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2206763 -1- THREE DI MENSI ONAL DI SPLAY APPARATUS This invention relates to a

t hree di nensi onal di's- play apparatus. D splay apparatus are inmoo N7 Us s
€.g. in tele- vision receivers, conputer interfaces, i nstrunen?gt4ﬁgaﬁ£§

visual display.units. GCenerally these are two di nensional display
apparatus, in that they display only a two- dinensional picture. A variety
of cues are present in the picture pro- vided by a two di nensi onal display,
whi ch provide the 10 observer.with a perception of depth. Such cues

i nchude shadow; size, perspective and obscuration of far objects by close
ones. .. However, two of the npst inportant depth cues which are used by
hunag. vi sion are missing in a con- ventional two dinmensional display. These
are the difference 15 bet ween the views seen by the two eyes, and the
conti nuous change of view which an observer would expect if he were noving
his head with respect to a true three dinensional inage. These two cues are
necessary if the-observer is to be given a proper perception of three

di mensi ons. 20 Various display systens have been nade which
require the user to wear spectacles so that different views of a scene are
presented to each eye. " These provide human vision with stereoscopic

i nformation, but not w-th 2 the information or cue expected from.
movenment of the head Further, such spectacles are inconvenient to wear.
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 THREE DIMENSIONAL DISPLAY APPARATUS

‘This invention relates to a three dimensional dis-
play apparatus. _

Display-apparatus afe in common use, e.g. in tele-
vision recéivers, éomputer interfaces, instrumentation and

5 visual display units. Generally these are two dimensional

display apparatus,_in that,theY'display only a tWo-
dimensional picture.

A variety of cues are present in the picture pro-
vided by a two dimensional diéplay, which provide the

10  observer with a perception of depth. Such cues include
shadow, size, perspective and obscuration of far objects
by close ones. However, two of the most important depth
cues which are. used by human vision are missing in a con-
ventional two diﬁensional display. These are the difference

15 - between the views seen by the two eyes, and the continuous
change of view which an observer would expect if he were.
moving his'head with respect to a true three dimensional
imagé. 'These two cues are necessary if thelobserver is
to be given a prdper perception df three dimensions.

20 - Various display systems have been made which
require the user to wear spectacles so that different
views of a scene are presented to each eye. These provide
‘human vision with stereoscopic information, but not with



Some attenpts ‘have been made to construct three dinensional display

appar atus which do not require the user to 5 wear spectacles. |In many
of *these apparatus the picture seen on the screen depends on the’ direction -»
fromwhich the screen is viewed. The picture seen on the screen is that

whi ch woul d be seen of the three di mensi ongl image fromthe sane direction-

of observation if the three dinensional inmge were present in 10 pl ace

of the display apparatus. The inmage presented by these apparatus provides
all of the information needed by human vision to perceive depth, sois .
apparently three dinensional. Mst of these apparatus have noving parts - .
whi ch make thb#l@ﬂ&ﬂﬂﬂ&ﬁiqnmpnePN@aﬁQ@Gﬂ&ed rom movEgenk cfhvenei beatews

di splay suchpagtfett! Uch Spetta’ils ark %%ﬁv@haw%e%alxs assenbl ed
froma two. di mensi onai array of |xels In a simlar way a three

di nensi onal i mage ofSQRMR o'k AMREhthaye ade&i| adeor ¥Pa FHP@&rHFﬁen§h6ﬁ8I
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a control syst em cont I’OI spat | a tor causl ng
plurality ofb@i$eenepf the deir s T'Sﬁ!’fﬁlé%‘ta]t én@ser o SEmEd the §BE§e§S¥9ﬁtéﬂn
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dependent upon Ions of 's spot”
Most of these apparatus have mov1ng parts which make them

expensive and delicate.

15 "For a conventlonal dlsplay such as a television screen,
a picture of an object is assembled from a two dimensional
‘array of pixels. In a similar way a three dimensional image
of an objeCt'might be assembled form a three dimensional array
of pixels but such an. apparatus Would be compllcated and

20 'expen51ve. ' '

I have now dev1sed a three dimensional dlsplay
apparatus whlch overcomes the drawbacks noted above.
In accordance w;th this invention as ‘seen from one;J

_ "aspect, there is provided a three dimensional display -

25 apparatus; compr151ng a spatial 11ght modulator, a control
system controlllng said spatial light modulator for causing a
plurality of different images of a subject to be formed in . .
succession on ‘said spatial.light_modulator, each different.
image being a view of said subjeot from'a different angle, a

30 two dimensional display . device controlled by said control
system'to'emit a .spot of light at seleoted locations thereon,
'and a lens system for forming a beam of llqht from said spot
and projectlng said beam. through the spatial light modulator

_ at angles dependent upon ‘the locations-of said spot so that the

35 different lmages formed on the. spatlal light modulator are
visible from different directions.

A spatial light modulator is a device whose optical



% . .
35 different images formed on the spatial |ight nodulator are visible
fromdifferent directions. A spatial |ight -nodulator is a device whose
optical. 3 'transparency or optical - reerctPV|ty can be electronically

control | ed. Su; h devi ces can be divided into arrays in which the
transparency oi*PBFPEEERGY: \Phf OB%MFAS %f ’ﬁ"é( aFR8y kleaneiJ%CtmnlcallY
'|nd|V|duaIIy ccbhtnbueéd CSnshqdenubpsthan bandbeideddihto atpapsesrnvhich
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is aliquid cr € apparatus i n accordance
i nvéntion in eﬁﬁacbe 1n@iv @@611Yb@mmtrolhwbramonaeguﬁqﬁkwunmgy candbetuaed

mul £<pl exisng. kgt prakeRt bl piexube bémﬁr&@&ﬁnbﬁuﬁaﬁy phkehsa 1fn ex& le of
di mensi onal display presents nOtdLUSt one but _several  pictures

way that each BlEPGFéaﬂsléﬂgthQ d@kex s peddAlifoSE ﬁ&ﬁloﬁléﬁééVVéPFBh

Each pict u][e is a dlh f f'ﬁ{@nhppaﬂﬂt&% theblaaaaraahcd @ﬁnﬂctthﬁgd itfv@ntion in
positions fromwhich the_views are_vjsible correspon .0 .t he angles from
we2sBY i} FiBel, bt o Tarelial"T LR iy

which the vie mgFé fﬁﬁﬁ he élﬂﬁich ﬁgpeéﬁﬁme
t hree dinen3|omantlrﬂexung.eyéateraAanQSepwex1ageld|afeeehnlquembyb@hambea

each eye,gbser fgﬁég ti %yggt Vig s t

observer ghan gﬁgstae noves Egggay t di SF 5he @htrﬁ%Yeral
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several views &hfﬁbi‘éﬁﬁ%éﬁﬁ(&n%f fbmm&tﬂmal Each @idtursd tisphexi fiflerdmie

Viehe AL PrESGRLEC I sice il Sy e POSLA T gp. Lol sh Lhe cheph e
fipe.and the sejevscarefvisibike icomegspuined tat thefdnglestfinom which the views
' ; 15 were imaged. The result is an imadge which appears three
dimensional. The two éyes of an observer see different views
because each eye observes from a separate position, and the
views seen by the observer change as he moves his head round

the display.
20 : In the apparatus in accordance with this invention,
 instead of présenting several views simultaneously as with
conventional lateral multipiexing, the views are presented in
sequence while the position from which the display is visible
is adjusted. Provided the angle between views is sufficiently
25 fine and the sequence of views is repeated at sufficiently:
short intervals, the image dlsplayed by the apparatus will

kqj appear smooth and three dimensional. .

Also in accordance with this invention there is
provided a three dimensional display apparatus, comprising a
30 two dimensional display device, a control system controlling
said two dimensional display device for causing a plurality of
different images of a subject to be formed in suécession on
said two dimensional display dévice, each different image being
'a view of said subject from a different angle, a lens system
35 and a spatial light modulator positioned in front of the two
dimensional display device, the spatial light modulator being
a device whose optical transparency is - electronically
controlled, and the control system being coupled to the spatial
light modulator to cause the spatial light modulator to be



short intervals, the irfage di spl ayed by the apparatus w |l abpea'r snoot h
and three dinmensional. Also in accordance with this invention-there is
provi ded a three di nensional display . appar ats, corrprl sing a 30 * two o
di nensi onal | a deV|c t m co ling said t RN
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each differe luaagsléfbﬂa %r\bhnevﬁ%féﬁérﬁ: sypi-eet1bhAM R deplidd e NhpaA0 ke 2

| ens system nd a spat] al dul at or posjtion ron

two di nensi od& Jé’fﬂ eﬁf- cﬁ?v‘ldcépqtné’%&é’ﬁ APatigd: Iisthh AJulicly a  device
whose @pti cal tranEﬁBﬁGﬂﬁéntBSofetﬁét ﬁ.ﬁﬁéﬁﬁh.bﬁ w@mur ablee dRGcri®ed biwt
control system b couﬂ)ed to then?patl ?ﬁa no %at g{} tQ cause _the
cpatial T) gttt e EPpLes bRl SR Adflbedle S She. ActBnERnyIEe
whi ch is sel elrtaanlngs,thmmﬁ:fcénent i mmges fornmed on the two di nensi onal

di spl ay device bei ng ?hel f{thdléﬁf%%hﬂf‘fc%gee%gewh ugor&hg;g

| ocation of said spo spat i al
Enbodi ment s- dfmem@laqnaénu@hs AY nepPsraFascri bed AgFostancepl €itin| yhend
wi th rafer engewientim ;acconpanyi ng drawi hgs, .in which:- FIGURE 1 is a

di agrammatic section through a three dinensional display apparatus in
accordance wth the 10" i nvention; FIGURE 2 is a ray diagram which
denonstrates how a : : o :




view is displayed by the apparatus of Figure 1; FIGURE 3 is a diagrammtic
pl an of a di mensional display apparatus used in a three dinensional

tel evision 5 system FIGURE 4 is a diagranmatic section through a second
enbodi ment of three dimensional display apparatus where the | ens system
conprises a lenticular array, FIGURE 5 i a ray diagramfor the apparatus
shown 10 in Figure 4, FIGURE 6 is a diagrammtic section through a third
enbodi nent of three dinmensional visual display apparatus where the two

di ngnsi onal device cOMEIGURE @ |iaNtd GHArdiddrah SRR dehbrd trd%e?f how a

coherent light; 15 . . - ﬁ#&gﬁE 7 1S a ray dkggran1shomnng use OF the .

apphrat us show? i5F A IS A hdke BhARRFTATUSIAE Fl@URE d5is a

di agrammatic section tIFIGURE &) iRodi itiHandfa it @2 a6 BENS Adalendiispbay

appar at us usi ng,.a _cat hode rgy tube€%£.prOV|9ﬁ‘the.V|em5 and a |I%uld 20

crystal displ aghtscP SHRAE R YRS & BT SHhiddmedsinndle kel VsdPact ed.

Referring tso t reyspgmer at us shown in Figures 1 and 2, a lens 1 is placed

face to face against a i-al, i ght dul ator..2. The.screen 3 of a two

di mensi onal display 25 ﬁ%ﬁ’?ﬁé‘e lfgigs ds %lcé"ea&““.ar%lt"héeic%&&l“_ S&ﬁ&gg 8f the

l ens 1. An opadeedisk enbicglifnientedfr dinreet [dd meamionad sidedagf apbarasssnbly

to excl ude extr, | . CCessl Qf b ' hQpna Letures of
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the three dimensional |nmage ar€ displayed by the spafi-a 0
nmodul at or . Each pi ct dlé tor dyss awraly wdales ape forethef apparatrugeshowm a
speci fied1pgoi ntj yOfr i\ w8Nd is hereafter referred to as a "view'."

Si mul t aneous to the di%pl%% of a view, a spot of light 7 is disglayed on
the screen 3 of IGURE 6 is a diagrammatic section through a’ third
N :

embodiment of'three dimensional visual display apparatus
where the two dimensional device comprises a lenticular
- array scanned by a bay'df coherent light;
15 - FIGURE 7 is a ray diagram showing use of the
| apparatus shown in Figure 6 to make a hologram; and
FIGURE 8 is a diagrammatic section through an
embodiment of three dimensional display apparatus using
a cathode ray tube to provide the views and a 1iquid'_
20 crystal display to determine the direction in which each
view is projected.
Referring to the apparatus shown in Figures 1 and
2, a lens 1 is placed face to face against'a spatial light
modulatorlz. The éereen 3 of a two diménéional display
25 device 4 is plaqed in the focal plané 5 of the lens 1. An
opaque box 6 is fitted round the'rear and sides of the
‘assembly to exclude extraneous'light. _ '
_ A succession of two dimensional pictures of the
three dimensional image are diéplayed by the spatial light
30_ modulator. Each picture portrays what.would be seen of
the image from a specified point of view, and is hereafter
referred to as a “view". Simultaneous to the display of a
view, a spot of light'7 is displayed on the screen 3 of
the two dimensional_display device 4. When light from the
35 spot 7 passes through the lens 1, it is converted into



the two di nensional display device 4. Wen |ight fromthe 35 spot 7
passes through the lens 1, it is converted into parallel rays of light 8
whose direction depends on the position of the spot 7 in the scréen 3 of o
the two di nensional display device 4. The position of the spot 7 is'so
controlled that |ight passes through the spatial 5 | i ght nmodul ator 2 only
to that view point 9 fromwhich the view on the spatial |ight nodulator 2

is supposed to be seen. The wi dt'h of the spot 7 determ nes the arc of Vi ew
poi nts wi.thin which the viewis vistbbes The display of each viewis to be
repeated sufficiently qui ckl'y for the 10 i ntervening dark periods not to,

" be noticeable by the human eye. Consequently an image which is apparent#y*
three di menspanallel peyseoﬂeﬂlghhnﬁnghohe posschient gppsnds ¢omothe

di nensi onal gbgfogndgylggg 3R§£ Ef@%hggg %égbgp%g g gtéo | um nescent

dis- 15 pla arrays o I g dr od %%t modul at ors
wth backgrodndenSianahau15plaﬁndexrceehs |ThenpmaIEﬂomyoﬁ.snanm@dtray of

| i ght. Anong S S I | enses mnth spher |
Surtaces 1 ohitubarcanregttBa kiR, ERRnr: BaFoes etk PRE TR Pt L nses
Fresnel Sensbsghndmbdmbgtapheconbyltaltnébnéhes pdﬁmMgBtﬁwomommlﬁmetmqpes
of three dingpsi | .1 ma h t b t nsi ona
di spl ay deV|c£§%r%gs%%?eg§c %f l ggsmgguf% exe %B%% Qéfnage 25 in
par al | ax, fu$égnthrﬁkedwn@hhloﬂathensges Tamdtermgnﬂs|mheodmmrofaslémlIoms
For Stereoscs&i&gna%ﬁmomcmx'sféwc’{stéﬂfsme The display of

each view is to be repeated sufflclently quickly for the y
10 1nuerven;ng ‘dark periods not to be noticeable by the human d
| eye. Consequentiy an image which.isfapparently three

 dimensional is perceived.. | '
Among the’poSsible types of two'dimehsional display
devices Y4 are cathode ray tubes, electro-luminescent dié-
15  plays, arrays of light emitting diOdés, spatial light
modulators with backgroﬁnd illumination, and screens
illuminated by a scanned ray of light.
Among the possible types of lens 1 are lenses with
spherical surfaces, lenticular arrays of many spherical or
20 cylindrical lenSes,'Ffesnel'ienses and holographic optical -
elements. ' ' |
Among the possible types of three dimensional 1mage
which m¢ght be dlsplayed by a three dimensional display
device are stereoscoplc images, multiplexed images, images
25 in parallak, fully three5dimensional images, and images in
coloub,'és follows.. |
For.steheOSGOQiC-images; only two views_of'the
image need be présehted;' 6ne for each eye of the observer.
| In certain instancés it mlght be desirable to pro-
_ 30 Ject the same view or set of views to ‘several dlfferenf
observers. Thls could be done by having not one but
. several spots 7 of light on the two dimensional. display
device U4 simultaneous ‘to the display of each view on the

spatial llght modulatorlz.



i mage need be presented: one for each eye of the observer. In certain

I nstances it m ght ‘be desirable to pro- 30 " ject the sane view or set of
views to several different observers. This could be done by having riot
one but several spots 7 of light on the +wo di nensional..display device 4
siful t aneous to the display of each vieg on the spatial |ight nodul ator 2
For an image in parallax, only views fTrdm™a single plane round an i mage
need be provided. For colour inmages, each view conprises a red, a blue and
a green picture. The pkctures may be presen I n_successi on on the

spa®ial |ight nodul at of °F éﬁleﬁ§ec&PoBPr6#&Pﬁe PPt VALY fReMs@r SdR83eof

themfmo di menspoaak @b&mbaﬁndqm@@@ ﬁeéarb@dpaavgggaoprlate for the picture.
AIternatlver coloured _filters may be placed over pixel R03|t|ons on the

spatial |ight nodul at of °F §R&°Fﬁelﬁﬁ§efe ea&hn¥ﬁ§Woﬁ8WpH §FFaf d&discd 4

made to enmit mbuue khaht. gF@entbﬁ@@u@bctumaa pietpresemhgdbei pykkaneeds! y
on .t he spati al ht nodul at or so that xel s oﬁﬁeach pi cture are

di spl ayed A&t alﬂl BF°6§§FPPoﬁn059§r§8atﬁa; EFSPErmBﬁu &%5ppr 8PFi &PE

colour. 15 colour AF ghewliightFirgemetBe tBoebhr geodi gRBSEABabifbaBiaNal
apparatus may be uséed as the icreen 13 for a three dinensional tel evision
system The sc8ASPLEYhECVdrEyi*s¥@T 169 8SsAPPEARALAEBY fars&PeoPiCEHYENL i onal

tel evision canglasrhici®adhy ebilvhired WQQkér&eﬁa&dbe gmabeapeodrngliel
view. The views woul d then -be transm tted via an optical tibre link

12, to the scrBeAlt3onpara EHRpeeasiah #éShﬁlHG@Elﬁﬁ9rb8 é§€dtP8 t¥8uce the
|nf0rnat|00 traﬂﬁensional display device 4 made to emit white light.

W The three pictures are presented simultaneously on the
spatial light modulator 2 so that the pixels of each
pictﬁré are displayed at a pixel position covered in a
'fllter of the approprlate colour.

15 As shown in Figure 3, the three dimensional display
apparatus may be used as the screen 13 for a three .
dimensional television system. The scene to be televised
10 is surrounded by a set of-convéntional television
cameras 11, each of which would récord a corresponding

- 20 view. The views would then be'transmitted, e.g. via an
- optical fibre link 12, to the screen 13. Data compression
_techniques may be used to reduce the information trans- '
N\ | mission rate if required. | _ _
Referrlng to Figures 4 and 5, a succession of

25 - views are displayed by the spatlal light modulator 2.
Simultaneous to the dlsplay of a v1ew, spots 7 of light
are displayed on the screen 3 of the two dimensional dis-
play device 4. When light from each spot 7 passes through.
the‘nearest'lens 1 of the lentiéular array, it is conver-

30 ted into parallel rays of light'8 whose direction depends
on ‘the p051tlon of the spot 7 in the screen 3 of the two
dlmen31onal display device 4. The positions of the spots
7 are so controlled thaﬁ_light passes through the spatial
light modulator 2 only to that view point 9 from which



mssion rate if required. Referring to Figures 4 and 5, a succession of
views are displayed by the spatial |ight nodul ator 2. Sinultaneous to t
di splay of a view, spots 7 of light are displayed-on the screen 3 of th
two di nensional dis- play device 4. Wen |ight fron1each spot 7 passes

t hrough the nearest lens 1 of the lenticular array, - I's conver- 30

into parallel rays of |ight 8 whose diTection depends on the position o
the spot 7 in the screen 3 of the two dinensional display device 4. Th
positions of the spots 7 are so contrdlI=ed that |ight passes through the
spatial Iight nodulator 2 only to that view point 9 from which 7 th
view on the spatial |ight nodulator 2 is supposed to be seen. The disp
of each vi ewthe NeeweomeG@&t§®a§Gﬁﬂld@@hﬁlWQ@mhﬂﬂQr fPor st lsaipipeisedy 491 ng
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Referrlng to the apparatus shown in Flgure 6, the
three dimensional imege is displayed:ae in the first

embodiment with the refinement that the two dimensional

.display device emits coherentllight. A ray of light 14

from a_laser 15 pesses through a beam scanner 16 which is
a device that“cen'control:the position to which the ray of
light'travels. Simultaneoue to_the_displey_of a view on
the ecatial light modulator 2 the ray of light is directed
by the beam ecanner 16 to a selected lens 17 in the

' lenticular array 3 from which light must be enitted:if

the view is to be seen-only from the appropriate viewpoint
9. The lenticuler array 3 forms the screen of the two
dimenSional_display device. ~The 1ens'17_defocuses the ray
so that it emits light just es'the spot 7 in the first
embodiment with. the exceptlon that, in this third embodi-
ment, llght from the ‘spot 7 is coherent. ThlS makes it
p0531ble to record holograms from the screen.

_ Referrlng to Flgure Ty a hologram can be recorded
by placing a photographlc plate 18 agalnst the screen and
1llum1nat1ng the photographlc plate with a coherent

| optlcal reference ray 19 simultaneous to the three

dlmen31onal 1mage belng dlsplayed on the three dimensional

-dlsplay dev1ce 13 The Opthal reference 19 is created by

“spllttlng part of the ray of light 14 from the laser 15

with a beam splltter 20. The redlrected light 21 is
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by the beam scanner 16 to a selected lens 17 in the lenticular array 3 from
which light nust be enmitted if the viewis to be seen only fromthe
appropriate Vi ewpoi nt 20 9. The lenticular array 3 forns the screen of
the two di nensi onal display device. The dens 17 defocuses the ray so that
it-emts light just as the spot- 7-in the first enbodinment with the
exception that, in this third enbodi - "m¥nt, light fromthe spot 7 is
coherent. This nakes it 25 possi ble to record hologranms fromthe screen.
Referring to Figure 7, a hologram can be recorded by placing a_photographic
pl ate 18 agai n§1eftlﬁet§@1r d¥nmirgors| gai Aadi ﬁget héafﬂhaﬂ-égflﬁﬁhg& praseswegh a

cofrefent opticgl Egg%r%g e of @gcgz %b?%k%ﬂ@ g gglhﬁgnégégea V3°18eV|ce

di mensi onal inmage béin Ia ed on't i Mensi ona
13. The optlc&herehemegmephgc|91ameaﬂ8d by splitting part of the ray of

o 16 Trom he L aschy 3t Bt odSRTuaRELERES A0spaBlchbRERRER SR,
that the oﬁtlcabcpeﬁane30ﬂlta thbuEmbaﬁemenheoﬁhﬁhguoéstmeapbozogaapbom-
e . s BUhIR 8% eSO FRPRLA Uil BoREE HERRTRL
t wo Q|nenslonabednsplapddavﬂaquaddcaybtqmlQ1spyayaKLiDépfay th€Dspabial he
e out TR BBl ) 2SVBEE B’ RbRebiRbeg Ohpe PRESEBHOLY
light emtted atyabubensedng bystbéonatthdadethayfbobd p$ane|bfn&hed1enso a
parall el Q%an]go that the spot. of light emitted at any instant by the
(o cathode ray tube is collimated into a parallel beam pro-
jecting the image on the LCD in one direction only, the
action of the lens may be described mathematically as a
Fourier transform. Thus, the spatial distribution of

15 amplitude as light passes through one focal plane of a
lens is the,FQﬁrier transform of the spatial distribution
of amplitude as light passes through the other focal plane
of the lens.'

The frame rate with LCD's is less than that
20 available at présent with cathode ray tubes.
| An alternative embodiment is shown in Figure 8
which uses a cathode ray tube to present views and can
present more views withdut flicker than the one using an
LCD. The cathode ray tube 2 can be made visible from dis-

25 crete positions 9 by use of two lenses 1a,1b and a LCD y,
The two lenses are placed face to face with one each of
their focal planes coplanar. -The LCD is placed in the
focal plane between the'lenses, and the CRT is placed in
the other focal plane of the outer lens 1b.

30 The first lens 1a images the Fourier transform of
the image on the CRT onto the LCD. The second lens also
performs a Fourier transform, but except for a sign change
this is eQuivalént_to an inverse Fourier transform, so

effectively the second lens reproduces the original picture.
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10 (err) CLAIM 1) A three di nensional disy rat us,
conprising a spatial light nodulator, a co oI syste @ ,""m
spatlal l'i ght nodul ator for causing a pl ura |ty of dif Iﬁﬂes of

a subject to be formed in succession on atial I|ight moddl afor* each
di-f f er ent |maebe|ngaV|ewof said su a different angle, a two
di nensi onal ditdpl ay devthEegotimansie s@%ﬁpkélﬁt BAFPAFAIEM t‘EPW%SJé‘%pEt
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claimed in claimdl. i i ch . t. | '
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the spati al
dlrectlons.
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15 2) A three dimensional display apparatus as claimed in
claim 1, in which said lens system comprises a lenticular array
and the control system controls the two dimensional display
to emit light from a plurality of spots corresponding to the
respec‘tive lens of the array and such that a corresponding

20 plurality of parallel beams of light emerge from the array in
a common direction for each imé.ge provided on the spatial light
modulator. '

3) A three dimensional dispiay apparatus as claimed in
claim 1, in which the two dimensional display device comprises
25 ~a lenticular array positioned in the focal plane of the lens
system and a light source and a beam scanning means disposed
behind the lenticular array to direct light from the 1light
'source to selected lens on the arréy, the 'spatial light
modulator being positioned in front of the lens system to
- 30 project each view formed on the spatial light modulator in a .
direction dependent upon the selected lens of said array to
which the beam scanning means directs the beam of light from

the light source.

4) A three dimensional display apparatus, comprising a two
35 dimensional display device, a control system controlling said
two dimensional display device for causing a plurality of



nodul at o'r being positioned in front of the lens systemto 30 - roj ect |
each view forned on the spatial |ight nodul ator wmﬂlﬁ‘“ﬂ“ﬂ“ﬁ “mEendent
upon the selected lens of said array to which.the i wans

directs the beamof light fromthe |ight soyfce. 4) © A three dinensional
di spl ay apparatus, conprising-a two 35 . dinensional display device, a
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a plurality of - a Subject to
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nodul ator to.be transparent at. a spot. the position of which s se
roligdyca

the 10  difFER _

bei ng vi si bl elight diddwx=stdr dts cehusss thrpasienia IP2ighie noesAldtdr ofo Sakd

spot on the s Lal..light . u .. S). .. A three di nensi-onal display

appar at us subg?éh? Pg%ﬁ%t&aggﬁgr_%ﬁéed%g%rqgnfe]t]:wr{ ﬁfé’f‘é’rcgéé FSiFFﬁﬁF’g?'I she

2, Figut@s 4 dsffergny 3magesgformed andtHeotwsi dimen8iohalhaiaplaypasyiog

draw ngs. being visible from different directions dependent upon the
locati¢n of said'sppt on the spatial light modulator.

5) A three dimensional_disblay apparatus substantialiy as-
herein described with refer'e'ncﬁé'it'o'F_igﬁres 1 and 2, Figures 4 |
15 and 5, Figures 6 and 7 or Figure 8 of the accompanying
- drawings. ' B o ' ' :
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