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DISPLAY SYSTEM FOR VIRTUAL REALITY

[0001] The present invention relates to display systems.
Preferred embodiments of the invention may be used in
immersive virtual reality simulators.

[0002] Conventional large or medium-sized display
screens are used for anything from movie cinemas to adver-
tising in shop displays to commercial virtual reality immer-
sion systems for visualisation (e.g. data, automobile design,
architecture). Conventionally, display screens are positioned
upright, at a 90° angle to the line-of-sight of the viewer, and
front or rear-projected. Sometimes the larger display screens,
as used in virtual reality (VR), are curved radially around the
viewer, for increased immersion in a wide-field visual sur-
round. The screens always have a ‘landscape’ rather than
‘portrait’ format, whatever the chosen aspect ratio (e.g. 4:3,
16:9). Historically, even panoramas (first patented in London
in 1797) were based on straight upright displays.

[0003] There is a tendency to think of virtual reality in
terms of head-mounted-displays (HMDs). HMDs have cer-
tain advantages in terms of use of space, direct control of
left/right eye imagery (e.g. for stereo), and isolation from
external visual distractions. However, there has also been a
trend in recent years to move from HMDs in VR to larger,
projected displays due to numerous factors including greater
field size, the reducing costs and improved image quality of
(LCD, DLP) projectors, the facility for simultaneous multiple
viewers, the relative intrusiveness and visual isolation of
HMDs, and the sheer awe of having large scale displays for
producing a sense of ‘presence’.

[0004] Medium-sized display screens are known, with the
facility to tilt the screen away from the viewer, between a
conventional upright (90°) position and a tilted (45°) position.
The purpose of the tilted 45° position is to afford a “birds-
eye” view of the screen—that is to say, a view from above. To
this end, the lower edge of the screen is disposed well above
floor level, to allow the viewer to stand or sit close to the
screen and look down onto it, as one might with a drafting
table or artist’s easel. Images are rear-projected onto the
screen.

[0005] A recent “conical” display comprises a cylindrical
270° projection display system in which the projection sur-
face is tilted backwards by a small angle of 5° to 12°, which
is intended to be unnoticeable to the viewer.

[0006] Preferred embodiments of the present invention aim
to provide improved methods and systems for displaying
images in a more realistic manner—and also in a more inter-
active manner.

[0007] In a first aspect, the present invention provides a
method of displaying an image on a screen having upper and
lower extremities to a viewer located in front of the screenand
at a horizontal distance from the screen, the method compris-
ing the steps of:

[0008] (a)inclining the screen atan angle of 60° or less to
a horizontal plane behind the screen;

[0009] (b) arranging the viewer and screen such that the
upper extremity of the screen is further away than its
lower extremity from the point of view of the viewer
with said upper extremity above the head height of the
viewer; and,

[0010] (c) displaying the image on the screen.

[0011] Preferably, the displayed image comprises a ground,
the image of the ground being arranged on the screen such
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that a portion of the ground which appears closer to the viewer
is displayed lower on the screen than a portion which appears
further away from the viewer.

[0012] Preferably, at least a portion of the ground is planar.
[0013] The image can be arranged such that the planar
portion is at the bottom edge of the screen and extends
towards the viewers feet.

[0014] Preferably, the displayed image is an image of areal
scene.
[0015] Preferably, the method further comprises the step of

determining the position of the viewer and displaying an
avatar on the screen related to the position of the viewer.
[0016] Preferably, the position of the viewer is determined
atmultiple times and the displayed avatar updated in response
to changes in the position of the viewer.

[0017] Preferably, the method further comprises the step of
changing the displayed image in response to a change of
position of the viewer.

[0018] The method further comprises the step of displaying
a virtual object in addition to the image of the real scene, the
virtual object being arranged to move with the real scene
when the viewer moves such that the virtual object appears to
have a fixed position within the real scene

[0019] The method further comprises the step of providing
a moving walkway, preferably a treadmill and arranging the
viewer on the walkway.

[0020] Preferably, the method further comprises the step of
changing the displayed image in response to motion of the
moving walkway.

[0021] Preferably, the lower extremity of the screen is at or
adjacent floor level.

[0022] Said lower extremity may be 0.5 metres or less
above floor level.

[0023] Said upper edge may be at least 1.8 metres above
floor level.

[0024] Said upper edge may be at least 2 metres above floor
level.

[0025] Preferably, said image is displayed on the screen by

a front-projection system.

[0026] Alternatively, said image may be displayed on the
screen by a rear-projection system.

[0027] Alternatively, the screen may generate its own
image. It may for example be a plasma or LCD screen.
[0028] A method as above may include the step of playing
sound by means of at least one loudspeaker at or adjacent said
upper extremity of the screen and at least one loudspeaker at
or adjacent said lower extremity of the screen.

[0029] The screen may be at least partially curved in the
horizontal direction, to at least partly surround the viewer.
[0030] In a method as above, the viewer may be standing.
Alternatively, the viewer may be seated.

[0031] The invention extends to a method of playing a
game, wherein a player interacts with an image displayed on
a screen by a method according to any of the preceding
aspects of the invention.

[0032] The image may be displayed to an audience com-
prising a plurality of said viewers.

[0033] In such a method, the audience may be seated and
the width of seating provided for the audience may corre-
spond substantially to the width of the screen.

[0034] The width of the seating may correspond approxi-
mately to the width of the screen, within £20%, 10% or 5%.
[0035] Preferably, said angle of inclination of the screen is
45° or less.
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[0036] Preferably, said angle of inclination of the screen is
in the range 30° to 45°.

[0037] Ina further aspect of the invention there is provided
an apparatus for displaying an image comprising

[0038] a screen with upper and lower extremities, the
screen being inclined at an angle of 60° or less to a horizontal
plane behind the screen;

[0039] image capture means adapted to record at least one
image of a viewer;

[0040] display means adapted to receive an image signal
and to display the image signal as an image on the screen; and
[0041] processing means adapted to receive the at least one
image of the viewer from the image capture means and to
provide an image signal to the display means,

[0042] the processing means being adapted to calculate the
position of the viewer from the at least one image of the
viewer and to provide an image signal comprising a back-
ground image and an image for an avatar, the position of the
avatar being related to the position of the viewer.

[0043] Preferably, the image capture means comprises a
plurality of spaced apart cameras adapted to record images of
the viewer.

[0044] Preferably, the display means comprises a back-
ground image display means and an avatar display means.
[0045] The processing means can be adapted to change the
image of the avatar in response to a change in position of the
viewer.

[0046] The processing means can be adapted to change the
background image in response to a change in position of the
viewer.

[0047] The background image provided by the processing
means can comprise a pre-stored image.

[0048] The pre-stored image can comprise a real image.
[0049] Preferably, the background image further comprises
at least one virtual object generated at the time of provision of
the image signal to the display means.

[0050] The virtual object can be arranged to have a fixed
position relative to objects of the pre-stored image.

[0051] An apparatus can further comprise a moveable
walkway, preferably a treadmill, the image capture means
being arranged to record the image of a viewer on the walk-
way.

[0052] The walkway can be in communication with the
processing means, the processing means being adapted to
update the background image in response to motion of the
walkway.

[0053] Such an apparatus for displaying an image may be
arranged to perform a method according to any of the preced-
ing aspects of the invention.

[0054] For a better understanding of the invention, and to
show how embodiments of the same may be carried into
effect, reference will now be made, by way of example, to the
accompanying diagrammatic drawings, in which:

[0055] FIG.1 illustrates a known virtual game apparatus in
which a player interacts with an image displayed on a con-
ventional upright screen; and

[0056] FIG.2isaviewsimilarto that of FIG. 1, but showing
an apparatus having a slanted screen for illustrating the
method according to the invention.

[0057] FIG. 3 shows an apparatus according to the inven-
tion in schematic view.

[0058] In the figures, like references denote like or corre-
sponding parts.
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[0059] In the apparatus of FIG. 1, a player 1 of a virtual
game interacts with an image displayed on a vertically upright
screen 2. The image is front-projected onto the screen 2 by a
projector 3 under the control of a game controller 6. Loud-
speakers 4 and 5 also linked to the game controller 6 are
positioned respectively at or adjacent the upper and lower
edges of the screen 2, and are located behind the screen 2.
[0060] Many types of virtual games are known, and do not
require a detailed explanation here. By way of a simple
example to assist understanding, the player 2 in

[0061] FIG. 1 holds or wears an item 7 that is linked to the
controller 6 by a wired or wireless connection—in this
example, the item 7 is a baseball catcher’s glove. Movement
of'the glove 7 is detected by the controller 6, which operates
a scoring scheme in dependence upon the glove movement as
related to a moving image displayed on the screen 2.

[0062] InFIG. 2 the upright screen 2 of FIG. 1 is replaced
by a screen 12 that is slanted away from the player at an angle
of approximately 45° to the (horizontal) floor 10 behind the
screen 12. The significance of this is that, as may be seen by
comparing FIGS. 1 and 2, the gaze 8 of the player 1 has a
much more realistic relationship with a scene displayed on
the screen 12. Further benefits and advantages are discussed
in the following.

[0063] 2-D images derived from or representing natural
scenes often contain a direct, monotonic correlation between
vertical position (height in pixels) in the image domain and
physical distance from the observer in the object domain
(depth or distance in meters). This is a consequence of living
on a flat surface, looking and moving straight ahead within it.
For example, if you stand outside, say in a field, and look
forward towards the horizon, objects lower down will usually
be closer to you than objects higher up (until the horizon at
any rate). Furthermore, the distances as you move your gaze
from down to up are increasing, smoothly/monotonically,
along a flat terrain. The relationship is generally transferred to
2D when a picture is taken; although we tend not to be aware
of this because our interest is typically centred on objects,
which are usually upright and situated at fixed distances (e.g.
a tree in a field, a group of people), this relationship to dis-
tance often holds in many types of images. The presence of
objects does not change the overall relationship for distance,
which acts as the framework in captured images inherent in
the physical nature of the environment.

[0064] Inthe embodiment of FIG. 2, slanting the screen 12
creates in the observer’s physical (i.e. room) domain similar
image-domain characteristics present in the real scenes. The
top of the screen 12 is physically farther away from the
observer 1 as are the represented parts of the scene in that
image region. Similarly, the bottom of the screen 12 conveys
the same relationships with nearby parts of the scene. When
the observer 1 looks at different parts of the screen 12 they are
experiencing some of the same psychological and sensory
effects as they would in real life. Within the viewable range,
scanning up/down traverses far/near in both gazing the screen
12 and scanning its contents, and similarly left/right perusal
results in little change in both domains. There are cognitive
and sensory/perceptual reasons why such an arrangement
will work better than conventional upright screens, as
described further.

[0065] While it is intended to project what an observer 1
may see out into the distance, in actual fact standing in front
of a conventional upright VR screen 2 instead is more like
looking through a window. You cannot generally reach out or
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walk through a window to the objects seen outside, and this
limits the sense of affordance and sensory expectations gen-
erated from the display and its contents. Slanting the screen
12 away from the observer 1 at the top, on the other hand,
creates both a real and a psychological space in front of the
observer’s arms, that is more compatible with reaching,
pointing or grasping objects in the displayed scenes. At the
same time, bringing the bottom end closer to the observer’s
feet provides a similar sense of atfordance, to more readily be
able to ‘step into’ the environment, or to otherwise use one’s
legs. This is a cognitive property which is in addition to the
relationships between the physical nature of the screen 12 and
its contents as explained above.

[0066] Fixating an object situated at a given distance in the
real world results in the eyes rotating within their sockets
(inwards or outwards) such that the central axes of gaze of
both eyes converge on that object, and its image thus falls on
corresponding central parts of the two retinas. The closer the
object the more ‘crossed’ are the two eyes as they converge to
look at it. This allows a 3-dimensional perceptual reconstruc-
tion of the scene (via stereopsis, by registering relative retinal
disparities) and prevents a double image of the fixated object
of interest (although objects in front or behind the planar arc
of the object, known as the horopter, are in fact in double
vision). At the same time, the eyes each change their accom-
modation (focus) according to the distance of the fixated
object so that its image on the retinas is as sharp as possible.
In addition, the relationship between vergence eye move-
ments and accommodation is, in the real world, constant
across a large range of distances—the closer objects are, the
more crossed are the eyes and the greater the power of accom-
modation (in dioptres) required, and thus similarly for all
object distances presented within the range of accommoda-
tion and convergence.

[0067] When scenes are presented on conventional upright
displays 2, because everything is shown at approximately the
same physical distance to the observer 1, the sensory and
perceptual parameters described are suddenly in conflict with
the scene contents: both near and far objects (as conveyed by
their screen images) now require the same level of conver-
gence and accommodation—fixed according to the distance
between the screen 2 and the observer 1. Even if stereo view-
ing is introduced (by variously presenting appropriately dif-
ferent views to each eye) the physical accommodation cues
dictated by the screen 2 do not change, and there is then a
further conflict between convergence and accommodation. In
stereo viewing, the eyes are expected to diverge or converge
but the normally accompanying accommodation changes (if
they were to take place) would result in blurred images, which
again is another disturbing difference to real scene viewing.
Apart from breaking realistic relationships, some of these
conflicts can also contribute to unpleasant effects, such as
simulator sickness, as well as after-effects.

[0068] Because the distance relationships between real
(screen distance) and imaged (object distance) are in a rela-
tive sense preserved in the slanted screen 12 of FIG. 2, the
above sensory conflicts do not occur, and so the expected
depth rendering of objects would be better. In addition, the
resulting unpleasant effects and after-effects may therefore
also be reduced or eliminated. Note that, while the precise
quantitative distance relationships may not necessarily be
reproduced in the slanted display 12, the general relationships
would—the underlying peripheral and central brain mecha-
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nisms are sufficiently plastic and adaptive to accommodate
for quantitative differences better than they are at gross rela-
tional changes.

[0069] There is no question that sounds combined with
moving imagery can dramatically enhance the sense of pres-
ence. For optimum effect, the sound should reflect the loca-
tion from where it originates in such a way that it ties in with
the visual imagery. The slanted screen concept may help in
creating better localisation of sounds with images by placing
speakers behind the screen at different locations. Thus, unlike
the conventional upright display 2 of FIG. 1, the upper loud-
speaker 4 in F1G. 2 is physically farther away from the listener
than the lower loudspeaker 5, in the same way that the images
from that region would be, and all else being equal, sounds
emanating from the upper loudspeaker 4 would take longer to
reach the ears. Thus, not only will the physical geometry of
the display automatically help in creating depth in sound, but
the correspondence between sound and sight can be more
directly applied. Some of the same cognitive and perceptual
advantages mentioned for the slanted display 12 will also
apply to generated sounds.

[0070] In FIG. 2, although only one upper speaker 4 and
one lower speaker 5 are shown, each may in practice represent
a pair of left and right stereo speakers (or any other spatial
array).

[0071] A further advantage of the slanted projection screen
12 of FIG. 2 is that it allows a more easily placed, front-
projection system 3, compared with more space-consuming
rear-projectors but also compared with conventional upright
projection displays 2 (where the observer might more readily
occlude the projection). This may be seen by comparing
FIGS. 1 and 2. In the front-projection arrangement of FIG. 2,
the slant of the screen 12 allows moving the projector 3
further up and forward and thus also creates more moving
space, and is thus less constrictive, for the observer/user 1 in
an interactive application (e.g. a golf driving range game).
[0072] Conventionally, VR projection screens are physi-
cally at horizontally dominant aspect ratios of 4:3, 16:9
(widescreen) or panoramic curvilinear surround formats. The
general argument for wide screens is that it increases immer-
sion and hence presence. However, it may be argued that
immersion is not actually a passive process but an active one,
and greater exposure to the stimulus in the direction in which
action or interest takes place (rather than necessarily side-
ways) will enhance immersion. An optional arrangement,
therefore, is to adopt an aspect ratio to one that is vertically
dominant, such as ‘portrait’, thus giving a higher range of
distances, in the direction of action or interest of the observer,
with which to render the scene. This would be an application
dependent choice, but it is worth considering the notion that
most action one takes (walking, throwing, shooting) is
directed not to one’s sides but up ahead, and where side-
directed action is required, one typically rotates to face it.
[0073] Because the lower edge of the screen 12 is at or
adjacent floor level 10, it is impractical for the player 1 to
approach the screen 12 very closely and, in particular, to reach
over the screen 12 to look down on it. That is, the player 12
will naturally occupy a position spaced from the screen 12,
thereby preserving the various benefits of the slant of the
screen 12.

[0074] The method according to the present invention may
be useful for the creation of immersive simulations of the
real-world represented in virtual reality environments. It may
be especially useful for interaction-oriented immersions,
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through being particularly effective at reproducing depth
relationships between the user and objects in the observed
environment: depth relationships are crucial for correct per-
ceptual engagement with the visual environment. The method
according to the present invention may be used by a static
observer. Alternatively the method may employ interface
devices, such as a treadmill-type walking interface for run-
ning, or other appropriate interfaces for driving, shooting,
playing tennis, playing golf and the like. Such methods
according to the invention are discussed in further detail with
reference to FIG. 3.

[0075] The concept of preferred embodiments of the inven-
tion is particularly applicable to viewing static or dynamic
natural scenes, that is, images that represent physical envi-
ronments (whether real or imaginary), as it exploits the physi-
cal properties that the natural environment imposes on visual
images, and the sensory and cognitive consequences of look-
ing at them. The method of displaying an image on such a
screen is particularly ‘immersive’ when the viewer is
arranged such that the upper extremity of the screen is above
the head height of the viewer.

[0076] In addition, some types of image are more ‘immer-
sive’ than others. In particular, displayed images which
include a ground preferably a flat ground, are to be preferred.
As previously discussed, the image is arranged such that the
ground further away from the viewer appears higher up on the
screen than ground closer to the viewer, so reducing sensory
conflict. The reduction in sensory conflict is particularly
apparent when the ground in the image extends towards the
viewers feet.

[0077] Thus, advantages of the method according to the
invention include the following:

[0078] mimics the physical properties of real scenes &
localized sounds;

[0079] more immersive, better depth perception than
upright displays;

[0080] reduced sensory & cognitive conflicts;

[0081] simpler (front) projection, few distortions (as com-
pared to rear projection, front projection creates less fore-
shortening on the inclined screen as it is viewed by the user,
thus requiring no computer-based or other corrections for
geometric distortions that rear-projection would create); and

[0082] increased forward working space (reduced claustro-
phobia);
[0083] The slanted display screen concept as illustrated is

useful, in principle, for applications that attempt to produce
and present visually compelling naturalistic environments
(both real and synthetic) that benefit from immersive medium
or large-scale displays. Potential applications include the so-
called ‘edutainment’ categories, such as games and training &
testing simulators (which may overlap).

[0084] The following are examples of existing applications
which might make use of the method of the invention:

[0085] commercial golf simulators;

[0086] walking or running simulators;

[0087] racing car simulators;

[0088] commercial aviation and military flight cock-pit
simulators;

[0089] military applications in training and testing soldier

performance during active warfare simulations, sharp-shoot-
ing or artillery firing (including tank driving simulators);
[0090] automobile driving simulators (e.g. for HGVs,
motorbikes, cars);

[0091] train driving simulators;
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[0092] sports and athletic training simulators including
racket sports (e.g. tennis), batting sports (e.g. cricket, base-
ball);

[0093] architectural walk-through simulators;

[0094] fire-fighting and escape simulators;

[0095] generic, high-end VR simulators;

[0096] immersive cinema applications, as in iMax or
OmniMax.

[0097] In avariation, an image is displayed on an inclined

screen 12 to an audience, and the audience can be either
seated or standing. In both cases, the lower edge of the screen
12 need be only at height that is the lowest average height that
is viewable by the audience. The upper edge, as before, is
above the average head height of the audience. Where the
audience is seated, the width of the seating may correspond
substantially to the width of the screen. The width of the
seating may correspond approximately to the width of the
screen, within £20%, 10% or 5%. In a variation, the screen
may be at least partially curved in the horizontal direction, to
at least partly surround the audience. The screen may there-
fore form a partial or complete “bow]” around the audience.
The incline of the screen may be a curve rather than linear.
[0098] Inavariation, the “audience” can be an individual in
a single seat that is narrower than the screen width.

[0099] In preferred methods of the invention, the screen 12
is inclined at an angle of 45° or less to a horizontal plane
behind the screen. This is in order to activate the physiologi-
cal, perceptual and cognitive processes, etc. of the viewer.
Depending upon physical constraints, it may be possible to
increase this angle somewhat to, say, 60°, but our view is that
anangle of45° or less will give the most effective results, with
greater effects at lower angles. However, the angle of incli-
nation of the screen 12 is preferably such that the viewer,
when looking straight ahead, can still see at least the top of the
screen 12.

[0100] In the above examples 12, the screen typically
extends above the average head height of the viewer. The
average height of an adult male in the United States is
approximately 1.75 metres and that of a female is approxi-
mately 1.61 metres, giving a male/female average of about
1.68 metres.

[0101] Inthe above examples, the lower edge of the screen
12 is typically at or adjacent floor level. For practical reasons,
the lower edge of the screen 12 may have to be spaced slightly
from the floor—a distance of up to 0.5 metres might be
acceptable, whilst still preserving the desired characteristics
of'the system.

[0102] Shown in FIG. 3 is an embodiment of an apparatus
15 for displaying an image according to the invention. The
apparatus 15 is particularly suitable for employing the meth-
ods according to the invention previously discussed. The
apparatus 15 comprises an inclined screen 16 inclined at an
angle of less than 60° to the horizontal. The advantages of
such a screen 16 have been described in detail with reference
to FIGS. 1 and 2. The image is displayed on the screen 16 by
a display means 17 comprising a rear projector.

[0103] The apparatus 15 further comprises a moveable
walkway 18 which in this embodiment is a treadmill. The
treadmill 18 is arranged in front of the screen 16 with the
screen 16 extending down to almost touch the treadmill 18 as
shown.

[0104] The apparatus 15 further comprises image capture
means 19 comprising first and second spaced apart cameras
20,21. The cameras 20,21 are arranged to record a stereo
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image of a viewer 22 arranged on the treadmill 18 in front of
the screen 16. In other embodiments more than two cameras
are possible. The apparatus 15 could for example comprise
four cameras or twenty cameras.

[0105] The images captured by the image capture means 19
are passed to a processing means 23. The processing means
23 determines the position of the viewer 22 from the captured
images and provides an image signal to the display means
which displays the signal as an image on the screen 16.

[0106] The image signal produced by the processing means
23 comprises a background image. The background image is
typically a pre-stored image of a real scene (as opposed to an
artificial image generated by computer). The image is typi-
cally chosen to include a ground or floor level. The further a
portion of the floor is from the viewer 22 the higher up it is
displayed on the screen 16. Typically the displayed floor is
displayed to be contiguous with the treadmill 18. A portion of
the floor close to the bottom edge of the screen 16 is planar
and extends towards the viewers feet.

[0107] The image signal produced by the processing means
19 also includes the image of a avatar related to the deter-
mined position of the viewer 22. The position of the viewer 22
could simply be the position of the torso of the viewer 22. In
a more sophisticated embodiment the processing means 19
determines the position of one or more of the limbs or head of
the viewer 22 and the displayed image of the avatar reflects
the position of the head and/or limbs. In alternative embodi-
ments the apparatus 15 displays only a portion of the avatar,
for example the hands or feet. In an alternative embodiment
only the top half of the avatar is responsive to the viewers
movements. The avatar could be a stick figure or alternatively
a more realistic representation of the viewer.

[0108] Theimage capture means 19 captures the position of
the viewer 22 at intervals. As the position of the viewer 22
changes the displayed image of the avatar changes on the
screen 16.

[0109] The treadmill 18 is also connected to the processing
means 23. As the viewer 22 walks on the treadmill 18 the
distance travelled is passed to the processing means 23 which
updates the background image such that the avatar appears to
have moved forward (or backward) by a distance proportional
to the distance the viewer 22 has travelled on the treadmill 18.

[0110] In an alternative embodiment the background
remains stationary and as the viewer 22 walks forward the
avatar moves into the image on the screen 16.

[0111] In the present embodiment the display means 17
comprises a single projector 17. In an alternative embodiment
the display means 17 comprises separate projectors for the
avatar image and background image respectively. In an alter-
native embodiment of the invention the screen 16 is able to
display its own image, for example an LCD screen or plasma
screen.

[0112] In a further embodiment of the invention the pro-
cessing means 23 adds an image of a virtual object to the
pre-stored background image at the time of generation of the
image signal. Typically the virtual object is arranged so as to
remain in the same fixed relation relative to elements of the
background image. If the background image is altered it is
necessary to re-draw the virtual object allowing for any trans-
lated displacements and also any changes in perspective as
the avatar moves into or out of the background image. Typi-
cally such virtual objects act as obstacles which the viewer
must guide the avatar over or around. At least one virtual

Oct. 21, 2010

object can be a further avatar. The behaviour of the further
avatar could be pre-recorded or may respond to the actions of
the viewers avatar.

[0113] Alternative types of interface to a treadmill 18 are
possible. For example the interface could be the controls of a
car with the background image being updated according to
the position of the steering wheel and position of the car.
[0114] In the above embodiments the background image
and image of the avatar are essentially de-coupled. The image
of'the avatar is determined by the motion capture system and
the background image is determined by the interface, such as
the treadmill 18. In an alternative embodiment both the back-
ground image and avatar image are updated in response to the
motion of the viewer 22. For example if the viewer 22 jumps
the background image moves up and down or if the viewer 22
turns the background image may turn. In such embodiments
an interface may not be necessary.

Caption for FIG. 1—Conventional Screen

[0115] Like looking through a window

[0116] Limited projection and interaction space in front
[0117] Equal gaze distances for different scene distances
[0118] Eye vergence and focus conflicts (simulator sick-
ness)

[0119] Sound localisation harder to create (near/far)

Caption for FIG. 2—Slanted Screen

[0120] Can ‘step into” scene (greater affordance)

[0121] Larger interaction space in front

[0122] Gaze distances proportional to scene distances
[0123] Natural eye vergences and focus relationships (and
better stereo)

[0124] Sound localisation better and easier projection
placement

1. A method of displaying an image on a screen having
upper and lower extremities to a viewer located in front of the
screen and at a horizontal distance from the screen, the
method comprising the steps of:

(a) inclining the screen at an angle of 60° or less to a

horizontal plane behind the screen;

(b) arranging the viewer and screen such that the upper
extremity of the screen is further away than its lower
extremity from the point of view of the viewer with said
upper extremity above the head height of the viewer;
and,

(c) displaying the image on the screen.

2. A method as claimed in claim 1, wherein the displayed
image comprises a ground, the image of the ground being
arranged on the screen such that a portion of the ground which
appears closer to the viewer is displayed lower on the screen
than a portion which appears further away from the viewer.

3. A method as claimed in claim 2 wherein at least a portion
of'the ground is planar.

4. A method as claimed in claim 3 wherein the image is
arranged such that the planar portion is at the lower extremity
of the screen and extends towards the of the viewer.

5. A method as claimed in claim 1, wherein the displayed
image is of a real scene.

6. A method as claimed in claim 1, further comprising the
steps of determining the position of the viewer and displaying
an avatar on the screen related to the position of the viewer.
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7. A method as claimed in claim 6, wherein the position of
the viewer is determined at multiple times and the displayed
avatar updated in response to changes in the position of the
viewer.

8. A method as claimed in claim 7, further comprising the
step of changing the displayed image in response to a change
of position of the viewer.

9. A method as claimed in claim 8 wherein the displayed
image is a real scene and further comprising the step of
displaying a virtual object in addition to the image of the real
scene, the virtual object being arranged to move with the real
scene when the viewer moves such that the virtual object
appears to have a fixed position within the real scene.

10. A method as claimed in claim 1, further comprising the
step of providing a moving walkway and arranging the viewer
on the walkway.

11. A method as claimed in claim 10, further comprising
the step of changing the displayed image in response to
motion of the moving walkway.

12. An apparatus for displaying an image comprising

a screen with upper and lower extremities, the screen being

inclined at an angle of 60° or less to a horizontal plane
behind the screen;

image capture means adapted to record at least one image

of a viewer;
display means adapted to receive an image signal and to
display the image signal as an image on the screen; and

processing means adapted to receive the at least one image
of the viewer from the image capture means and to
provide an image signal to the display means,

the processing means being adapted to calculate the posi-

tion of the viewer from the at least one image of the
viewer and to provide an image signal comprising a
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background image and an image for an avatar, the posi-
tion of the avatar being related to the position of the
viewer.

13. An apparatus as claimed in claim 12, wherein the image
capture means comprises a plurality of spaced apart cameras
adapted to record images of the viewer.

14. An apparatus as claimed in claim 12, wherein the dis-
play means comprises a background image display means
and an avatar display means.

15. An apparatus as claimed in claim 12, wherein the pro-
cessing means is adapted to change the image of the avatar in
response to a change in position of the viewer.

16. An apparatus as claimed in claim 12, wherein the pro-
cessing means is adapted to change the background image in
response to a change in position of the viewer.

17. An apparatus as claimed in claim 12, wherein the back-
ground image provided by the processing means comprises a
pre-stored image.

18. An apparatus as claimed in claim 17, wherein the pre-
stored image comprises a real scene.

19. An apparatus as claimed in claim 17, wherein the back-
ground image further comprises at least one virtual object
generated at the time of provision of the image signal to the
display means.

20. An apparatus as claimed in claim 19, wherein the vir-
tual object is arranged to have a fixed position relative to
objects of the pre-stored image.

21. An apparatus as claimed in claim 12 further comprising
a moveable walkway, the image capture means being
arranged to record the image of a viewer on the walkway.

22. An apparatus as claimed in claim 21, wherein the walk-
way is in communication with the processing means, the
processing means being adapted to update the background
image in response to motion of the walkway.
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