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(57) Abstract

A system for displaying a plurality of images to multiple viewers (VI, 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 along 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).
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MULTIPLE VIEWER SYSTEM FOR DISPLAYING A PLURALITY OF IMAGES

The present invention is generally directed to a multiple viewer image 

viewing system capable of providing a plurality of images to viewers and/or a 
three dimensional (3D) visual effect in a viewed image.

5 With the advent of multiple player video arcade games it has been
desirous to provide a system capable of presenting a plurality of 2D images to a 

plurality of viewers. Such a system could also be utilised in a number of other 
areas, for example in education and training. Currently such a system can only 

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 plurality of viewers.
One of the present applicants prior attempts to provide 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 effectively 
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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difficult for more than a single viewer to use the system. In fact, as the 
semireflective mirror was required to be moved to maintain the stereoscopic 

effect for one viewer it was practically impossible for that semireflective mirror 
orientation to be suitable for another viewer to see a stereoscopic image.

5 Further as the semireflective mirror was required to be continuously
moved, it necessarily formed part of the viewing apparatus and was enclosed in 

such. Because the semireflective mirror was enclosed it meant that the 
semireflective mirror and screen size was also limited for practical reasons.

The Applicants earlier system 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 multiple 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 via said at least one semi 

reflective mirror onto said retro reflective screen, a tracking means to determine 

the spatial position of a respective viewers eyes, and a focussing means to 

modify the optical path in response to movements of the respective viewer

25 detected by said tracking means.
In order to provide a stereoscopic image the projection means may be 

adapted 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.

30 The display system may also include a plurality of semi reflective mirrors,
so that multiple 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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may be more practical to provide a plurality of semi reflective mirrors. Of course 
it is not necessary that the number of semi reflective mirrors equal the number of 

viewers, although such an arrangement may be preferred.
In another preferred embodiment the retroreflective screen would be

5 located above the viewers, for example on the ceiling, as opposed to more 
conventional arrangements whereby the screen must be located in front of the 

viewers.
The display system of the present invention can provide an improved 3D 

image that is relatively cheaper and allows the viewers to be in variable 
10 locations. Further the present invention allows for multiple viewers to be using 

the same screen without necessarily viewing the same image. That is, one 
advantage of the multiviewer arrangement of the present invention is that 

multiple viewers need not see the same image, even though they are looking at 
the same screen. The ability to have a single screen depicting different images 

15 to 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 right 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 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 

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 optical focusing system;
Figure 2b shows a side view of an optical focusing system;
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Figure 3 shows the operation of a semireflective mirror;
Figure 4 shows a construction of a retroreflective screen;

Figure 5 shows a viewer system including vertical screen with imaging 
system mounted below;

Figure 6 shows a viewer system including a vertical screen with imaging 
system in an alternative arrangement;

Figure 7 shows a viewer system including a horizontal screen;
Figure 8 shows a multiviewer system;

Figure 9 shows an example of a multiviewer arrangement;
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 
dimensional (2D) image, that is an image that has only two dimensions, 

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 
array of movable micro-mirrors 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.

Interocular Distance refers to the distance between the viewer's eyes. 
Normally measured at 65 mm although 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- 
cylindrical 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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incident light at substantially 180 degrees to the incident angle. It may consist of 
a series of miniature spherical or cubicle glass beads sandwiched between two 

layers of plastic polymer film to form a large flat mirror. This type of screen has 
typical gains of 10,000 - 16,000 therefore low-cost low intensity projection 

systems may be used.
A semi-reflective mirror consists of a flat piece of transparent medium that 

has on one of its surfaces a partial mirror giving it the property of being partially 
reflective and partially transmissive. Such a mirror is located between the 

viewer and the retro reflective screen and between the Optical Focusing System 
and the retro reflective screen. This is an essential item to the display system as 

the properties of the retro reflective screen only allow light to be reflected directly 
back to the projection source. Therefore the semi reflective mirror effectively 

allows 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- 

reflective screen.
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 
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 

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 position 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, 
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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and whether this is achieved through mirrors reflecting the light, or motors 
moving the projection means for example is irrelevant to the present invention.

The projection system (3) can consist of a light source or sources and a 
method of forming stereoscopic image pairs in the 3D arrangement. These 

5 image pairs can be formed by a number of methods including using dual video 
projectors mounted so that the optical focussing system (1) can optimise their 

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 mounted 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 providing a method for 
maintaining the images over the viewer's eyes when combined with an 

15 eyetracking means (2).
The image pairs can also be created by using a high powered, high 

resolution monochromatic CRT projector 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 Texas Instruments, USA, 

defining the same function as the single CRT projector.
A further means of creating the image 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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panels mounted with their centres at substantially 65 mm apart, being the 
common interocular distance, or a single LCD panel that can be divided 

electronically into two image zones. The LCD panel or panels are mounted 
over a single monochromatic light source and further collimated by lenses to 

5 provide two projected images. Movement of the LCD panel either mechanically 
or electronically provides a method of maintaining the images over the viewer's 

eyes when combined with an eyetracking means.
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 
lenses 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 alteration of the interocular 

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 means (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 "z" 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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system defines the position of the viewer's eyes.
The tracking means (2) simply refers to a system whereby the position of 

the viewer's eyes can be tracked continuously. One such means would be to 
provide a panel of widely spaced IR LED’s around the border of the semi- 

reflective mirror (12). The IR LED’s could project IR light at, for example, 880 
nm, which would not be seen by the viewer, but would cause a reflection from 

the viewers eyes that could be detected by an eyetracking camera (2). By 
knowing the position of the viewers eyes the projected images can be 

accurately directed to the respective eyes of the viewer.
The video camera used in the tracking means (2), may be a CCD or 

vidicon type, the lens of which is fitted with an infrared bandpass filter. The 
viewers face is illuminated with 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 

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 multiple LED infrared 

illuminating source may be used. In this case, reflection of this illumination 
source from the viewers 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 

partially 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).
An 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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experienced, however, what is required is that the semi-reflective mirror (12) 
allows sufficient light from the light source (5) to be reflected by the semi- 

reflective mirror (12) to the retroreflective screen (15), and still enable the viewer 
to look directly through the semi-reflective mirror (12) to view the image.

The unique characteristics of the retro-reflective screen (15) make the 
present display system possible. Incident light is reflected from the 

retroreflective screens (15) surface substantially 180 degrees to the incident 
angle. In other words the projected light is turned around on itself. As can be 

seen in Figure 6, the retro-reflective screen (15) can be formed by a number of 
glass beads (16), wherein the properties of each bead (16) enable 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 
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 
optimise the image intensity to the viewer.

For a 3D application the viewer has an imaging system that projects a 
pair of images via a semi-reflective mirror (12) on to a retro-reflective screen 

(15). The image pair is projected 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 

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 
mechanical or electronic movement of projection systems components within 

the imaging system is performed to produce modification of the light path of the 
projected image pair. When the optical focussing system (1) is installed in the
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imaging system then the light path of the projected image pair is modified by 
mechanical or electronic movement of optical elements within the optical 

focussing 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 light.

The viewer is preferably located near the imaging system otherwise the 
size of the semi-reflective mirror (12) becomes too large and the eyetracking 

system has difficulty in tracking the viewer's eyes. The closer the viewer is to 
10 the imaging system the smaller the semi-reflective mirror (12) for a given retro- 

reflective screen (15) size. A comfortable viewing distance is 600-750mm from 
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.
The retro-reflective screen (15) may be located in any 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 vertical 
position, for example mounted on a wall, the viewer has to remain in front of the 

screen while in a horizontally mounted screen set 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. If many viewers each had their own Imaging System and 
30 preferably 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 people shone torches at eye level towards a retro-reflective
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screen (15), with each torch emitting a different colour of light, all 10 people 
would only see their colour of light. Light of too high an intensity will generally 

result in extreme crosstalk and make for an unpleasant visual experience with 
each viewer seeing mixed images. By reducing the projected image intensity to 

5 optimum levels to suit the particular retro-reflective screen (15) in use then 
crosstalk can be maintained to a minimum. This configuration also allows 

multiple 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 multiviewer 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 same image, 
each viewer may see a totally different image, or some viewers may see the 

25 same image and other viewers may see different images.
Because the viewers only see their Imaging 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.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A multiple viewer display system for a plurality of viewers including at least 

one semi reflective mirror, a retroreflective screen, and a plurality of optical 

imaging means, each viewer being provided with a respective said optical 

imaging means, each optical imaging means including a projection means for 

projecting images along an optical path via said at least one semi reflective mirror 

onto said retroreflective screen, a tracking means to determine the spatial 

position of said respective viewers eyes, and a focussing means to modify the 

optical path in response to movement of the respective viewer detected by said 

tracking means.

2. A multiple 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
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directed towards the viewer eyes to enable the tracking means to track the 
viewers eyes through reflection of the infrared light.

8. A multiple viewer display system as claimed in any preceding claim, 

wherein a single semireflective mirror is provided for all said viewers.

9. A multiple viewer display system as claimed in any one of claims 1 to 7, 
wherein each said viewer is provided with a respective semireflective mirror.

10. A display system as claimed in any preceding claim, wherein said 

retroreflective screen is substantially vertical in orientation.

11. A display system as claimed in any one of claims 1 to 9 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 angle 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.
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