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(57) ABSTRACT

A method of providing a user with an extra-terrestrial soma-
tosensory experience includes equipping the user with an
underwater breathing apparatus, having the user occupy an

underwater environment, such environment providing buoy-
ancy to the user, and while the user occupies the underwater
environment, using a computer-implemented virtual reality
system to present to the user a virtual reality environment
modeling an extra-terrestrial setting. The virtual reality sys-
tem 1nhibits visual perception by the user of items outside of
the virtual reality environment so that the user experiences the

virtual reality environment under a buoyancy condition pro-
vided by the underwater environment. The buoyancy condi-
tion enhances the experience of the virtual reality environ-
ment.

32 Claims, 3 Drawing Sheets
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APPARATUS AND METHOD OF
SIMULATING A SOMATOSENSORY
EXPERIENCE IN SPACE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from U.S. Provi-
sional [Patents] Application Ser. Nos. [60/966,239] 60/966,
329 and 61/008,946 filed Aug. 27, 2007 and Dec. 21, 2007
respectively, the tull disclosures of which are hereby 1ncor-
porated by reference herein.

TECHNICAL FIELD

The present invention relates to simulating experiences
underwater, and more particularly to using underwater sys-
tems to simulate an extra-terrestrial experience.

BACKGROUND ART

It 1s known 1n the prior art to provide users with virtual
reality systems. The ability for these systems has increased
and they are providing greater image quality, lower prices,
and enhanced abilities to integrate real world maternals with
the virtual reality materials to provide a more realistic expe-
rience. Presently, virtual reality systems focus on engaging,
the visual and audio senses of a user.

Neutral buoyancy underwater training 1s also a known

technique that 1s employed for 1ts ability to provide micro-
gravity environment training on earth. Such training systems
are used 1n connection with underwater laboratories for train-

ing astronauts.
As demonstrated by U.S. Pat. No. 5,271,106 and U.S.

Patent Application Publication No. 2004/0086838 there are
also known techniques for simulating underwater experi-
ences 1n an underwater environment.

SUMMARY OF THE INVENTION

A first embodiment of the invention 1s directed to a method
of providing a user with an extra-terrestrial somatosensory
experience. The method in this embodiment 1includes equip-
ping the user with an underwater breathing apparatus, having,
the user occupy an underwater environment, such environ-
ment providing buoyancy to the user, and while the user
occupies the underwater environment, using a computer-
implemented virtual reality system to present to the user a
virtual reality environment modeling an extra-terrestrial set-
ting. The virtual reality system inhibits visual perception by
the user of 1items outside of the virtual reality environment so
that the user experiences the virtual reality environment under
a buoyancy condition provided by the underwater environ-
ment, such buoyancy condition enhancing the experience of
the virtual reality environment.

In a related embodiment the computer-implemented vir-
tual reality system includes a virtual reality display on at least
one surface in the underwater environment.
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In a further related embodiment the surface 1s at least one
wall of the underwater environment.

In another related embodiment using the computer-imple-
mented virtual reality system includes having the user don (1)
a head-mounted display system, such display system includ-
ing at least one sensor to 1dentily at least one position of the
user’s head, wherein the display system and the sensors form
a part of the computer-implemented virtual reality system.

In yet another related embodiment using a computer-
implemented virtual reality system includes having the user
don (1) a head-mounted display system, such display system
including at least one motion-tracking sensor for tracking the
user’s head movement, wherein the display system and the
sensors form a part of the computer-implemented virtual
reality system.

In another related embodiment using a computer-imple-
mented virtual reality system includes using the virtual reality
system to model an experience 1n space.

In another related embodiment the user’s buoyancy in the
underwater environment 1s adjusted to a desired level.

In another related embodiment a position associated with
the user 1s monitored and the virtual reality environment 1s
adjusted 1n a manner responsive to the position.

In a related embodiment the method 1ncludes blocking a
light source transmitting light into the underwater environ-
ment.

In a further related embodiment the method includes using
floating light absorbing materials positioned on an upper
surface of the underwater environment to block a light source.

In another embodiment, the present invention 1s directed to
a method of providing a user with a somatosensory experi-
ence simulating that of a person 1n space. The method
includes having the user don (1) a head-mounted display
system, such display system including at least one sensor to
identify at least one of position and motion of the user’s head,
and (11) underwater breathing apparatus, having the user
occupy an underwater environment, such environment pro-
viding buoyancy to the user and supplying a virtual reality
video mput to the head-mounted display system while the
user occupies the underwater environment. The video input 1s
dynamically modified in accordance with at least one of posi-
tion or motion of the user’s head as determined by the at least
one sensor so that the user experiences virtual reality video
through the head-mounted display under a buoyancy condi-
tion provided by the underwater environment. The buoyancy
condition enhances experience of the virtual reality environ-
ment.

In a related embodiment the user’s buoyancy 1s adjusted.

In a further related embodiment the underwater breathing
apparatus adjusts the user’s buoyancy.

In another related embodiment the user’s buoyancy 1s
adjusted by increasing or decreasing a fluid level 1n a buoy-
ancy control mechanism worn by the user.

Another embodiment of the present invention 1s directed to
a virtual reality apparatus that provides a user with an extra-
terrestrial somatosensory experience. The apparatus includes
an underwater environment i which the user may be
immersed and a computer-implemented virtual reality system
that presents to the user a virtual reality environment within
the underwater environment, the virtual reality environment
modeling an extra-terrestrial setting, and inhibiting visual
perception by the user of 1tems outside of the virtual reality
environment.

In a related embodiment the computer implemented virtual
reality system includes a head-mounted display system, such
display system including at least one sensor to 1dentify at least
one of position and motion of the user’s head, wherein the
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display system and the sensor form a part of the computer-
implemented virtual reality system, the head-mounted dis-
play system integrated with an underwater breathing appara-
tus for use by the user, operative in the underwater
environment.

In another related embodiment the computer implemented
virtual reality system includes an external display in the
underwater environment providing a visual display of the
virtual reality environment.

In yet another related embodiment the apparatus includes
an underwater breathing apparatus.

In a further related embodiment the underwater breathing,
apparatus 1s at least one of a closed circuit breathing apparatus
and a surface air supply system that vents the user’s exhaust
air to the surface.

In another related embodiment the apparatus includes an
ocular mterface having a color filtration system therein.

In yet another related embodiment the underwater environ-
ment includes at least one mirror, the mirror positioned to
project the visual display of the virtual reality environment on
at least one surface of the underwater environment.

In another related embodiment the underwater environ-
ment includes a surrounding accommeodating visual environ-
ment that shrouds, from the user’s perception, 1tems outside
of the virtual reality environment.

In a further related embodiment the surrounding accom-
modating visual environment includes a system of black non-
reflective surfaces.

In another related embodiment the apparatus includes a
buoyancy control mechanism that controls a buoyancy state
of the user.

In a further related embodiment the buoyancy control
mechanism 1s a buoyancy jacket having adjustable fluid pock-
cts therein.

In another related embodiment the apparatus includes an
audio component for transmitting an audible signal to the
user.

In another related embodiment the apparatus includes a
tactile component for transmitting a tactile signal to the user.

In a further related embodiment the tactile component 1s an
underwater tool having an electronic iterface with the com-
puter-implemented virtual reality system.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of the invention will be more
readily understood by reference to the following detailed
description, taken with reference to the accompanying draw-
ings, in which:

FIG. 1 shows a user 1n an underwater environment where
the user 1s equipped with an underwater breathing apparatus
and a head mounted virtual reality display system 1n accor-
dance with an embodiment of the present invention.

FIG. 2 shows a user 1n an underwater environment where
the user 1s equipped with an underwater breathing apparatus
and an external display 1s provided in the underwater envi-
ronment 1 accordance with an embodiment of the present
invention.

FIG. 3 shows a user 1n an underwater environment where
the user 1s equipped with an underwater breathing apparatus
and the user 1s viewing an external display provided by at least
one mirror in the underwater environment reflecting a display
into the user’s field of view 1n accordance with an embodi-
ment of the present invention.
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DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Definitions. As used 1n this description and the accompa-
nying claims, the following terms shall have the meanings
indicated, unless the context otherwise requires:

“Somatosensory experience’” of a user 1s experience by the
user as perceived through the user’s sensory organs and other
sensory receptors throughout the user’s body.

A “virtual reality system™ 1s a computer-based system that
presents to the user a virtual reality environment. The virtual
reality environment 1s presented under conditions wherein the
user 1s inhibited from experiencing visual perceptions that are
deemed 1nconsistent with the virtual reality environment. In
particular, the virtual reality environment 1nhibits visual per-
ception by the user of 1tems outside of this environment, by
for example presenting visual experience of the environment
via a head mounted display that blocks viewing the ambient
environment. Alternatively, the visual experience may be pre-
sented on one or more displays mounted on one or more
surfaces at a distance from the user, under conditions where
viewing the ambient environment 1s inhibited by shrouding
anything that may be viewed 1n a location away from the
displays in a sea of blackness, using, for example, black walls
that are non-retlective. Often the virtual reality environment
models a setting with respect to which a user 1s able to imteract
so that user input modifies the presentation of the setting to
the user. The interaction may be provided i various forms
such as via sensing head motion, user orientation, or via a
game controller or sensing gesture of the user.

An “‘extra-terrestrial” setting modeled 1n a virtual reality
environment 1s a setting other than one based on earth, and
such setting may be fictional. (The gravitational force expe-
rienced by a user 1n many extra-terrestrial environments will
generally be less than the gravitational force the user feels on
carth’s surface.) A setting in space 1s “extra-terrestrial” for
purposes of this definition. A setting inside the earth 1s also
“extra-terrestrial” for purposes of this definition. On the other
hand, a setting in an underwater environment on earth 1s not
“extra-terrestrial” for purposes of this definition.

An “extra-terrestrial” somatosensory experience of a user
1s a somatosensory experience other than one resulting from
carth-based physical activity of the user. A somatosensory
experience of the user 1n space 1s “extra-terrestrial” for pur-
poses of this definition. On the other hand, a somatosensory
experience of the user in an underwater environment on earth
1s not “extra-terrestrial” for purposes of this definition.

Various embodiments of the present invention for simulat-
ing somatosensory experiences under water may be used for
activities such as training, recreational or entertainment
activities, or for therapeutic benefits. Such methods generally
require providing a life support system such as an underwater
breathing apparatus and a system for producing relevant
imagery to a user in three-dimensional format. Embodiments
of the invention provided herein generally allow provision of
buoyancy conditions in an underwater environment that
enhance the experience of the virtual environment. The buoy-
ancy condition or state of the user relates to the net force
exerted on the user both by water surrounding the user 1n the
underwater environment (normally providing an upward
force) and by gravity (which the upward force of the water
counteracts). The buoyancy condition of the user may be
modified by equipping the user with the additional objects,
such as weights; in considering the buoyancy condition we
include the etlfect of such additional objects. The net force
associated with the buoyancy condition may be, but 1s not
required to be, zero. The user may exhibit a buoyancy condi-
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tion through various of the systems and methods provided
herein that simulates a gravitational condition (such as zero
gravity or low gravity) that 1s less than the gravitational force
normally experienced on the earth’s surface. Thus by, adjust-
ing the buoyancy condition of a user, the user experiences
forces that emulate the gravitational forces one would feel 1f
the user were actually 1n the simulated environment thereby
enhancing the experience. As will be described with reference
to the embodiments 1llustrated such methods and systems
may consist of a variety ol components.

In accordance with an embodiment of the present invention
depicted 1in FIG. 1, a user 1s provided with an underwater
breathing apparatus in combination with head mounted dis-
play 3. The head mounted display 3 may be in the form of
goggles. The head mounted display 1s used to provide the user
with a virtual reality experience. The head mounted display
provides the user with three-dimensional visual imagery and
other content that stimulates different senses in the soma-
tosensory system. The content provided by the virtual reality
system generally simulates an extraterrestrial experience
using an underwater environment such as a pool.

The underwater breathing apparatus may be a self-con-
tained breathing apparatus having an air storage device, such
as pressurized gas cylinders, located in backpack 5 or the
underwater breathing apparatus may include a remote air
supply where an umbilical cord, such as cord 4, connects the
user to an air supply system. The air supply system may be
either underwater such as system 9 in FIG. 1 or a surface
supplied system that 1s above water (1.e. the supply 1s not
submerged, but 1s on, outside, or above the surface of the
water). Since the operation depth for typical activity is less
than 35 feet, a very wide range of underwater breathing appa-
ratuses may be implemented. The underwater breathing sys-
tem may be an open circuit system, wherein the exhaled air
exits to the water or a closed circuit system where the exhaled
air 1s processed for re-use as will be discussed turther.

The backpack 5 of the user may be used to carry other
communication or data transmission systems as an alternative
or in addition to housing a portion of the underwater breathing
apparatus.

In some embodiments the user may be provided with a
back up air supply such as an air pipe or other system for
increased salety precautions.

The head mounted display apparatus 3 depicted in FIG. 1
includes a visual display for providing three dimensional or
stereoscopic 1mages. Such a system can be provided 1n a
small and lightweight format that will easily fit into a helmet
such as helmet 6. The images displayed may be animated to
move 1n a predetermined or random manner. A computer
system 20 may be provided for storing the three-dimensional
graphics. The computer system(s) may also control the accel-
eration of the three-dimensional graphics.

A head mounted display 3 for displaying the virtual space
to the user 1 1s connected to system 20. The head mounted
display apparatus 3 may also include headphones 7 or an
alternative audio system for transmitting sound to the user.
The head mounted display 3 may also be equipped with
sensors, such as accelerometers or angular rate sensors, or
other 1nertial tracking systems to detect specified motions of
the user so that proper adjustments to the virtual environment
being displayed may be provided. Other sensors, such as
sensor 17 or other sensors on other parts of the user or the
user’s extremities, for detecting user feedback, position, ori-
entation, or responses may transmit data about the user’s
interaction 1n real space (the underwater environment) to
system 19 for further processing. The transmitted data may
include imformation about the user’s head motion or other
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body motion as well as other body conditions (temperature,
relative location, etc). This data may be transmitted via a
physical electrical connection designed for underwater use or
it may be wirelessly transmitted. System 19, which may be
located 1n the underwater environment or outside of the envi-
ronment, calculates the user’s conditions and responses to
provide commands to system 20 that cause the virtual envi-
ronment to be adjusted. System 20 may also be remotely
located with respect to the user in the underwater environ-
ment or outside of the environment.

In some embodiments the head mounted display may be
controlled by an onsite system located with the user. For
example the control system may be 1n the user’s helmet 6, 1n
the user’s backpack 5, or i other suitable locations in the
user’s underwater equipment. Accordingly, the user may be
completely free of any tethers or links 1n some embodiments.

The user 1 will generally be wearing an underwater dry suit
2, which may 1nclude additional components that help simu-
late the virtual environment and experience and which may be
styled like a space suite. The underwater dry suit 2 may be
integral with or capable of integrating with helmet 6, gloves
23, and boots 24. Suit 2, helmet 6, gloves 23, and boots 24,
may each be equipped with sensors for detecting relative
positions of the body, head, hands, or feet, as well as accel-
eration or other characteristics such as temperature of the
same. The suit 2 will provide the expected characteristics of a
traditional dry suit, keeping the user dry, but may also be
equipped with additional features required to enhance the
reality of the virtual environment. By way of example, such
features may include, but are not limited to, adjustable tem-
perature elements, systems for inducing motion or exerting a
force on the user, or passages for air flow. The suit may
include adjustable buoyancy systems for maintaining or alter-
ing the buoyancy or position of the user. Additionally, the
underwater breathing apparatus may be an integral part of the
suit and the suits buoyancy may be adjusted such that the
underwater breathing apparatus 1s virtually unnoticeable to
the user.

Helmet 6 will generally be provided with a transparent
portion that may be made of glass, plastic or another synthetic
material that provides the appropriate strength to withstand
appropriate water pressure and impacts. As indicated the hel-
met should be integrated with the user’s suit in such a way that
creates a water tight seal.

The suit 2 may also be provided with water, oxygen, and or
CO2 sensors so that leaks may be detected and the appropriate
safety measures may be timely implemented.

In general buoyancy adjustments will be made through the
user’s suit or other equipment provided to the user (user’s
backpack, etc) to maintain the user at the desired buoyancy
state, for example a neutral buoyancy state for simulation of a
zero gravity environment. By way of example the inner side
layers of the user’s dry suit or other outer suit may include
multiple independently adjustable air pockets or foam pads to
provide the user with a more realistic feeling of weightless-
ness. Other forms of buoyancy control mechanisms may be
provided 1n order to alter the cumulative differential forces
experienced by the user. Adjustments may be made to the
user’s buoyancy by adjusting the buoyancy control mecha-
nism provided to the user. The adjustments may include
increasing or decreasing fluid levels of the buoyancy control
mechanism. Furthermore, the buoyancy control mechanism
may be operable through manual adjustments made by an
operator from a remote location. The control mechanism may
also be adjusted automatically 1n accordance with the virtual
environment either remotely or through a system onsite with
the user. For example, when the user 1s provided with a head




US RE45,525 E

7

mounted display that i1s controlled onsite through a system
located with the user, the system may be also be capable of
controlling the buoyancy control mechamism 1n accordance
with the virtual environment being experienced by the user.

In addition to the zero-gravity adjustable buoyancy sys-
tems within the suit, the suit may also include an inflatable
emergency system capable of quickly returning the user to the
surface.

The electronic systems provided in backpack 5 can connect
the user to a remote system on the surface or away from the
user through chord 4. Accordingly, chord 4 may serve mul-
tiple purposes of linking the user with an air supply as afore-
mentioned and/or linking the user with other remote elec-
tronic systems.

The head mounted display 3 may 1n some embodiments be
capable of remote adjustments. For example, the head
mounted display may be actuated by the user or by a remote
operator to be cleared from the user’s line of sight. Clearing
the display from the user’s line of sight may be achieved
through an electro-mechanical linkage that causes the head
mounted display to rotate upward. This type of actuation
allows a user to have an unobstructed view when the simula-
tion has ended or 1s paused without the need to remove the
helmet 6 or complete some other complex physical feat to
access their face.

The user 1 may be provided with a hand controller 22 to
control the display, to access their communication systems, or
control any other feature in the event that the user is training
or participating in a game.

In some embodiments the head mounted display 3 may be
provided with a camera so that the user can view objects in
their surrounding such as the space shuttle simulator 215
illustrated 1n FIG. 2. In those embodiments a computer sys-
tem such as system 20 can switch or alter the view of user 1 in
the head mounted display 3 such that the user can obtain the
appropriate sensations that stmulates user 1 physically work-
ing on or with systems physically 1n his or her environment
while maintaining the sensation of being in the virtual envi-
ronment.

In other embodiments the user may have equipment and
systems similar to those depicted 1n FIG. 1 with the exception
of the head mounted display. As demonstrated in FIG. 2 as an
alternative to the head mounted display user 1 may be pro-
vided with an external display 210, which may include one or
more screens. The external display may include any display
that 1s directly or indirectly viewable from the underwater
environment, which 1s not provided by the head mounted
display. The embodiment illustrated in FIG. 2 utilizes an
external display screen that 1s submersible. Alternatively, the
display may be provided on a screen that 1s viewable through
a transparent wall of the pool. The images provided on the
external screen may be three-dimensional images. The
images may be made displayed 1n a three dimensional format
through the use of polarization techniques wherein two
images are projected with orthogonal polarization and the
user 1s equipped with polaroid glasses whose polarization
axes are arranged at right angles to one another. Alternatively,
a three-dimensional effect may be provided by the user 1
viewing temporally separated images through eyeglasses
connected to a video system. Other methods of providing the
user with a three-dimensional or stereoscopic view when
using either an external or head mounted display may be
provided.

In our definition of “virtual reality system™ above, we said
that the virtual reality environment inhibits visual perception
by the user of items outside of this environment. A head-
mounted display 1n accordance with FIG. 1 will inhibit visual
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perception by the user of items outside of the virtual reality
environment by blocking viewing of the ambient environ-
ment. However, an external display, such as illustrated in FIG.
2, does not inherently limit the user’s field of vision. Conse-
quently it 1s necessary to use in conjunction with the external
display, other means of inhibiting visual perception by the
user of 1tems outside of this environment.

In order to promote the immersion of an underwater user
into a virtual environment, 1t 1s important to consider both the
image signal that the user can see and the surrounding envi-
ronment visible to the user. We have said that 1n a virtual
reality system the user 1s inhibited from experiencing visual
perceptions that are deemed inconsistent with the virtual real-
ity environment. Accordingly, the surrounding environment
percetvable by the user should be integrated with the images
displayed and should not provide visual references that are
inconsistent with the display. The image displayed to the user
may not always occupy the user’s field of view; thus, other
visual references, such as edges of the pool, outside light
sources, reflections from the surface of water, or even the
bubbles of the user’s exhalation, which might distract the user
or cause the virtual environment to feel less genuine, should
be suitably camoutlaged, hidden, or integrated in a manner
depriving the user of a reference to the conventional under-
water environment. For example, if the user 1s able to see
these visual references, that perception might increase the
user’s feeling of being 1n a pool or underwater environment,
so as to interfere with the user’s experience of being
immersed within a virtual environment. Accordingly, those
visual references conflicting with the user’s experience of the
“1mmersive extra terrestrial environment” are inhibited.

Thus, the lights from these visual references should be
controlled, or more precisely absorbed and/or blocked sig-
nificantly, from entering user’s eyes and the user’s ability to
see such reference cues should be shrouded. There are various
ways that these goals might be achieved. For example a light
source might be controlled, absorbed or blocked at or very
close to the light source. This might be achieved by building
an indoor environment so that 1llumination to the pool from
outside light sources can be controlled. Additionally, the pool
surfaces not participating in the 1mage signal display may be
treated with light absorbing maternals so that a user may not
perceive surfaces, edges, etc. Another way of controlling
distracting visual references such as light includes blocking
the light transmission path between the source and the under-
water environment. For example to resolve the reflection
from the water to air surface, tloating light absorbing mate-
rials can be placed on the surface of the water so that the
incoming and outgoing reflections from the water to air sur-
face can be absorbed. Yet another way of controlling the
distracting visual references includes absorbing or blocking
light near the eyes of the user. For example, the user may be
equipped with a head mounted display having an eyecup that
blocks almost all lights the user can see, thereby allowing the
user to focus on the image provided in the head mounted
display.

Through control of a visual reference, either at the source
or 1n between the source and the user, embodiments of the
invention that do not include a head mounted display are able
to provide the user with a surround accommodating visual
environment (“SAVE”).

Virtual reality 1s limited when the only visual stimulation 1s
provided or displayed to a user. The human body uses three
different senses to resolve motion and acceleration cues like
those simulated in virtual reality. Visual stimulation 1s
adequate to percerve the motion of an external object such as
a bouncing ball, but 1s insufficient to fully demonstrate seli-
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motion. Reliance on purely the visual scene, therefore, nec-
essarily invites conflict between the visual system and the two
remaining centers for motion sensation that remain dormant
and, therefore, does not reinforce the wvisual sensations.
Accordingly, notwithstanding provision of a SAVE, the user
still may not feel completely immersed 1n an extra terrestrial
environment without engagement of additional non-visual
senses such as touch to resolve force or acceleration. Orga-
nizations such as NASA have engaged in the use of water
submersion for simulation of low gravity conditions by their
astronauts. When the force feelings provided by an underwa-
ter life support system which includes breathing means and
buoyancy control means, are confirmed by the surrounding,
visual cues provided by the SAVE, the immersive sensation of
the extraterrestrial environment may be achieved. Accord-
ingly, some embodiments of the mvention provide simula-
tions that will engage the user’s tactile and hearing sense in a
manner consistent with the visual display and surrounding
visual cues provided by the SAVE.

In some embodiments the external display may be pro-
vided 1n such a format that surrounds the user so that the user
teels as though he or she 1s 1n the environment being simu-
lated. To achieve this sensation the external screen may be
displayed on the sidewalls and the bottom surface of the pool
and or the pool may have a spherical shape, with no apparent
edges 1n the user’s field of view. The underwater environment
may be structured to provide a display as in a cave automatic
virtual environment, also known as “CAVE”, wherein the
visual display 1s provided on multiple walls of the underwater
environment so that the user i1s surrounded by the virtual
environment and has a more realistic sensation of being
immersed 1n the environment depicted by the virtual environ-
ment.

As we discuss above, it 1s important to inhibit visual per-
ception by the user of items outside of the virtual reality
environment. FIG. 2 thus 1llustrates other objects that may be
used 1n this connection when an external display 1s provided.
These objects may include a space shuttle simulator 2135 and
light-absorbing foam blocks 211 floating on the surface of the
water environment to prevent ambient light from entering the
user’s field of view and otherwise distract the user’s visual
experience of the virtual reality environment. Other objects
may be provided 1n related embodiments in order to enable
and enhance the realism of the virtual environment or expe-
rience, such as underwater tools useful 1n training exercises.
Objects, such as the tools, may also be adjustable to a state of
neutral buoyancy and may have an electrical iterface with
the virtual environment such that the user’s interaction with
the tool 1s depicted 1n the virtual environment. Additionally,
the inner surface of the pool may be decorated to increase the
reality of the virtual environment. For example the non-dis-
play portions of the pool surface may be painted with light
absorbing materals.

Objects such as the light absorbing blocks may also be
painted black. Theses blocks may be positioned 1n specific
locations to block external light sources from penetrating into
the underwater environment. The blocks will also help pre-
vent the visually displayed virtual environment being dis-
played 1n the underwater environment from being reflected
onto an upper surface of the underwater environment. Other
mechanisms may be used to inhibit visual perception by the
user ol items outside of the virtual reality environment,
including, but not limited to providing a controlled indoor
environment with adaptive and adjustable lighting systems.

FIG. 3 shows another embodiment that demonstrates the
use of an external display as opposed to a head mounted
display. In FIG. 3 mirror 320 1s used to project the images
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provided on display 310 into the field of view of user 1. A
mirror may be placed in the water 1n such a manner that the
user 1s unable to see his or her reflection, but rather sees a
visual display of the virtual environment reflected in the mir-
IOr.

In the embodiment where an external display 1s provided
the user will need to see through the water to have a view of
the display. As such the user may be provided with a color
filter system integrated into the user’s helmet, goggles, or
other form of ocular interface to compensate for the un-even
transparency of water in the visible spectrum range. Alterna-
tively, the external display may be adjusted or electronically
filtered to compensate for the light absorption by water. This
will generally require strengthening the red-end of 1llustrated
spectrum according to the absorption curve and distance so
the user sees an 1mage that 1s white-balanced.

In some of the disclosed embodiments the choice of under-
water breathing apparatus may be dictated by the display
system being utilized. For example, in the event that the user
1s using a system having an external display, a self-contained
breathing apparatus with a closed circuit system may be more
advantageous as such a system would essentially eliminate
bubbles, thereby providing the user with a more realistic
experience. If the user 1s using a system with a surface sup-
plied air system and an external display, the user’s exhaust air
may still be vented to the surface to eliminate bubbles being
produced 1n the user’s field of view.

Alternatively, 1n the case where a user 1s supplied with a
head-mounted display, bubbles may be less of a concern and
the user may be provided with a breathing apparatus that
vents directly into the water (1.e. an open circuit breathing
system).

The embodiments of the ivention described above are
intended to be merely exemplary; numerous variations and
modifications will be apparent to those skilled 1n the art. All
such variations and modifications are intended to be within
the scope of the present invention as defined 1n any appended
claims.

What 1s claimed 1s:

1. A method of providing a user with an extra-terrestrial
somatosensory experience, the method comprising:

equipping the user with an underwater breathing appara-

tus;
having the user occupy an underwater environment, such
environment providing buoyancy to the user; and

while the user occupies the underwater environment, using
a computer-implemented wvirtual reality system to
present to the user a virtual reality environment model-
ing an extra-terrestrial setting, the virtual reality system
inhibiting visual perception by the user of 1items outside
of the virtual reality environment, wherein using a com-
puter-implemented virtual reality system 1ncludes hav-
ing the user don a head-mounted display system, such
display system including at least one sensor to identify at
least one position of the user’s head, wherein the display
system and the sensors form a part of the computer-
implemented virtual reality system:;

so that the user experiences the virtual reality environment

under a buoyancy condition provided by the underwater
environment, such buoyancy condition enhancing expe-
rience of the virtual reality environment.

2. A method according to claim 1, wherein using a com-
puter-implemented virtual reality system includes using the
virtual reality system to model an experience 1n space.

3. A method according to claim 1, wherein the head-
mounted display system includes a camera to provide a
source of real-world images, and wheremn the computer-
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implemented virtual reality system selectively displays the
real-world images or mixes the real-world images with virtual
images for the virtual reality environment presented to the
user.

4. A method of providing a user with an extra-terrestrial
somatosensory experience, the method comprising:

equipping the user with an underwater breathing appara-

tus;

having the user occupy an underwater environment, such

environment providing buoyancy to the user; and
while the user occupies the underwater environment, using
a computer-implemented wvirtual reality system to
present to the user a virtual reality environment model-
ing an extra-terrestrial setting, the virtual reality system
inhibiting visual perception by the user of items outside
of the virtual reality environment, wherein using a com-
puter-implemented virtual reality system includes hav-
ing the user don a head-mounted display system, such
display system including at least one motion tracking
sensor for tracking the user’s head movement, wherein
the display system and the sensors form a part of the
computer-implemented virtual reality system:;
so that the user experiences the virtual reality environment
under a buoyancy condition provided by the underwater
environment, such buoyancy condition enhancing expe-
rience of the virtual reality environment.

5. A method according to claim 4, further comprising:

adjusting buoyancy of the user in the underwater environ-

ment to a desired level.

6. A method according to claim 4, further comprising;:

monitoring a position associated with the user and adjust-

ing the virtual reality environment 1n a manner respon-
stve to the position.

7. A method according to claim 4, wherein the head-
mounted display system includes a camera to provide a
source of real-world images, and wheremn the computer-
implemented virtual reality system selectively displays the
real-world images or mixes the real-world images with virtual
images for the virtual reality environment presented to the
user.

8. A method of providing a user with an extra-terrestrial
somatosensory experience, the method comprising:

equipping the user with an underwater breathing appara-

tus;

having the user occupy an underwater environment, such

environment providing buoyancy to the user;

while the user occupies the underwater environment, using

a computer-implemented wvirtual reality system to
present to the user a virtual reality environment model-
ing an extra-terrestrial setting, wherein using a com-
puter-implemented virtual reality system includes pro-
viding a virtual reality display on at least one surface 1n
the underwater environment, the virtual reality system
inhibiting visual perception by the user of items outside
of the virtual reality environment; and

using floating light absorbing materials positioned on an

upper surface of the underwater environment to block or
substantially reduce light from outside of the underwater
environment from entering the underwater environment
or light from inside the underwater environment from
being reflected on the upper surface;

so that the user experiences the virtual reality environment

under a buoyancy condition provided by the underwater
environment, such buoyancy condition enhancing expe-
rience of the virtual reality environment.
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9. A method according to claim 8, further comprising:

adjusting buoyancy of the user 1n the underwater environ-

ment to a desired level.

10. A method according to claim 8, further comprising:

monitoring a position associated with the user and adjust-

ing the virtual reality environment 1n a manner respon-
stve to the position.
11. A method of providing a user with a somatosensory
experience simulating that of a person 1n space, the method
comprising;
having the user don (1) a head-mounted display system,
such display system including at least one sensor to
identify at least one of position [and] or motion of the
user’s head, and (1) underwater breathing apparatus;

having the user occupy an underwater environment, such
environment providing buoyancy to the user; and

while the user occupies the underwater environment, sup-
plying a virtual reality video mput to the head-mounted
display system, such video input being dynamically
modified 1n accordance with at least one of position or
motion of the user’s head as determined by the at least
one sensor; so that the user experiences virtual reality
video through the head-mounted display under a buoy-
ancy condition provided by the underwater environ-
ment, such buoyancy condition enhancing experience of
the virtual reality environment.

12. A method according to claim 11, further comprising;:

adjusting the user’s buoyancy.

13. A method according to claim 12, wherein the underwa-
ter breathing apparatus adjusts the user’s buoyancy.

14. A method according to claim 11, wherein the user’s
buoyancy 1s adjusted by increasing or decreasing a fluid level
in a buoyancy control mechanism worn by the user.

15. A method according to claim 11, further comprising;:

remotely adjusting the head mounted display system

including clearing at least a portion of the display from
the user’s line of sight.

16. A method according to claim 15, wherein the remote
adjustments are actuated by the user or by a remote operator.

17. A method according to claim 11, wherein the head-
mounted display system includes a camera to provide a
source of real-world 1mages, and wherein the virtual reality
video 1put to the head-mounted display system selectively
includes the real-world 1images or a mixture of the real-world
images with virtual images.

18. A virtual reality apparatus for providing a user with an
extra-terrestrial somatosensory experience, the apparatus
comprising;

an underwater environment in which the user may be

immersed wherein the underwater environment includes
tloating light absorbing materials positioned on an upper
surface of the underwater environment to block or sub-
stantially reduce light from outside of the underwater
environment from entering the underwater environment
or light from 1inside the underwater environment from
being reflected on the upper surface; and

a computer-implemented virtual reality system that pre-

sents to the user a virtual reality environment within the
underwater environment, the virtual reality environment
modeling an extra-terrestrial setting, and inhibiting
visual perception by the user of items outside of the
virtual reality environment, wherein the computer-
implemented virtual reality system includes an external
display 1n the underwater environment providing a
visual display of the virtual reality environment.
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19. An apparatus according to claim 18, further compris-
ng:

an underwater breathing apparatus.

20. An apparatus according to claim 19, wherein the under-
water breathing apparatus 1s at least one of a closed circuit
breathing apparatus and a surface air supply system that vents
the user’s exhaust air to the surface.

21. An apparatus according to claim 18, further compris-
ng:

a color filtration system for white balancing the visual

display of the virtual reality environment.

22. An apparatus according to claim 18 wherein the under-
water environment includes at least one mirror, the mirror
positioned to project the visual display of the virtual reality
environment on at least one surface of the underwater envi-
ronment.

23. A virtual reality apparatus for providing a user with an
extra-terrestrial somatosensory experience, the apparatus
comprising:

an underwater environment 1n which the user may be
immersed; and

a computer-implemented virtual reality system that pre-
sents to the user a virtual reality environment within the
underwater environment, the virtual reality environment
modeling an extra-terrestrial setting, and inhibiting
visual perception by the user of items outside of the
virtual reality environment, wherein the computer
implemented virtual reality system includes:

a head-mounted display system, such display system
including at least one sensor to 1dentify at least one of
position [and] o motion of the user’s head, wherein the
display system and the sensor form a part of the com-
puter-implemented virtual reality system, the head-
mounted display system integrated with an underwater
breathing apparatus for use by the user, operative in the
underwater environment.
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24. An apparatus according to claim 23, further compris-
ng:

a buoyancy control mechanism that controls a buoyancy

state of the user.

25. An apparatus according to claim 24 wherein the buoy-
ancy control mechanism 1s a buoyancy jacket having adjust-
able tluid pockets therein.

26. An apparatus according to claim 23, further compris-
ng:

an audio component for transmitting an audible signal to

the user.

2'7. An apparatus according to claim 23, further comprising

a tactile component for transmitting a tactile signal to the

user.

28. An apparatus according to claim 27, wherein the tactile
component 1s an underwater tool having an electronic inter-
face with the computer-implemented virtual reality system.

29. An apparatus according to claim 23, wherein the head
mounted display system 1s capable of remote adjustments
including clearing at least a portion of the display from the
user’s line of sight.

30. An apparatus according to claim 29, wherein the head
mounted display includes an electro-mechanical linkage
capable of causing the head mounted display to rotate
upward.

31. An apparatus according to claim 29, wherein the
remote adjustments are capable of being actuated by the user
or by a remote operator.

32. An apparatus according to claim 23, wherein the head-
mounted display system includes a camera to provide a
source of real-world images, and wherein the computer-
implemented virtual reality system selectively displays the
real-world images or mixes the real-world images with virtual
images for the virtual reality environment presented to the
user.
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