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(87) Abstract

The invention causes a panoramic
view to be realistically displayed to a view-
ing audience. A fixed display device (201)
displays a portion of the panoramic view
and a rotating support structure (202) sup-
ports the viewing audience. The orientation
of the portion of the panoramic view shown
by the display device changes in coordina-
tion with the rotation of the support struc-
ture, while the viewing audience changes
its viewing direction to continue looking
at the display device. The characteristics
of the system (in particular, the rotation
of the support structure) are controlled so
that the viewing audience is not conscious
of the movement of the support structure,
but thinks, instead, that the display device
(and the displayed portion of the panoramic
view) is moving about the support structure
as the viewing audience changes its view-
ing direction. The invention can be imple-
mented as a non-interactive system in which
the system operates independently of the
viewing audience. Alternatively, the inven-
tion can be implemented as an interactive
system in which the orientation of the dis-
played portion of the panoramic view and
the position of the support structure rotate
in response to viewer input. The interactive
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system can be implemented either as a direct control system or a feedback control system.




AM
AT
AU
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
Cl
CM
CN
Ccs
cz
DE
DK
EE
ES
FI
FR
GA

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Annenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada
Central African Republic
Congo
Switzerland
Cote d'lIvoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

GB
GE
GN

HU
1E
IT
JP
KE
KG
KP

KR
KZ
L1
LK
LR
LT
LU
LY
MC
MD
MG
ML
MN
MR

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

haly

Japan

Kenya

Kyrgystan
Democratic People's Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenslein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

MW
MX
NE
NL
NO
NZ
PL

RO
RU
Sb
SE
SG
SI

SK
SN
SZ
™
TG
TI

UA
uG
us
vz

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




10

15

20

25

30

WO 97/22909 PCT/US96/20372

- 1 -

PANORAMIC DISPLAY WITH STATIONARY DISPIAY
DEVICE AND ROTATING SUPPORT STRUCTURE

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to the display of panoramic views
and, in particular, to the display of panoramic views using a
system that includes a stationary display device and a
rotating viewer support structure to create the illusion that
the display device moves around a viewing audience as the
viewing audience changes viewing direction to view different
parts of the panoramic view.

2. Related Art

Some video display systems simulate motion of the
viewing audience. Generally, such video display systems
include a display device and a support structure for
supporting the viewing audience (which can be a single viewer
or a group of viewers). Often, the display device and
support structure interact in some way to enhance the motion
simulation.

In one type of motion simulation video display system,
the display device (and the viewer's viewing direction)
remains fixed while the support structure moves. A vehicle
simulator (e.g., flight simulator) and a motion platform
(e.g., certain theme park rides) are examples of such
systems. The display device can show either linear or
rotational motion. The support structure moves so as to
transmit the sensation of inertial forces. The movement of
the support structure is synchronized with the display device
S0 that the motion sensations experienced by the viewing
audience correspond to the video image being shown on the
display device. However, in some situations, such as
panoramic theaters, it is desirable to simulate motion of the



10

15

20

25

30

WO 97/22909 PCT/US96/20372

-2 -

viewing audience without transmitting physical sensations of
movement of the support structure. This type of motion
simulation video display system does not meet this need.

In another type of motion simulation video display
gystem, the support structure remains fixed while the display
device (and a viewer's viewing direction) moves. Virtual
reality display devices are examples of such systems (the
stationary support structure being, for example, a chair, and
the moving display device being, for example, headgear
including a display). The display device can show either
linear or rotational motion. The motion of the display
device causes the viewer to perceive motion of the viewer
relative to the displayed environment. However, it is
desirable to produce simulated motion of a viewing audience
by keeping the display device fixed while the support
structure moves, since systems including a moving display

device are typically more difficult and expensive to
construct.

SUMMARY OF THE INVENTION

The invention causes a panoramic view to be

realistically displayed to a viewing audience. A system
according to the invention includes a display device for
digplaying a portion of the panoramic view and a support
structure for supporting the viewing audience. The display
device remains fixed while the support structure rotates.

The orientation of the portion of the panoramic view shown by
the display device changes in coordination with the rotation
of the support structure (i.e., at the same rotational speed
or speeds and about the same rotational axis or axes). The
viewing audience changes its viewing direction to continue
looking at the display device. The characteristics of the
system (in particular, the rotation of the support structure)
can be controlled so that the viewing audience is not

conscious of the movement of the support structure (i.e.,
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does not receive physical sensations of movement, such as
sensations of inertial forces or vestibular sensations), but
thinks, instead, that the display device (as well as the
portion of the panoramic view shown by the display device) is
moving about the support structure as the viewing audience
changes its viewing direction. Since the system according to
the invention includes a stationary display device and a
rotating support structure, the system can be constructed
more simply and cheaply than systems that include a rotating
display device and a stationary support structure.

The invention can be implemented as a non-interactive
system in which the system operates independently of the
viewing audience. For the non-interactive system to work as
intended, the viewing audience continually changes viewing
direction to keep looking at the display device as the
support structure rotates.

The invention can also be implemented as an interactive
system in which the orientation of the displayed portion of
the panoramic view and the position of the support
structure rotate in response to viewer input. The
interactive system can be implemented either as a direct
control system or a feedback control system. In the direct
control system, the viewing audience changes viewing
direction to continue looking at the display device as the
support structure rotates in response to viewer control. In
the feedback control system, the orientation of the panoramic
view on the display device and the support structure rotate
in response to sensed changes in the viewer's viewing
direction.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and 1B are sgimplified representations of a

system according to the invention, illustrating operation of
the system.

FIG. 2A is a block diagram of a "non-interactive" gsystem
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according to the invention.

FIG. 2B is a perspective view of a panoramic theater
according to the invention.

FIG. 3A is a block diagram of an "interactive" system
according to the invention.

FIG. 3B is a block diagram of another "interactive"
system according to the invention.

FIG. 3C is a block diagram of yet another "interactive"
system according to the invention.

DETAILED DESCRIPTION QF EMBODIMENTS OF THE INVENTION
FIGS. 1A and 1B are simplified representations of a

system 100, illustrating operation of a system according to
the invention. The system 100 includes a display device 101
and a support structure 102. A viewing audience 103 (which
can be a single viewer or a group or viewers) is supported by
the support structure 102. A portion of a panoramic view 104
(represented by a dashed circle in FIGS. 1A and 1B) is
displayed on the display device 101. (As illustrated in
FIGS. 1A and 1B, only that portion of the panoramic view 104
that intersects the display device 101 is displayed at any
given time.) Herein, "panoramic view" is used to refer to a
scene that encompasses all angular viewpoint orientations
about a fixed point.

In FIG. 1A, the viewing audience 103 has a viewing
direction 105 (illustrated by a directional arrow) such that
the viewing audience 103 is looking at the display
device 101. The support structure 102 is oriented so that
the location C on the support structure 102 is in line with
the viewing direction 105. The display device 101 displays a
portion of the panoramic view 104 such that a location A
within the panoramic view 104 is centered on a display screen
of the display device 101.

FIG. 1B illustrates the system 100 after the orientation
of the portion of the panoramic view 104 shown on the display

e
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device 101 has been changed so that the location B within the
panoramic view 104 is centered on the display screen of the
display device 101. In FIG. 1B, the orientation of the
pancramic view 104 has been rotated approximately 90° from
the orientation in FIG. 1A, as shown by the locations A

and B. As the orientation of the panoramic view 104 changes
(i.e., rotates), the support structure 102 is rotated. In
FIG. 1B, the support structure 102 has been rotated
approximately 90° (the same amount by which the orientation
of the panoramic view 104 has been rotated), as shown by the
location C on the support structure 102. In order to
continue looking at the display device 101, the viewing
audience 103 must change its viewing direction 105 with
respect to the support structure 102 (i.e., keep the
directional arrow pointing toward the display device 101).
(The manner in which the viewing direction of the viewing
audience 103 is changed can depend upon the particular
embodiment of the support structure 102, as discussed further
below}). The support structure 102 and the orientation of the
panoramic view 104 are rotated at the same speed, so that as
the viewing audience 103 changes viewing direction, the
viewing audience 103 sees the portion of the panoramic

view 104 that would have been seen if the viewing

audience 103 was actually in the environment of the panoramic
scene and changed their viewing direction.

An important aspect of the invention is that certain
characteristics of the system 100 can be controlled so that
the perception of inertial forces (i.e., centrifugal and
coriolis forces) and vestibular sensations by the viewing
audience 103 is inhibited. The viewing audience's movement
to change viewing direction (with respect to the support
structure 102) to keep looking at the display device 101 also
inhibits these perceptions, both because of the movement of
the viewing audience 103 and because the viewing audience 103
stays focused on a display screen that stays fixed with

-
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respect to the viewing audience 103 in the inertial reference
frame. Since the perception of physical sensations
associated with rotation of the support structure 102 are
inhibited, the viewing audience 103 perceives that the
support structure 102 remains stationary and that the display
device 101 moves around the viewing audience 103 as the
viewing audience 103 changes its viewing direction.

As indicated, certain characteristics of the system 100
can be controlled to inhibit the perception of the physical
sensations associated with movement of the support
structure 102. For example, the rotational velocity and
acceleration of the support structure 102 is an important
parameter that should be carefully controlled. The maximum
allowable rotational velocity can depend on other physical
characteristics of the system 100. However, based upon
testing of systems according to the invention and upon prior
research into the effects of rotation upon humans, it is
believed that maintaining a constant velocity of 1 rpm or
less should adequately inhibit the perception of rotation of
the support structure 102. Further, the rotational
acceleration is ideally maintained at zerc; however, since
the support structure 102 must be accelerated from rest to a
constant operating speed, this acceleration is desirably kept
as low as practicable, e.g., on the order of 10 rev/min?.

Additionally, the distance from the viewing audience 103
to the display screen of the display device 101, the distance
of the viewing audience 103 from the center of rotation of
the support structure 102, and the size (in particular, the
width) of the display screen of the display device 101 can
all be important, particularly as these quantities relate to
each other and to the rotational speed of the support
structure 102. Some of these quantities and their
interrelationships are discussed, for instance, in a paper
entitled WSpatiél Correspondence in Motion Picture Dispiay",
by Michael Naimark, SPIE Vol. 462 Optics in Entertainment II

——
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(1984), the disclosure of which is incorporated by reference
herein. For example, for a given display screen size, rate
of rotation of the orientation of the panoramic view, and
focal length of the lens used to obtain the panoramic view,
there exists an optimum rate of rotation of the viewing
audience, determined as discussed in the Naimark paper.

To facilitate explanation of the invention, the
illustration and discussion of the invention above with
respect to FIGS. 1A and 1B is made for rotation of the
support structure (and panoramic view) about a single axis.
It is to be understood that rotation of the support structure
and panoramic view can occur about any axis and, moreover,
such rotation can occur about more than one axis
simultaneously (e.g., two axes that are perpendicular to each
other). The principles of the invention discussed above can
apply to each axis about which rotation occurs.

Since the system 100 includes a stationary display
device 101 and a rotating support structure 102, the
system 100 can be constructed more simply and cheaply than
systems that include a rotating display device and a
stationary support structure. This is particularly so for
the wide angle display screens that are necessary to create
the illusion of immersion in the environment of a panoramic
view, due to the difficulty of coupling large rotating
display screens accurately with projectors that can be used
to produce the display of the panoramic view and the
difficulty of conveying electrical power and signals for
generating the display across a rotational bearing or
bearings that would be necessary to allow the display screen
to rotate.

FIG. 2A is a block diagram of a system 200 according to
one embodiment of the invention. The system 200 includes a
display device 201, a support structure 202, a display
control device 203, 4 support structure rotation device 204
and a synchronization device 205. The system 200 is a "non-
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interactive" system that operates independently of the
viewing audience. The display device 201 displays a portion
of a panoramic view, the orientation of which is rotated at a
specified speed (e.g., 1 rpm). Rotation of the panoramic
view 1is synchronized with rotation of the support

structure 202. In order to appreciate the effects of the
gystem 200, the viewing audience must rotate their viewing
direction with respect to the support structure 202 so as to
compensate for the rotational motion of the support

structure 202.

The display device 201 can be any conventional display
device, such as a conventional motion picture projector and
screen, a computer including a display monitor, or a
television.

The display control device 203 includes a display
controller and a display generator and can be implemented by
any conventional such devices. The particular display
controller and display generator used can depend upon the
particular type of display device 201 that is used. For
example, if the display device 201 is a computer display
monitor, the display generator can be a VGA board. The
display control device 203 can be implemented for example, as
an appropriately programmed digital computer that causes the
panoramic view on the display device 201 to be updated (from
existing video image data - stored on, for example, a hard
disk of the computer - representing the panoramic view at
different orientations) at a rate that results in rotation of
the orientation of the panoramic view at the specified speed.

The support structure rotation device 204 can be any
conventional device or devices, such as a motor or motors,
that can drive the support structure 202 to rotate. As
suggested above, the support structure rotation device 204
can be constructed to enable rotation of the support
structure 202 about more than one axis at a time.

The synchronization device 205 synchronizes the display

—
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of the panoramic view on the display device 201 with the
rotation of the support structure 202. Since both of these
rotations occur at the same speed (e.g., 1 rpm) about the
same axis or axes, the synchronization device 205 can be, for
example, a motor controller or controllers that control the
motor or motors (support structure rotation device 204) to
rotate the support structure 202 at the specified rotational
speed or speeds.

The support structure 202 can be embodied in any of a
variety of ways. For example, the support structure 202 can
be a chair, a platform, or a suspended support harness. It
is anticipated that, for embodiments of the invention in
which the support structure 202 rotates simultaneously about
more than one axis, the support structure 202 should be
embodied by a structure that securely holds the viewing
audience in place (e.g., a chair or harness).

In a particular embodiment of the system 200, the
support structure 202 is a rotating platform. The rotating
platform can be constructed in any of a number of ways that
are known to those skilled in the art. The rotating platform
can be operably coupled to the support structure rotation
device 204 (e.g., motor) using known techniques and
apparatus. The rotating platform should be made large enough
Lo support an anticipated number of viewers. An embodiment
of the invention in which the support structure 202 is a
rotating platform can be used, for example, to implement a
panoramic theater in which an audience gradually turns on the
rotating platform to watch the sweeping of a panoramic view
shown on the display device 201. When the invention is ugsed
to implement a large-scale panoramic display such as a
panoramic theater, the display screen of the display
device 101 can be curved (e.g., the display screen can have a
circular curvature) to enhance the panoramic effect. FIG. 2B
is a perspective view of a panoramic theater according to the
invention. (Components of the panoramic theater of FIG. 2B
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that are the same as components of the system 200 of FIG. 2A
are designated by the same numerals.)

In a particular embodiment of the invention in which the
support structure 202 is a circular rotating platform, the
diameter of the rotating platform is 16 feet. The display
screen of the display device 201 preferably has a circular
curvature. The distance from the center of the rotating
platform to the edges of the display screen of the display
device 201 is also 16 feet. (It is believed that the
distance from the center of the rotating platform to the
display device 201 should be at least eight feet from the
closest point a viewer can come to the display screen for
stereoscopic applications, and sixteen feet for monoscopic
applications.) The width of the display screen (measured
along the chord extending between ends of the display screen)
of the display device 201 is, likewise, 16 feet, so that the
displayed panoramic view subtends an angle of 60°. The
platform is rotated at a constant rotational velocity of 1
rpm. From rest, the platform is accelerated at constant
acceleration to the constant operating velocity of 1 rpm over
a period of 5 seconds.

FIG. 3A is a block diagram of a system 300 according to
another embodiment of the invention. The system 300 is an
"interactive" system in which the orientation of the
panoramic view on the display device 301 changes (i.e.,
rotates) and the support structure 302 rotates in response to
a viewer's changes in viewing direction. Aside from changes
in viewing direction, the viewer generally remains stationary
on the support structure 302. The system 300 is a feedback
control system in which the viewer indirectly controls
operation of the system 300 by changing his viewing
direction, which changes are sensed by the system 300 and
used to control the display device 301 and the support
structure 302.

Similarly to the non-interactive system 200 (FIG. 2A)

1
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the system 300 includes a display device 301, a support
structure 302, a display control device 303, and a support
structure rotation device 304. The display device 301 and
display control device 303 can each be implemented as
described above for the corresponding parts of the system 200
(i.e., display device 201 and display control device 203).

The support structure 302 is preferably a support
structure that is adapted to securely hold a single viewer in
place during rotation of the support structure 302. The
support structure 302 could be, for example, a chair or
suspended support harness that is adapted to rotate. The
rotating chair or harness can be constructed in any of a
number of ways that are known to those skilled in the art.
The support structure rotation device 304 can be, for
example, a conventional servo motor that is operably
connected, using apparatus and techniques well-known to those
skilled in the art, to the support structure 302 so that the
support structure rotation device 304 can rotate the support
structure 302. The support structure 302 and support
structure rotation device 304 can be adapted to rotate
gimultaneocusly about more than one axis, as described above.

The sensor 306 senses changes in the viewer's viewing
direction. Any sensor that can accurately sense changes in
viewing direction (i.e., rotational movement of the viewer's
gaze about an axis that is substantially centered along and
parallel to the length of a viewer's body) can be used.
There are a number of such sensors that can be mounted on
headgear that is worn on the viewer's head. For example, a
Polhemus sensor, a well-known magnetic sensor used in many
so-called virtual reality applications that sense all three
compenents of rotational motion and all three components of
translational motion, can be used. Or, a gyroscopic sensor
(again, mounted on the head of the viewer and capable of
sensing all three components of rotational motion) including
a piezoelectric motion transducer could be used. Or, an
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optical sensor (e.g., infrared sensor) could be used to sense
the relative positions of the pupils and, possibly, the
sclera of the eyes to discern the angular orientation of the
viewer's head. For some applications, sensors that sensge
scapular (shoulder) pressure and motion could be used.
However, scapular motion sensors are limited to applications
in which the viewer must move his shoulders with movement of
his head when changing viewing direction.

The sensor 306 transmits an electrical signal having a
magnitude that is proportional to the viewing direction of
the viewer's head. A reference generator 308 transmits a
reference electrical signal having a magnitude representing a
reference position (e.g., looking straight ahead at the
display device 301) of the viewer's head. These electrical
signals are input to a comparator 307 which produces an
output signal (error signal) that has a magnitude that
represents the difference between the magnitudes of the input
signals. This error signal indicates the amount by which the
viewer has turned his head so that the viewer is no longer
looking at the display device 301.

The error signal from the comparator 307 is input to a
time-domain signal processor 305. The time-domain signal
processor 305 can be implemented using techniques and
apparatus known to those skilled in the art of servo-operated
mechanical systems to produce two control signals having the
following desired characteristics. The time-domain signal
processor 305 can be implemented to produce analog or digital
control signals as desired.

The time-domain signal processor 305 produces a first
control signal that is used to control rotation (velocity and
acceleration) of the support structure 302. The first
control signal should cause the support structure 302 to be
re-positioned rapidly enough to adequately track changes in
the viewer's viéwing direction. However, the first control
signal should also be smooth (i.e., without discontinuities)



10

15

20

25

30

35

WO 97/22909 PCT/US96/20372

- 13 -

so that, when a change in the position of the support
structure 302 is required, the change can be accomplished
without jerkiness, so that the kinaesthetic sensation of
movement felt by the viewer is minimized. The first control
signal is also produced so as to minimize acceleration of the
support structure 302 consistent with the goal of re-
positioning the support structure 302 rapidly, again to
minimize the kinaesthetic sensation of movement.
Additionally, the first control signal should respond only to
changes in viewing direction above a minimum threshold.

The time-domain signal processor 305 produces a second
control signal that is used to control the content of the
display device 301. The second control signal causes the
display control device 303 to update the display on the
display device 301 so as to track the change in the viewer's
viewing direction so that the viewer sees the portion of the
panoramic view that would be seen if the viewer was actually
in the environment of the panoramic scene. Using the sensed
position of the viewer's viewing direction, this can easily
be done using video image data that correlates portions of
the panoramic view to viewing directions. Alternatively, a
conventional rotational position sensor can be mounted on the
support structure 302, and the sensed position of the support
structure 302 used to generate the second control signal.

Additionally, the time-domain signal processor 305 can
produce the first and second time derivatives of the change
in the viewer's viewing direction. These derivatives can be
used by the display control device 303, as known by those
gkilled in the art, to control image characteristics such as
blur and foreshortening.

The first control signal output from the time-domain
gsignal processor 305 can be amplified by a conventional
amplifier 309 which produces a support structure control
signal that is used to drive the support structure rotation
device 304. The second control signal output from the time-
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domain signal processor 305 is input to the display control
device 303 which produces a display control signal that is
used to control the display device 301.

In operation of the system 300, as the viewer turns his
head (i.e., changes viewing direction), the system 300 senses
the head movement and both rotates the support structure 302
and updates the panoramic view so that the viewer continues
to see the display device 301 that now shows a portion of the
panoramic view that has an orientation that is rotated from
the orientation of the originally displayed portion of the
panoramic view by an amount equal to the amount that the
viewer rotated his head. Thus, the viewer perceives that, as
he turns his head, a window on to the pancramic view (the
display device 301) has rotated about him to show another
portion of the panoramic view. For example, if the viewer
turns his head 45° to the right, the Support structure 302
rotates 45° to the left so that the viewer continues to look
at the display device 301. Simultaneously, the orientation
of the panoramic view shown on the display device 301
rotates 45° to the right so that the viewer sees the view
that would be seen if the full panoramic scene was visgible
around the viewer and the viewer had rotated his head 45°
from the initial position.

As in the non-interactive system 200 (FIG. 2A), the
Support structure 302 of the interactive system 300 can be
rotated so as to minimize the physical sensation of movement
of the support structure 302 consistent with the goal of
rapidly turning the viewer so that the viewer continues to
look at the display device 301. Such physical sensation can
be minimized in the manner and for the reasons described
above. However, since the viewer can change his viewing
direction relatively rapidly, in practice, there can be an
unavoidable trade-off between these two goals. It should be
noted, ‘though, that for embodiments of the invention in which
the viewer controls the rotation of the support structure and
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panoramic view, rotational velocities and accelerations of
greater magnitudes can be tolerated by the viewer without
perception of motion sensations. Thus, for example, the
above-discussed limitation of 1 rpm for rotational velocity
may not be applicable in these embodiments.

FIG. 3B is a block diagram of an "interactive"
system 320 according to yet another embodiment of the
invention. The system 320 includes a display device 301, a
support structure 302, a display control device 303, a
support structure rotation device 304 and an amplifier 309
that are the same as the like-numbered components of the
system 300 (FIG. 3A).

In contrast to the system 300, the system 320 is a
direct control system in which the viewer directly controls
operation of the system 320 through use of a support
structure position control device 312 to operate the support
structure 302. 1In response to input from the viewer, the
support structure control device 312 produces a signal that
is amplified by the amplifier 309, which amplified signal is
used to drive the support structure rotating device 304 as
described above with respect to FIG. 3A. The support
structure control device 312 can be any conventional control
device such as, for example, a push button, lever switch or
potentiometer.

A support structure position sensor 311 is attached to
the support structure 302 and generates a signal that
corresponds to the rotational position of the support
structure 302. The support structure position sensor 311 can
be any conventional rotational position sensor such as a
mechanical potentiometer or an optical shaft encoder. The
generated signal from the support structure position
sensor 311 is similar to the second control signal produced
by the time-domain signal processor 305 of the gsystem 300
(FIG. 3A) and is input to the display generator 303 as
previously described, so that the viewer sees the portion of
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the panoramic display which would be seen if the viewer was
actually in the environment of the panoramic scene and
looking with the orientation as sensed by the support
Structure position sensor 311. Though not shown in FIG. 3B,
the sensed position can also be fed back to a comparator that
is part of the support structure position control device 312
and compared to a reference signal that represents the
commanded position of the support structure 302, thus
implementing a feedback control system for controlling the
position of the support structure 302. The viewer senses
that, rather than causing the motion of the support
Structure 302, he is causing an opposite movement of a
viewing window represented by the display device 301. The
viewer turns his head so as to maintain his direction of gaze
at the display device 301, and by so doing maintaing his head
in a stable position with respect to the inertial reference
frame. This prevents unwanted inertial sensations and gives
the viewer the sense that he is in control of the motion of
the viewing window.

FIG. 3C is a block diagram of an "interactive"
system 330 according to still another embodiment of the
invention. The system 330 includes a display device 301, a
Support structure 302, a display control device 303 and a
Support structure position sensor 311 that are the same as
the like-numbered components of the system 320 (FIG. 3B).
Like the system 320, the system 330 is a direct control
system. However, the system 330 differs from the gsystem 320
in the manner in which the viewer controls the system. 1In
the system 330 the viewer supplies the motive force (rather
than using a support structure position control device 312 as
in the system 320) to cause the support structure 302 to
rotate. For example, if the support structure 302 is a
chair, the viewer can push with his legs to cause the chair
to rotate. The viewer senses that, by using his body, he can
cause the viewing window represented by the display
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device 301 to rotate about him.

Various embodiments of the invention have been
described. The descriptions are intended to be illustrative,
not limitative. Thus, it will be apparent to one skilled in
the art that certain modifications may be made to the

invention as described above without departing from the scope
of the claims set out below.
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We claim:
1. A system for displaying a panoramic view to a
viewing audience, comprising:

means for displaying a portion of the panoramic
view that corresponds to a particular rotational
orientation of the panoramic view, the means for
displaying being fixed in position;

means for controlling the means for displaying so
that various portions of the panoramic view can be
displayed;

means for supporting the viewing audience so that
the viewing audience can look at the means for
displaying;

means for rotating the means for supporting so that
the viewing audience must change viewing direction to
continue looking at the means for displaying as the
means for supporting rotates; and

means for synchronizing operation of the means for
rotating and the means for controlling the means for
displaying so that the means for supporting is rotated
in a synchronous manner with the rotation of the
orientation of the portion of the panoramic view
displayed by the display device.

2. A system as in Claim 1, wherein the means for
rotating rotates the means for supporting with a rotational
velocity having a magnitude such that, if the viewing
audience continually changes its viewing direction so as to
continually look at the means for displaying while the means
for supporting is rotating, the viewing audience does not

perceive the physical sensation of rotation of the means for
supporting.

3. A system as in Claim 2, wherein the rotational
velocity is 1 rpm or less.
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4. A system as in Claim 1, wherein the means for
supporting further comprises a platform for supporting one or

more viewers.

5. A system as in Claim 1, wherein the means for

supporting further comprises a chair for supporting a viewer.

6. A system as in Claim 1, wherein the means for
supporting further comprises a support harness for supporting

a viewer.

7. A system for displaying a panoramic view to a
viewer, comprising:

means for displaying a portion of the panoramic
view that corresponds to a particular rotational
orientation of the panoramic view, the means for
displaying being fixed in position;

means for controlling the means for displaying so
that various portions of the panoramic view can be
displayed;

means for supporting the viewing audience so that
the viewing audience can look at the means for
displaying;

means for rotating the means for supporting so that
the viewing audience must change viewing direction to
continue looking at the means for displaying as the
means for supporting rotates;

means for sensing a change in the viewing direction
of the viewer; and

means for controlling the means for rotating and
the means for controlling the means for displaying in

response to the sensed change in viewing direction of
the viewer.

8. A system as in Claim 7, wherein the means for
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sensing further comprises a sensor mounted on headgear worn
by the viewer.

9. A system as in Claim 7, wherein the means for
sensing further comprises an optical sensor that senses the
positions of the pupils of the eyes of the viewer.

10. A system as in Claim 7, wherein the means for
sensing further comprises a sensor that senses Scapular
pressure and motion.

11. A system for displaying a panoramic view to a
viewing audience, comprising:

means for displaying a portion of the panoramic
view that corresponds to a particular rotational
orientation of the panoramic view, the means for
displaying being fixed in position;

means for controlling the means for displaying so
that various portions of the panoramic view can be
displayed;

means for supporting the viewing audience so that
the viewing audience can look at the means for
displaying;

means for rotating the means for supporting so that
the viewing audience must change viewing direction to
continue looking at the means for displaying as the
means for supporting rotates;

means for enabling the viewer to directly control
the means for rotating so that the viewer can rotate the
means for rotating to a desired rotational position; and

means for sensing the rotational position of the
means for supporting, the sensed rotational position
being used to control the means for controlling the
means for displaying Lo cause a portion of the panoramic
view to be displayed that corresponds to the sensed
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rotational position.

12. A system for displaying a panoramic view to a
viewing audience, comprising:

means for displaying a portion of the panoramic
view that corresponds to a particular rotational
orientation of the panoramic view, the means for
displaying being fixed in position;

means for controlling the means for displaying so
that various portions of the panoramic view can be
displayed;

means for supporting the viewing audience so that
the viewing audience can look at the means for
displaying, the means for supporting being rotatably
mounted such that when the means for supporting is
rotated the viewing audience must change viewing
direction to continue looking at the means for
displaying as the means for supporting rotates; and

means for sensing the rotational position of the
means for supporting, the sensed rotational position
being used to control the means for contreolling the
means for displaying to cause a portion of the panoramic
view to be displayed that corresponds to the sensed
rotational position.

13. A method for displaying a panoramic view to a

25 viewing audience, comprising the steps of:

30

displaying on a fixed display device a portion of
the panoramic view that corresponds to a particular
rotational orientation of the panoramic view;

controlling the display device so that various
portions of the panoramic view can be displayed;

supporting the viewing audience on a support
structure so that the viewing audience can look at the
display device;
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rotating the support structure so that the viewing
audience must change viewing direction to continue
looking at the display device as the support structure
rotates; and

synchronizing the steps of rotating and controlling
so that the support structure is rotated in a
synchronous manner with the rotation of the orientation
of the portion of the panoramic view displayed by the
display device.

14. A method as in Claim 13, wherein the step of
rotating further comprises rotating the support structure
with a rotational velocity having a magnitude such that, if
the viewing audience continually changes its viewing
direction so as to continually look at the display device
while the support structure is rotating, the viewing audience
does not perceive the physical sensation of rotation of the
support structure.

15. A method as in Claim 14, wherein the rotational
velocity is 1 rpm or less.

16. A method for displaying a panoramic view to a
viewer, comprising the steps of:

displaying on a fixed display device a portion of
the panoramic view that corresponds to a particular
rotational orientation of the panoramic view;

controlling the display device so that various
portions of the panoramic view can be displayed;

supporting the viewing audience so that the viewing
audience can look at the display device;

rotating the support structure so that the viewing
audience must change viewing direction to continue

looking at the display device as the support structure
rotates; '
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sensing a change in the viewing direction of the
viewer; and
controlling the step of rotating and the step of
controlling the display device in response to the sensed
5 change in viewing direction of the viewer.

17. A method for displaying a panoramic view to a
viewing audience, comprising the steps of:
displaying on a fixed display device a portion of
the panoramic view that corresponds to a particular

10 rotational orientation of the panoramic view;

controlling the display device so that various
portions of the panoramic view can be displayed;

supporting the viewing audience so that the viewing
audience can look at the display device;

15 rotating the support structure so that the viewing
audience must change viewing direction to continue
loocking at the display device as the support structure
rotates;

enabling the viewer to directly control the step of

20 rotating so that the viewer can rotate the means for

rotating to a desired rotational position; and

sensing the rotational position of the support
Structure, the sensed rotational position being used to
control the step of controlling the display device to

25 cause a portion of the panoramic view to be displayed
that corresponds to the sensed rotational position.

18. A method for displaying a panoramic view to a
viewing audience, comprising the steps of:
displaying on a fixed display device a portion of
30 the panoramic view that corresponds to a particular
rotational orientation of the panoramic view;
.contrélling the display device so that various
portions of the panoramic view can be displayed;
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supporting the viewing audience so that the viewing
audience can look at the display device, the support
structure being rotatably mounted such that when the
Support structure is rotated the viewing audience must
change viewing direction to continue looking at the
display device as the support structure rotates; and

sensing the rotational position of the support
Sstructure, the sensed rotational position being used to
control the step of controlling the display device to
cause a portion of the panoramic view to be displayed
that corresponds to the sensed rotational position.



WO 97/22909 PCT/US96/20372 —

1/5

105




——

PCT/US96/20372

WO 97/22909

Ve OId

2/5

Pwm
00g
30IA30
3OINIA et JOHINOD [ r~
AVidSIa AY1dSIa 806 | HOLVHINIO
J 1 30N3Y343Y
120 £0€
m%m J 60€E SO€E LOE 90€
! " Ly /
JUNLONYLS J0IAFANOILYIOH | <] HOSS300Hd TYNDIS |
1HOddNS JHNLONHLS 1HOddns |~ [ 23adAv NIVOQ-3WIL HOLVHVdNOO [<-] HOSN3S
vwm €02
IDINFANOILYIOH | DA ] manes
JHNLONYLS 1HOddNS NOLLYZINOHHONAS AVIISIO
\ S0¢
JHNLONKHLS 30IA3Q
1HOddNS c0c A H02™  Avidsia

00¢




WO 97/22909 PCT/US96/20372 —

3/5

202

204

FIG.2B



PCT/US96/20372

WO 97/22909

SNl

vOE 60€ cie
301A30
30IA3ANOILYLOYH
<— HIIdITdNY <€ TOHLNOO NOILISOd
FHNLONYLS 1HOdNS 3HNLONYLS 1HOddNS
0
<t
LOE €0€ HIE c0g
30I1A3d
F0IN30 ¢ | 4on1N0D HOSN3S NOILISOd JHNLONYLS |«
AV1dsid AVIdSIa JHNLONHLS 1HO4dNS 1HOddNS

\&.

0ct




PCT/US96/20372

5/5

oEvId

_.xom £0€ HIE c0g
30IA3d ._NM_._\./M%O «—| HOSNISNOLLISOd FHNLONHLS
AV1dSid AVIdSIO 3HNLONYLS 1HOddNS 14OddNS

WO 97/22909

\k.

oge



INTERNATIONAL SEARCH REPORT

Inter ‘onal Apphicaton No

PC1/US 96/20372

LASSIFICATION UBJECT MATTER

CLAS OF S
PC 6 GO3B37/00

According to [ntematonal Patent Classificaton (IPC) or to both nauonal classification and IPC

B. FIELDS SEARCHED

IPC 6 GO3B

Mimmum documentaton searched (classification system followed by classificauon symbois)

Documentation searched other than mimimum documentation to the extent that such documents are included 1n the fields searched

Electronuc data base consulted during the intematonal search (name of data base and, where pracucal, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indication, where appropnate, of the relevant passages

Relevant 10 claim No.

1984

September 1987

see figures 1,2

22 September 1987

see page 3 - page 6, line 30; figures

see column 4, line 2 - line 56

see abstract; claim 1; figure 1

Y DE 32 24 953 A (PETZ PETER) 12 January 1-8,

11-18

Y EP 0 237 660 A (SCORTECH MECH LIMITED) 23 1-8

11-18

Y US 4 695 129 A (FAESSEN LOUIS M H ET AL) 7,8

_/__

Further documents are listed in the continuaton of hox C.

Patent farmuty members are hsted 1n annex.

° Speaial categortes of cited documents :

"A” document defining the general state of the art whuch is not
considered to be of particular relevance

“E” earlier document but published on or after the internabonal
filing date

“L” document which may throw doubts on prionty claim(s) or
whuch s cited to establish the publicauon date of another
atagon or other speaial reason {as specified)

‘0" document referning to an oral disclosure, use, exhibiton or
other means

“P” document published pnor to the international filing date but
later than the pnonty date claimed

“T" later document published after the internauonal filing date
or prionty date and not 1n conflict with the applicaton but
cited to understand the pnncipie or theory underiying the
invention

“X" document of particular relevance; the claimed invention
cannot be constdered novel or cannot be considered to
involve an inventuve step when the docurnent is taken alone

"Y" document of particuiar relevance; the claimed tnvention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent farmuly

Date of the actual completion of the international search

24 April 1997

Date of mailing of the internatonal search report

0209

Name and matling address of the [SA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. ( +31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authonzed officer

Heryet, C

Form PCT/ISA 210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inter  »nal Application No

PCi1/US 96/20372

C{Continuaton) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citatton of document, with indication, where appropnate, of the reievant passages

Relevant to claim No.

A US 5 242 306 A (FISHER RALPH W) 7
September 1993

see column 1, line 7 - line 10

see column 2, line 39 - column 5, line 12
see figures

A US 1 789 680 A (GWINNETT JAMES E.) 20
January 1931

see page 1, line 1 - line 39

see page 4, line 7 - line 21

see figures 1,3

A US 5 219 315 A (FULLER MARK ET AL) 15
June 1993

see column 2, line 56 - column 4, line 60
see figure 1

A PATENT ABSTRACTS OF JAPAN

vol. 095, no. 007, 31 August 1995

& JP 07 110650 A (NEC CORP), 25 April
1995,

see abstract

A US 5 040 055 A (SMITH GRAHAM T) 13 August
1991

see abstract
see column 7, line 3 - column 8, line 30
see figures 12,13

1,7,
11-13,
16-18

1,7,
11-13,
16-18

1,7,
11-13,
16-18

1,7,
11-13,
16-18

1,7,
11-13,
16-18

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

.formation on patent family members

Inter  nal Applhication No

PCY/US 96/20372

Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 3224953 A 12-01-84 NONE
EP 0237660 A 23-09-87 GB 2164522 A,B 19-03-86
US 4695129 A 22-09-87 NL 8301864 A 17-12-84
JP 59231510 A 26-12-84

US 5242306 A 07-09-93 NONE

US 1789680 A 20-01-31 NONE

US 5219315 A 15-06-93 NONE

US 5040055 A 13-08-91 US 5153716 A 06-10-92
US 5253107 A 12-10-93
AU 4812290 A 10-07-90
CA 2005138 A 14-06-90
EP 0448630 A 02-10-91
WO 9007247 A 28-06-90
US 4985762 A 15-01-91

Form PCT/ISA/210 (patent family annex) (July 1992}



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

