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66718/ 94. This system di'd enabl e a vi ewer to see a
be achieved by supplying each of the viewers with their own display system
10 which depicts the image to be seen by that viewer on a separate screen. It will
be appreciated that the provision of multiple display systems is costly both in
terms of money and real estate.
There have also been numerous attempts to produce a system capable of
producing a real 3D image which can be viewed by the naked eye, and
15 preferably one that can be viewed by a plurahty of viewers. ,

One of the present applicants prior attempts ‘to prowde an
autostereoscopic display system resulted- in that disclosed in Australian Patent
Application No. 66718/94. This system did enable a viewer to see a
stereoscopic image without the need for special glasses or the like. However,

20 this system did have a number of limitations.

It has been found that the Applicants earlier system was practically only
suitable for a single viewer. In order to maintain a 3D effect it is essential that
the left and right eyes of the viewer see the respective left and right images of
the stereoscopic image. This is required even when the position of the viewers

25 eyes vary through movement of the viewer. The Applicants earlier system
maintained the stereoscopic image by moving the semireflective mirror and
projection system in response to detected movements of the viewer effectivély
resulting in the viewing apparatus being fixed with respect to the viewer. That is,
in order to maintain the stereoscopic image for the viewer the screen, mirrors

30 and projectors had to be moved. The requirement to maintain these elements in
the correct orientation required expensive componentry in order to effect smooth
movements to limit any distractions to the viewer, and also made it inherently
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However, 20 this systemdid have a nunber of linmitations: It has
been found that the Applicants earlier systemwas practical onll}/

suitabl e MR 944 hgle viewer. In order to maintain a-3D eff%%f’APP 0g53
essential that the left and right eyes of the viewer see the respective
| eft and right imges of the stereos@pic image. This is required even
when the p05|t|on of the viewers 25 eyes vary through novenent of the

vi ewer . Th&.}f] 'feﬁ%éréathbh% Singles Viewer 18 B itRE Ssyd18mst GhefitORIsC thaBge
by noving the semreflective mirror and projection systemin response
to det ect csemirediestive miramwas; wmstiresk 1o be mde to maistainithg sheremcomc

ordor"Ho TRRRELIR oI Uididr Bt pPactial inodsibié 107 " seriBeblive mirrol 0, ¢
3? and pr oqmemwneﬂhacbé eutableﬁoednofﬁee viewer toesmd & sterevscopigi imagesse _

i elenents I n { eC0rreCt orientation r ulrre expensive co onentr I N
order t® ef f ect FopRheras t nﬁ\?@e.i‘fé?fi g’@ m%ﬂpf WaR rﬂ&'ﬁ?‘aéﬁ Bﬁrsr"p 'B?’I sly
\IQC'er\/Ai[E? ?g.g'ovgao |t’Wé&§shnly“ib?h%Bt part of the viewil§ aﬁiaé‘@ﬁlyand was enclosed in

for nore t$uch.a Becgusevtheesemirafiestiveemitror emas enclaged lhsneaet that the
semireflective mirror and screen size was also limited for practical reasons.

The Applicants earlier systerh also required that the viewer be located at

10 a relatively fixed distance from the screen in order to work effectively. Whereas
it is desirable to allow the viewer to view the image at varying distances from the
screen. Further, because of the limited screen size the viewer was required to
be within a metre of the screen for best effect further making the addition of
multiple viewers difficult. ;

15 It is therefore an object of the present invention to provide a display
system overcoming at least one of the above noted problems.

With this in mind there is provided a rhultiple viewer display system
including at least one semi reflective mirror, a retroreflective screen, and a
plurality of optical imaging means, each viewer being provided with a respective

20 said optical imaging means, each optical imaging' means including a projection

" means for projecting images along an optical path, a tracking means to
determine the spatial position of a réspective viewers eyes, and a focussing
means to modify the optical path in response to movements of the respective
viewer.

25 In order to provide a stereoscobic image the projection means may be
adaptéd to project left and right eye images along the optical path.' In this way
the present invention may be adapted to provide an autostereoscopic display
system. - '

The display system may also include a plurality of semi reflective mirrors,

30 go that multlple viewers are not required to view an image through a single
mirror.. Although it will be appreciated that a single semi reflective mirror could
be large enough to accommodate a plurality of viewers, in some instances it
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this way  mttiple viewers need not see the same imagé, even though they are looking at
the same screen. 'fhe ability to have a single screen depicting different images

15 io different viewers is especially advantageous in the video game market.

Further, it is possible that the spatial position of one image on the screen
may overlap with the spatial position of at least one other image on the screen,
yet still enable each viewer to view their respective image without any

- substantial interference. )

20 It will be appreciated that if the image seen by both the left and righi eyes -
are the same, then the viewer will see a 2D image. Hence, the present
invention can provide both 2D and 3D images, by either providing the same
image to both eyes of a viewer, or alternatively providing left eye and right eye

“images to the respective left and right eyes of a viewer.

25 It will be convenient to further describe the invention by reference to the
accompanying drawiﬁgs 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
superseding the generality of the preceding description of the invention.

30  Figures 1a and 1b show an imaging system overview;

Figure 2a shows a top view of an opticél focusing system;

Figure 2b shows a side view of an optical focusing system;
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the present invention may be adapted to provide an autostereoscopic display
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Figure 7 shows a viewer system iﬁcluding a horizontal screen;
Figure 8 shows a multiviewer system; |
~ Figure 9 shows an example of a multiviewer arrangement;

10 For convenience we will now explain some of the common terms used in
this specification. However these explanations do not seek to limit the
generality of the functions each element performs in the invention.

' Standard television sets are capable only of producing a single two
dimensiona!l (2D) image, that is an image that has only two dimensions,

15 horizontal (X) and vertical (Y). For 3D images an extra dimension of depth is
added to 2D images by using the major depth cues of retinal disparity,
convergence, accommodation and motion parallax. ' '

A digital micro-mirror device (DMD) refers to a binary spatial light
modulator as developed at Texas Instruments, USA. The DMD consists of an

20 array of movable micro-ﬁ\irrors functionally mounted over a CMOS SRAM. Each
mirror is independently controllable and is used to modulate reflected light, .
mapping a pixel of video data to a pixel on display. The micro-mirrors are
electrostatically controlled with light being reflected from the ON mirror elements
though a projection lens.

25 interocular Distance refers to the distance between the viewer's eyes.
Normally measured at 65 mm aithough this distance may require modification
for some viewers. ' '

KALA filter refers to a filter as presently produced by COLORLINK, USA.
A lenticular lens generally consists of a series of vertically oriented semi-

30 Eylindricéf lenses located side by side to form an optical viewing panel whereby
each lense forms dual images one for the left eye and one for the right eye.

A retro reflective screen is any flat or curved surface that reflects back.
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. focusing Sy?)tagmto the projection source. Therefore the semi reflective mirror effectively
allowé the viewer's eyes to be located on the same optical axis as the projected
light allowing the viewer to benefit from the special characteristics of the retro-

15 reflective screen. o '

Referring now to the Figures. As previously stated the display system
consists of plurality of optical imaging means. Each optical imaging means
directs projected light to a retro-reflective screen (15) via at least one semi
reflective mirror (12). The projected images are directed back along the incident

5 path through the semi-reflective mirror (12) again to produce left and right
images (for a stereoscopic effect) to regions corresponding to the viewers eyes.
The optical imaging means includes three main components, being a
projection means (3), a tracking means. (2) and a focussing means (1).

As can be seen in Figures 1a and 1b, the orientation and location of the

10 projection means (3) relative to the semi-reflective mirror (12) is not essential to
the invention, and a suitable focusing means (1) can be included to direct the
projected light from the projection means (3). The pbsition and orientation of the
projection means (3) will be largely determined by design criteria and space
requirements. The focussing means (1) could comprise a mirror arrangement,
15 be included with the projection means (1), or some other arrangement known to
the skilled addressee. What is important is that the light projected from the
projection means (1) be directed according to the position of the viewers eyes,
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- Figure 7 shows a viewer systemincluding a horizontal screen;
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projected light to form an image pair.
Alternatively a single monochromatic light source can be used projecting
~at substantially 45 degrees to a holographic optical element (HOE) that is
10 mountéd behind a LCD panel. The LCD panel operates in a line sequential or
time division multiplexed mode to enable two projected image zones to be
produced and projected through the lens. Modification of the position of the
light source may alter the position of the image zones provudlng a method for
_ mamtammg the images over the wewers eyes when combined with an
15 eyetracking means (2). _ _,
| The image pairs can also be created by usmg a hlgh powered, high
resolution monochromatic CRT prolector operating into a beam splitter forming
two light paths, one for each respective eye of the viewer which are then
directed through two KALA filters one for each side, to apply the chroma aspect
20 to the images.

Alternatively, a monochromatic light source is reflected from a digital
micro mirror device (DMD), as manufactured by Texaé Instruments, USA,
defining the same function as the sirigle CRT projector.

A further means of creating the im'age pairs is by using dual high

25 powered, high resolution monochromatic CRT projectors operating in a
configuration to form two substantially parallel light paths, one for each
respective eye of the viewer. These are then directed through two KALA filters,
one for each side, to apply the chroma aspect to the images.

Alternatively, dual monochromatic light sources are reflected from dual

30 digital micromirror device (DMD), and then passed through two KALA filters to
form two independent projected-images as per the dual CRT projector.

Yet a further means of creating the image pairs is by using a pair of LCD
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Alternatively, a monochromatic light source can be projected through an
LCD panel that is located directly behind a lenticular lense forming two image
10 zones. Mechanical movement of the lenticular lense then provides a method of
maintaining the images over the viewer's eyes when combined with an
eyetracking means. '
If a 2D image is required to be viewed by the viewer then both the left and
right eye images must be the same. This could be achieved by projecting two
15 identical images to the left and right eyes, or alternatively by projecting a single
image which covers both eyes of the viewer. |
The focussing means (1) may include a plurality of mirrors (11) and
tenses that have their positions mechanically or electrically modified to allow the
redirection of the light path of the projected image pair so that they remain over
20 a region corresponding to the viewer's eyes, even when the viewer moves
position. The focussing means (1) allows for changes in requirements of
convergence or. divergence of the image pair and for aiteration of the interocutar
distance of the viewer's eyes as the viewer position or distance from the
‘imaging system changes. This could be further enhanced through the use of a
25 mirror (4) mounted on a hinge (13) and capable of movement to adjust the light
path from the projection rrieans (3) to the semi-reflective mirror (12).
Alternatively, the focussing means {1) may incorporate a mechanical or
electric servo mechanism to allow spatial displacement of the focussing
components to provide for "x", "y" or "2" positioning of the projected images to a
30 region corresponding the viewer's eyes. This is also the case for 2D viewing
wherein the single image or identical left and right eye images are still required
to be directed towards the eyes of the viewer. Feedback from an eyetracking
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1b, the -or viewersi facedsdiiumirmted witif infrared, the source of which may consist of an
array of infrared LED's. For situations where the viewer is wearing corrective
glasses, the LED array may typically consist of strips of LED's such that a
15 unique pattern of infrared light is formed on the viewers glasses. The image of
the viewers face obtained from'the video camera is then processed to identify
~ the x and y coordinates of the pattern of reflections on the viewers glasses.
Where the viewer does not wear glasses then a single or muiltiple LED infrared
illuminating source may be used. In this case, reflection of this illumination
20 source from the vnewers cornea may be used to determine the x and y location
of the viewers eyes

The focussed images from the projection means (3) are directed towards
a semi-reflective mirror (12). A semi-reflective mirror (12) is an optical element
that has a partial mirror (12b) on one side which is partially reflective and
25 bartially transmissive, and a glass or transparent sheet (12a) on the other side.
The size of the semi-reflective mirror {12) is determined by the size of the retro-
reflective screen (15) and by the distance the viewer is located from the semi-
reflective mirror (12), and is conveniently mounted at substantially 45 degrees to

the plane of the retro-reflective screen (15).
30 AR ideal semi-reflective mirror (12) would allow light to pass directly
through the mirror without any loss or refraction from one side, and reflect all
light directed at the mirror from the other side. In practice, some loss is
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seen in Figure 6, the retro-reflective screen (15) can be formed by a number of
10’ glass beads (16), wherein the properties of each bead (16) enabile light striking
each bead to be reflected back at substantially 180° to angle of incidence of the
light.
The overall display system harnesses this characteristic by using a semi-
reflective mirror (12) as the viewing apparatus directing the images to the
15 viewer's eyes along the same optical axis as the projected light. For smaller
screen sizes (less than 100") the retro-reflective screen (15) may be flat and for
larger screen sizes it may be curved slightly both horizontally and vertically to
opiimise the image intensity to the viewer.
For a 3D application the viewer has an imaging system that projects a
20 pair of images via a semi-reflective mirror (12) on to a retro-reflective screen
(15). The image pair is projécted to the viewer's eyes and only the viewer sitting
in front of the imaging system can see the stereoscopic images. The
eyetracking system tracks this viewer's eye position and through a servo
mechanism modifies the path of the projected light to allow the image pair to
25 remain over a region occupied by the viewer's eyes. It will be appreciated that a
2D system will operate in the same way, with the exception that both images to
the left and right eyes are the same. Alternatively, a single image can be
projected to both eyes, as opposed to two identical images being projected.
If no optical focussing system (1) is used in an application then
30 mechanical or electronic movement of projection systems components within
the imaging system is performéd to produce modification of the light path of the
projected image pair. When the optical focussing system (1) is installed in the



- source is refleC

Al'ternatively a single nonochromatic |ight source can be used projecting
at substantially 45 degrees to a hol ographic optical elenent (HOE) that is
1 0 nounted behind a LCD panel. The LCD panel operates in a |line sequenti al

or ti WO eli4dE on nul ti pl exed node to enabl e two proj ectech/aAvegepszpnes:
to be produced and projected through the I ens. Mdification of the

" position of the | i ght source may al tﬁ; the position of the i mge zones
provi ding a nethod for mai nt ai ni ng the i mages over the viewer's eyes

when conbi.ned . .with an .15 eyetracki n s (2).. . The inma irs
onnn ol o vyt sty et e, R AR BE M Prilested image pait s giociied by
* nmonochr onaheghhical' o @téctromiee isviementnod Gpticaneleph éntse withih thad ogti’cai Wo
“light paths, one for each respective eye of the viewer which are then-

~directed tfReysgingisystami(A)filters one for each side, to apply the chroma

- aspect 20 to thﬁ?%%o engllo&utrea lisﬁ’ehﬁ?}qﬁ?ﬁfovﬁbﬁse%ggflél?gégﬁ%vf‘é %é%gn

om a o mrror
- manuf acbur(d§) hegtaenwithnthier invaging systefm, the siziedf theetrdreefisutivel sorebh (SRS

- th i ngl ' . GA T h f L ng,
pairs 19 G e MEIAIER ooy rpeictiah béiig e RERIN o Rablson N Crr
. proj ectors operphéRfowdr & prefefably I6cHtad! idar Pl it tGRehRiseY

ih '
- parallel light paths, one Tor eac respective € eg%iy%m Vi ewer . tFheese
are then fizeqafdhe: semirgeflectiyexmirnior (12)cbecomes togelarge and the ieyetrackingppl v

 ronochr onabSte has YRR I HEEng the,viewsr S ¥ arhece el B vieweris 19 or
- devi ce 10DNBR, imaging Isystem thesmallertbe semi-iéHestive imiemos (12) for a igiven rewo-
Torener aREgts s TSRS A Somibiatlénuonfre B oo georen womt °
' the imaging system with the size of the semi-reflective mirror (12) being less
than one square metre for a 100 inch diagonal retro-reflective screen (15).
By altering the position of the imaging system a viewer can see
15 stereoscopic images anywhere within an optimum viewing zone defined by the
size and the optical characteristics of the particular retro-reflective screen (15)
used. o ' : -
The retro-reflective screen (15) may be'located in ény position providing
the angle to the semi-reflective mirror (12) remains substantially at 45 degrees
20 to the screen plane but preferably it should be positioned in either a vertical or
horizontal position, as shown in Figures 6 and 7 respectively. In the S)ertical
position, for exafnple mounted on a wall, the viewer has to remain in front of the
screen while in a horizontally mounted screen sét up a viewer can occupy any
position on the floor providing the projected image 'pair doesn't overlap the
.25 edges of the screen. There are very distinct advantages in mounting the retro-
reflective screen (15) horizontally for some applications.
As stated, the retro-reflective screen (15) has a unique property in that it
'reflects back much of the incident light at substantially 180 degrees to the
incident angle. I many viewers each had their own imaging System and
30 5referably their own semi-reflective mirror (12) then each viewer would see the
projected images from his own system and not from another source. For
- example if 10 beople shone torches at eye level towards a retro-reflective
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7: panel s nounted with their centres at substantially 65 mm apart,

~ being the n interocular distance, or a single LCD paieghsddirios&an
be divi dedwog‘ﬁe ectronically into two i mage zones. The LCD pan'T' or p%ﬁel S

are nount ed over a single nonochromatic |ight source and further
collimted by lenses to 5 provide two prbfect ed i mages. Myvenent of the
LCD panel either mechanically or electronically provides a method of
mai nt ai ni ngséraeni (EX)e withv each Horch emittinzg a difforent nblauromtnlﬁghiecalMthaople

k l.i gh
oo be. pr o) WBOELODIY 8RR thelr colurdelity i, Bt 198 ik 8F0hiensibdwhy S8enfaly
l'enticul ar *é%"u?lemf Oktréme érokstaif andlmake oy arlVaaphitisamt vm%eriéndd‘ﬁmh

- lenticular lense then provides a nethod_of maj nt ai ni ng | mages over
t he viewer Ga@'}'U@WﬁféS%BW'KGQ imagesa By redwegrtaemrﬁ@qt%ﬂmage intensity to

o oy BB S8y, b ek bENEIGY rhe ghBte [L3Rel Y1 E U8 ol
15 identi cabrdsswkscam behmasatameddtor agminiaysm, d'rhlalcmfrgurauehyalsp allows
projecting g ulhplg images to be projected on to a retro-reflective screen (15) so that many
viewer's see a different image without interfering with another viewer.
That is, the present invention allows for a plurality of viewers to be
10 viewing the same screen at the same time, without necessarily seeing the same
image. Further, not all of the projected images need be in 3D or 2D, that is,
some viewers may view an image in 2D while other viewers could view an
image in 3D.
For this muitiviewer arrangement, an optical imaging means is included
15 for each viewer, and preferably a semi-reflective mirror would also be provided
for each viewer, as shown in Figure 9 for example. In operation each tracking
means determines the location of the eyes of its respective viewer. The
feedback from each tracking means being utilised by the focussing means to
ensure that the images from each viewers projection means are directed
20 towards that viewers eyes. The operation of the present multiviewer system
allows a plurality of viewers to view their respective images. Whether these
images are identical for each viewer is irrelevant, and will depend on the
particular application. For example, each viewer may see the éame image,
each viewer may see a totally different image, or some viewers may see the |
25 same image and other viewers méy see different images.

- Because the viewers only see their Imagin'g' System light source any
other externally lit real objects can be viewed as foreground objects to a 3D
video background making the scene come alive. ‘

Modifications and variations such as would be apparent to a skilled
30 addressee are considered within the scope of the present invention as defined.



i mage which covers beth-eyes of the viewer. _ The focussing nmeans
(‘1) may include a plurality of mrrors (11) and | enses that have their
posi tions_mechani caI I, m,mnm mlﬂul nmodified to allow the

redirecti SYO 81460k || roj ected i mage pair s@CIMUINCES3
remain over 20 a region correspondlng to the viewer's eyes, even when the
Vi ewer noves position. The focussingtgeans (1) allows for changes in
requi renents of convergence or divergence of the inage palr and for -
alteration of tgpe "SEAIME apEqudétﬁ(iQenQVEN‘ﬁdNeﬂ ECA Qf‘%

vi ewer position. or distance fromt magl ng system cha oul d

be further? enhaAcmsmpieowgwwmasplaq systenmonarplwaljty) ohmewm mlt@dnhgnﬂe
(13) and adj ust, t romt he

dj
br o ect i orloRELGe Bepm ETBRve birBY A Felebrleckie soreqn 5nd a piray of optcal
Al ter nat i vislagingheapey Seactt VIBwss Heing BRovidisd Wit o &e%PstEﬁgé%éia' opf.can

electric servo mechanismto allow spati aI di spl acenent o focuss
conponent sMaging sneaass gach,optica) imgging means inaluding afproiactqmmnmarmj for

caeat or *FROCAA RGeS ABRECRA, dical puth i rabidHE medtls do) deflriink dfe
ri ght eye sp&tmspwsmoatm saitkqespexctive vidwersceyascanedat flmrsdihg hRedns 2001

tpg% ng\;v/egmggﬁfﬂ?é"‘ Co‘f:tnf:éf)pat n g;tatr:r?scg ko ?’novements ofv\ﬁ)e respggt}\?e viewer.

2. A muitiple viewer display system as claimed in claim 1, wherein at least
one said projection means is adapted to project left and right eye images along
the optical path to the respective viewer to thereby form a stereoscopic image.

3. - A multiple viewer display system as claimed in claim 1, wherein at least
~one said projection means is adapted to project identical left and right eye -
_images along the optical path to the respective viewer to thereby form a

monoscopic image. ' |

4. A display system as claimed in any preceding claim, wherein at least one
said focussing means includes at least one lens which is capable of being
repositioned to direct the projected image to the required position.

5. A display system as claimed in any preceding claim, wherein at least one
said focussing means includes at least one mirror which is capable of being
repositioned to direct the projected image to the required position. '

6. A display system as claimed in any preceding claim, wherein at least one
said tracking means includes a video camera coupled with an infrared

bandpass filter.

7. A display system as claimed in claim 6, wherein the semireflective mirror
includes at least one infrared light source; the infrared light source being



8 system defines the position of the viewer's eyes. ' The
tracking means (2) sinply refers to a system whereby the p05|t|on of

the vi ewer §y8%986412N 3 ously. One such neans pgayh Gofafzd®
provi de a paﬁe? 9fCl Zm"g I’ﬂmlt"llmlj s around the border of the sen§-
reflective mrror (12).* THe ItR BEDSs coulg project IR Iight at, for

exanpl e, 880 nm which woul d not be s &n by the viewer, but would cause.

a reflection from the viewers eyes that could be det ect ed by an
eyet r acki ngdireoted towprdsyhe vieweo\@yes toengdie thetrackingemneansetos tragksthene

proj ect ed |na es can ur.a the respective eyes of
the viewer. ers eyes '%HQUQP é@%@h«#ﬁthgsléﬁgﬁ&jl{l *tracking neans (2), may

be a CCD or vidicon type, the lens of whichis fitted with an infrared
bandpass filter. The ,  viewers che is illumnated wth infrared, the
source of which Hayneltiple Mewer gisplay systep ap ?ﬁf"ﬁﬁ@e’d‘ BRY greqqgmg claim,

ot onS  WhEEin] J Sindig it !é@%:[)@ﬂocfr%ggﬁhbéﬁ for allSaid Yigversh® LED

array. may typica suc at a uni que
pattern of |nfrared light is formed on the viewers gl asses. The |rrage of

t he viewers face obtgj.ned .from canera, i s t.hen r ce

denti Ty 9 ¢ he ATUEPE visweg disiie) Sy 5 Gaimsd i Envepre RIS A 101
vi ewers gl agfRyein eacw\barcﬁvrb%r\is PrEVidea with'a trevsédtivel Qér%ﬁ%ﬂéém mifroRgl €
or nultiple LED infrared | um nating source may be used. In this case,

reflection of this illum natlon 20 source fromthe viewers cornea may be

used to det gbm N tch?rg?é'ﬁgﬂsﬁéﬁ %4étdiaimed mof-m? p?re‘ﬂe‘ﬂiﬁ' 8 cIBfiS wherein said

The focussed T nmages rojectron means are rected t
retroreflective screen is substantlally vertical in orientation.

11. A display system as claimed in any one of claims 1 to 8 wherein said
retroreflective screen is substantially horizontal in orientation.

12. A display system as claimed in any preceding claim wherein said
retroreflective screen is curved. '

13. A display system as claimed in any preceding claim wherein at least one
said optical imaging means projects a different image from its projection means.

14, A display system as claimed in any preceding claim wherein the or each
semi-reflective mirror is at an angie of substantially 45° relative to the
retroreflective screen. '

15. A display system as claimed in any preceding claim wherein the spatial
position of a first image on the retroreflective screen from one optical imaging
means overlaps with the spatial position of a second image from at least one

other optical imaging means.

16. A display system as claimed in any preceding claim wherein at least one
said projection means is adapted to project a single image along an optical
path, said single image being capable of covering both eyes of a viewer.



a sem-reflective mirror (12). A senmi-reflective mrror (12) is an optical
el enent that has a partial mrror (12b) on one side which is partially
“reflective and 25 partially transm ssive, and a gl ass or tpeuNI@MmsIsheet .
(12a) onwdhensdeer side. The size of the sem:reflective mrror (12) is
determ ned by the size of the retro- refl ective screen (15) and by the
di stance the viewer is |ocated fron1fLégLeni- reflective mrror (12), "
and is conveniently nmounted at substantially 45 degrees to t he pl ane of
the retro-reflective screen (15). 30 An ideal sem -reflective mrror
(12) would allow light to pass directly t hrough the mrror w thout any
| oss or refraction fromone side; and reflect all light directed at the
mrror fromthe other side. In practice, sonme loss is WO 97/ 46912
PCT/ AU97/ 00353 9

experienced, however, what is required is that the sem-reflective mrror
(12) allows sufficient light fromthe light source (5 to be reflected
by the sem - reflective miMror (12) to the retroreflectivg screen (15),
and still enable the viewer to l ook directly through the
sem-reflective mrror (12) to Xiew the image. 5. The/ uni que
characteristics of the retro-ref\ective screen (15) make thg

‘Fig 1b.




present display system possible. Incident light is reflected from the
retroreflective screens (15) surface substantially 180 degrees to the

i nci dent woregldéa12l n ot her words the projected light is turn round on
itself. As can be seen in Figure 6, the retro-reflective sgeggﬂm@@§¥5
can be forned by a nunber of 10 glass_bizgz%(16), wherein the properties of
‘each bead (16) enable Iight striking h bead to be reflected back at
'substantially 180[err] to angle of incidence of the | i ghteny

.The overall display system harnesses this characterist\ﬁ‘ # USing a sem -
-reflective mrror (12) as the view ng apparatus di @’t%ﬁ? the images to the
15 viewer's eyes along the sane optical axis as Wected |ight. For

smal | er screen sizes (less than 1@Q") the r & ctive screen (15)
may be flat and for | ar ger screen g zes i sktghtly both
hori zontally and vertically to opti N\se 4 ityyto the

Vi ewer . For a 3D application thg AN i Mgy ng system
that projects a 20 pair of inages via a4 i i (12) on to a
retro-reflective screen (15). The i pair is pr@j o the '

viewer's eyes and only the viewer sij
system can see the stereoscopic ing
this viewer's eye position and t Qg

in front i magi ng

path of the projected light to & Tow the image pair to 2b remain ovel" a
region occupied by the viewer's eyes. It will be appreci fted that a 2D
systemw || operawe in the same way, with the exception fhat both inages to

the left and rigHlT eyes are the sane. Alternatively, a silngle inmage Jcan be
projected to both jeyes, as opposed to two identical inagds being pr@jected.
If no optical focussing system (1) is used in an applicatlion then 3
~ mechani cal o ¥ proj ection systens cpnponents

\\\\\\\\\\\\\ |
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the imagi ng systemis perforned to produce nodification of the |ight path

of the projected i mage pair. Wien the optical focussing system (1) is
install ed iwotohvase12 WO 97/ 46912 PCT/AU97/00353 -
PCT/ AU97/ 00353 _ 10 i magi ng
systemthen the light path of the proj yd i mage pair is nodified by
mechani cal or el ectronic novenent. of i€al elenments within the opti cal
focussi ng system (1). Because no enclosure is required to house
the retro-reflective screen 5 (15) together with the imaging system the
size of the retro-reflective screen (15) can be any size. The only
restriction being the intensity of the projection |ight. The
viewer is preferably |ocated near the inaging system otherw se the . size

of the sem -reflective mrror (12) becones too |arge and the eyetracking
system has difficulty in tracking the viewer's eyes. The closer the viewer
is to 10 the imaging systemthe snaller the sem-reflective mrror (12) for

a given retro- - reflective screen (15) 'size. A confortable view ng
di stance is 600-750mm from the imagi ng systemwith the size of the
sem -reflective mrror (12) being |ess v

%%




t han one square netre for a 100 inch diagonal retro-reflective screen (15).
By altering the position of the inaging systema viewer can see 15
st ereoscopi@oi 5312 anywhere wi thin an optinmum view ng zone detirnash7ieyssshe
size and th &%ﬁ?c | characteristics of the particular retro-reflective
screen (15) used. . The retgyqomeflective screen (15)- may be
| ocated in any position providing ﬁizgingle to the sem -reflective
mrror (12) remains substantially at 45 degrees 20 to the screen plane but
preferably it should be positioned in either a vertical or hori zont al
position, as shown in Figures 6 and 7 respectively. In the vertical
position, for exanple nounted on a wall, the viewer has to remain in front
of the screen while in a horizontally nounted screen set up a viewer
. can occupy any position on the floor providing the projected i mage pair
doesn't overlap the 25 edges of the screen. There are very distinct
advantages in nounting the retro- reflective screen (15) horizontally
for sone applications. As stated, the retro-reflective screen
(15) has a unique property in that it @ eflects back nmuch of the
incident light at substantially 180 degre®% to the i n&i dent angle. If
many viewers each had their own I maging Sysyem and 30 preferably their own
- e N =
sem -reflective mrror h j§§§§§w§§§ f
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- sem -reflective
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11 screen (15), wth each torch emtting a different colour of I|ight,
all 10 people woul d only see their colour of light. Light of too high
an i ntensi t WOR469gener al | y result in extrene crosstal k aRETARRY93S? an
unpl easant vi sual experience with e vi ewer seeing m xed inmages. By
reducing the projected inage intensity BYY5 optimumlevels to suit the
particular retro-reflective screen (15) in use then crosstal k can be
mai ntained to a mninum This configuration also allows mul ti pl e i mages

to be projected on to a retro-reflective screen (15) so that nmany

- viewer's see a different image without interfering with another viewer.

: That is, the present invention allows for a plurality of viewers to be 10
"~ viewing the same screen at the sane tine, w thout necessarily seeing the

sane i mge. Further, not all of the probgcted i mges need be in 3D or
2D, that is, sone viewers nmay view an i#age in 2D while other viewers
could view an i mage in 3D. For \t his nultiviewer arrangenent,

an optical inmaging neans _is included 15 for eg and preferably a
@ N RTTTRIa R i iaaagy vi ewer, as shown
operation each tractfy n nmeans det erm nes
: df its respective viewer. The f eedback from
- each tracking nmeans being ptilised by the focugsing neans to ensure
- that the images fromeach Viewers projection mgans are directed 20 towards
§ that viewers eyes. The openation of the present nultiviewer system

. in Figure 9 for exanple.
: the location of the eyes

12

<



allows a plurality of viewers to view their respective images. Wet her
- these images are identical for each viewer is irrelevant, and will
depend on h& ' articular application. For exanple, each ee
. . . D B RUo7/60%
the sane i §g?mau9 each viewer nmay see a totally different inmage, or %%ne
viewers may see the 25 sanme i nage and §¥ viewers may see different

i mages. Because the viewers see their Imaging System i ght
source any other externally lit real objects can be viewed as
foreground objects to a 3D vi deo background naki ng the scene cone
alive. Modi fications and variations such as would be apparent to
a skilled 30 addressee are considered within the scope of the present

i nvention as defined. WO 97/ 46912 ha)

PCT/ AU97/ 00353 ' 12 THE CLAI M5

DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A mul tiple viewen display
systemfor a plurality of vi *‘\\\\\\\\\\\_\\\WK‘&M\‘\\\W

mrror, a retroreflective scree
each viewer being provided with a respectyve said opti cal

Fig 6.



i mgi ng neans, each optical inmaging neans including a projection means for

projecting images al ong-an optical path, a tracking neans to determ ne the

spatial posjiti f said respective viewers eyes, and a focusg/ to

nmodi fy the%’%’t’?@gﬁzpath in response to novenents of the respzliefﬁgg%@é%erf

2. A mul tiple viewer display systen1a?g§9ained inclaim1l, wherein at

| east one said projection neans is adap to project left and right eye

i mges along the optical path to the respective viewer to thereby forma

- Stereoscopi c i nmage. 3. ‘A nmultiple viewer display systemas clainmed in

claim1l1, wherein at | east one said projection neans is adapted to project

identical left and right eye inmages along the optical path to the
respective viewer to thereby forma nobnoscopic i mage. 4, A di spl ay

- systemas clainmed in any preceding claim wherein at |east one said

focussi ng neans includes at |east one | ens which is capable of being

repositioned to direct the projected image to the required position. 5.

A display systemas clainmed in any preceding claim wherein at |east one

sai d focussing neans includes at |east one mrror which is capable of being

repositioqgg to direct the projected inmage to the required position.
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6. A display systemas claimed in any preceding claim wherein at |east
one said tracking neans includes a video canera coupled with an-infrared

bandpass filter, .. 7. A display systemas clained in clai REAUNAEY the
semref | eVPP¥R%r or includes at |east one infrared Ii ght source; the

infrared |ight source being

WO #8912 _
PCT/ AU97/ 00353 %@7@5 13 directed towards

the viewer eyes to enable the tracking neans to track the viewers eyes
t hrough reflection of the infrared |ight. 8. A multiple viewer display

systemas clained in any preceding claim wherein a single semreflective
mrror is provided for all said viewers.
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9. A multiple viewer display systemas clained in any one of clains 1 to
7; wherein each said viewer is provided with a respective semreflective
mrror. A di splay systemas claimed in any preceding clai wher e
said ret ror@fqgé‘i“ﬂ?e screen is substantially vertical in ori e?ﬁggbﬁ?{m”:‘ 1.
A display systemas clained in any one laims 1 to 9 wherein said-:
retroreflective screen is substantiallﬁjﬁﬁfizontal in orientation. 12. A
di splay systemas clained in any preceding clai mwherein said '

retroreflective screen is curved. 13. A display systemas clained in any
precedi ng claimwherein at | east one said optical inmaging: -neans projects a
different inmage fromits projection neans. 14. A display system as

claimed in any preceding claimwherein the or each semi-reflective mrror
i's at an angle of substantially 45[err] relative to the retroreflective
screen.

12
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Fig 9.




15. A display systemas clainmed in any preceding claimwherein jle
position of a first image on the retroreflective screen fromo
i magi ng means Qv aps with the s | [ 1] cond i n¢
| east one ot Siéa‘l cal i naﬁ’i°ﬁ‘g°'ﬁ£§'%%ﬁlﬂﬁo ééetﬁ&éilﬁs"p a@ﬁsystem
in any precedi =Y | ﬁ% RIDERSH ENrE SO0PRR AR Ti
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(57) Abstract

A system for displaying a plurality of images to multiple viewers (V1, V2, V3, .., VN) includes at least one semi-reflective mirror
(12), a retroreflective screen (15) and a plurality of optical imaging means (not shown), each viewer being provided with a respective optical
imaging means, each optical imaging means including a projection means for projecting images aleng an optical path, a tracking means
(not shown) to determine the spatial position of the respective viewer's eyes, and a focusing means (not shown) to modify the optical path
in response to movements of the respective viewer (VI, V2, ..., VN).




