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PROJECTION APPARATUS AND METHOD

This invention relates to a projection apparatus and method. More

particularly, but not exclusively, it relates to a projection apparatus

arranged to limit transparency of a virtual image when projected in front

of a background projected image.

Projection apparatus which create the illusion of the presence of a virtual

three-dimensional image are known, for example WO 2005/096095

(Musion Systems Limited) and EP 0799436 (Maass, Uwe) both describe

an apparatus which creates a virtual image and such arrangements are

commonly referred to as a "Pepper's ghost" arrangement.

It has been found during use in cinemas, theatres, publicity or

promotional displays that Pepper's ghost arrangements have inherent

limitations when a second image or background image is simultaneously

projected behind the virtual image. Such an arrangement is known as a

composite image (i.e. a view created by a composite of images). One

example of a composite image is one where a background image

comprises a football pitch and one side of a football stadium and the

virtual image may be projected such that one or more football players

appear to be running in front of the stadium and on the football pitch. In

this arrangement it has been found that the virtual image appears to have

an element of transparency or "see-through" because of the light projected

from the background image. This effect is clearly disadvantageous as the

clarity and therefore reality of the illusion is impeded.

Thus, according to one aspect of the invention there is a provided an

image projection apparatus which comprises:

(a) a first projection device arranged to create a virtual image; and



(b) a second projection device arranged to project a background image

having one or more darkened areas such that the second projection device

is arranged to generate an image wherein at least a portion of the

darkened areas are within the outline of the virtual image when viewed.

According to a further aspect of the invention there is a provided an

image projection apparatus which comprises:

(a) a first projection device arranged to generate a virtual three-

dimensional image;

(b) a second projection device arranged to project a background image;

and

(c) means to minimise transparency of the virtual image relative to the

background image.

In one embodiment the transparency minimising means comprise one or

more darkened areas on the background image, arranged such that at least

a portion of the one or more darkened areas is within the outline of the

virtual image when viewed.

It will be appreciated that the one or more darkened areas may be any

shade of colour suitable to impede light projecting from the background

image thereby reducing transparency (or "see-through") of the virtual

image. In one embodiment, the one or more darkened areas are grey or

black. In a further embodiment, the one or more darkened areas are black.

In one embodiment, the second projection device is arranged to generate

the one or more darkened areas. Thus the darkened area may be

composed of dark light. In one embodiment, the dark light may comprise

grey or black light. In a yet further embodiment, the dark light may

comprise an absence of light.



In one embodiment, the darkened area may be composed of light of a

frequency, i.e. colour, that corresponds to the light frequency, i.e.

colour, of the virtual image.

In an alternative embodiment, the transparency minimising means

comprise a light source arranged to project light onto the virtual three-

dimensional image, the frequency, i.e. colour, of the projected light

corresponding to the light frequency, i.e. colour of the background image.

This arrangement creates a virtual image which is sharper, more solid and

more realistic to the viewer when viewed at a variety of angles.

Embodiments of the invention therefore provide an advantage of limiting

the problem of transparency when using composite images. For example,

the provision of the transparency minimising means prevents the

projection of light from the background image bleeding through the virtual

image. The invention therefore provides an arrangement wherein the

clarity and reality of the virtual image is greatly enhanced.

In addition, the invention provides a flexible system for enhancing the

clarity of the virtual three-dimensional image, for example, the system

avoids the need for complex apparatus. This has the consequence of

enabling the images to be projected onto a wide variety of substrates, e.g.

a floor, ceiling or wall etc.

In one embodiment, the first projection device arranged to create a virtual

image comprises any projection device capable of creating a virtual

image. These devices are well known to those skilled in the art, for

example, those described in WO 2005/096095 (attached herein as Annex

1) and EP 0799436. In a further embodiment, the first projection device

arranged to create a virtual image comprises the projection apparatus



described in WO 2005/096095, which is hereby incorporated by

reference.

In a yet further embodiment, the first projection device comprises a

projector, a frame, and an at least partially transparent screen: the frame

being arranged to retain the screen under tension, such that the screen is

inclined at an angle with respect to a plane of emission of light from the

projector; the screen having a front surface arranged such that light

emitted from the projector is reflected therefrom; and the projector being

arranged to project an image such that light forming the image impinges

upon the screen such that a virtual image is created from light reflected

from the screen, the virtual image appearing to be located behind the

screen.

In one embodiment, the second projection device comprises any projection

device suitable for providing a background image for the virtual image

created by the first projection device. In a further embodiment, the second

projection device is a rear projection device (e.g. a screen mounted in

front of a conventional projector or light source). In an alternative

embodiment, the second projection device may comprise a plasma screen,

an LED wall or a live lighting arrangement.

It will be appreciated that it may be desirable for the transparency

minimising means to be within the outline of the virtual three-dimensional

image or projected onto the virtual three-dimensional image itself for the

clarity and reality of the virtual image to be enhanced. Thus, in one

embodiment, the image projection apparatus additionally comprises means

for controlling the size, shape and/or position of the transparency

minimising means.



In a specific embodiment, the image projection apparatus additionally

comprises means for controlling the size, shape and/or position of the one

or more darkened areas on the background image. In another

embodiment, the image projection apparatus additionally comprises means

for controlling the size, shape and/or position of the projected light.

In a further embodiment of the invention, the means for controlling the

size, shape and/or position of the transparency minimising means

comprise processing means.

It will be appreciated that when controlling the size, shape and/or position

of the one or more darkened areas on the background image, the darkened

area will ideally be as large as possible. For example, the overall outline

of the one or more darkened areas may be of a size, shape and position

such that they create a silhouette which obscures an area corresponding to

less than the area of the virtual image (e.g. roughly any one of 50, 60,

70, 80, 90, 95, 97 or 99% of the area of the virtual image) .

It may also be envisaged that the one or more darkened areas have a

greater area than the virtual image (e.g. roughly any one of 105, 110 or

120% of the area of the virtual image). However, although the clarity and

reality of the virtual image will still be enhanced, this arrangement may

result in a darkened "halo effect" around the periphery of the virtual

image .

Alternatively, the one or more darkened areas may be identical to the area

of the virtual image (e.g. 100% of the area of the virtual image).

It will be appreciated that several variables influence the ideal size, shape

and/or position of the one or more darkened areas. A first factor is the

distance between the background image and the virtual image, hereinafter



referred to as variable x . A second variable, y , relates to the angles of

variability between the virtual image and a viewer at the highest point

(yj , a viewer at the right-most point (y2), a viewer at the lowest point (y3)

and a viewer at the left-most point (y4) . A third variable, z , may be the

degree of movement of the virtual image.

Thus, in one embodiment, the processing means will be arranged to

control the size, shape and/or position of the one or more darkened areas

on the background image by adjustment of the size, shape and/or position

of the one or more darkened areas in response to the values inputted for

the distance between the background image and the virtual image, the

angles of variability between the virtual image and a viewer at the highest

point, a viewer at the right-most point, a viewer at the lowest point and a

viewer at the left-most point, and the degree of movement of the virtual

image.

It will be appreciated that without taking account of variables x, y -y4 and

z , the one or more darkened areas may not be visible to a viewer located

centrally in an auditorium, whereas a viewer seated at the far left of an

auditorium may observe a darkened area to the left of the virtual image

and similarly, a viewer seated higher up may observe a darkened area

above the virtual image.

For example, if x is negligible because the virtual image appears

immediately in front of the background image and there is just one viewer

located centrally then the one or more darkened areas may be 100% of the

area of the virtual image. However, the greater the values for x and V1-V4

become, the greater the need to reduce the size of the one or more

darkened areas. Furthermore, each of the variables yr y4 may rapidly

change depending upon the variability of variable z (e.g. if a character



comprising the virtual image moves from one side of the stage to the other

then variables y -y4 will correspondingly change) .

Thus, the processing means is arranged to start with the one or more

darkened areas which create a silhouette which corresponds to 100% of

the area of the virtual image. For any given increase in the value of x, the

overall size of the one or more darkened areas will proportionally

decrease. Similarly, for increased values of V1, the processing means is

arranged for the upper edge of the one or more darkened areas to be

moved downwards to a certain level such that the one or more darkened

areas are not visible by a viewer at the highest point. Similarly, for

increased values of y2, the processing means will arrange for the right-

hand edge of the one or more darkened areas to be moved leftwards to a

certain level such that the one or more darkened areas are not visible by a

viewer at the right-most point. For increased values of y3, the processing

means will arrange for the lower edge of the one or more darkened areas

to be moved upwards to a certain level such that the one or more darkened

areas are not visible by a viewer at the lowest point. Furthermore, for

increased values of y4, the processing means will arrange for the left-hand

edge of the one or more darkened areas to be moved rightwards to a

certain level such that the one or more darkened areas are not visible by a

viewer at the left-most point.

In a further embodiment, the means for controlling the size, shape and/or

position of the one or more darkened areas on the background image

comprise processing means configured to adjust the position of any one

of:

(a) one or more screen used to project the images;

(b) the stage floor;

(c) the viewing platform; and/or

(d) a seat of a viewer.



W

Thus, rather than adjust the size, shape and/or position of the one or more

darkened areas in response to the location of the viewers, the processing

means may physically adjust the positions of one or more screen as in

5 feature (a) above. For example, if the images are intended to be viewed

by a large number of people sitting in a variety of positions, the

processing means may adjust one or more screen such that they are closer

together (i.e. reducing the value of x to a negligible value).

0 Additionally or alternatively, the processing means may also move the

stage floor upon which the projection apparatus is mounted as in feature

(b) above. For example, the processing apparatus may arrange to raise,

lower or tilt the stage upwards or downwards depending upon the level

and height of the viewing platform.

5

Furthermore, the processing means may also move the viewing platform

or a seat of a viewer as in features (c) and (d) above. For example, the

processing apparatus may arrange to tilt the viewing platform upwards or

downwards depending upon the level and height of the viewing area. As a

0 further example, the processing apparatus may be arranged to raise, lower

or tilt a seat of a viewer depending upon the angle of the seat from the

virtual image. As a yet further example, the viewing platform and a seat

of a viewer may be independently moveable relative to each other.

5 The embodiment wherein the processing means are configured to move the

viewing platform or a seat of a viewer has significant advantages with

respect to enhancing the reality of the virtual image. For example, cinema

and television screens are two-dimensional and have limitations with

respect to creating the illusion of three-dimensional images. When

0 attempting to create a perspective of depth on a two-dimensional screen,

cameras are typically placed to give a birds-eye view so that when an



object is moving away from a viewer, the image moves upwards upon the

screen to give the impression of movement and depth upon the three-

dimensional plane. Therefore, tilting the floor towards the viewer or

raising the seat of the viewer provides the viewer with an almost identical

birds eye view to that provided by a two-dimensional screen and provides

enhancement in reality of the virtual image being three-dimensional (i.e.

creating an illusion that movement is in two planes of view rather than

one) .

The embodiment wherein the processing means are configured to move the

viewing platform or a seat of a viewer has a significant advantage when

the projection apparatus is applied to home computer or arcade gaming

technology. For example, movement of the seats and/or floor in response

to movement of a virtual image on the screen will not only ensure that the

viewer does not see the darkened areas but will also provide a more

interactive element to gaming.

In one embodiment, movement of the one or more screen, stage floor,

viewing platform and/or seat is provided by an actuator or electric motor.

The invention finds utility in a wide range of applications, for example,

the image projection apparatus may be used in cinemas, theatres, shopping

complexes, games arcades, home entertainment (e.g. home computer

gaming), hotels, leisure complexes and the like.

As a second aspect of the invention there is provided an entertainment pod

comprising an image projection apparatus as defined herein and one or

more seat.

In one embodiment, each of the seats comprises an input device.



In an embodiment wherein the entertainment pod is for cinematic viewing,

the input device will be a remote control having standard inputs associated

with home cinema (e.g. television, DVD and Video machine remote

controls) .

In an embodiment wherein the entertainment pod is for home computer or

arcade gaming, the input device will be a joystick or control pad or any

other control means associated with home computer or arcade gaming.

As a further aspect of the invention there is provided a method of

enhancing the clarity of a virtual image when projected in front of a

background image which comprises the step of incorporating one or more

darkened areas within the background image wherein at least a portion of

the darkened areas are within the outline of the virtual image when

viewed.

As a further aspect of the invention there is provided a method of

enhancing the clarity of a virtual image, as hereinbefore defined,

generated by a first projection device when projected in front of a

background image generated by a second projection device which

comprises the step of incorporating one or more darkened areas within the

background image wherein at least a portion of the darkened areas is

within the outline of the virtual image when viewed.

In a further embodiment, the method additionally involves the use of the

second projection device to generate the darkened areas. In one

embodiment, this may be through the use of dark light or through the

absence of light in that area. In one embodiment, the dark light

comprises grey or black light. In a further embodiment, the dark light

comprises black light. In another embodiment, this may be through the



use of a light of a frequency, i.e. colour, that corresponds to the light

frequency, i.e. colour, of the three-dimensional virtual image.

As a further aspect of the invention there is provided a method of

enhancing the clarity of a virtual three-dimensional image generated by a

first projection device when projected in front of a background image

generated by a second projection device which comprises the step of

projecting light onto the virtual three-dimensional image wherein the

frequency, i.e. colour, of the projected light corresponds to the light

frequency, i.e. colour, of the background image.

The invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of the image projection

apparatus in accordance with the shadowing embodiment of the

invention;

Figure 2 is a schematic representation of an entertainment pod

comprising the image projection apparatus in accordance with one

aspect of the invention; and

Figure 3 is a schematic representation of the image projection

apparatus in accordance with the light projecting embodiment of the

invention.

Referring first to Figure 1, an image projection apparatus, shown

generally as 1, comprises a horizontal stage platform 6 and a vertical rear

projection screen 2. A first projection device 12 has been assembled in

accordance with the procedures described in WO 2005/096095 (attached

herein as Annex 1) to create a virtual image 5. The virtual image 5 is



shown in Figure 1 as a cloud, although it will be appreciated that any

other virtual images may be envisaged. A second projection device 9 has

been assembled to project a background image 3 onto the vertical rear

projection screen 2 . The background image 3 is shown in Figure 1 as a

sky scene comprising a blue sky and a bright sun, although it will be

appreciated that any other background images may be envisaged.

A single darkened area 4 is simultaneously projected onto the background

image 3. The shape of the darkened area 4 largely corresponds to the

shape of the virtual image 5 (e.g. the darkened area is also cloud shaped) .

In use, the presence of the darkened area 4 prevents light emitting from

this area of the generally bright blue sky scene background image. Thus,

the cloud is prevented from appearing transparent and will appear clear

and realistic to the viewer when viewing the apparatus in the direction of

arrow 10.

Figure 2 shows one embodiment of an entertainment pod comprising the

image projection apparatus according to the invention. The entertainment

pod, shown generally as 11, has a vertical rear projection screen 2, a

background image 3 and a virtual image 5 (all exactly as configured in

Figure 1). In this embodiment, the background image 3 is a grassy

landscape having trees and the virtual image 5 comprises characters

playing sport, although it will be appreciated that any other images may

be envisaged. The pod 11 additionally comprises a viewing platform 8

which has a plurality of seats 7 for allowing the images projected to be

viewed.

In alternative embodiments, the seats 7 and/or the viewing platform 8 may

be fitted with one or more actuators or electric motors (not shown) each



of which are capable of raising, lowering or tilting the seats 7 and/or the

viewing platform 8.

In a further embodiment of the invention, the arrangement of Figure 1

may be modified to incorporate the embodiment wherein the transparency

minimising means comprise a light source arranged to project light onto

the virtual three-dimensional image which corresponds to the frequency,

i.e. colour of the background image as shown in Figure 3. In this

arrangement, the background image is primarily a blue sky 3 and the

virtual three-dimensional image is a white cloud 5. In this embodiment, a

light source 20 will project blue light 21 onto the cloud. This arrangement

avoids the need for the darkened area 4 and for the size, shape and/or

position of the darkened area 4 to be controlled depending upon the

viewing positions.



CLAIMS

1. An image projection apparatus which comprises:

(a) a first projection device arranged to generate a virtual three-

dimensional image;

(b) a second projection device arranged to project a background image;

and

(c) means to minimise transparency of the virtual image relative to the

background image.

2 . The apparatus of claim 1, wherein the transparency minimising

means comprise a light source arranged to project light onto the virtual

three-dimensional image, the frequency of the projected light

corresponding to the light frequency of the background image.

3 . The apparatus of claim 1, wherein the transparency minimising

means comprise one or more darkened areas on the background image,

arranged such that at least a portion of the one or more darkened areas is

within the outline of the virtual image when viewed.

4 . The apparatus of claim 3, wherein the second projection device is

arranged to generate the one or more darkened areas.

5. The apparatus of claim 3 or 4, wherein the one or more darkened

areas are composed of dark light.

6. The apparatus of any of the preceding claims, wherein the first

projection device comprises a projector, a frame, and an at least partially

transparent screen: the frame being arranged to retain the screen under

tension, such that the screen is inclined at an angle with respect to a plane

of emission of light from the projector; the screen having a front surface



arranged such that light emitted from the projector is reflected therefrom;

and the projector being arranged to project an image such that light

forming the image impinges upon the screen such that a virtual image is

created from light reflected from the screen, the virtual image appearing

to be located behind the screen.

7 . The apparatus of any of the preceding claims, wherein the second

projection device is a rear projection device.

8. The apparatus of any of the preceding claims, which additionally

comprises means for controlling the size, shape and/or position of the

transparency minimising means.

9. The apparatus of claim 8, wherein the means for controlling the

size, shape and/or position of the transparency minimising means

comprise processing means.

10. The apparatus of any of claims 3 to 9, wherein the overall outline

of the one or more darkened areas obscures an area corresponding to any

one of 50, 60, 70, 80, 90, 95, 97, 99, 100, 105, 110 or 120% of the area

of the virtual image.

11. The apparatus of claim 9 or 10, wherein the processing means are

arranged to control the size, shape and/or position of the one or more

darkened areas on the background image by adjustment of the size, shape

and/or position of the one or more darkened areas in response to the

values inputted for the distance between the background image and the

virtual image, the angles of variability between the virtual image and a

viewer at the highest point, a viewer at the right-most point, a viewer at

the lowest point and a viewer at the left-most point, and the degree of

movement of the virtual image.



12. The apparatus of any of claims 8 to 11, wherein the means for

controlling the size, shape and/or position of the one or more darkened

areas on the background image comprise processing means configured to

adjust the position of any one of:

(a) one or more screen used to project the images;

(b) the stage floor;

(c) the viewing platform; and/or

(d) a seat of a viewer.

13. The apparatus of claim 12, wherein the processing means move the

one or more screen closer together.

14. The apparatus of claim 12, wherein the processing means raise,

lower or tilt the stage floor upwards or downwards.

15. The apparatus of claim 12, wherein the processing means raise,

lower or tilt upwards or downwards the viewing platform or a seat of a

viewer as in features.

16. The apparatus of claim 15, wherein the viewing platform and a seat

of a viewer are independently moveable relative to each other.

17. The apparatus of any of claims 13 to 15, wherein movement of the

one or more screen, stage floor, viewing platform and/or seat is provided

by an actuator or electric motor.

18. An entertainment pod comprising an image projection apparatus as

defined in any of claims 1 to 17 and one or more seat.



19. An entertainment pod as defined in claim 18 wherein each seat

comprises an input device.

20. An entertainment pod as defined in claim 19 wherein the input

device is a remote control, joystick or control pad.

21. A method of enhancing the clarity of a virtual three-dimensional

image generated by a first projection device when projected in front of a

background image generated by a second projection device which

comprises the step of projecting light onto the virtual three-dimensional

image wherein the frequency, i.e. colour, of the projected light

corresponds to the light frequency, i.e. colour, of the background image.

22. A method of enhancing the clarity of a virtual image generated by a

first projection device when projected in front of a background image

generated by a second projection device which comprises the step of

incorporating one or more darkened areas within the background image

wherein at least a portion of the darkened areas is within the outline of the

virtual image when viewed.

23. A method as defined in claim 22, which additionally involves the

second projection device generating the darkened areas.
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