STEREoseopl o Weo KT R 2

Hé & I nvent
general:Ly to. systems for provildi %‘
o (o BEELAC

K nal vilsTialS sHgerckas BeaN
' di §pl ay REPLACED A
nunmbér /of systens are known for providing three dinensi -

vi ened image, and in particul

effect/s in a viewed i nage. Many of these systems require the use of
pol ari sed gl asses to producSTHRRE C DIBPEANeMNIT. t he vi ewed
image. However , cause_ of Ihe e nce in_re

spetial gl asses to ViEwPEERENt Ve 86?%‘@?2&5’3{%%%38 %ﬁ%g‘yl P n‘agm &p3
systems whi ch @%éﬁéxohﬁﬂvishﬁl efletiitha Qkﬁé&ﬁnage and in paﬁlégﬁhr%sé ‘%f@rﬁap@&?plc

i ncor porated conponents such as passive and dynam c I"'entic
| enses, and m ldrsp}la)aundys to produce the 3-0 effect in an i mage which
can be viewed with the n weve ens,.associ at ed

with these systens Ph Ay rf‘Pfe\%@?mga%h’@‘&gWﬁ%@%‘gd#‘bg%'ﬁg dimensional visual
bri ght ness, angiebg peadidwed til'?l@glé' %Pgttﬂ tﬁ@sé‘@fé{éﬁiseﬂ uR@sthi! %gggslansed

receive the I mage. . For “exanp in Austral i an atent 636

(Thorn EM PLCplagseseto producalitise Ideséreéda’BD0 eifemhnmngheppewedumnage whiiowever,
l'ight froma si d from

| d f t
object, is pas?@gaﬁﬁ‘g%gﬁe?ﬂ‘?rn%ﬁldﬁﬁ%%ﬂ'e%‘?e Ebre%é‘frf‘{; é@?e(géfg@s%%&o iayé sch
splitter to prefugesaalieipts TRAR BEERGNEEE to'dERAGS systems which do not require

10 such glasses.

Such systems have incorporated components such as passive and
dynamic grids, lenticular lenses, and mirror arrays to produce the 3-D effect in
an imagé. which can be viewed with the naked eye. However, common
.problems associated with these systems include flickering unclear images, low

15 image brightness, and the need for the viewer to be accurately positioned to
receive the image. '

For example, in Australian Patent 636228 (Thorn EMI PLC) there is
disclosed a 3-D viewirig -apparatus in which light from a single cathode ray tube,
or light reflected from an object, is ‘passed through an arrangement of

20 retroreflectors and a beam splittér to produce a real image suspended in space

for viewing as an apparent 3-D image, the 3-D effect being created by reducing
the strengths of cues which are responsible for the perception of flat images. It
has however been found in practice that the 3-D effect provided by this
apparatus is negligible, and that the image is blurred, is low in brightness and is
25 therefore difficuit to view..
It is therefore an object of the present invention to provide a stereoscopic
unlt overcoming at least one of the above noted problems.
With thls in mind, there is provided a stereoscopic display unit including at
feast two prolectnon umts for projecting optical signals correspondmg to the left
30 and right lmage fields respectively of a stereoscoplc image, and an optical
focusing system for focusing the two image fields to at least two focus regions at
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for -view ng as an apparent 3-0 inmage, the 3-0 effect being created by

reduci ng the strengths of cues which are responsible for the perception
of flat images. It has however been found in practice that the 3-D
ef fect provided by this apparatus is negligible, and that the image is

blurfed, is lowin brightness and is 25 therefore difficult to view

It is therefore an object of the present |2nvent|on to provide a

st ereoscopi ¢ unit overcoming at |east one of the above noted problems.
Wth this in mind, there is provided a stereoscopic display unit including

two proj ect Boviewing poskionppuiside theydisplay unitsihenieftsand right iwagedislds eaeh
left and 3 efd@&sgdé&ﬂ@&ly be{J rﬁaF{ 8trbggﬁélcélvgfeefetsséfeéte@%‘éf’pl el@ﬁ??wg@ﬂd

an opti cal ocl T mage

| east two f psbated @@isais vieiving posmon wherem the optical focusmg system includes at
2 awevmn? position outside the splay unit, the left and right inmage
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a sem -ref | esflactivenand partialyptrangmidsive thegdmticad signat ibeird réﬂ@@ttedmween
retroreflective mrror, the sem-reflective mrror being partial
the at least one retroreflective mirror and the semi- reﬂectg ive mirror and to said
viewing position. .

The display. unit of the present invention leads to a 3-D image of greater

10 brightness, absence of flicker and tolerance of viewer movement.

At least a portion of the optical signals are preferably reflected from the
semi-reflective mirror onto the retroreflective mirror, the optical signals being
subsequently reflected from the retroreflective mirror and through the semi-
reflective mirror to the viewing position.

15 The display unit preferably includes a tracking system for determining the
spatial position of the head or the eyes of the or each viewer. The projectors are
preferably mounted on a carriage for varying the position of the projectors
relative to an x-axis of movement. The adjustment of the position of the
projectors relative to said x-axis is preferably controlled by said trabking system,

20 the relative position thereof effecting tracking of the movement of the or each
viewer in a direction parallel to said x-axis. In a preferred arrangement, the
semi-reflective mirror is pivoted about an axis parallel to the said x-axis. This
allows control of the angle between the semi-reflective mirror and the
retroreflective mirror. Thié adjustment of the angular position of the semi-

25 reflective mirror is controlled by the tracking system, the relative angular position
thereof effecting tracking of the movement the or each viewer in a direction
parallel to a y-axis of the movement thereof, said y-axis of movement being
normal to said x-axis of movement. | |

In another preferred embodiment of the invention, a second said
.30 retroreflective rri_irrdr is preferably provided, wherein at least a portion of the

optical signals pa$sing through the semi-reflective mirror are reflected from the




reflective and partially transm ssive, the optical signal being reflected
bet ween the at | east one retroreflective mrror and the sem -reflective
mrror and to said vi ew ng position. The display unit of the
present invention |leads to a 3-D image of greater 10 brightness, absence of
flicker and tol erance of viewer novenent. : At | east a portion of
the optical signals are preferably refl ectedqf rom t he sem-reflective
mrror onto the retroreflective mrror, the optrcal si gnal s bei ng

subsequent |y refl ected fromthe retrorefl ecti ve m rror and t hrough the
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effecting traclgsngeitivieto W%ﬁ!i&hl kihals ofasie v @N@rprbféc%rdtlﬁﬁ@ttbcﬂlrect said
parallel to a y-axis of the novenent Thereof, said y-axis of novenent bei n%;
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passi ng thr oughefididivaafirrdre TiREbptical @krsr&rthéfdbtibﬁfél@ﬁél@%fféa%ﬁ‘édwpro;ector unit
may be spaced apart a distance at least substantially equal to the distance
between the eyes of the or each viewer. Each projector unit may include a
15 rectangular projection lens, the projector units t.he..reby producing an elongate
focus pattern.
In another alternative preferred arrangement including two projector units,
a movably supported fully reflective trackihg mirror is positioned to selectively
intersect the optical axis of the optical signal projected from each projector unit,
20 and a projection lens arrangement upon which the optical signal from both said
projectors is included. The two projector units are mounted so that the optical
axis of the optical signal from each projector unit is initially at least substantially
90° relative to each other, the tracking mirror being positioned at least
substantially 45° relative to the optical axis of the optical signals projected from
25 each of the projector units for selectively reﬂecting"th'e optjcal signal of the first of
said projector units along a path such that its optical axis is at least substantially
parallel with the optical axis of the optical signal of the second of said projector
units. The tracking mirror selectively blocks at least a portion of the optical
signal of the second projector unit and/or selectively reflects at least a portion of
30 the optical éign'al from the first projector unit, the movement of the tracking mirror
being controlléd by the tracking system. The overall optical signal projected by
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signals, 5 projected therefromare at |east substantially paral lel. In an
alternative preferred arrangenent, the projector units are nounted so
that the optical axis of each of the opticad signals projected therefrom
are initially at least substantially 90[err] relative to each other. A

full flecti
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rectangul ar projection |lens, the projector units thereby producing an
el ongat e f ocunit ipgluding a plurality of selepﬁvdmmague shutieragfe/prqyidader flag shutter

arrangement | nCluundll it suppoprgé)éi ecatn%flefJ t&hd immediately adjacent the projection lens

arrangement, the segmented mirror and shutter unit being positioned to intersect

the optical signal projected from each projector unit. The two projector units are

10 mounted so that the optical axis of the optical signal from each projector unit is

initially at least substantially 90° relative to each other. The segmented mirror is

positioned 45° relative to the optical axis of the optical signals projected from

each of the projector units, the fully transmissive segments of the segmented

rirror allowing the optical signal projected from the first of said projector units to

15 pass therethrough, the fully reflective segments of the segmented mirror

| reflecting the optical signal projected from the second of said projector units
" along a path such that its optical axis is at least substantially the optical signal

pro]ected from the first brojector unit. ‘The overall signal projected by the

projection lens arrangement is directed to the semi-reflective mirror, the shutter

20 unit selectively blocking the optical signal reflected or transmitted from each

mirror segment so that each eye of the or each viewer only respectively views
one of the image fields, the shutter unit being controlled by the tracking system.

In the above preferred arrangement, the fully reflective mirror segments

around the fully transmissive segment are preferably trapezoidal in shape and

25 may be separated by non-reflective opaque regions. Furthermore, an opaque

strip is preferably provided between each of the adjacent shutters. The

pro;ectxon lens arrangement used in the above preferred arrangement may

preferably be formed by a plurality of at least substantially rectangular lens

segments, all the segments having the same optical axis, the lens segments

30 being positioned adjacent to one another along their longitudinal edges to form

the lens arrangément. .
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a novably supported fully reflective tracking mrror is positioned to

sel ectively I ntersect the optical axis of the optical signal projected
fromeach projector unit, 20 and a projection | ens arrangenment upon which
the optical signal fromboth said projectors is included. The two
projector units are nounted so that the optical axis of the optical
signal fromeach projector unit is initially at |east substantially

90[err] relative to each other, the tracking ¥irror bei ng positioned at

| east substantially 45[err] relative to the optical axis of the optical

signal s projected friamhebabovd noted pecfereidestrangemenls theroptigabeignadd yrojected
ector unt

reflecting the ,optical signal of the first of sai d 0 . 3
along a path sdEMitARPOIECRRN i MaRhe directgd todhe semielighivemiror by first and
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portion of the gusteatially 908 hativeoto tdaehsethend Arivped textenaing avel the optical
selectively reflects at |least a portion of 30 the optical signal fromthe,
first projectdrfogusing symemomnayealisodie previded ikiprgvantrexdernal refiestians affecting
controll ed by tth?i aﬁé(i ng system The overall optical signal projected by
4 the projection®éns arrangenent is directed to the sem -reflective

{n\'Ngr g: b ect i on I n A drojdction uittfocogicontrobimetns i greferabg pravided forl stshtiling
the focus of the projector units to thereby vary an effective focal plane of the
projected stereoscopic image. This helps to maintain the 3-D effect in situations

10 of high stereo disparity as are encountered with a large 3-D depth of field.

It will be convenient to further describe the invention by reference to the
accompanying drawings which illustrate possible embodiments of the invention.
Other embodiments of the invention are possible and consequently the
particularity of the accompanying drawings is not to be understood as

15 superseding the generality of the preceding descriptidn of the invention.

Figure 1 is a perspective view, seen from above, of a first embodiment of
a stereoscopic display unit according to the present invention shown in relation
to a viewer; L

Figure 2 is a schematic side view of the stereoscopic display unit of

20 Figure 1 showing image focusing paths;

Figure 3 is a plan view of the steréoscopic display unit of Figure 1
shdwing focusing of left and right image fields;

Figures 4a to 4c show various designs of a retroreflective mirror for the
stereoscopic display unit of Figure 2;

25 Figure 5 is a schematic view showing an alternative arrangement for the
projectors for the stereoscopic display unit of Figure 2;

Figure 6 is a schematic side view of an aftgrnativé embodiment of a
s‘tereoscopic display unit according to the present invention showing image
focusing paths;

30 - Figure 7 is a schematic view of an alternative tracking arrangement;

Figure 8 is a schematic view of another alternative tracking arrangement;
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the optical axi rom each projector unit is
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reflecting the Whgtaaihréewtﬁﬁmj@cbtgpt ed fromthe second of said projector
units alongapath such t Its optical axis is at |east substantially

the optical signal Thestejeeseeric ﬂﬁn’rﬂy rigitrofrtbe presgridnvention is. daéwbeddﬁerlein

si gnal project | e ed to t
sem et oot variyeiEténce to SHEVERISr S-S 1 bAARRIE e tpl IHEGARRIeY Ui San
optical signal hsefaldepteaﬂtmanéwaﬁmmtgtﬁfnicsrenfhaﬁthe viewdr [t nys 698 RiRte, Séhqhthe
t hat each eye of the or each_ viewer on respectively views one of

i mage fi el ds1Otpresentiinventiomis theseiese &o fesinq:t@d tbwtewaegtbyaomlyr@esmem

In the above preferrgd thef ctlvemrror seqgnent s
and the fully trans Eﬁ}ggg ﬂi?ﬁg‘ f (&apadimet of 4 Hreansconic
25 may be separ@‘spmybunmom beﬁipséstng/a @mﬁeemeqwenﬁdelftﬁrbi&’t@w $4 a%m 16, an
opaque ‘strip 1s preferably provided bet ween each of 't he adj acent

shutters. The optiga (f)?@-lﬁmg)ﬁnlté@s tweraudie speakerss) andi2f: arbeye trackingrmedule
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same optical 1&xthe, viehersedfesseamnéRectly through implication by determining the spatial
position of the viewer's head.

The cabinet 12 has a front window 30 disposed at an angle of
appre_ximately 45° to the vertical. The front window 30 is substantially
transparent. The cabinet 12 is substantially box shaped with one of its upper

20 most horizontal edges chamfered off in the vicinity of the front window 30. The
cabinet 12 thus has a top 32, a back 34, a front 36, and two sides 38 and 40.

The speakers 20 and 22 and the eye tracking module 24 are located in
the front 36 of the cabinet 12. The speaker 20 is located proximate the side 38
and the speaker 22 proximate the side 40. The eye tracking module 24 is

25 typically located between the speakers 20 and 22.

The video projectors 14 and 16 are mounted on a carriage 50 and are
typlcally located within the cabinet 12 prox1mate the top 32 and the back 34.
The pro;ectors 14 and 16 are thus oriented with their projection lenses 54
directed downwardly.

30 The optical focusing system 18 com'prises a retroreflective mirror 64 and a
semi-reflective mirror 66. The first and second mirrors 60 and 62 are




30 being positioned adjacent to one another along their |ongitudinal edges

to form the | ens arrangenent. In the above noted
preferred arrangenent, the optical signals projected fromthe projector
units may be directed to the sem-reflective mrror by first and second

fully reflective mirrors, the mrrors being po;itioned at an angle at |east
substantially 90[err] relative to each other. ‘A hood extending over the
optical 5 focusing systemnay al so be provided to prevent external

refl ections aff eaonvegtionat fidly redlgetive planar mirrérr djhectitsbrmisrdrt 60 ds wisposed at
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situations 10 of high stereo disparity as are encountered wth a |arge 3-
depth of field. efficiency thelsemitneflebtive anitreniBénis about ub0Mereiteativei dred abeut 50%
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Invention are pofigphséd %Mﬁaq@usaidnél tBethe opfédll Sighald bYojsbtdd'®y the video
acconpanying drawngs is not to be understood as
projectors 14 and 16. The semi-reflective mirror 66 is disposed at an angle of
approximately 45° to the retroreflective mirror. The semi-reflective mirror 66 has
a hinge 68 at its upper edge for allowing variation of the angle of the semi-
10 reflective mirror 66 with respect to the retroreflective mirror 64 as indicated by
arrow 70. Optical signals projected by the video projectors 14 and 16 are
reflected by the first mirror 60 to the second mirror 62 and thereby to the semi-
reflective mirror 66 whereat the optical signal is reflected rearwardly onto the
retroreflective mirror 64. The retroreflective mirror 64 has the effect of reflecting
15 incident optical signals 180° to the angle of incidence. Hence, the retroreflective
mirror 64 acts substantially-as a spherically curved mirror in relation to all optical
signals received by the semi-reflective mirror 66. The retroreflective mirror 64
then focuses the optical signals towards a viewer 72. The retroreflective mirror
64 and the semi-reflective mirror 66 constitute the optical focusing system of the
20 present invention. As shown in Figure 3, the optical signal of the video projector
14 is focused into the right eye of the viewer 72 and constitutes a right image
‘ field, whilst the video projector 16 transmits an optical signal which is focused
into the left eye of the viewer 72 and constitutes a left image field. Hence,
stereoscopic signals applied to the video projectors 14 and 16 provide a 3-D
25 video image to the viewer 72.

Preferably, the retroreflective mirror 64 has a surface with a metallised
substrate 80 as shown in Figuré 4c. The metallised substrate 80 has a surface
cbnsisting of groups of faceted mirror surfaces oriented substantially at 90° to
each other (i.e. corner cubes) and hence an incident optical signal 82 results in

30 a reflected optical signal 84 which is substantially at 180° to the incident optical
signal 82. The retroreflective mirror 64 differs from conventional spherically
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I nvention. ' Figure 1 is a perspective view, seen from above, of a
first enmbodi nent of a stereoscopic display unit according to the present
i nvention shown in relation to a viewer; Figure 2 is a
schematic side view of the stereoscopic display unit of 20 Figure 1 show ng
| mge focusing paths; Figure 3 is a plan view of the stereoscopic
di splay unit of Figure 1 showi ng focusinggof left and right inmage
fields; Figures 4a to 4c show various designs of a

retroreflectlve mrnor. for.the eneo i 2. 2
Fi gure 5 Is a ﬁ‘atm 5r°\?/§ &Mmﬁ‘gﬂ% ajﬁa&p,p{; 95@*@4@5&9@&{ re ?chgkact?y
proj ectors for thaesaﬁﬁerseaﬁﬂqmsmm &ﬁit%e*‘l@kbm@ied:fr@m eHance, |mage reve'?sglttﬂ@es
6 is a schematic side view of an alternativeé enbodi ment of

st er eoscopi ¢ dingl agcum.n|Tﬂ1%efiﬁﬁtlderfgcalcﬁlsmcpr@émfetrw%ﬁcﬁlwmrTElhomﬁAgs iequgbto
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g' ternative tgagioreledtivanaRBI 4. The retroreflective mirror 64 has a magnmcanon of 1.0
and generates practically no image distortion.

Alternative constructions for the retroreflective mirror 64 are shown in

Figures 4a and 4b, however the metallised substrate 80 shown in Figure 4c is

preferred. Figure 4a shows a plurality of glass beads 86 arranged in a matrix.

10 The drawback of the glass beads 86 is that scattering of the incident light occurs
at the interstices of the beads. This results in crosstalk between the left and right
image fields. In Figure 4b there is shown an alternative embodiment using a
prismatic corner cube 83 type reflective surface. The disadvantage of the
prismatic corner cube 83 is that optical attenuation occurs in the prismatic corner

15 cube 83 and that refraction and light scattering is generated.

The eye tracking module 24 is designed to locate the eyes of the viewer
72 and to control the angle of the semi-reflective mirror 68 and the horizontal
location of the video projectors 14 and 16 (via the carriage 50) so as to project’
the optical signal into the eyes of the viewer 72.

20 In use, a single video signal is sent te a digital video processor within the
display unit 10, the processor generating two separate video signals. One of the
video signals is applied to the video projector' 14 and the other optical signal is
applied to the video projector 16. The projectors project their optical signals
through the projection lenses 54 onto the first mirror 60 which reflects the signal

25 in diverging form to the second mirror 62 which reflects the signal in diverging
form onto the partially reflective mirror 66 which reflects the optical signal in

, dive'rging form onto the retroreflective mirror 64. The retroreflective mirror 64 by

virtue of its metallised substrate 80 reflects the incident optical signal through the
“semi-reflective mirror 66, through the front window 30 and to a focal point in the

30 vicinity of the viewer 72. The optical signal from the video projector 14 is

directed to the right eye of the viewer 72 and the optical signal from the video



Figure 9a is a partial schematic plan view of a segnented mirror for the

tracki ng arrangenent of Figure 8; Figure 9b is a parti al
schematic plan view of a LCD shutter unit for the tracki ng arrangenent
of Figure 8, and 5 Figure 10 is a schematic view of an alternative
proj ector arrangenent using a three tube projector. The

stereoscopi c display unit of the present invention is described herein
with reference to one viewer only. It is to be appreciated that the display

unit can be adapted to allow view ng by gre than one viewer at any one
time, and the 10 present invention is therefore not restricted to view ng
by only one person. In Figures 1 to 3 there is shown a first

embodi ment of arajeetogdécisfoeused inde §e lojt eya of the \dewer.i sing a cabi net 12,
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proj ectors 14 hetwaendhe sidemB8@nshiQ f@raaliermgetfwdoaua poirg of the optical sngnals in
the horizontal plane. The point of focus of the optical signals is at a distance

away from the display unit 10 which distance is equal to the optical path length
from the projection lens 54 to the retroreflective mirror 64. _

The lenses 54 of the projectors 14 and 16 should preferably be spaced

15 apart a distahce substantially corresponding to the distance between the

viewer's eyes, typically a_bout 65 mm, to thereby ensure that the optical axis of

the optical signals projected from each projector are also at least substantially

spaced abart the same distance. However, because of the physical size of the

projectors 14 and 16, it may not be possible to so position the lenses 54. One

20 way of reducing the distance between the optical axes of the optical signals is by

using a parallax reducer assembly, which is a mirror arrangement located in the

path of and thereby reflecting the two optical signals along a path which reduces

the spacing therebetween. Such assembhes can however produce distortions

and can lead to a certain loss of light mtensnty in the projected image fields. In

25 addmon, it is not possible to readily adjust the spacing of the optical signals in

the above arféngement Therefore, in an alternative embodiment of the

lnventlon as shown in Figure 5, one projector 14 is mounted honzontany while

the other pro;ector 16 is mounted vertically so that the optical axis 115 of the

optical signal frqm the horizontal projector 14 projects at least substantially 90°

30 relative to the optical axis 116 of the optical signal from the vertical projector 16.

A conventional fully reflective plaf_iar mirror 200 is provided in the path of the



typically located within the cabinet 12 proximte the top 32 and the back
34. The projectors 1 4 and 1 6 are thus oriented with their projection
| enses 54 di rected downwardly. 30 The optical focusing system
18 conprises a retroreflective mrror 64 and a sem -reflective mrror
66. The first and second mrrors 60 and 62 are

7 ‘conventional fully reflective planar mitQors. The first mirror 60 is
di sposed at about 45[err] to an optical signal projected by the video

projectors 14 a@&ida@sg?mfromwmﬁzman ojbetor 344ils B9S QlbvatheRA U FRIRrS lthe

F
to.the first mrror 60. For maxi mum e?flmency the sem -reflective

mrror 66 is aberrticeb@roigictectlbvis diaplagedieithes,bahind orsin &oink of thee horizontal

retroreflective m.rror .64 is_in.the ex L acy.e i . dj
Gubst ant i ai 1y pRiFEEr dose FerCie SeredE o S Re Ptk siapRLBBIdEEC from tne
proj ectors 14 apgktibal gTbj%o‘i@fMﬁf Blbasséy ahgiplansr afirfos Z0GPOBISE Mirrén havidver
of approximately 45[ery] to thé retroreflective mrror. The

seni - ref | ect i Serafiectotheseptical signai ofithgdasizoatal iprejectopdd alane af pathasuahuihay its
VAt on of | NSoQ g 1415 Bl L bR S 6.5 Bl AT Re
proj ected by th@ee{icaﬁgararef&&cner SThé apfcalGighdls fromepiopsdters 1 af¢ 18 letend,
mrror 60 to the second mrror 62 and thereby to the sem
through a substantially common optical axis, through the mirror assembly
comprising elements 60, 62, 66 of Figure 2, until they strike the retroflective
10 mirror 64, preferably converging to an identical spatial position. The spacing
between the optical signals can therefore be readily set to correspond to the
viewer's eye spacing. The spacing between the optical axes of the optical
signals can then be simply varied by relative movement of the projectors 14, 16.
Because of the disposition of the semi-reflective mirror 66 external
15 reflections may be directed into the eyes of the viewer adversely affecting the
image clarity. One way of eliminating these reflections is by means of a hood
100, shown in phantom lines in Figure 1, extending over and on either side of
the “front window 30 thereby shielding the semi-reflective mirror 66 from the
ceiling. This..-hood 100 may be pivotally connected to the cabinet 12 so that it
20 can function as a lid covering the front window 30 when the display unit 10 is not
being used. It is also envisaged that the hood 100 be an integral part of an
enclosure containing the components of the display unit. _
An alternative embodiment of the stereoscopic display unit of the present
invention is shown in Figure 6, this display unit 110 including a second
25 retroreflective mirror 210 positioned at an angle approximatély 90° to the first
retroreflective mirror 64 and above the semi-reflective mirror 66. As well as
shielding the optical focusing system from outside reflections, this arrangement
p}bvides a brighter stereoscopic image. In the embodiment of Figures 1 to 3, the
optical signals which pass vertically through the semi-reflective inirror_GG are lost
30 from the display unit 10. However, in the alternative embodiment of Figure 6,
which shows the optical axes 114, 116 of the optical signals reflected within the



reflective mrror 66 whereat the optical signal is reflected rearwardly
onto the retroreflective mrror 64. The retroreflective mrror 64 has
the effect of reflecting 15 incident optical signals 180[err] to the angle
of incidence. Hence, the retroreflective mrror 64 acts substantially
as a spherically curved mrror in relation to all optical signal s
received by the sem-reflective mrror 66. The retroreflective mrror 64
then focuses the optical signals towards a vildwer 72. The retroreflective
mrror 64 and the sem -reflective mrror 66 constitute the optical

focusi ng syst emy: K [ [ ' [ e
optical signal n%,gbl e%\ﬁtgggog?@%%t@% Q?ﬂa{%: a?%gﬁlgg@ﬁt%iﬁe& iﬂgﬁts%cyoend
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st ereoscopi c si S i i ,

3D 55 vi feo | nbls of PRI ARG Initdi 8. PTRISYEERIre frclitls fncRidbe Bparent

retroreflecti§ebrightness Gf thasstersosdopie image for it aidwerebecause obsedated dight
as shown in Figure 4c. The netallised substrate 80 has a surface
consi sting of gjpﬁﬁ-ps of faceted mrror surfaces oriented substantially at
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signal 82 results in are pti
substantial |y amirt&06emiistt lbe positioneddsanthabiitt iscalivays angierhad5°8latiMecto each of
retrorefiect] Veth”é Fertl(')cgreﬁgct?\ilg %‘?rrrgrsf %gn;ncé) g\1/8.ntlit ?sn?i%erZPor}%rr%&aJ)cl)gsible to pivot the

10 semi-reflective mirror 66 to provide vertical tracking without also adjusting the
angles of the retroreflective mirrors 64 and 210 correspondingly. A simpler
alternative is to provide projectors 14 and 16 with special elongate rectangular
projector lenses. As noted above, the size of each of the projected image fields
at the focal péint is substantially the same size as the projection lens of the

15 associated projector. Therefore, each projector having such a rectangular
projection lens will result in an at least substantially vertical rectangular pattern
of focused light, with the vertical height of this image being sufficient to ensure
that viewers can still generally view the image without-the need for vertical
tracking of the viewer's eyes.

20 The horizontal tracking, as described above, is accomplished by moving
the projectors 14 and 16 horizontally by means of the carriage 50. However,
such mechanical tracking is noisy, slow and there are inherent mechanical wear
problems. 1t is therefore preferable to eliminate the need for the carriage 50 for
horizontal tracking purposes. Therefore, in another arrangement for the

25 projectors as shown in Figure 7, the two projectors are mounted in a set position,
one vertically and one horizontally. The projectors 14 and 16 do not have any
projection |énéés, the projectors each projecting their optical signal directly onto
a projection lens arrangement 217 which is mounted horizontally and which
may be formed by one or more lens elements. In the view shown in Figure 7, the

30 vertical projector 16 is mounted in the same plane as the horizontal projector 14

so that the optical axis 116 of the optical signal projected from the vertical



8 . curved mrrors in that practically all rays of light incident upon it
return to exactly the sanme spatial position that they originated from
Hence, image reversal does not occur. The effective focal distance of
the retroreflective mrror 64 is equal to the length of the optical path
fromthe video projectors 14 and 16 to the 5 retroreflective mrror 64.
The retroreflective mrror 64 has a magnificagpon of 1.0 and generates
practically no inmage distortion. Al ternative constructions for
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projectors 14 amRigle @vithet bertical rpr@ﬁ%t(ﬁO)l BSErojécts corfs Aifethle steredSeoiBtintedles
signal into the eyes of the viewer In use, a single video

signal is sent tdiregtlyi gntalthe uepeprfa@esgbrthw Rigiactione lens atrangemenhi217iothe
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optical signals t hrough the projection | enses 54 onto first mrror
60 whi ch refl ecti®agedbgingrgflected by {he tracking mirror 215 to the lenses 217. The overall
optical signal projected from the projection lens arrangement 217 therefore
includes both stereoscopic images therein. This overall optical signal can
15 therefore be focused by the optical focusing system 18 to the viewing position
with the focused pattern being split into left and right image fields. The
projection lens arrangement 217 is sufficiently sized to produce a projected
image large enough to accommodate 'any reasonable movement of the eyes of
the viewer thereby eliminating the need for both pivotal movement of the semi-
20 reflective mirror 66 and horizontal movement of the projectors 14 and 16.

The eye tracking module 24 will track the viewer's eyes to ensure that the
split between the two image fields on the projection lens arrangement 217 is
positioned between the two eyes of the viewer to thereby maintain the 3-D effect.
The position of the projected split is controlled by movement of the tracking

25 mirror 215 which can partially block the optical signal of the vertical projector 16
or can reduce the amount of surface of the tracking mirror 215 from which the
optical signal from the horizontal projector 14 can be reflected. This resuits in
horizontal movement of the split between the two projected image fields on the
lens arrangement 217.

- 30 In a related alternative embodiment of the tracking system of the

invention, the tracking mirror 215 is replaced by a stationary segmented mirror



25 in diverging formto the second mrror 62 which reflects the signal in
di vergi ng formonto the partially reflective mrror 66 which reflects
the optical signal in diverging formonto the retroreflective mrror

64. The retroreflective mrror 64 by virtue of its nmetallised substrate
80 reflects the incident optical signal through the - sem-reflective
mrror 66, through the front wi ndow 30 and to a focal point in the 30
vicinity of the viewer 72. The optical signal18romthe video projector 14
S directed to the right eye of the viewer 72 and the optical signal

fromthe video H H H H laced ad' cent an
projector 16 i 3298(:%358!2]0\(\!&18 Ft-lﬁlér% gf tA(%l;\gttg% u%e%\(/ii lg,\ﬁer. Jacent a ‘Frfza'?f'?'em
of the project ethé nupper fatel dfrihe pacjechion] leasoarrangemento2 . pdhat shuttés unit

that - the opt MeapiEpahEenIsolaneddned CaoidlDbdsy e SEED. suhAughihshouid
Cho b o LS ocHESHBRMpUONAL BFnOPBIY ol pRooRHSr eliRy sy it
the optical sisgumits cant aéernativebalbe usptandhet bagmeanted migréro230vise pesfierably
and differences piogihho%ie%h%p];elggi\?éﬂ% ?he7 %’ptical axis of the optical signal of each projector
and intersects the optical axis of both optical paths. Figure 9a is a partial view of
the segmented mirror 230 showing that the mirror face is segmented into a
plurality of strips comprising fully reflecting segments 231 and fully transmissive
10 or transparent segments 232. The image projected by the vertical projector 16
(image A) can pass through the transparent segments 232 to the LCD shutter
unit 233 whereas the image projected by the horizontal projector 14 (image B)
is reflected from the reflecting segments 231 to the LCD shutter unit 233.
Because the staiionary segmented mirror is positioned 45° relative to the optical
15 axes of the optical signals, the segments 231 and 232 are trapezoidal in shape
to ensure that the image projected onto the LCD shutter unit 233 is at least
substantially rectangular and not trapezoidal in shape: The narrower end of
éach trépezoidal segmeht is located at the upber edge of the segmented mirror
230. Narrow substantially triangular non-reflective opaque strips 235 are
20 provided between each strip to define the edges of the segments. The average
width "D" of each of the segments of the segmented mirror 230 is ideally an even
fraction of the eye spacing, typically about one quarter the eye spacing of the
viewer. |
Figure 9b is a partial plan view of the LCD shutter unit 233 showing a
25 plurality of at least substantially rectangular LCD shutters 234, the shutters 234
all being of the same width. A narrow opaque strip 236 is provided between
each LCD shufter 234. Each of the LCD shutters 234 control the optical signal
;Srojected through a respective transparent segment 232 or the optical signal
reflected from a respective reflecting segment 231 of the segmented mirror 230.
30 The function of the opaque strips 236 is to eliminate blurred edges from adjacent

. projected segments from impinging upon the selected shutter segment. Each of



FurthernDre, the eye tracking nodule 24 also controls the carriage 50 for
novi ng the video projectors 14 and 16 in the direction of the arrow 90,
i.e. 10 between the sides 38 and 40 for altering the focus point of the

optical signals in t he horizontal plane. The point of focus of the
optical signals is at a distance away fromthe display unit 10 which
distance is equal to the optical path |length fromthe projection | ens 54
to the retroreflective mrror 64. Thé | enses 54 of the projectors

14 and 16 should preferably be spaced 15 apart a di stance substantially
correspondi ng t ' IUAYA ' [ I
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The projection lens arrangement 217 can have single or multiple

elements of glass or plastic. Alternatively, it is also envisaged that the projection
15 lens arrangement 217 be formed by a plurali{y of at least substantially
rectangular lens segments, all having the same optical axis, the lens elements
being positioned adjacent to one another along their longitudinal edges to form
the lens arrangemeht 217. The use of such a segmented lens arrangement 217
is possible because the optical signals only pass though certaih segments of the
20 lens arrangement 217 at any one time because of the shutter unit 233. Such a
.lens arrangement will be much less expensive to manufacture.

The projectors 14 and 16 can be of the Liquid Crystal Display (LCD) type
wherein the image to be projected is formed on a colour LCD projection panel.
The résolution and contrast of the projected image can however be improved by

25 using three tube projectors wherein each tube projects a different colour
component of the overall image, the colours combining to form the final image. It
is not however possible to simply replace the LCD projectors with three tube
brojectors because the optical focusing system 18 will focus the three separate
images from the projector tubes to a different viewing position because the

30 optical signal from each tube is separately focused by the optical focusing
system 18.



10 = optical signal fromthe horizontal projector 14. In the view shown
in Figure 5, the vertical projector 16 is displaced either behind or in
front of the horizontal projector 14 so that the optical axis 116 of the
optical signal projected fromthe vertical projector 16 bypasses the
planar mirror 200. This mrror however 5 reflects the optical signal of the
hori zontal projector 14 along a path such thatdits optical axis 114 is
parallel with the optical axis 116 of the optical signal fromthe

vertical projector 1%&*@@%@5:@@@@ ré9@m|9wamf©rbécnr@ ey the three
ext end, thrgm%h a substantially Common opfical axis, through the mrror
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wi ndow 30 whag phsje6lisd/tabe @22t isl@flestatdbif the green reflecting dichroic mirror 226 and

along the same path as the above noted optical signals. The displacement of

tube 222 in Figure 10 is present to make equal the optical path length of all the

three tubes. This produces a single multi coloured image which can be focused

by the optical focusing system 18. This is only an example arrangement

15 because the position of the tubes can be swapped.around with corresponding

changes to the dichroic mirrors. Alternatively, where some light loss is

acceptable; semi-reflective mirrors could be used in place of dichroic mirrors.

The lens of each tube is normally positioned in front of each tube. It is however

also énVisagéd that these lenses be replaced with a single lens located forward

20 of the last mirror 226. Finally, the use of other types of projector units other than
those described above are also envisaged.

The two main physiological depth cues which provide people with a

sense of three dimensionality are stereo disparity and focus. However 3-D

systems can only provide stereo disparity information. . The problem with 3-D

25 system's in general is that when any imaginary object moves too close to the

viewer, the -3-D effect is lost as the viewer can no longer physiologically

accommodate the stereo disparity information provided by the 3-D system and

the object “splits” into two images. This image spllitting phenomenon occurs

when the diécrepancy between the focus depth cues and the stereo disparity

~ 30 depth cues are too great. This limitation can be substantially overcome if the

focal plane of the projectors can be controlled, thereby bringing the two depth



being used. It is also envisaged that the hood 100 be an integral part of
an encl osure containing the conponents of the display unit. An
alternative enbodi nrent of the stereoscopic display unit of the present

i nvention is shown in Figure 6, this display unit 110 including a second 25
retroreflective mrror 210 positioned at an angle approximately 90[err] to

the firgt retroreflective mrror 64 and above the sem -reflective
mrror/66. As well as shielding the opticab focusing system from
outside reflections, this arrangenent provi des a brighter stereoscopic

image. In the e t : | 4154 ' :
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whi ch shows the optlcal axes 114, 116 of the optical ﬂnal s reflecte
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by the change 3 nihgi pRIjétters. OfTHéTéfcﬂét lltC%I péssiblelftachievd1s \airiabhe effectlve focal -
sem-reflective mrror 66. This therefore ﬁrow des i ncreased a{)é)arent

bri ght ness of t Hase&fdqueieshra bydegus centrohef thecpiviediersald ands eauéeamwsaged
i ght that details of the “average distance” of the image being displayed can be
encoded together with the input signal to the digital video processor and a
projector unit focus control can be provided to control the focus of the projectors

10 14 and 16 during play back of the stereoscopic images.

" The stereoscopic display unit 10 of the present invention has the
advantage that the optical performance of the display unit 10 is not
compromised by movements of the viewer (within a predetermined window of
viewability). Secondly, that the optical efficiency of the display unit 10 is much

15 higher than existing stereoscopic systems, thus haking larger screen sizes
possible and improving the contrast of the display in situations of high ambient
light. Also, by the use of the retroreflective mirror 64 a near perfect spherical
mirror can be simulated relatively inexpensively. Also, the accuracy of the
element of the retroreflective metallised substrate 80 is not critical to the

20 accuracy with which the retroreflective mirror 64 simulates a spherical mirror.

Modifications and variations such ‘as would be apparent to a skilled
addressee are considered within the scope of the present invention as defined
by the appended claims.
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proj ect ed fromqrueere,t@@lteﬂegtwe mlrror and the semi-reflective mirror and to said viewing
position. |

2. A display unit as claimed in claim 1, wherein at least a portion of the
optical signals dre reflected from the semi-reflective mirror onto the
retrore_flecti’ve_mirror, the optical sigﬁals being. subsequently reﬂected from the
retroreflective mirror and through the semi-reflective mirror to the viewing-
position. |

3. A display unit as claimed in Claim 1 or 2, including a tracking system for
determining the spatial position of the head or the eyes of the or each viewer.

4, A displéy unit as claimed in Claim 3, wherein the projector units are
mounted on a carriage for varying the position of the projectors relative to an x-
axns of movement the adjustment of the position of the projectors relative to said
X-axis belng controlled by said tracking system, the relative position thereof

effecting tracking of the movement of the or each viewer in a direction parallel to

said x- axis.




12 projector 16 is aligned with and co-axial with the optical axis 114
of the -“Horizontal projector 14. A tracking mrror 215 which is
a convent¥onal fully reflective mirror is nount ed at about 45[err]
relative/to the optical axes of the optical signals fromeach 5 projector,
the tra )g'kl ng mrror 215 being novable along, a straight path (i.e. into

and out’ of the page when viewed as shown in Figure 7) which intersects the
opticad signal from both projectors 14 and 16(g!n the arrangement shown in
Figur& 7, the vertical pr oj ector 16 projects one of the stereoscopic inages

dir tIyontoteup e QI .0} eCAl.ON . the 1Q
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i mage onto t BRrotddraboRPan 4§ parhlléine heoi#gt kaxid, ete aﬂbﬁﬁétﬂﬂfmfﬁf tRé7angle
the latter i mage being reflected by the tracking mrror 215 to the

| enses 217. Thebetwean the sembreiteativei mitear andoihecatdeastrene reteorpflegtiver mdior, the
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movement thereof, the said y-axis of movement being normal to said x-axis of
movement.

6. A display unit as claimed in any one of the preceding claims, including a
second said retroreflective mirror, wherein at least a portion of the optical signals
passing through the semi-reflective mirror are reflected from the second
retroreflective mirror, the optical signals being subsequently reflected from the
semi-reflective mirror to the viewing position.

7. A display unit as claimed in any one of the preceding claims, including at
least two said projector units, the projector units being mounted so that the
optical axis of the optical signals projected'therefrom,are at Ieést substantially
parallel.

8. A display unit as claimed in any one of Claims 1 to 6, including two said
projector units, the projector units being mounted so that the optical axis of each
of the optical signals projected therefrom are initially projected at least
substantially 90° relative to each other, a fully reflective mirror positioned at least
‘substantially 45° relative to the optical signal of one of the projector units to
direct said optical signél along a path 'so that - its optical axis is at least
substantlal!y parallel with the optical axis- of the optical signal from the other
projector unit to the semi-reflective mirror, the optical axis of the optical signals of
each said projector unit being spaced apart a distance at least substantially

equal to the distance between the eyes of the or each viewer.

* [+ L M S *




| meige | arge enough to accommpdate any reasonabl e novenent of the eyes of
the viewet thereby elimnating the need for both pivotal novenent of the
sem - 20 reflective mrror 66 and horizontal novenent of the projectors 14
and 16. The eye tracking nodule 24 will track the viewer's eyes
to ensure that the split between the two inmage fields on the projection
| ens arrangenent 217 is positioned betwed® the two eyes of the viewer
to thereby maintain the 3-D effect. The position of the projected split

is controlled hy ”DVRrH?ﬁSIa?f :hgcédraﬁg BRI mWﬁ@r@.rﬁéécwr@,acﬁﬁmmhbwésya

bl ock the optical signa e verti pr oj ect or or’ can reduce t
amount of surf agetarigulae projeckomdems, rﬂmrpcbi@ctorumts\Mhetebynaroducm;gnanncalongate

signal fromthe horizontal projector 14 can be reflected. This results in '
hori zontal novelREHS P8ttefhe split between the two projected image fields on
t he | ens arrangenent 217. -30 In a related alternative enbodi nent
of the tracking system of the invention, the tracking mrror 215 is

replaced by a st@ti oAadigplagouinaecomling to Claims 3 including two said projector units, a
paral lel to . BRvabppaunparedbiufheptfie it i aastiead B Feiedively
shutter unit inersect the optical axis of the optical signal projected from each projector unit,
a projection lens arrangement upon which the optical signal from both said
projector units are projected, the two projector units being mounted so that the
optical axis of the optical signal from each projector unit is initially at least
substantially 90° relative to each other, the tracking mirror is positioned at least
substantially 45° relative to the optical axis of the optical signals projected from
each of the projector units for selectively reflecting the optical signal of the first of
said projector units along a path such that its optical axis is at least substantially
parallel with the optical axis of the optical signal of the second of said projector
units, the tracking mirror selectively blocking at least a portion of the optical
signal of the second projector unit and/or selectively reflecting at least a portion
of the optical signal from the first projector unit the 'movement of the tracking
mirror being controlled by the tracking system, the overall optical signal
projected by the projection lens arrangement being directed to the semi-

reflective mirror.

11. A display unit according to any one of Claims 3 including two said
projector units, a segmented mirror héving a plurality of fully reflective segments
separated by fully transmissive segments, a projection lens arrangement upon
which the obtical signal from each said projector unit i_s projected, a shutter unit
including a plurality of selectively opaque shutters, the shutter unit being
'suppoited at least substantially parallel to and immediately adjacent the
projection lens arrangement, the segmented mirror and shutter unit being
positioned to intersect the optical signal projected from each projector unit, the
two projector units being mounted so that the optlcal axis of the optlcal sugnal



described herein is of the Liquid Crystal D splay type (LCD), although it
shoul d be appreciated that other types of electro-optical or

el ectromechani cal shutter 5 units can alternatively be used. The segnented
mrror 230 is preferably positioned 45[err] relative to the optical axis
of the optical signal of each projector and intersects the optical axis
of both optical paths. Figure 9a is a partialzc\/i ew of t he segnent ed
mrror 230 showing that the mrror face is segnented into a plurality of

strips conpri sifagmf edély prejbtiestunitdssetiatppsojedtedaatdetst sibstaansiny 86 Yslafile to
or transparent segnents 232. The inmage projected the vertical projector

by. :
16 (i mage A)eaéh ofaes ther segmen WHH&&%"%QNP%K@’?@H& at lemstsubstantiadly 45°

2 e o)™ e IBLBEC PG SR AR, BohCalgeLt i RRthe) he
shutter unit 23grojectoBanitsisihetfoly Faatmissive segaantst sidhei gogmented misicri dlidddng

45[err] relative to the optical 15 axes of the optical signals, the
segments 231 andexoptigat sigapk pevigated dramalhe first of saddrRrojester tunits tagpass

proj ected onto {h@??ﬁ,ﬁ{,a%g%hbggw’ fgr{fesgﬁg% gi_eﬁﬁ:ﬁe@ti Bfite segﬁaﬁﬁgﬂﬁﬁ@e%glﬁcﬁng the

rectangul ar and no Zol narrower= en

trapezoi dal segoptidalisigrial projedtett fromethemseeonddd saff ptdjectae anite tish ?&ﬂﬁ such
230. Narrow substantial ly triangul gr ?on-ref | ective opaque strips 235 are

20 provi ded bet adntscaplical iaXis i at faibstantially epaiglel Mithsibignemptical arie of the

Tearty an evenSPicH sl PhoPoiad oS HERISF pfbierioF HRRPITE GHRAM <0t eectia

the eye spaci ngbpfthé projectivhders arrangement bdimgdirec@l icsthe pemi-réfleativemirror,
view of the LCD shutter unit 233 showing.a 25 plurality of at |east

substantial |y r&@& shytieatnitcreleslinaly bio thaopdinat signal zgtlectedapn treesmitted

f th i d A ' ' '
LCD shutter 2340, SRBRSNOREE e bahenis B B8] R e SR8 of BT each
proj ected througiewer' @sipaespeetivalpvides e skt Mhagddieds,tihe shitteralinit being

si gnal reflected froma respective reflecting segnent 231 of the
segnented mrr 060@3@!9(1 by the traCklng system.

12. A display unit according to claim 11 wherein the fully reflective mirror

segments and the fully transmissive mirror segments are trapezoidal in shape
and are separated by non-reflective opaque regions. K

13. A display unit according to claim 11 or 12 wherein an opaque strip is
provided between each of the adjacent shutters.

- 14, A display unit according to any one of claims 10 to 13 wherein the
projection lens arrangement is formed by a plurality of at least subsfantially
rectangular lens segments, all the segments having the same the same optical
axis, the lens segments being positioned adjacent to one another along their
. lpngitudinal edges to form the lens arrangement.

15. A display'unit as claimed in any one of the preceding claims wherein the

optical signals projected from the projector units are directed to the semi-
reflective mirror by first and second fully reflective mirrors, the mirrors being

Iy



30 The function of the opaque strips 236 is to elimnate blurred edges from
adj acent proj ected segnents from i npingi ng upon the sel ected shutter
segnent. Each of 14

the LCD shutters 234 can allow the inmage projected thereon to pass through
t he shutter unit 234 to the projection |ens arrangenent 217. However,
when t he LCD shutter 234 is actuated, it becones opaque, bl ocking the
transm ssi on of the inmage projected thereogqy 5 Dependi ng on the
position of the head of the viewer, one eye wll see i mge A projected

froma transparent, se t 232, .t ot her e. seeing | e refl ected
froma reflecti R@S@,lgggg%q %iné'ﬂgﬁﬁéﬁi %‘i‘hﬁ?%/@@Méq g’?k?g'ﬁ"gstoaﬁ:a&%a‘? 8- to
provi de an opaque shutter to cover the -segnents on opposite sides of each
of t he segnents seen by the viewer to ensure that there is no cross talk

bet ween 10 the f60j edX displapyeit #ccording tdeapyprotiengf tie plecddisy eldimsvineidiag a
whi ch segnenb, the i es pro{ected y, the gro'ect?rs can be rev?rsgd to
ensure that - heed rtendig ewen thesertical dosusindisykiam 1o nrsvenrt Srtgial deliections
only sees the ri + : The projection | ens arrangenent 217

can have singl eagrghmfrgage. el ements of glass or plastic. Alternatively,

it is also envisaged that the projection
17. A display unit according to any one of the preceding claims including
projector unit focus control means for controlling the focus of the projector units

to thereby vary an effective focal plane of the projected stereoscopic image.

IR



15 i ens arrangenent 217 be formed by a plurality of at |east substantially
rect angul ar -ens_segnents, all having the same optical axis, the |lens

el enent s bei ng positioned-adjacent to one another along their

| ongi t udi nal Has Hegl the | ens arrangenent 217. The use of such a
segnented | ens Vg I S possi bl e because the optical signals
only pass tho ments of the 20 | ens arrangenent 217 at any one
time because of the's unit 233. Such a oo lens arrangenment wll be
much | ess expensive to manufacture. The projectors 14 and 16 can
be of the Liquid Crystal Display (LCD) type wherein the inmage to be
proj-ected is forned on a col our LCD projection panel. The resol ution and
contrast of the.projected i nage can however be inproved by 25 using three
tube projectors wherein each tube projects a different col our conponent
of the overall image, the colours conbi ni ABSTRACT the final inmage. It

i s not however possible to sinply replace the LCD projectors with three
tube . projectors because the optical focusing system 18 will focus the.

o1 on” Bechee.«he AT SRERPEGBRARIC(, bigint R bl BSetio prapeat unis

by the optical f{ddytdhipr prajgctingroptical signals corresponding to the left and right image

o fields respectively of a stereoscopic image, and an optical focusing system (18)
for focusing the two image fields to at least two focus regions at a viewing
position outside the display unit (10,110). The left and right image fields are
each respectively focused into the respective eyes of at least one viewer (72)
when located at said viewing position. The optical focusing system (18) includes
at least one retroreflective mirror (64,210) and a semi-reflective mirror (66)
disposed at an angle to the at least one retroreflective mirror (64,210), the semi-
reflective mirror (66) being partially reflective and partially transmissive, the
optical signal being reflected between the at least one retroreflective mirror

(64,210) and the semi-reflective mirror (66) and to said viewing position.



To ensure that a single focus region is produced for each eye by the three
tube projector, the tubes can be arranged as shown in Figure 10. In an
exanpl e arrangenent, the blue projecting tube 220 projects an opti cal
si gnal through a red reflecting dichroicly&iror 225 and a green
reflecting dichroic mrror 226. 5 Dichroic mrfors are col our selective
mrrors which reflect a particular band o spectral ener and transmts
all others. Ared projecting tube 221 is pqg;tioned jaxent to the red
p

reflecting dichroic mrror 225 so that its tical s refl ected
off that mrror 225 and angFrt ﬁdfane pat h ignal from

the blue projecting tube 22 larly, thesop Qm a greqm 10
projecting tube 222 is reflected off the } AT or
226 and al ong the same pa&aoas the a he

di spl acenent of  tube 222 i Lgur e~ 8 he
optical path length of al{ the ree4frubgs. Thi g produces.4/single nulti
col oured i mage whi ch can be focEZEET\ by\¥he optié&. focusing sysem 184.

This is only an exanpl e arrangemgpt\13egyruse the po;Lkrbn Of t he tubies
can be swapped around w th correspsgitkng/~ _\changes t0 the Ai chroi g
mrrors. Alternatively, where sone |1 5 is _~ accept/abl e,

sem -reflective mrrors could be used i ,CE‘QF di chroj/c mrrors, The
| ens of each tube is nornmally p@J_tionge IS

however al so envi saged that these le l e |l ens
| ocated forward 207@f the qgi mrror er types
of projector units ot t Rap t hakg: g0 envi saged.
The two main physiol ogic dept h cues which pr oy ith a sense

of three dinmensionality ajeldtereo disparity and T .
systens can only provide %té?@ﬁ‘disparity inforngﬂio 7 The problemw th 3-D
25 systens in general is that gn any i magi nary /obj ect noves too .close to
t he viewer, the 3-D effect ‘'8’ | ost as the vi r can no | onggr

physi ol ogi cal |l y accommodat e the stereo disparity information\provide 56y
the 3-D system and \ ///9
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the object "splits" into two inmages. This inmage splitting phenonenon occurs
when the di screpancy between the focus depth cues and the stereo disparity
30 depth cues are too great. This limtation can be substantially overcone
if the focal plane of the projectors cadZ?%Scontrolled t her eby brggglng
the two depth 16 cues
into convergence. The display unit 10, 110 of the present inventio
achi eves this objective by controlllng the focus of each prolecto
has been found that, hfyause of ’
r

unit.. It

retroreflective mrro e “hll. el A Deloided) =
def ocusing to varying degrees 5 the prOjectors. it 1s p033|o e
tojJachi eve a variable effective focal . plane of prolectlo by focus
cohtrol of the projectors 14 and 16. It is envisaged tvat dg¥ails of the
"average di stance" of the inmage being displayed can be engdded toget her
with the input signal tosthe digital_vyideo processor a a pr oj ect or
unit focus control can b vigpd t S
10 14 and 16 during play she

stereoscopic display unit 10 of the presSe t age

that the optical performance of the displa

Fig 3.
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conproni sed by novenents of the viewer (within a predeternined wi ndow of
viewabiligfy). Secondly, that the optical efficiency of the display unit 10
is much 15 hi gher than existing stereoscopic systens, thus making |arger

screen sizes ~ possible and inproving the trast of the display in
situations of high anbient light. Al so, the use of the
retroreflective mrror 64 a near perfect spherical mrror can be

sinmul ated rel atively inexpensively. Al so, the accuracytquhe el enent of
the retroreflective netallised substrate 80 igjQot criti'‘gal to the 20
accuracy with which the retroreflective mrroy 64 sinulg?es a spHeri cal

mrror. Modi fications and vari ati gis such as woul d bg/apparent to

a skilled addr esse re consi dered tre—present
invention as defined ]gg fﬁp appended 14
REPLACEMENT SHEET L /| THE [CLAMME
DEFI'NI NG THE | NVENTI ON ARE AS FOLL 1. st er goscoff c |di sptfay ynit
including two projection units for prjpjecting opfic si gnpl s jcorrejspordi ng
to the left and right inmage fields refgpectivelyl pf/a sterepscapic.iinagd,
and an optical focusing SySEgﬂLLOL-tD si.ng the¥wWo i nmage - 'L#‘-~§ 54
e - LT T T - —<%= = [
|
A v
l |
l l
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—_ e e i e e
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fields to at |least two focus regions at a view ng position outside the
display unit, the left and right inmage fields each being respectively
focused into the respective eyes of at |east one viewer when | ocated at
said viewi ng position, wherein the optical f i ng systemincl udes at

| east one retroreflective mrror and a senilfzgfective mrror disposed at
an angle to the at | east one retroreflective mrror, the sem-reflective
mrror being partially reflective and partially transm ssive, the optical
signal being reflected between the at |east one retroreflective mrror and
the sem -reflective mrror and to sai ¢ view ng position. 2. A di spl ay
unit as clainmed in claiml, wherein al | east g4 portion of the optical
signals are reflected from the sem-feflectiVe giléror onto the .
retroreflective mrror, thgweptigal signals herhg subsequently reflected
fromthe retroreflective n lgg pd through the sem -reflective mrror to
the view ng position. 3 —A di spl unit_as claimed in daim1l or 2,

i ncl uding a tracking systemfor determning the spa23Qu positjon of the
head or the eyes of the or each viewer. |4. | spl ay ;;ﬁ as clainmed
in daim3, wherein the projector units afe nted on a cafriage for
varying the position of the proje?ﬁ rs relat/ve toflan x- &xid of novenent
t he adj ustnent of the position of feCtors relative tolsaid x-axis
being controlled by said tracking syste tThe™nel aji ve positifjon thereof
effecting tracking of the novenent of tHejor e%& yiewer in g direction
parallel to said x- axis.
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18 5. A display unit as clained in Claim4, wherein the sem -reflective
m rror~ifs’pi'voted about an axis parallel to the said x-axis, to allow
control of the angle between the seni-refleg$yfﬁ mrror and the at | east
on€ retroreflective mrror, the adjustnent e angul ar position of the
sem -reflective mrror being controlled by said tracking system the
relative angul ar position thereof affecting tracking of the novenent of the
or each viewer in a direction parallel to a y-axis of the novenent thereof,
the said y-axis of novenent being normal to said x-axis of novenent. 6.

A display unit as clainmed in any one of the preceding clains, including a
second said retroreflective mrror, wherein at |east a portion of the
optical signals passing through the senm -reflective mrror are reflected
fromthe second retroreflective mrror, the optical signals being
subsequently reflected fromthe sem -reflective mrror to the view ng

posi tion. .

Fig 10.
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7. " A display unit as clainmed in any one of the precedi
I ncl:udi ng at |l east two said projector units, the projecto

mounted so that the optical axis of the optical signals p o['gect |tN97e'f,3'g])m
are at |east substantially parallel. 8. A di spl ay unfjtbate:.cl.ai.ned..p.n....
any one of Clainms 1 to 6, incifuding two said projector unfrts, the projector-
units being nounted so that the optical axis of . each of the optical signals
projected therefromare initially projected at |east substantially 90[err]
relative to each other, a fully reflective mrror positioned at |east
substantially 45[err] relative to the opti @ signal of one of the

projector units to direct said optical signal along a path so that its
optical axis is at |east substang.{.ﬁxbgcmbaﬁﬁAwngthe optical axis of

the optical signal fromthe ot hetr—prorector—uonrt—to the sem -reflective
mrror, the optical axis of the optical signals of each said projector unit
bei ng spaced apart a distance at | east Eél%sltﬁﬂtd'lal |y equal to the distance
bet ween the eyes of the or each viewer. =

19

Al s
AT TToY

RERLACEMENT SHEET

A stereoscopic display unit (10,110) including at least two projection units
(14,16) for projecting optical signals corresponding to the left and right image
fields respectively of a stereoscopic image, and an optical focusing system (18)
for focusing the two image fields to at least two focus regions at a viewing
position outside the display unit (10,110). The left and right image fields are
each respectively focused into the respective eyes of at least one viewer (72)
when .locate.c'i'"at said viewing position. The optical focusing system (18) includes
at ledst one retroreflective mirror (64,210) and a semi-reflective mirror (66)
disposed at an angle to the at least one retroreflective mirror (64,210), the semi-
reflective mirror (66) being partially reflective and partially transmissive, the
optical signal being reflected between the at least one retroreflective mirror
(64,210) and the semi-reflective mirror (66) and to said viewing position.

FIGURE 1




9. A di spl ay unit accor di ng to claima4 wherein each projector _unit
I ncl udes a rectangul ar projection |lens, the projector uni [ -
produci ng an el ongate focus pattern. 10. A display un EWJ%ET
Clainms 3 including two said projector units, a novably s i
reflective tracking mrror positioned to §el_ectively I nt - (0> s o WYz
axis of the optical signal projected fromeach projector unit, a projection
| ens arrangenment upon which |- optical siagnal_ f om; Ko sai d projector
units are projected, the twsls At Sat] Seithg—vatted so that the
optical axis of fhg g@sleﬁﬂin%rﬂi‘@é rBIB% QRbraANPIE EyfeHBi fori froviting & By at
| east substantially 90[err] relative to each other, the tracking mrror is
posi tioned dimeesisnakvisyalgiiadiiinge yewad imaga, and/ia pasticyiar &pia S1@reesersicof

t he opti cal d?%gggkﬁnproj ected fromeach of the projector units for ‘

sel ectively I'ng the optical signal of the first of said projector

units al ong a patf narmbfertdfadystémsoats kadwaxos providinglthesd dimbasiantl aisug!
parallel wth the, optical axis o e Q

f.th Qél cal signal of tp‘e secopd of. SJ?\id
proj ector ur@fiests ime WeWeqdiMgasi rVany Q1'aess %?‘9%@ SAKIR NG USBQispolgrise
portion of td{'@ﬁﬁ H:?gq%%@%he Hesiie sﬁa@r&fe}&%Qﬁé%ewlaatsineéyﬂ.orHowever.

sel ectively . least a portion of the optical signal fromthe
first projecienausaiaf thegemgraiiaaonvenienee in raditng apPecial JiBerag te it sused
by the tracking sys verall I ga | | : :
proj ection |‘8‘h%e§¥ r%%gme%%ﬂfa e?r‘?%lndff‘%@%t febdh?‘zél?ﬁgyggérﬁ g %g ﬂe%in&gq'i?nqtrnrr%r.
11. A di spl sicrugiassesicording to any one of Clains 3 including two said

projector units, segnmented mirror havin lurality of fully reflective

segnents separ at eguﬁg‘/ FAEPSt Féﬁ?rﬁ@ir%rag%g %?n%f‘tér%‘j‘%ﬁsor?alng§ ghd

arrangenent Yoodimic grids, lenticular lenses, and mirror arrays to produce the 3-D effect in
an image which can be viewed with the naked eye. However, comman
problems associated with these systems include flickering unclear images, low

15 image bright-néss, and the need for the viewer to be accurately positioned to
receive the image. . _
Far example, in Australian Patent 636228 (Thorn EMI PLC) there is
disclosad a 3-D viewing apparatus in which light from a single cathade ray tube,
or light reflected from an object, is passed through an arrangemeri’t of
20 retrareflectors and a beam splitter to produce a real image suspended in space
for viewing as an apparent 3-0 image, the 3-D effect being created by reducing
the strengths of cues which are respansible for the perception of flat images. It
" has however been found in practice that the 3-D eifect provided by this
apparatus is negligible, and that the image is biurred, is low in brightness and is
25 therefore difficu'lt to view.

It is therefore an object af the present inventicn to provide a stereoscopic

unit overccming at least one of the above nated pretlems.
With this in mind, there is pravided a stereoscogic cisplay unit including
" two projection units for projecting optical signals carrespanding to the left and
30 right image fields respactively of a stereascapic image, and an optical focusing

system for facusing the two imags fields to at least two focus ragions at



whi ch the optlcaf signal fromeach sai-d projector unit ;

shutiters unit including a plurality of selectively opaq REE{;&E@@EE‘?PHQET
shutter unit being supported at |east substantially par

I medi at el y adj acent the projection |ens arrangenent, t

and shutter unit being positioned to interfect the optical si gnal proj ect ed
from-each: projector unit, the two projectolr units be| ng nounted so that the
optical axis, of the. o ﬁl cal nal

20 from eaéﬁerﬂ"ﬁ&e@? e‘ﬁﬁ'i"a" emant |5a¢‘|’%Ft?ﬂ & @@tiﬁ!ﬂldleﬂﬁﬁ‘a‘sﬁ migbet antial | y

90[err] relative ko LNk

I e!':iSt ]subst an!t Yal'lhyagg‘[&gre(ra ﬂ?g??i‘ﬁl v %h%eggﬁﬁ?%@?ﬁéfééug?ﬁow o@pﬁ%&%

si gnal s - pr oj wtitssdaf segmeatdd ahirde hawmgcz qﬂumllm Kf tt.hlq ﬁ'elﬂdlza‘tl\taf mmilléérﬂfbve
egnent s of eotlca na roj ecte rom

POt ot b S AR St PnsRiathd YRR thes B H gt afehent Ghon

reflectives s»naimrtha cﬁnctaheugaegfrem édcmséfcpﬁrd'é&ére@ﬁlt Opidjectert baa! s%.gféf?'
proj ect ed fromt e Onﬂggqht tﬁ?go j ector unlts al ong a path suah

its optical %&'Fg‘ Fri‘Y%lYIwaﬁ'd?éh!-'%?rsvﬁf?rpfi?ﬁ@e@ptﬂt%snmrs
of the opti C@hxt%%@&or@*@l;ﬁ&‘rhﬁgl k6 Oéiﬂé herlddistel 1P at%%c?érﬂrt%‘ rp[ ‘FCQSF JeRES all

signal projected by projection | ens arrange el n
sem -refl ect avan@emaot th% IsegataMted micnar andehenen it beilugomsm@'lédlm iopgrs et

signal refl eﬂeegpt?éal tsfg?ﬁ? rgr&ggféd from each projector unit. The twa projectar units are

- 10 ‘mounted so that the optical axis of the aptical signal from each projector unit is

~ initially at least substantially 90° relative to each other. The segmented mirrar is
pasitioned 45° relative to the optical axis of the optical signals projected fram
each of the prdjector units, the fully transmissive segments of the segmented
mirrar allowing the optical signal projectaed from the first of said projector units to
158 pass thersthrough, the fully reflective sagments of the segmented mirror
reflecting the optical_ signal projected from the second of said projector q‘nits
along a path such that its optical axis is at least substantially the aptical signal
prajected from the first prd]ector unit. The overall signal prbjected by,the
projection lens arrangement is directed to the semi-reflective mirrar, the shutter
20 unit selectively blacking the aptical signal reflected or transmitted from each
mirror segment so that each eye of the ar each viewer only respectively views
ane of the image fields, the shutter unit being contralled by the tracking system.
In the above preferred arrangement, the fully reflective mirror segments
and the fully transmissive segments are preferably trapezoidal in shape and
25 may be separated by non-reflective opaque regions. Furthermors, an opaque
strip is preferably provided between each of the adjacent shutters. The
prajection lens arrangement used in the above preferred arrangement may
preferadly be formed by a plurality of at least substantially rectangular lens
segments, all the segments having the same optical axis, the lenas segmenfs

30 being positioned adjacent to one anather along their Iengitudinal edges to farm
the lens arrangement.



from each segment of the segmented nirror so that each gye-ef the-or—each

vi ewer- sonly respectively views one of the inmage fields, fHEOLAbEMENT,SHE'ET
bei ng controlled by the.tracking system 12. A displlay unit ng 1

ccordi
claim 11 wherein the fully reflective mrror segments a1®atd1§_§_3:],£lﬁy_m
transm ssive mrror segnments are trapezoidal in shape &k

non-refl ecti ve opaque regi ons. 13. A dgsplay unit according to claim11l
or 12 wherein an opaque strip is provided between each of the adjacent
shutters. 14. b Yz Wi Yol dlalif: | 10 1
wherein the proj ‘131.?0?3[ ens%rﬁ_%ﬁgg%eﬂ%@g%o‘?%dﬂ%sgép lﬁ% [ '3’/'%5#8%@%

| east subst &nackiagl arrangamendfdriguems; segnents, all the segments having the

sanme the sanme optd.cal axis, the lens segnents bei ng positioned adjgcent to
one anot her al ond 48 I'%ﬁg?%@&l ﬁ&ﬁ%\é&&é’q%"f%}‘ ﬁ?tah‘sa:oeﬁguﬁ??H%Z% 8
15. A di sphricking drr@sgerhentngid-igeraagyapge of the preceding clains wherein
the optical signals proBe,ct ed fromthe projector units are directed to the
semi - reflS%ctive figWieol V0§ & iSCSemalis vievonl anualternatiye arejentomamaogemente
mrrors beiREing a three tube projector.
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The stereascapic display unit of the present invention is described herein
with reference to one viewer only. It is to be appreciated that the display unit can
be adapted to allow viewing by more than one viewer at any one timé, and the

10 present invention is therefore not restricted to viewing by only one person.

In Figures 1 ta 3 there is shown a first embodiment of a stereascapic
display unit 10 comprising 2 cabinet 12, two video projectors 14 and 16, an
optical focusing unit 18, two audio speakers 20 and 22, an eye tracking module

- 24. The eye tracking module 24 determines the spatial position of the viewer's

15 eyes either directly through implication by determining the spatial pasition of the
viewer's head. ' ‘

. i )
The cabinet 12 has a front window 30 disposed at an angle of

approximately 45° to the vertical.. The front window 30 is substantially
transparen-t. The cabinet 12 is substantially box shaped with one of its upper
20 most horizantal edges chamfered off in the vicinity of the front window 30. The
cabinet 12 thus has a top 32, a back 34, a front 36, and two sides 38 and 40.
The Speakers 20 and 22 and the eye tracking module 24 are located in
the front 36 of the cabinet 12. The speaker 20 is located proximate the side 38
and the speaker 22 proximate the side 40. The eye tracking module 24 is
2S5 typically located bétween the speakers 20 and 22 .
The video projectors 14 and 16 are mounted on a carriage 50 and are
typically located within the cabinat 12 proximate the top 32 and the back 34.
The projectars 14 and 18 are thus oriented with their projection lenses 54
- directed dewnwardly.
The aptical focusing system 18 comprises' a retrareflective mirrar 64 and a

sami-raflective mi_rror 6a. Tne first and second mirrors 60 and 62 ars



21 p‘ositioned at an angle at |east substantially 90[er
ot her-.- A display unit according to any one of th

i ncl udi th t | f t'iﬁ t T e
inclu |nglm“tml1 lm over e optical focusing sygtem [e\GE
ext er nal I I Iml“'tl ng the imge. 17. A disp d%ﬁfmhits?-mg
to any one” of ° t He precedlng claims incluging projector

-

means for controlling the focus of the projector units to thereby vary an

ef fecti.ve gl cipd R oRFRIGCPASE SRVRRTIER! RAESED MG BAS:

- 1. A steregscopic display unit including two projection units for projecting
optical signals corresponding to the left and right image fields respectively of a
stereoscopic image, and an optical focusing system for facusing the two image
fields to at least twa focus regions at a viewing pasition qutside the display unit,
the left and right image fields each being raspectively focused into the
respective eyes of at least one viewer when located at said viewing position,
wherein the aogtical focusing system includes at least one retroreflective mirrar
and a2 semi-reflective mirrar disposed at an angle to the at least ane
retroreflective mirror, the semi-reflective mirror being partially reflective and
pactially transmissive, the optical signal being reflected between the at least one

retroreflective mirror and the semi-reflective mirror and to said viewing position.

2. A display unit as claimed in claim 1, wherain at least a portion of the
optical signals are rnﬂectnd from the sami-reflective mxrror onto ﬁa
retroreflective mirror, the optxcal signals being sucsequentiy rerlected from the

retroreflective mirror and through the semi-reflective mirror to the vxev;nng
pasition.

3. A display unit as claimed in Claim 1 or 2, including a tracking system for
determining the spatial pasition af the head ar the eyes of the or each viewer.

4, A display unit as claimed in Claim 3, wherein the projectar units arg
mounted on a carriage for varying the pasitian of the projectors relative to an x-
axis of movement the adjusiment of the position of the projectars relative ta said
x-axis being controlled by said tracking system, the reslative position thereof

effecting tracking of the mavement of the or each viewer in a diraction parallel to
said x- axis.



