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VISUAL DISPLAY SYSTEM FOR PRODUCING
A CONTINUOUS VIRTUAL IMAGE

Abstract

A visual display system for producing a continuous far-focused virtual image
according to the present invention includes a number of adjacent video image generation and
display modules. Each module includes an image generator that generates a video image
representative of a portion of a composite display image displayed on a video display. The
visual display system also includes a number of optical viewing lenses associated with each
video image generation and display modules and positioned between the operator and the
video display. The lenses restrict the operator’s field of view such that the operator views
only a portion of the active display area of the video displays. The lenses of adjacent
modules are joined together along their edges to form an enclosure partially surrounding the
operator so that the operator views the composite display image displayed on the video

displays through the lenses and perceives the composite display image as a continuous far-

focused virtual image.




10

15

20

25

CA 02287650 1999-10-27

VISUAL DISPLAY SYSTEM
FOR PRODUCING A CONTINUOUS VIRTUAL IMAGE

Field of the Invention

The present invention relates generally to visual display systems and methods

and, more particularly, to a system for displaying continuous virtual Images.

Background of the Invention

Visual display systems are commonly used to simulate training environments

where training through actual operations would be dangerous, expensive or otherwise
impractical. One common application for visual display systems is flight simulation and
training systems. A typical flight simulation and training system requires visual “out the
window” images simulating the terrain, landscape, cultural features, buildings, vehicles, and
other aircraft in the simulated vicinity of the trainee. One form of conventional flight
simulator includes the projection of images onto the inside of a large spherically-shaped
dome or partial dome structure. The images are displayed inside the domes using multiple
video projectors and associated optical devices mounted inside the domes. These projectors
and optics must be carefully positioned inside the domes in order to properly display the

simulated images. Another conventional form of a flight simulator typically includes one or

more video display screens onto which video Images are projected by one or more projectors,
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such as cathode ray tubes. The video images may be projected onto the display screens from
either the front or the rear of the screens. An example of such a conventional flight simulator
1s the Virtual Image Display Simulator (VIﬁS), ma.nufactured by The Boeing Company, the
assignee of the current invention. The VIDS provides four rear-projected video screens
positioned a few feet from the trainee used to display simulated images in front of the trainee
and up to three additional rear-projected display screens used to display simulated images
behind the trainee. Conventional flight simulators also usually include a control panel and a
control stick and throttle for providing input to the visual display system in response to the
displayed video 1images. The control panel and surrounding pilot environment are often
realistic simulations of the controls and displays present in the actual aircraft. Thus, the
operator can simulate the flight of an aircraft and can respond to the environment as depicted
by the visual display.

One primary objective of flight simulators is to enhance and optimize the
simulated images to present the operator with a high fidelity and realistic training
environment. Problems experienced by conventional fli ght simulators include diﬁminished
brightness and contrast, and a low resolution of the projected images. These problems arise
In large part because of the capability of conventional video projectors, and the use of a
relatively small number of video screens (necessitating that each video projector i)roj ect a
relatively large image). Additionally, conventional flight simulators generally provide a
stmulated image that is focused relatively close to the trainee’s eyes, and not at a far distaﬁce.
An improved flight simulator would produce a virtual image that is focused at or near infinity

so that the virtual image appears sufficiently real to the simulation pilot. Such an improved
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flight simulator would be of great assistance to one particular simulation scenario, namely air-
to-ground training, which requires eye-limited resolution, i.e., display resolution that meets or
exceeds the resolution of the human eye. Another drawback to conventional flight stimulators ‘
1s the si1ze of the projectors, display screens, and associated electronics and optics. An

improved flight simulator would have a reduced overall size, allowing the entire simulator to

be located in a small room, thus reducing the cost of installing and operating the flight

simulator.

For the foregoing reasons, there is a strong need for an improved visual system

for use, for example, as a flight simulator. Preferably, the system would have enhanced

brightness, contrast and resolution over existing visual systems and produce a virtual image

focused at or near infinity. A preferred visual system would be of relatively compact size and

designed using upgradeable, commercially-available components.

Summary of the Invention

The above-mentioned needs are met by the present invention, whiéh provides
a compact visual display system producing a composite display image that is perceived by a
simulation pilot or other operator as a far-focused, continuous virtual image of high
resolution, brightness and contrast. Preferably, the visual display system is used as part of a
flight simulator operated by a simulation pilot positioned in a predetermined viewing volume

and having an associated field of view concentrically surrounding a line of sight extending

outwardly from the pilot’s viewing volume.
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In a preferred embodiment, the visual display system provides out-the-window
visual imagery and incorporates a plurality of adjacent video image generation and display
modules that include an image generator that generates a video image. Preferably, the video
image generated by each of the image generators 1s representative of a portion of the
composite display image that 1s displayed to the operator. The video image generation and
display modules also preferably include a video display, for example, a flat panel video
display that 1s operatively connected to, and responsive to the video image generated by, an
image generator. Each of the video displays preferably displays a portion of the composite
display image. The preferred visual display system also includes a plurality of lenses, such
as, for example, positive aspheric Fresnel type optical lenses. Each of the lenses is associated
with one of the image generation and display modules and is preferably positioned between
the operator and one of the video displays. The lens restricts the operator’s field of view such
that the operator views only a portion of the display area of the video display. Preferably, the
image generation and display modules are arranged into an array in front of, or partially
surrounding, the operator and the lenses are joined together along their edges to fc;nn an'
enclosure partially surrounding the operator so that the operator views the composite display
image displayed on the plurality of video displays through the plurality of optical lenses.
Preferably, each optical lens is designed such that its focal length allows the 0perétor to view

the composite display image focused at or near infinity in order to present the operator with a

realistic visual simulation.

In a preferred embodiment of the visual display system, a portion of the image

displayed on each video display overlaps a portion of the image displayed on its adjacent
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video displays. In this embodiment, each optical lens 1s posit.ioned such that the operator
views only the image displayed on the display area of each video display that does not
overlap any of the image viewed by the ope}ator on adjacent video displays. Using this
preferred embodiment, the operator may move or rotate his head and the system will continue

to provide an image that appears as a continuous virtual image displayed across the plurality

of video displays.

Preferably, the visual display system incorporates optical lenses having planar
surfaces with five or six sides, 1.e., pentagonal or hexagonal shapes. These preferred shapes
allow the lenses to be arranged so that they tessellate a sphere partially or completely
surrounding the operator. The lenses are preferably positioned and oriented parallel to their
associated video displays and perpendicular to a line extending from the operator’s viewing
position to the center of their associated video displays. The use of the preferred shapes
allows the lenses to be arranged such that all sides of the optical lenses completely intersect
with the sides of the lenses of adjacent modules providing the operator with a continuous
virtual image.

The visual system may also include a database accessed by the image
generators to generate the video image. The display systeni further preferably includes a
display system controller for providing each image generation and display moduie with an
index into the database so that the image generators can access data from the database
associated with the portion of the composite display image displayed on the video diSplays.-

Additionally, the present invention includes a method of presenting far-

focused virtual images. The preferred method includes the step of generating a plurality of
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video images, wherein each video image 1s representative of a portion of the composite

display image. A plurality of video displays are arranged into an array, each video display
providing one of the plurality of video imag\es. A plurality of lenses, such as, for example,
positive aspheric optical lenses, are arranged and positioned between the operator and the

5  video displays to restrict the operator’s field of view such that the operator views only a

portion of the total display area of the video displays. Preferably, the optical lenses are
arranged such that their edges are joined together to form an enclosure partially or completely
surrounding the operator so that the operator views the composite display image displayed on

the plurality of video displays through the plurality of optical lenses, which is then perceived

10 by the operator as a continuous virtual image.

Brief Description of the Drawings

These and other features, aspects, and advantages of the present invention will

become better understood with regard to the following description, appended claims, and

15 accompanying drawings wherein:

Figure 1 is a pefspective view of the presently preferred visual display system

as incorporated into a flight simulator;

Figure 2 is block diagram showing the presently preferred major components

of one embodiment of the present invention;

20 Figure 3 is a representative diagram showing a preferred optical lens in

accordance with one embodiment of the present invention; and
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Figure 4 is an illustration showing six optical lenses arranged in accordance

with one embodiment of the present invention.

These drawings are provided\for illustrative purposes only and should not be

used to unduly limit the scope of the present invention.

Detailed Description of the Invention

As described herein in a preferred embodiment, the visual display system can
be used as part of a flight simulation system that is employed to train military, commercial or
other personnel to fly aircraft. The principles of the visual display system described herein,
however, can also be employed to simulate other environments and to train personnel for
other operations without departing from the spirit and scope of the present invention.
Additionally, the visual display system can be employed in other industries, such as, for

example, the entertainment industry when as a video display-based arcade-type game or a

theme park ride, and the advertising industry when used as a video wall.

As shown in Figure 1, the visual display system 10 is preferably used in

conjunction with a flight simulation system used to train aircrew to fly and operate an aircraft.

The flight simulation system typically includes a simulation pilot 12 seated at a
predetermined viewing location facing, or surrounded by, an array of image genefation and
display modules 14. As in a conventional flight simulator, the pilot 12 may move his head
during the simulation system within a three-dimensional space known as a viewing volume.
As further described below, the image generation and display modules 14 include appropnate

electronics and computer equipment to generate a video image and display the image to the
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pilot 12. Thus, the array of image generation and display modules 14 generate and display an
appropriate “out-the-window” scenario simulating the outdoor environment that might be
typically seen by the pilot flying an actual aircraft. This computer-generated scenario
typically includes the terrain, landscape, cultural features, buildings, vehicles, and other
simulated aircraft flying in the vicimty of the pilot’s simulated position. Preferably, each
image generation and display module 14 generates and displays a portion of the overall out-
the-window image so that the array of modules will display the overall images as a composite
display image to the pilot 12. The image generation and display modules 14 are preferably
arranged side-by-side in an array fashion completely or partially surrounding the pilot 12 to
provide a continuous image (forming up to a 360 degree solid angle) as viewed from the
pilot’s 12 predetermined viewing volume. The image generation and display modules 14 are
preferably mounted in a supporting structure 15 designed to hold each of the modules 14. As
1s customary, the pilot 12 may also be provided with a conventional or simulated cockpit
comprised of an array of cockpit components such as a throttle and flight stick (having

associated controls and switches), a number of head-down cockpit displays displaying various

navigation, situational and tactical information, and either a real or simulated head-up

display. The pilot 12 is preferably positioned in a predefined viewing volume facing the
array of image generation and display modules 14. The pilot 12 has an associated field of
view concentrically surrounding a line of sight extending outwardly from the pilot’s viewing

volume in a direction toward the array of modules 14.

Figure 2 1llustrates the major components of the presently preferred image

generation and display module 14. Each module 14 preferably includes an image generator




10

15

20

CA 02287650 1999-10-27

16 coupled to a video display 18. The video display 18 may be, for example, a low cost flat

panel display, such as a conventional liquid crystal display (LCD) having a back fluorescent
light source as commonly employed 1n lap-fOp notebook or other portable computers. As is

known, conventional LCDs include a small border 19 (typically as much as one inch)
surrounding an active display area 24. While it is physically possible to tile an array of video
displays 18 together, it 1s generally impossib]e using commercially-available low cost video
displays having a border 19 to display a continuous image, as the image will be interrupted by
the borders 19. The present invention solves this problem by incorporating an optical lens
that restricts the pilot’s view so that the pilot only views the image, or a fraction thereof,
displayed in the active display area 24.

The 1mage generator 16 receives data from a database 20, processes the data
based on the simulated position of the pilot’s aircraft, and generates a video image
representative of a portion of the composite display image presented to the pilot 12. Each
image generator 16 generates a portion of the composite display image associated with the
position of the video display 18 associated with the image generator 16 within thé array.
Thus, each 1mage generation and display module 14 has an associated address indicating its
relative position within the array of modules 14 incorporated into the video display system
10. The module 14 uses this address to retrieve the appropriate data from the datébase 20
from which to generate the appropriate image for display at the module’s location.

The image generator 16 may be a conventional single board computer, a
desktop personal computer, a motherboard populated with appropriate computing devices, or

any other similar commercially available computing apparatus capable of generating video
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images. As 1s known, the image generation and display module 14 will include other
components that are not shown, such as a power supply, interface cards, video accelerator
cards, hard disks, and other conventional coihponents.

The database 20, which is preferably replicated in each of the image
generation and display modules 14, includes a predefined three-dimensional structural
database that is used by each of the image generators 16 to create the portion of the two-
dimensional composite display image that will be displayed on the image generator’s
associated video display 18. In a preferred embodiment, the contents of the database are
downloaded during initiation of the simulation session across a communication link into a
memory unit contained within the module 14. In an altenative embodiment, only one copy
of the database 20 may be provided and maintained in a central computer system (not shown)

that is accessible by each of the image generators 16. In yet another embodiment, the

database 20 (or portions thereof) may be updated during the simulation session from a central

computer system. As will be appreciated by those skilled in the art, this embodiment requires

a fast communication link so that the database may be retrieved by the image generators 16

from the stored database 20.

Preferably, the visual display system 10 includes a simulation controller 22
that provides overall control of the flight simulation. The simulation controller 22 allocates a
particular portion of the overall composite display image to each of the image generation and
display modules 14 and provides a viewing location defining an address into the database 20
storing the data and information necessary for a particular image generation and display

module 14 to generate and display a portion of the overall composite display image. The
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simulation controller 22 may communicate with each image generation and display modules

14 via a wide band communication link 23, such as, for example, an Ethernet type

e

communication bus.

Each video display 18 is associated with a lens, preferably a positive aspheric
optical lens 32 and, most preferably, a Fresnel type lens having a planar surface. As is
commonly known, a Fresnel lens is a thin replica of a plano lens cut into rings to obtain a flat
profile. Each optical lens 32 is preferably mounted to a structural module 15 that also holds
one of the image generation and display modules 14. Preferably, the optical lens 32 is
mounted parallel to the surface of the video display 18 with its optical axis pointed toward the
simulation pilot 12. Figure 3 illustrates how the lens 32 preferably restricts the field of view
of the pilot 12 and refracts the view point of the pilot 12 so that the pilot 12 only views a
portion of the active display area 24 of the video display 18. The optical lens 32 restricts the
pilot’s view so that he only sees a portion of the entire image displayed on a particular video
display 18. Thus, some of the image generated and displayed on the video display 18 is
displayed outside of the portion of the active display area 24 viewed by the pilot 12 through
the optical lens 32 to accommodate continuous imagery as the pilot 12 moves or rotates his
head. Preferably, the image displayed on a particular video display 18 overlaps the image
displayed on adjacent video displays 18 to further accommodate situations in which the pilot
12 moves or rotates his head. By having each video display 18 display partially overlapping
images, the pilot 12 continuously views a composite virtual image. For purposes of

simplicity, Figure 3 only illustrates two video displays 18 and associated lenses 32.
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The focal length of the lens 32 is preferably optimized for the particular size of
the simulator, the size of the video displays 18 and to accommodate the operator’s anticipated
head movement and is selected based on two conjugate distances: the distance from the
pilot’s viewing position to the lens 32 and the distance from the lens 32 to the video display
18. These two conjugate distances are then adjusted for apparent virtual image location based
on desired view distance and dome tessellation and determine the field of view .available to
the pilot 12. Thus, the focal length of the lens 32 is designed such that the portion of the

image viewed through the lens 32 is perceived to be at a predetermined distance.

Preferably, the lens 32 has a profiled surface structure in the form of grooves
extending with a circular symmetry relative to the optical axis of the lens 32, i.e.,
perpendicular to the surface of the lens 32. The preferred Fresnel type lens used in the
present invention may be formed on a suitable transparent material such as acrylic or glass, in
accordance with well-known pressing and cutting operations. Each lens 32 may be

manufactured as one large lens and then machined into the proper size and shape.

The 1mage displayed on the video display 18 is viewed by the pilof 12 through
the optical lens 32. The video displays 18 are arranged and positioned at a distance from the
predetermined viewing position of the pilot 12 such that the image displayed on them is at
focus or slightly inside of focus. Thus, the image seen by the pilot 12 through thé lens 32
requires the eyes to slightly converge (or be parallel), allowing the pilot 12 to perceive a far-
focused or collimated virtual image. Thus, the image is perceived to be at distance from the

pilot 12 that is greater than the distance between the pilot 12 and the video display 18.
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Each video display 18 is arranged with its associated lens 32 such that the
surfaces of the video display 18 and optical lens 32 are parallel with the center of each lens 32

perpendicular to the line of sight of the pi]o{ 12. Preterably, the distance from the pilot 12 to

each of the lenses 32 1s uniform for all of the lenses 32 incorporated into the visual display

system 10. Alternatively, particularly for use with systems having a large field of view, the

distance from the pilot 12 to each of the lenses 32 may not be uniform. The array of modules

14 form an enclosure, or partial enclosure, surrounding the pilot 12 so that the simulation

pilot 12 views the continuous virtual image from inside the enclosure.

Preferably, each optical lens 32 is shaped into a five- or six-sided lens to allow
them to be joined together to form a spherical-like structure. Figure 4 shows a front view of
an array of six lenses 32 mounted edge to edge. Each of the lenses 32 is preferably arranged
such that its surface is substantially perpendicular to the pilot’s line of sight. The array of
lenses illustrated in Figure 4 may thus be used to form a partial enclosure placed in front of
the pilot 12. As will be appreciated, this array of optical lenses may be expanded to form a
larger partial enclosure encircling the pilot 12 or, using an appropriate number of ienses, may
form a complete enclosure completely surrounding the pilot 12. The lenses 32 are preferably
machined and aligned edge to edge with their adjacent lenses. A connecting element 34, such
as a fastener or adhesive, may preferably be used to hold the lenses in place. The- Image
genération and display modules 14 are located behind each of the optical lenses 32. Thus, the
video display system 10 may include as many image generation and display modules 14 (and
associated optical lenses 32) as required to obtain the desired viewing angle. The

representative array of six lenses illustrated in Figure 4 has about a 50 degree solid viewing
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angle. This array is formed using one pentagon-shaped center lens 32a and five hexagon

shaped surrounding lenses 32b. As the desired viewing angle increases, more image
generation and display modules 14 will be iﬁcomorated into the video display system 10. As
known to those skilled in the art, the tessellation of a partial or complete sphere with flat
surfaces has many solutions. One preferred solution uses a combination of three differently
shaped' hexagonal shaped lenses and one perfect pentagonal shaped lens. Of course, many
other solutions are available and are within the scope of the present invention.

Preferably, the visual display system 10 includes a number of image
generation and display modules 14 coupled together to provide the continuous virtual image
to the pilot 12. The number of modules 14 required for a particular application is dependent
on a number of factors, including the total angle of view desired to be provided to the
operator and the size of the video displays 18. Preferably, the modules 14 are designed as
stand-alone, replaceable modules that allow for rapid maintenance or replacement.

Although the present invention has been described in considerable detail with
reference to certain preferred embodiments thereof, other embodiments are possibie.

Therefore, the scope of the appended claims should not be limited to the description of the

preferred embodiments contained herein.
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Claims

We claim:

1. A visual display system for producing a composite display image
perceived as a continuous far-focused virtual image by an operator positioned in a
predetermined viewing volume and having an associated field of view concentrically
surrounding a line of sight extending outwardly from the operator’s viewing volume, the
display system comprising:

a plurality of adjacent video image generation and display modules, each module

comprising:

an image generator that generates a video image, wherein the video image is
representative of a portion of the composite &isplay 1mage; and

a video display, operatively connected to the image generator and responsive
to the video image generated by the image generator, that displays the portion of the
composite display image, wherein the video display comprises a border surrounding a display
area; and

a plurality of adjacent lenses, each lens associated with one module and positioned
between the operator and the video display, wherein each lens restricts the operator’s field of
view such that the operator views only a portion of the display area of the video (iisplay;

wherein the lens associated with adjacent modules are joined together along their
edges to form an enclosure partially surrounding the operator so that the operator views the
composite display imagg displayed on the plurality of video displays through the plurality of

lenses and perceives the composite display image as a continuous far-focused virtual image.
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2. The visual display system of claim 1 wherein the portion of the
composite display image displayed on each video display overlaps the portion of the
composite display image displayed on adjacent video displays and wherein each lens is
positioned such that the portion of the display area viewed by the operator through the lens

does not overlap any of the portion of the display area viewed by the operator through

adjacent lenses.

3. The visual display system of claim 1 wherein each of the plurality of
lenses has an associated focal length designed such that the portion of the composite display

image viewed through the lenses 1s focused at a desired distance.

4. The visual display system of claim 1 wherein each of the plurality of

lenses comprises a planar surface having five or six sides.

5. The visual display system of claim 4 wherein the sides of the lens

completely intersect with the sides of their adjacent lenses.

6. The visual display system of claim 4 wherein each of the plurality of
lens 1s oriented parallel to its associated video display and substantially perpendicular to a

line extending from the operator’s viewing volume to the center of the associated video

display.
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7. The visual display system of claim 1 wherein the plurality of lenses are

shaped and positioned to tessellate a sphere partially surrounding the operator.

8. The visual display system of claim 1 wherein each of the plurality of

lenses comprises a positive aspheric lens mounted in front of one of the video displays.

9. The visual display system of claim 8 wherein the positive aspheric lens

1s a Fresnel type lens.

10.  The visual display system of claim 1 wherein each 1mage generation

and display module further comprises a database comprising data accessed by the image

generator to generate the video image, the display system further comprising a display system

controller for providing each module with an index into the database so that the image

generator can access data associated with the portion of the composite video image displayed

on the video display.

11.  The visual display system of claim 1 wherein the video display

comprises flat-panel displays.

12. A visual display system for use as part of an aircraft flight simulator

operated by a simulation pilot, the visual display system producing a composite display
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image perceived as a far-focused continuous virtual image by the simulation pilot positioned
in a predetermined viewing volume and having an associated field of view concentrically
surrounding a line of sight extending outwardly from the simulation pilot’s viewing volume,
the display system comprnsing:
a plurality of adjacent video image generation and display modules, each module

comprising:

an image generator that generates a video 1mage, wherein the video image is
representative of a portion of the composite display image; and

a video display, operatively connected to the image generator and responsive

to the video image generated by the image generator for displaying the portion of the
composite video image, wherein the video display comprises a border surrounding a display

area; and

a plurality of adjacent lenses, each lens associated with one module and positioned

between the simulation pilot and the video display, wherein each lens restricts the operator’s
field of view such that the simulation pilot views only a portion of the display areﬁ of the
video display;

wherein the lenses associated with adjacent modules are joined together along their
edges to form an enclosure partially surrounding the simulation pilot so that the pilot VIEWS

the composite display image displayed on the plurality of video displays through the plurality

of lenses and perceives the composite display image as a continuous far-focused virtual

image.

m—-—
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13.  The visual display system of claim 12 wherein the portion of the
composite display image displayed on each video display overlaps the portion of the
composite display image displayed on adjacent video displays and wherein each lens 1s
positioned such that the portion of the display area viewed by the pilot through the lens does

not overlap any of the portion of the display area viewed by the pilot through adjacent lenses.

14.  The visual display system of claim 12 wherein each of the plurality of

lenses has an associated focal length designed such that the portion of the composite display

image viewed through the lenses 1s focused at a desired distance.

15.  The visual display system of claim 12 wherein each of the plurality of

lenses comprises a planar surface having five or six sides.

16.  The visual display system of claim 13 wherein the sides of ihe lenses

completely intersect with the sides of their adjacent lenses.

17.  The visual display system of claim 15 wherein each of the plurality of

lenses is oriented parallel to its associated video display and substantially perpendicular to a

line extending from the pilot’s viewing volume to the center of the associated video display.
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18.  The visual display system of claim 12 wherein the plurality of lenses

are shaped and positioned to tessellate a sphere partially surrounding the simulation pilot.

e

19.  The visual display system of claim 12 wherein each of the plurality of

lenses comprises a positive aspheric lens mounted in front of one of the video displays.

20.  The visual display system of claim 19 wherein the positive aspheric

lens is a Fresnel type lens.

21.  The visual display system of claim 12 wherein each video image
generation and display module further compnses a database comprising data accessed by the
image generator to generate the video image, the display system further comprising a display
system controller for providing each module with an index into the database so that the image

generator can access data associated with the portion of the composite video image displayed

on the video display.

22.  The visual display system of claim 12 wherein the video displays

comprise flat-panel displays.

23.  The visual display system of claim 12 further comprising a flight
simulation controller for controlling the video image generated by the plurality of image

generators 1n response to control signals provided by the simulation pilot.
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24. A method for producing a composite display image perceived as a
continuous far-focused virtual image by an operator positioned in a predetermined viewing
volume and having an associated field of view concentrically surrounding a line of sight
extending outwardly from the operator’s viewing volume, the method comprising the steps

of:

generating a plurality of video images, wherein each video 1mage 1s representative of
a portion of the composite display image;

arranging a plurality of adjacent video displays that display one of the plurality of
video images, wherein the video displays each comprnise a border surrounding a display area;

arranging a plurahlity of adjacent lenses,_ each lens associated with one video display
and positioned between the operator and the video display, wherein each lens restricts the
operator’s field of view such that the operator views only a portion of the display area of the
video display;

arranging adjacent lenses such that their edges are joined together to form 'an
enclosure partially surrounding the operator so that the operator views the continuous virtual

image displayed on the plurality of video display through the plurality of lenses.

25.  The method of claim 24 wherein the portion of the composite display
image displayed on each video display overlaps the portion of the composite display image’

displayed on adjacent video displays and wherein each lens is positioned such that the portion
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of the display area viewed by the operator through the lens does not overlap any of the

portion of the display area viewed by the operator through adjacent lenses.

.
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