges rays to one point and rays refract eBCDUS2005/003927

reflected by different facets have an OPL difference

of integer nultiples of |I. To change the focal |ength

of the mcromrror array |lens, the translationa

notion or the rotational notion of each of the

m criRd@Br Fand Sbshewthat dielneidromitrorsridard areinged todotm ofany he

transl ational notion and the rotational notion of each
coéentritecirtiesr Did miceomsirioss k¢ nedriged in alfia planeat slorval in FIG. 4b.

notion of the mcromrror 14 has the role of changi ng

t he Tieaa4s10 focafing ieght mudneledt iie follaRiigaéduddalentdDRitsg it must

of the mcromrror 14 has the role of adjusting the

haR8 Q?&apfenétn @hirle8 Reeki!fzBencr@h BB IPHsARR WebdiRAL it ifiRt have a large

mcromrrors 14 are arranged to form many concentric

ol es . . A
0 T G ML O 4 368 AR hyld s o
neet. t he W n

7 must foll rrequi repents. First, i must
(AP 5 Skion ) DR BB R Ch G ST pve ol dfamceg

di spl ay. Second, éf ngst have a | arge range of
depepripg emeonsisustions of HAdISR/aYS- since the depth range that

can be i maged depends on the range of nunerica
aperthgrmeicomirrgrartayensdneets the heeeseauirements. kirytgthg gesponse speed
di anmet er dependi ng on constructions of 3D displ ays.

of Theemiviram i A4 exceads HyKHernkheraderesit isnossible ée@make the focal length
requi renents. First, the response speed of the

chahgyr spotd 6fahe icremiteedd eduh] KHar. gradtertiefnol0eKHet i s
possi ble to make the focal |ength change speed of the

M Croubid, e ridge@Anameticl @perfikeetanpe $BOMIRorKinkor array lens is
Second, the range of nunerical aperture change of the

TS B B0, U A8 18 s o
in%rgg%p%s, WARYSs QII essential requirement for a 3D display. For example, when a 19
inch 3D TV is made with the micromirror array lens, it can display image depth from 1 m
to infinity.

Third, in contrast with a lens having a continuous shape, for which it becomes
difficult to make an ideal curved surface as the size becomes larger, there is no difficulty
in enlarging the size of micromirror array lens, since the micromirror array lens consists
of discrete micromirrors.

Since the micromirror array lens is a reflective lens, the optical system of the

three-dimensional display device 100 cannot be aligned in a line. An optical arrangement,

in which the reflected light is not blocked by the 2D display, is required.

12



i mage depths, which is an essential requirenent for a
3D display. For exanple, when a 19 inch 3D TV is nade
wowdk/otdres m cromrror array lens, it can di spl ByT/USREE003927
depth fromlmto infinity. Third, in contrast with a
| ens having a continuous shape, for which it becones
difficult to make an ideal curved surface as the size
beconmes larger, there is no difficulty in enlarging
t he F§G Zteshofvsin @rremgemeot inayhiehythk §neg-digiensiendl ldesplay device 100
mcromrror array |lens consists of discrete
fumhee irahides @bsam Splivee 17 pesitioned amhe path ofilightybetvedea al 2D display 15
reflective lens, the optical systemof the
anll AveRatlé MROShORAY 161 THe RAYdisemi TeanlARe CaabBRIfolRiNg 1bGNGthre
in aline. An optical arrangenent, in which the

artra§ééd%Pa¢l@l Wit® Bachlosehem theme%lﬁﬁl‘i’tté?ﬂﬁchﬁlgggh@ 'd%@étﬂ)\h of'th°e light
reqU|re . Fl shows an arrangenent In

G
Ee r
L Ueaﬁﬁn%u@?.“ﬁlelgﬂ%af% 0% Bttt ‘Zﬁa%fhﬁ?#m B%%‘adﬁ%ns s
bet ween 2D di and a variable focusing I ens
poygonq#&phggnaﬂgy%gya%ﬁpa d the variable focusing |ens
16 are arranged paraIIeI wi th each other. The beam
spl iAlteanatiygly e ergrsback & B cthe yariable foresing lgnt 7 ypogitioned
and thus sinulating an in line optical arrangenent.
so Thwe thei pathoofi the bght agflested byl Vagiaple $oausioadans dris hesdderkkd bythe
the light path. Alternatively, referring back to FIG
twa;dimhésional digllhye16. dhe siraggeinentsin FIGS2 ssidvarvapesloSompleat
the path of the light reflected by the variable
10 sth@GrSnd Vil @RIV of View Oihcdihe Alsecdietivieh thebwsldiminsioadlalisplay
di splay 10. The arrangenment in FIG 2 has advantages

an@fthesdap'@i)le fééuel%gw,rsa @aeseentm thaf bathd aﬁsngwnew vsltme bEeﬁﬁ—‘

di stance betweeén the two-di mensional ISp ay and
spyéé;ragbiélﬁ\éfgfe? Li'?{l%% ciq%@an%a edf ?4d91§§f n*a@@ﬁue}lﬁ}a&uqu a[')a‘?atlon

induced by the obliquely positioned variable focusing lens 7. The choice of either
arrangement depends on the use of the display device.

15 As shown in FIG. 6, the three-dimensional display device 100 may further include
an auxiliary lens 18 having a predetermined focal length and positioned adjacent to the
variable focusing lens 16. The second image 5 is formed by the effective focal length of
the variable focusing lens 16 and the auxiliary lens 18. With the auxiliary lens 18, the
variable focusing range of the three-dimensional display device 100 can be extended or

20  changed to a desired range. The auxiliary lens 18 may be a refractive type Fresnel lens.

As shown in FIGS. 2 and 6, the variable focusing lens 7, 16 should have the size
of the screen. For a device having a large display screen, it is almost impossible or

extremely expensive to make a variable focusing lens having a size as large as that of the
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splitter 17. However, it has a disadvantage of reduced

i mage quality due to aberration induced by the
wo@bklosqueky positioned variabl e focusing | ens 7PCT82005/003927

choi ce of either arrangenent depends on the use of the

di spl ay device. As shown in FIG 6, the

t hr ee-di nensi onal di splay device 100 may further

include an auxiliary lens 18 having a predetermn ned
scfeon.dHIG| 2rigivs thatdhgthsdetd imaesibratijlispendevia k0BanayLnithdslieclude

focusing lens 16. The second inmage 5 is fornmed by the
an&luk magﬂ ¥ 1068 mdg@iids hheofecdridamage §,ablosalef acarerdognel thins

16 and the auxiliary lens 18. Wth the auxiliary |ens

lerl%dtloB henevakiiab) Bnd PPM§* B&arl aBAryOkfrhdiRe lens or a refractive Fresnel
hr ee- di nensi onal di splay device 100 can be extended

1er9sf Tﬁ{)?&?&% z%%e@orﬁ&sché &5k mn&smﬁd?fneay %, Iwmayhésear}%;ea&ocan

e arefractive type Fr esnel ens shown in

le?%l\%gi gﬁ da sg?ailgzoo@lq% v%ﬁ%l@%cﬁmfnéfé“? {9 a\Jeea%rrﬁ’act]sﬁze%m% rquch

| l t'he screen eV|ce aV|ng
r i spl ay .scre t
et AT 98 e fendd ICEMenFRAOR R aBle e

having a size as |arge as that of een, FIG 7
dipasienal diapley feyien U0S wiried i hangin %a‘?’% cha lepggh iof the gpiable
may further include an auxiliary lens 21 that
forusgnrg lEnseld. t he second inmge 5, in order to overcone
this limtation. The auxiliary lens 21 nay be an
or di Tirrfycal éhgehadfitvevdrigbls farusing lank 7avay heecoRtreldesietb be diped. By
The screen size becones the size of the auxiliary |ens

fidhg thettbcah Idham o the veeidbit deuabink GamgthtT andl cpBrating HeadD @i6play 10
and a variable focusing |l ens 19 have a conpact size

asta%heﬂaﬁzmﬁblﬁ B it&lihd mﬂlsblﬁ? d&lige100fcah B@ e@ilyicbhvaktgd into a
l'ehs 21. The effective focal |ength of the

(SR i onal display device 100 is varied by
ﬂ%ﬂsﬁﬁ?dgﬂgﬁe focal length of the variable focusing

: :2 S t%ﬂg}-he ésfpga%?{{graotﬁ%g%ﬁ?%{s'(}élg 1Im\)§\g% }n%gl)l;g oB@ Qﬁﬁé Mirtual
image as illustrated in FIGS. 1a and 1b, or one using a real image as illustrated in FIGS.
1c and 1d. The method using a real image has an advantage that it enables more realistic
display since the image is generated closer to the viewer, and has a disadvantage that the
range of display is limited between the viewer and the screen. With the method using a
virtual image, the image is generated behind the screen. This method has an advantage
that it can display an image having depth ranging from the screen to the infinity.

FIGS. 8a and 8b shows a second embodiment of the present invention. FIG. 8a
shows how a 3D display device, which has variable focusing lenses 23 corresponding to

pixels 26 of a 2D display 22, operates to display a three-dimensional image 24. The

partial image displayed by each pixel 26 is imaged at its image depth by the variable
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fixing the focal |ength of the variable focusing

l ength 7 and operating the 2D display 10 as a genera
weodiosphkay devi ce, the 3D display device 100 PEmUEm®05/003927

easily converted into a 2D di splay device. Mthod for

di spl ayi ng a three-di nensi onal i mage may be one using

a virtual imge as illustrated in FIGS. la and | b, or

one using a real inage as illustrated in FIGS. Ic and
foduging Time 23ebmespondingity the pixal 26. Sage thegertah insape alisplayed by each

that it enables nore realistic display since the inmage
pirebisdfdicidadlBohaatiled & theacotiospovidiap@ariabdefbclichsg Bns, dividing an

di sadvantage that the range of display is limted

imPRtinearRp %mse\dhﬁg‘@ranardl%pta?khg%%&@ﬂ}wnWﬁrﬁhg&ﬁﬁe A®t B@dred, and
using a virtual image, e image is generated behind

tmgm%s ShbS&Ment'dVes naﬁka@g h[]ga &R yignhPaR 4 Mgh spded G@hble

i splay an i mage havi ng rangi ng from the screen

foctug ng dc%s ' Q?bn# E;}f ﬁk@senﬁal%ﬁged%gn %Q 9%’@[ @esgfeo&dthe var able

venti on a shows

l. a evi vari abl e focusing
fb$gwgg@s§gl%%g¥ gﬁﬁlﬁgwﬁgwg?éels 26 of a 2D displ ay
22, operates t spl ay hree-di nen n [ e 24.
The FBarte vt B OrBAAPAITT GEtids J0Ere FoIa o
at its _imge dep th by the varlablefocu3|ng | ens
incdusies 8 3Pt Wghatvewgtaﬂéur;gllwf pixgls 26; ande plHel 'B/a?ft‘ﬁaEFbIF fsyeing
di spl ayed by each pixel is individually handled by the
lersex 2% Epdnafi thgvaribledbtusinizdensss 2fcdreagands toséagh nfthampixels 26.
i mge into depthw se i mages and di spl ayi ng the
Thd €pdubing Sgeel Pl de s aditlde fimusing tpns 28, at deast eighalgo thei afterimage
enbodi nent does not need a high speed 2D display and a

splUd DT tHRNRAAN 6L, IaA8 bgehl sTenESTafidb e E8tisind ek sdissRfiay liBRMtdig the
a usual speed can be used. The size of the variable

BRI EBE T hpirdey ah Phnelgo
chang s g’cco% goto@(e ﬁ%\écl-: ﬁgptggpan image displayed by each of the pixels 26.
Each of the variable focusing lenses 25 is made of a micromirror array lens.
Since the micromirror array lens is a reflective optical element, the lens element

25 is positioned so that the reflected light is not blocked by the two-dimensional display.
Each of the pixels 26 displays a portion of a first image in a direction orthogonal with the
device display direction 27 of the 3D display device 200. Each of the lens elements 25 is
positioned at an angle of 45° with respect to the display direction of the pixels 26 and the
device display direction 27. A second image 24, which is three-dimensional, is formed by

the lens elements 25. Notwithstanding this complex arrangement, micromirror array lens

is used because its range of numerical aperture change is large.
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includes a 2D display having a plurality of pixels 26,
and a plurality of variable focusing | enses 25. Each
w@booshe2war i abl e focusi ng | enses 25 corr espondBCT/OS®a®tN3927
of the pixels 26. The focusing speed of the variable
focusing lens 25 is at |east equal to the afterinage
speed of the human eye, and each of the variable
focusing lenses 25 reflect light fromthe
t wo ¥l rfesioive mahreetidspdraipnalchsplfyosethod aegidingsd tleaiomension. In
the variable focusing | enses 25 changes according to
stefpt$a 00, nefyret dbppiwiscoiinage isi digpdeyed irstploadimdndign. 8het irodtert $200, a
pi xel s 26. Each of the variable focusing |l enses 25 is
sedond @eprthwase fihEgcORdIspRIedby @RYyeiViBg Hght Jrone thetdiuplayed first depthwise
mcromrror array lens is a reflective optical

.mﬁgeean%%eustdgehé | U] a&lo@dm%{ootgc@gégﬁh Bﬂ%b iR agshwRe ifade. thkep

reflected I'ight is not by the two-di nensiona

S3ﬁb %Pétpélém(%&f’sﬁfo atréqt% th%ﬂo% ﬁl@dgt'eﬁlﬂh?y r%.lrf'i\%e? gﬁfe}fegﬂ t.Of a

mage 1 n a di r8¢tion o thogona evi ce
degtggﬁsed%agehr eﬁ'léth% Uléllggl Of t hege err%nse o%rgy t ei ﬁrzspg%{)thvr/ise
of 45 with_respect to dlrectlon of th
ImESe AP AT @nt AR 6 5] GRS e Grre ek the poin

second i mage 24, which is three di.mensional, is fo
of Hie firpamaghBavinssthe sarge paee derthy Thetisplryes second §GIE'6‘M§F g&ages
arrangenment, mcronmrror array |lens is used because
foin & secand)emagk thai haoks dute-dipensionad fotsaneweri The feegengipeed m the
shows a three-di nensional display nethod according to
stdphod displaginiititesecdmi deipewiS iGEge & af leasttequkd pd thed pseducteighe
is displayed in two-dinmension. Then in step S200, a

af@RmagdspdaPsne Bemanma@eand shetiugibepyRitpthg. Ihabeitvp oRdisplghig
fromthe displayed first depthw se I mage and focusing

thd Eb%o%d &?h»ﬂgé:ﬂ{a%b NHe h?nttr&% ivag Brblh Mt dﬁsgﬁyéd fl r§€ de thwnse image
ept e I mage. In step S300, steps Sl OO and 200 are

is F ?ﬁéed for a predeterm ned nunber of the first
f MAse images wWwthin a unit tinme. The predeterm ned
nu

r step otfglsplaymgtthe Qonl'c]ivgept%wwe image, S200 is performed with a
micromirror array lens.
While the invention has been shown and described with reference to different
embodiments thereof, it will be appreciated by those skills in the art that variations in
form, detail, compositions and operation may be made without departing from the spirit

and scope of the invention as defined by the accompanying claims.
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i mages fornms a first inmage, and each of the first
dept hwi se i mages represents the portion of the first
wo pge72ad/i ng t he sane i mage depth. The di spl aperdus2005/003927
second dept hwi se images forma second i mage that | ooks
t hree-di nensi onal for a viewer. The focusing speed in
the step of displaying the second depthw se inage is
at | east equal to the product of the afterinmage speed
WHAT leChaMERY®: and t he nunber of depths. In the step
of displaying the second depthw se i mage, the |ight
1.1 Ackrey-diindnsionaltdigpldi deplcayetlpfidingt dept hwi se image is
reflected. The step of displaying the second dept hw se
i mage, SN0 ldfim@BIhar dBflaydiiflayingd fifsOiftdge Qndar r ay
l ens. While the invention has been shown and descri bed
Wit fyyref greRage ?&ugh%feﬁi RUtivRg Rl fER R tWali®ehsiodal display
wi |l " be appreciated by those skills in the art that
variationgs hﬁhﬁ Meclftifiabe: CONPOsi tions and operation
may be nad% W t ftout deparfi'ng fromthe spirit and

scope of the invention as defined.b he acca I ng

o1 aiheype T ikt qoRtyr e 4 ed il e RRERERE

di spl ay devi ce conprising: .a) a two-di nensional )

dis ;S‘F%Pi;wbsﬁ dBpggy ity ag Cﬁ?ﬂlasYFd P‘)h‘BE;‘e% unit{ime, pnd the seeond image

focusing lens receiving |light fromthe two-dinensiona

di sgbaprisesdofrespanding secaed dipthvipmiagesamdieimeach ef thefisgt

i mage conprises a predeterm ned depth nunber of first

deptdapthwese iimmegps sefirésants alreepadiigpdfahetirshindge hawng thietsame image

time, and the second i mage conprises correspondi ng

S ec @epthgdehdrbinitisetwondigrasiondh displan dsplaps afe firktadepithvdte image at
a time, wherein the focal length of the variable focusing lens changes according to
the depth of the first depthwise image being displayed, wherein the focusing
speed of the variable focusing lens is at least equal to the product of the

afterimage speed of the human eye and the number of depths, and wherein the

variable focusing lens reflects light from the two-dimensional display.

2. The three-dimensional display device of claim 1, wherein the variable focusing

lens is made of a micromirror array lens.

3. The three-dimensional display device of claim 2, wherein the variable focusing

lens is a reflective Fresnel lens.
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dept hwi se i mages represents the portion of the first

i mge having the sane i mage depth, wherein the

wo wmsadrarensi onal di splay di splays one first depthuszes/003927
image at a tinme, wherein the focal length of the

vari abl e focusing | ens changes according to the depth
of the first depthw se inmage bei ng displayed, wherein
the focusing speed of the variable focusing lens is at
.| eaghe dneadinteasivied dpphgdeticodf ddim 2 fthereimthg enispoerdorgdrray
t he human eye and the nunber of depths, and wherein

t he |gpacbpli®s b PaUSlIt9f edtsmIreird, asd &/hédehdact mdarotnireor is

t wo- di mensi onal display. 2. The three-di nensiona

di spbaoldgYd &fangd the fedaMehgth\Wh BleQaRatlé ocuding Rlb.e
focusing lens is nade of a mcromrror array |lens. 3.
The t hree-di nensi onal display device of claim?2,
wherein the variable focusing lens is a reflective
Fresnel, | ens. The thtee-djin j [ : '

ol ot e G AR e R 51 GRS MR T IR are
a pluralit fmcromrrors, and wherein each

m craHﬁ’?ﬁefié'%/aﬁgt RIgitrolled to change the focal |ength

of the variable focusing | ens. The three-dinensiona

di spl ay device of claim4, wherein the mcromrrors
are arranged in a flat plane. The three-dinmensiona

6.di splhayhreedinsasignal sisplan dsyicopbelaims tHErd Hedpictamyfrers are
are arranged to formone or nore concentric circles.
The atrhnged-td fommnsie@nalorai@persic destésce of cl ai m 4,
wherein the translational notion of each of the
mcromrrors is controlled. The three-di nensi onal

di spl ay device of claim4, wherein the rotationa

7.m0t 19 tfe-dimensional display device of claim 4, wherein the translational motion

of each of the micromirrors is controlled.

The three-dimensional display device of claim 4, wherein the rotational motion of

each of the micromirrors is controlled.

The three-dimensional display device of claim 4, wherein the rotational motion

and the translational motion of each of the micromirrors are controlled.
10. The three-dimensional display device of claim 1, further comprising a beam

splitter positioned in the path of light between the two-dimensional display and

the variable focusing lens.
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each of the mcromrrors is controlled. The
t hr ee-di nensi onal di splay device of claim4, wherein
wo besookat i onal notion and the translati onal netT/08200$/003927
each of the mcromrrors are controlled. The
t hr ee- di nensi onal display device of claim1, further
conprising a beamsplitter positioned in the path of
i ght between the two-di nensional display and the
11var iTabtheed diciessionp! despby Thwct bir cdamdl, mieirothe lvadid kdpfoaysing
device of claim1, wherein the variable focusing |ens
i s mosidpoeieded® thixahe pdik opeie hight refléveed bygheé vartdbleefot wsihg
by the variable focusing I ens is not blocked by the
t wo 1l RS bRRRY i P hAY-dintdhsiohd11d@ptagi mensi onal di spl ay
device of claim1, further conprising an auxiliary
| ens having a predeterm ned focal |ength, and wherein
the second inmage is fornmed by the variable focusing

l engya g-Qeet If‘ %eﬁHXMI :gl?séy 'g@&\g e&facgzﬁﬁlhle Ty h-Ep gori%risi?%an zhuxiliary

th ree-di nensi ona vi ce of a|m

reen f i.spl.ayin the econd

and P aeS pRECETAFY Eﬂﬂ% PR PR R PR ELBE SRR R} formed

the screen. The three- dlw% nsi onal dIS devi ce of
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focusing lens is controlled to be fixed. A

t hr ee- di nensi onal di splay device wherein an i mage of

an object is divided into sectional inmages along the
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14.  The three-dimensional display device of claim 1, wherein the focal length of the

variable focusing lens is controlled to be fixed.

15. A three-dimensional display device wherein an image of an object is divided
into sectional images along the depth of the object, and each sectional image is
focused at the depth of the sectional image so that image focused from the
sectional images looks three-dimensional to a viewer, the three-dimensional
device comprising:

a) a two-dimensional display displaying a predetermined depth number of

first images; and

19



devi ce conprising: a) a two-dinensional display
di spl ayi ng a predeterm ned depth nunber of first

wo pmg®e?924eandb) a vari abl e focusing | ens recei vPemUki0g$51003927
fromthe two-di nensional display and form ng a second
i mage; wherein the focusing speed of the variable
focusing lens is at |east equal to the product of the
afteri mage speed of the human eye and t he nunber of
depbhs, amatiabhefoeising lees reegiviap lightffomu thetgotdanensional display
reflects light fromthe two-di nensional display. The
t hr ee- di sehfiraingla sdtelimygedevi ce of claim 15, wherein
the variable focusing lens is nade of a mcromrror

arr afetefithe fOMISHE kpeet BE tHEIvaFigHE focOdin@lehls ak BAS equal to the
conprises a plurality of micromrrors, and wherein
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Ien%. @ t hr ee-di nensi onal di splay nethod conpri sing
t heSP8ps of: a) displaying a first depthwi se i mage in
t wo- di nensi on; b) displaying a second dept hwi se i mage
by receiving light fromthe displayed first depthw se
and focusing the light according to the depth of
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and b) for a predeterm ned depth nunber of the first
lens is made of a micromirror array lens, wherein the micromirror array lens
comprises a plurality of micromirrors, and wherein each micromirror is controlled

to change the focal length of the variable focusing lens.

17.  The three-dimensional display device of claim 16, wherein the variable focusing

lens is a reflective Fresnel lens.

18. A three-dimensional display method comprising the steps of:

a) displaying a first depthwise image in two-dimension;

b) displaying a second depthwise image by receiving light from the displayed
first depthwise image and focusing the light according to the depth of the
first depthwise image; and

c) repeating steps a) and b) for a predetermined depth number of the first

depthwise images within a unit time;
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dept hwi se images within a unit time;wherein the
predet erm ned nunber of the first depthw se inmages

wo eoosme7e44 i rst i mage, and each of the first depthusmes/003927

19

20.

21.

i mages represents the portion of the first inmage
havi ng the sanme i mage depth, wherein the focusing
speed in the step of displaying the second dept hw se
images is at |east equal to the product of the
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and each of the variable focusing | enses reflect |ight
fromthe two-di nensional display, and wherein the
focal length of each of the variable focusing | enses
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di spl ayed by each of the pixels. The three-dinensiona
di spheaycone\deptawise imbgdsiz ZOformbrtewéth a néeromioér driag lens.
vari abl e focusing lenses is nade of a mcromrror
array |ens.

A three-dimensional display device comprising:
a) a two-dimensional display comprising a plurality of pixels; and
b) a plurality of variable focusing lenses, each of the variable focusing lenses

corresponds to each of the pixels;
wherein the focusing speed of the variable focusing lens is at least equal to the
afterimage speed of the human eye, and each of the variable focusing lenses
reflect light from the two-dimensional display, and wherein the focal length of
each of the variable focusing lenses changes according to the image depth of an

image displayed by each of the pixels.

The three-dimensional display device of claim 20, wherein each of the variable

focusing lenses is made of a micromirror array lens.
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