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(57) Abstract: A method for displaying images on a curved dis-
play surface is described herein. The method includes receiving
a graphical object and distorting the graphical object at run-time
such that an appearance of the graphical object on the curved dis-
play surface will be substantially similar regardless of a position of
the graphical object on the curved display surface when viewed at
a viewing axis that is approximately orthogonal to a plane that is
tangential to the curved display surface at a center of the graphical
object. The method may further include displaying the graphical
object on the curved display surface.
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PROJECTION OF GRAPHICAL OBJECTS ON INTERACTIVE IRREGULAR
DISPLAYS

BACKGROUND
[0001] Touch screen technology has advanced in recent years such that touch
screen technology can be found in many consumer level devices and applications. For
example, banking machines often include touch sensitive graphical user interfaces that
allow users to select a function and an amount for withdrawal or deposit. In another
example, personal data assistants use touch screen technology to allow users to select
graphical icons on an interactive interface with the user of a stylus. In still yet another
example, some laptop computers are equipped with touch screen technology that allow
users to generate signatures, select applications, and perform other tasks with the use of a
stylus.
[0002] The popularity of touch screen technology has increased due to ease of use,
particularly for novice computer users. For instance, novice computer users may find it
more intuitive to select a graphical icon by hand than to select the icon through use of
various menus and a pointing and clicking mechanism, such as a mouse. In currently
available systems users can select, move, modify, or perform other tasks on objects that
are visible on a display screen by selecting such objects (e.g., with a stylus or their finger).
[0003] While touch screen technology has greatly advanced, limitations persist,
particularly in connection with touch-screen applications that are designed to be used on
an irregular display surface, such as a spherical display surface. For example,
conventionally, application developers must consider how graphics, text, and/or the like
will appear on an irregular display surface when designing an application. Accordingly, to
facilitate user-interaction with objects displayed on an irregular display surface, such
developers generate code for all possible positions of graphical objects on the irregular
display surface to ensure that such objects are displayed in a manner that is aesthetically
pleasing. This requires a considerable amount of development time and also requires
significant computational expense when projecting images onto a display. An alternative
is to develop very limited applications with “canned” image data, such that a touch-screen

apparatus has limited interactive functionality.
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SUMMARY
[0004] The following is a brief summary of subject matter that is described in
greater detail herein. This summary is not intended to be limiting as to the scope of the
claims.
[0005] Various technologies relating to interactive touch screen apparatuses are
described in detail herein. For example, technologies relating to displaying graphical
objects on an irregular display surface, wherein interactive multi-touch functionality is
associated with the irregular display surface are described herein. In an example,
interactive multi-touch functionality pertains to the ability of multiple members (e.g.,
fingers of multiple users) to interact with displayed objects on an irregular display surface.
For instance, an irregular display surface may be curved, such as a substantially spherical
display.
[0006] In accordance with an aspect described herein, one or more graphical
objects may be desirably displayed on an irregular display surface of an apparatus that
supports interactive multi-touch functionality. Such graphical objects can be pre-distorted
at runtime such that the graphical objects appear to a user of the apparatus in an
aesthetically pleasing manner. For instance, a graphical object can be distorted at runtime
such that an appearance of the graphical object on the irregular display surface may be
substantially similar to a user regardless of a position of the graphical object on the curved
display surface. In a detailed example, the graphical object may include at least one line
that is desirably displayed as a straight line. On a curved display surface, such as a
spherical display surface, however, there are no straight lines. Therefore, the graphical
object can be distorted at run-time such that the at least one line is displayed on the
irregular surface such that it appears to be straight to a user whose viewing axis is
approximately orthogonal to a tangential plane at the center of the displayed graphical
object.
[0007] Various actions can be undertaken to perform the aforementioned pre-
distortion. For instance, the graphical object can be received in its “natural” form, such
that the graphical object has not yet been sampled. Therefore, an application developer
need not be concerned with writing code relating to displaying graphical objects on the
irregular (e.g., spherical) display depending on location of the graphical objects and
location of a user. For example, a representation of a unit sphere can be generated in a
computer-readable medium. A desired scale of the graphical object can be ascertained

(e.g., scale of the graphical object with respect to the representation). The scaled graphical
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object may then be projected onto the representation at a pole of the representation (e.g., 0
degrees longitude, 180 degrees latitude), such that each pixel of the scaled graphical object
is projected onto the representation. The representation may then be rotated until the
graphical object is oriented as desired. Thereafter, the representation may be further
rotated until the graphical object is at a desired position on the representation. Such
representation with the graphical object projected thereon may be “flattened”, such that the
3-dimensional representation and graphical object is placed on a two-dimensional
projection image. The projection image may then be used to project the graphical object
onto an irregular surface (e.g., a spherical surface).

[0008] Other aspects will be appreciated upon reading and understanding the

attached figures and description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1 is a functional block diagram of an example system that facilitates
projecting a graphical object onto an irregularly shaped display surface.
[0010] Figure 2 is a functional block diagram of an example system that facilitates
projecting a graphical object onto an irregularly shaped display surface.
[0011] Figure 3 is a functional block diagram of an example component that
facilitates distorting a graphical object at run-time of an application that accesses the
graphical object.
[0012] Figure 4 is a depiction of an example projection of a planar graphical object
onto a computer-implemented representation of a sphere.
[0013] Figure 5 is a depiction of an example rotation of a planar graphical object
with respect to a computer-implemented representation of a sphere.
[0014] Figure 6 is a depiction of an example mapping of a three-dimensional
coordinate system of a computer-implemented representation of a sphere to a two-
dimensional coordinate system used by a projector.
[0015] Figure 7 is an example depiction of graphical objects that are to be
displayed on a spherical display.
[0016] Figure 8 is an example depiction of a mapping between a sphere and a two-
dimensional disk.
[0017] Figure 9 is an example depiction of graphical objects that are to be
displayed on a spherical display.
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[0018] Figure 10 is an example depiction of graphical objects displayed on a
spherical display.
[0019] Figure 11 is an example projection of a cylindrical graphical object onto a

computer-implemented representation of a sphere.

[0020] Figure 12 is a flow diagram of an example methodology for projecting a
graphical object onto an irregularly shaped display.

[0021] Figure 13 is a flow diagram of an example methodology for projecting a
graphical object onto an irregularly shaped display.

[0022] Figure 14 is a flow diagram of an example methodology for projecting a
graphical object onto an irregularly shaped display.

[0023] Figure 15 is an example computing system.
DETAILED DESCRIPTION
[0024] Various technologies pertaining to displaying graphical objects on an

irregular surface in a touch-screen environment (such as a multi-touch environment) will
now be described with reference to the drawings, where like reference numerals represent
like elements throughout. In addition, several functional block diagrams of example
systems are illustrated and described herein for purposes of explanation; however, it is to
be understood that functionality that is described as being carried out by certain system
components may be performed by multiple components. Similarly, for instance, a
component may be configured to perform functionality that is described as being carried
out by multiple components.

[0025] With reference to Figure 1, an example system 100 that facilitates
projecting images on an irregular display surface in an aesthetically pleasing manner is
illustrated. The system 100 includes a receiver component 102 that receives a graphical
object that is desirably displayed on an irregular display surface. Data upon which the
graphical object is based may be in a natural (non-converted form). Pursuant to an
example, the graphical object may be designed as if it will be displayed on a two-
dimensional (regular) display. The graphical object may be a picture, a video, text, an
icon, or other suitable graphical object.

[0026] A distorter component 104 receives the graphical object and distorts the
graphical object at run-time of an application that is used in connection with displaying the
graphical object. For instance, the application may be an application that facilitates

display and movement of photographs on an irregular display surface in connection with
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multi-touch functionality. The distorter component 104 may distort the graphical object
such that an appearance of the graphical object on an irregular display surface may be
substantially similar to a user regardless of a position of the graphical object on the curved
display surface when the viewing axis of the user is approximately orthogonal to a plane
tangential to a viewing surface at the center of the graphical object. For instance, a
graphical object may include at least one line that is desirably viewed as a straight line.
The distorter component 104 may distort the graphical object such that the line appears
straight to the user when the viewing axis of the user is approximately orthogonal to a
plane that is tangential to the viewing surface at the center of the graphical object.

[0027] Pursuant to an example, an irregular display surface 106, which may be a
curved display surface such as a substantially spherical display, can be used to display a
photograph 108 to a user 110. While illustrated as being substantially spherical in nature,
it is to be understood that the irregular display surface 106 may be any suitable curved
display surface, including a portion of a sphere, parabolic surface, etc. The photograph
108 in its “natural” format may be rectangular in nature, and thus includes at least four
straight lines. There may be, however, a lack of straight lines where the photograph 108 is
desirably displayed on the irregular display surface 106. For instance, there are no straight
lines on a spherical display surface. With appropriate distortion, however, the photograph
108 may appear to have four straight lines from a perspective of the user 110 (e.g., at
approximately 90 degrees from a center of the photograph 108 on the irregular display
surface 106), even though from a different perspective one can ascertain that such lines
are, in fact, curved in nature. The distorter component 104 can perform such distortion
without aid of an application being used to facilitate display of a graphical object. In other
words, the application need not be coded specifically for display of the photograph 108 on
an irregular display surface (e.g., the same application could be used in a multi-touch
environment with a regular (flat) display surface).

[0028] Referring now to Figure 2, an example system 200 that facilitates
performance of multi-touch functionality with respect to an irregular display surface is
illustrated. The system 200 includes a data store 202 that retains one or more graphical
objects. For instance, the data store 202 may be memory, such as RAM, ROM, EEPROM,
or the like. In another example, the data store 202 may be a hard drive. The receiver
component 102 receives at least one graphical object from the data store 202. The
distorter component 104 distorts the graphical object at run-time of an application that is

used to display the graphical object, wherein the distortion is undertaken to display the
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graphical object in an aesthetically pleasing manner on the irregular display surface 106.
Such distortion is described in greater detail below.

[0029] A projector 204 receives distorted images from the distorter component 104
and outputs the distorted images. As shown in detail infra, the distorted images can be
projected from a projection disk that is used by the projector 204 to display graphical
objects on the surface 106. In an example, a wavelength filter 206, such as a cold mirror,
can be used to reflect light output by the projector 204. The wavelength filter 206 may be
configured to allow non-visible light, such as infrared light, to pass therethrough. The
wavelength filter 206 may be positioned by a mount 208, which may be a three-axis
mount, for instance.

[0030] The display surface 106 may include an aperture 210, and a wide angle lens
212 may be positioned inside the aperture 210. The wide angle lens 212 receives light
emitted from the projector 204, and thus projects images onto an exterior of the display
surface 106 by way of an interior of the display surface 106. For instance, the display
surface 106 may be diffuse in nature, allowing light that initially contacts the interior of
the display surface 106 to be illuminated on the exterior of the display surface 106, such
that a user can view images on the exterior of the display surface 106.

[0031] As noted above, the system 200 may be employed in a multi-touch
environment. Accordingly, the system 200 includes components that facilitate detection
of positions on the display surface 106 that a member, such as a finger or other object that
can reflect infrared light, for example, is in physical contact with the display surface 106.
Furthermore, the system 200 includes components that facilitate tracking a contact point
(e.g., a finger on the display surface 106) as the contact point moves on the display surface
106. Specifically, the system 200 can include one or more light emitting diodes 214 that
emit non-visible light (e.g., infrared light) through the display surface 106. The light
emitting diodes 214 are positioned in a ring-like manner around the aperture 210 on the
interior of the display surface 106. If a member is in physical contact with the display
surface 106, light is reflected from the member and is received by way of the wide angle
lens 212. The wavelength divider 206 allows non-visible light to pass through.

[0032] A detector component 216 captures images of non-visible light that passes
through the wavelength filter 206. For instance, the detector component 216 can be or
include an infrared camera. If a member is in contact with the display surface 106, an
image captured by the detector component 216 will include a portion that corresponds to a

level of brightness that is greater than other portions of the image. The detector
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component 216 can also track position of a contact point and provide such information to,
for instance, the distorter component 104. Pursuant to an example, the detector
component 216 can detect that a member is in contact with a portion of the display surface
106 that corresponds to a displayed graphical object, and the detector component 216 can
further determine that the member is moving (thereby indicating that the graphical object
is desirably moved). The distorter component 104 can appropriately distort the graphical
object so that it is displayed in an aesthetically pleasing manner as the graphical object is
moved about the display surface 106.

[0033] The system 200 may also include an illuminator component 218 that
automatically orients graphical images on the display as graphical objects are rotated
about the display (e.g., based upon user input detected by the detector component 216).
The illuminator component 218 can automatically orient graphical objects such that the
graphical objects are oriented in a substantially similar manner with respect to a pole of
the display surface 106 regardless of position of the graphical objects on the display
surface 106. For instance, a user may move a photograph from one side of the display
surface 106 to another side of the display surface 106. The illuminator component 218
causes the photograph to remain oriented such that it is “right side up” with respect to a
user on the other side of the display surface 106.

[0034] While the components in the system 200 are illustrated as being arranged in
a particular manner, it is understood that other configurations of a display system are also
contemplated. For instance, the projector 204 may be configured to project light onto the
exterior of the display surface 106 (rather than the interior of the display surface 106 as
shown). In such an example, the display surface 106 may not be specular in nature rather
than diffuse. In another example, rather than using the wide-angle lens in connection with
projecting images onto the display surface 106, one or more mirrors may be positioned on
the interior of the display surface 106 to facilitate projecting images thereon. Other
configurations are also contemplated by the inventors and are intended to fall under the
scope of the hereto-appended claims.

[0035] Now referring to Figure 3, an example depiction of the distorter component
104 is illustrated. While shown as including numerous components, it is understood that
the distorter component 104 may include more or fewer components than illustrated as
being included in the distorter component 104. Furthermore, functionality described as

corresponding to one component may be combined in one or more different components.
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[0036] In an example, the distorter component 104 receives a graphical object that
is desirably displayed on an irregular display surface. The distorter component 104
includes a scaler component 302 that determines a desired scale of the graphical object
with respect to the irregular display surface. Pursuant to an example, the irregular display
surface may be a substantially spherical display, and a representation of a sphere may be
created and retained in memory. Such representation may be in Cartesian coordinates,
polar coordinates, or other suitable coordinate system. Of course, representations of other
irregular shapes may also be retained in memory. For instance, the representation may be
a unit sphere, and the scaler component 302 can determine a desired scale of the graphical
object with respect to the unit sphere.

[0037] An orientor component 304 determines a desired orientation of the
graphical object on the unit sphere. For instance, the orientation may be an angle of
rotation about a polar axis of the sphere. A position determiner component 306
determines a desired position of the graphical object on the unit sphere. For instance, the
desired position may be expressed in latitude/longitude coordinates, Cartesian coordinates,
or other suitable coordinate system.

[0038] The distorter component 104 may further include a projector component
308 that projects the graphical object (scaled in accordance with the determination of the
scaler component 302) onto the unit sphere (e.g., data points of the scaled graphical object
are projected onto the representation of the unit sphere). Such projection, for instance,
may occur at a first pole of the unit sphere. The projection points may be retained in
memory. A rotator component 310 may rotate the sphere until the graphical object is
oriented as determined by the orientor component 304. In other words, the representation
of the sphere is rotated in memory. A positioner component 312 may rotate the sphere
about a second axis such that the graphical object is positioned as determined by the
position determiner component 306. The sphere may then be re-oriented and the spherical
representation and graphical object may be flattened, such that a two-dimensional
representation results. The two dimensional representation may then be used to project the
graphical object onto the spherical display.

[0039] As noted above, functionality of the components of the distorter component
104 may be altered if a display surface has a shape different than a sphere. For instance, a
3-dimensional representation of any suitable irregularly shaped display may be generated

and used in connection with displaying images on an irregularly shaped display.
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Furthermore, a unit sphere may be used for ease of computation. It is understood,
however, that the representation of a sphere may be of any suitable size.

[0040] Furthermore, it is to be understood that a graphical object can comprise
multiple portions that make up the graphical object (e.g., a graphical object may be made
up by a plurality of triangular objects). The distorter component 104 can perform the
aforementioned distortions on each of the triangles in the graphical object in a continuous
manner. Such distortion may also facilitate display of three-dimensional graphical objects
on a substantially spherical display.

[0041] Turning now to Figure 4, an example 400 of a projection onto a
representation of sphere (as undertaken by the projector component 308 of Fig. 3) is
illustrated. A representation of a sphere 402 is retained in memory or other suitable
storage. For instance, such representation may be a unit sphere that is represented by
discrete points that correspond to pixels in a disk used to project graphical objects on a
spherical display. The sphere may be represented in memory using a Cartesian coordinate
system. Alternatively, a polar coordinate system or other suitable coordinate system may
be used. A graphical object 404 that is desirably displayed on a spherical display also
resides in memory. The graphical object 404 is scaled/sheared to a desired size with
respect to the sphere 402, and is projected onto the sphere. Such projection is illustrated
by dotted lines. Pursuant to an example, each time a graphical object is projected it can be
projected with respect to a pole of the sphere 402. The projection of the graphical object
404 may be retained in memory.

[0042] Referring now to Fig. 5, an example 500 that illustrates positioning of the
graphical object 404 (as undertaken by the rotator component 310 and the positioned
component 312) is depicted. As noted above, the graphical object 404 is projected onto a
pole. The sphere 402 may be rotated about a polar axis 502 (e.g., a Y axis) until the
graphical object 404 is oriented with respect to that axis as desired. The sphere 402 may
then be rotated about a second axis 504 (e.g., an X axis 504) until the graphical object 404
is oriented as desired with respect to that axis. The sphere 402 may then be rotated about a
third axis (e.g., a Z axis 506) until the graphical object 404 is positioned as desired on the
sphere 402. For instance, the position of the graphical object 404 may not change in the
data, while orientation of the sphere 402 changes to place the graphical object 404 in a
desired position. As shown in Figure 4, an initial position of the pole may exist at a first
point and a final position of the pole may be at a much different point. One skilled in the

art can ascertain how data can be manipulated to represent rotation of such sphere as well



10

15

20

25

30

WO 2009/094091 PCT/US2008/088124

as correlate the graphical object 404 with the sphere. Once the desired position is
ascertained, the sphere 402 can be re-oriented to place the pole in an initial position and
the graphical object 404 in a desired position.

[0043] Turning now to Fig. 6, a disk 600 that is a flattened depiction of the sphere
402 (as undertaken by the flattener component 314) is illustrated. The three-dimensional
representation of the sphere 402 and the graphical object 404 are flattened to create the
disk 600, which includes a distortion of the graphical object 404. When the disk 602 is
projected onto a spherical display, the graphical object 404 appears in an aesthetically
pleasing manner to a user of the spherical display.

[0044] It is to be noted that the graphical object 404 need not be re-sampled
multiple times to display the graphical object 404 on an irregular display surface. This is
true even in an interactive environment. Moreover, in an interactive environment, as a
graphical object is desirably moved on a spherical display, for instance, the graphical
object need not be re-projected (e.g., by the projector component 308) unless such object
is re-scaled. Furthermore, a dedicated 3D graphics system/framework can be used to
perform operations described as being performed by the distorter component 104.

[0045] Referring now to Fig. 7, an example screenshot 700 of graphical objects on
a disk that is used by a projector to project the graphical objects on a spherical display is
illustrated. It can be discerned that various depicted graphical objects are distorted on the
disk. When displayed on a spherical display, however, such graphical objects maintain
their rectangular shape when viewed from a viewing axis that is approximately orthogonal
to a tangential plane on a curved display surface at the center of a displayed graphical
object.

[0046] Turning now to Fig. 8, an example mapping 800 between a representation
of a sphere 802 and a two-dimensional disk 804 that is to be projected onto a spherical
display is illustrated. For instance, projection of data in a three-dimensional coordinate
system can be flattened into a flat radial image for a projector to project images through a
wide angle lens. Specifically, a top of the sphere 802 maps to a center of the two-
dimensional disk 804, and a distance from the center of the two-dimensional disk
corresponds to a height of a point on the sphere 802. A mapping can be determined once
and used subsequently for spherical displays of a substantially similar size.

[0047] With reference now to Figure 9, an example screenshot 900 of the graphical
objects depicted in Figure 7 is illustrated. It can be ascertained that the graphical objects

are tessellated to facilitate displaying such images on the spherical display. More
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particularly, a vertex shader application can be used to compute a position of each vertex
in a radial image at every frame. It is to be understood, however, that other mechanisms
for displaying images on a curved (e.g., spherical) display are contemplated. Pursuant to
an example, a pixel shader application may be utilized, wherein (instead of altering a
position of triangular vertices), position of each pixel may be altered to display a graphical
object. As noted above, the distorter component 104 (Fig. 1) can distort each triangular
vertice of a graphical object in a continuous manner.

[0048] Content for display on a spherical display can be created using various data
coordinate systems. For instance, a two-dimensional coordinate system of a projected
radial disk image can be used for generating a background texture. In another example, as
will be shown below, a cylindrical projection can be performed, where graphics are
generated in a two-dimensional plane (a cylindrical map) and then mapped onto a sphere.
In yet another example, content may be authored in three-dimensional Cartesian
coordinates in which all graphical objects lie on a sphere (e.g., a unit sphere) centered at
an origin. In still yet another example, a sphere at any given point may be considered flat,
and thus a small portion of a graphical user interface may be designed in two-dimensions
and then projected from a tangential plane to a point on a three-dimensional spherical
surface.

[0049] Now referring to Figure 10, a photograph 1000 of an example spherical
display that is displaying multiple graphical objects is illustrated. Such graphical objects
are images that are desirably displayed as rectangles. The images are distorted such that
lines appear to be straight when a viewing axis of a user viewing a graphical object is
approximately orthogonal to a plane that is tangential to a curved display surface at a
center of the graphical object.

[0050] Turning now to Fig. 11, another example manner 1100 of projecting
graphical images onto spherical display is illustrated. In some instances it may be desired
to perform a cylindrical projection — for example, when a 360 degree camera, video
camera, or the like is employed. A representation of a sphere 1102 can be surrounded by a
cylindrical graphical object 1104. Such graphical object may then be projected onto the
sphere 1102. The projection can be similar to that described above, or can be directed
toward a center of the sphere 1102. As described above, the sphere 1102 may then be
rotated about different axes to place the graphical object in a desired position with respect

to the sphere 1102.

11



10

15

20

25

30

WO 2009/094091 PCT/US2008/088124

[0051] With reference now to Figs. 12-14, various example methodologies are
illustrated and described. While the methodologies are described as being a series of acts
that are performed in a sequence, it is to be understood that the methodologies are not
limited by the order of the sequence. For instance, some acts may occur in a different
order than what is described herein. In addition, an act may occur concurrently with
another act. Furthermore, in some instances, not all acts may be required to implement a
methodology described herein.

[0052] Moreover, the acts described herein may be computer-executable
instructions that can be implemented by one or more processors and/or stored on a
computer-readable medium or media. The computer-executable instructions may include
a routine, a sub-routine, programs, a thread of execution, and/or the like. Still further,
results of acts of the methodologies may be stored in a computer-readable medium,
displayed on a display device, and/or the like.

[0053] Referring specifically to Fig. 12, a methodology for displaying graphical
objects on an irregular display surface is illustrated. The methodology 1200 starts at 1202,
and at 1204 a graphical object is received. For instance, the curved display surface may be
a substantially spherical display surface.

[0054] At 1206, the graphical image is pre-distorted at run-time. For example,
such pre-distortion may include acts of scaling/shearing, projecting, rotating, and
flattening as described herein. The graphical object is pre-distorted such that an
appearance of the graphical object on the curved display surface to a user will be
substantially similar regardless of a position of the graphical object on the curved display
surface when viewed from a viewing axis that is approximately orthogonal to a plane that
is tangential to the curved display surface at approximately the center of the graphical
object when displayed.

[0055] At 1208, the graphical object is displayed on the curved display surface.
The methodology 1200 completes at 1210.

[0056] The methodology 1200, for instance, may be used in a multi-touch
interactive environment. Furthermore, multiple graphical objects may be displayed on the
curved display surface.

[0057] Now referring to Fig. 13, a methodology 1300 for projecting graphical
objects on a spherical display is illustrated. The methodology 1300, for instance, can be
undertaken at run-time of an application that is being employed in an interactive multi-

touch environment.
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[0058] The methodology 1300 starts at 1302, and at 1304 a graphical object that is
desirably displayed on a substantially spherical display is scaled or sheared. For instance,
the graphical object may be planar in nature, and may be scaled with respect to a
representation of a sphere that is in memory. In another example, the graphical object may
be sheared.

[0059] At 1306, the scaled/sheared graphical object is projected onto the
representation of the sphere in memory. At 1308, the representation of the sphere is
rotated in memory around one or more axes to place the graphical object on a desired
position of the representation of the sphere.

[0060] At 1310, the representation of the sphere and the graphical object are
flattened. For instance, coordinates of the representation of the sphere and the graphical
object are mapped to a coordinate system used by a projector. The act 1310 can involve
transforming a particular vertex of a tessellated graphical object from a 3-dimensional
coordinate on the representation of the sphere to a two-dimensional location on a rendered
image that can then be displayed by a projector.

[0061] At 1312, the flattened sphere is projected onto a physical spherical display.
The methodology 1300 then completes at 1314.

[0062] Now referring to Fig. 14, a methodology 1400 that facilitates projecting a
graphical object on a spherical display is illustrated. The methodology 1400 starts at
1402, and at 1404 a graphical object is received in a natural format. For instance, the
graphical object may be a planar object, such as a photograph, a video, text, etc. and may
be associated with a two-dimensional coordinate system. In another example, the
graphical object may be a three-dimensional object (e.g., defined in Cartesian coordinates)
that is desirably projected onto the spherical display.

[0063] At 1406, the graphical object is distorted at run-time of an application used
in an interactive multi-touch environment. At 1408, the graphical object is projected on a
spherical display of a multi-touch apparatus. The methodology 1400 then completes at
1410.

[0064] Now referring to Fig. 15, a high-level illustration of an example computing
device 1500 that can be used in accordance with the systems and methodologies disclosed
herein is illustrated. For instance, the computing device 1500 may be used in an
interactive multi-touch environment. In another example, the computing device 1500 may
be a portion of a three-dimensional graphics framework. The computing device 1500

includes at least one processor 1502 that executes instructions that are stored in a memory
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1504. The instructions may be, for instance, instructions for implementing functionality
described as being carried out by one or more components discussed above or instructions
for implementing one or more of the methods described above. The processor 1502 may
access the memory by way of a system bus 1506. In addition to storing executable
instructions, the memory 1504 may also store graphical objects, such as text strings,
photographs, videos, ctc.

[0065] The computing device 1500 additionally includes a data store 1508 that is
accessible by the processor 1502 by way of the system bus 1506. The data store 1508 may
include executable instructions, graphical objects, such as photographs, videos, text
strings, etc. The computing device 1500 also includes an input interface 1510 that allows
external devices to communicate with the computing device 1500. For instance, the input
interface 1510 may be used to receive graphical objects, commands from users, etc. The
computing device 1500 also includes an output interface 1512 that interfaces the
computing device 1500 with one or more external devices. For example, the computing
device 1500 may display graphical objects by way of the output interface 1512.

[0066] Additionally, while illustrated as a single system, it is to be understood that
the computing device 1500 may be a distributed system. Thus, for instance, several
devices may be in communication by way of a network connection and may collectively
perform tasks described as being performed by the computing device 1500.

[0067] As used herein, the terms “component” and “system” are intended to
encompass hardware, software, or a combination of hardware and software. Thus, for
example, a system or component may be a process, a process executing on a processor, or
a processor. Additionally, a component or system may be localized on a single device or
distributed across several devices.

[0068] It is noted that several examples have been provided for purposes of
explanation. These examples are not to be construed as limiting the hereto-appended
claims. Additionally, it may be recognized that the examples provided herein may be

permutated while still falling under the scope of the claims.
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CLAIMS

What is claimed is:

1. A method for displaying images on a curved display surface, comprising:

receiving a graphical object;

at run time, distorting the graphical object such that an appearance of the graphical
object on the curved display surface will be substantially similar regardless of a position of
the graphical object on the curved display surface when viewed at a viewing axis that is
approximately orthogonal to a plane that is tangential to the curved display surface at a
center of the graphical object; and

displaying the graphical object on the curved display surface.

2. The method of claim 1, wherein the graphical object is rectangular, and wherein
the graphical object is distorted such that lines of the graphical object appear to be straight
on the curved display surface at a when viewed at a viewing axis that is approximately

orthogonal to a plane that is tangential to the curved display surface at the center of the

graphical object.

3. The method of claim 1, wherein the graphical object is tessellated.

4. The method of claim 1, wherein the graphical object comprises text.

5. The method of claim 1, wherein the curved display surface is a substantially

spherical display surface, and wherein the act of distorting comprises:

determining a scale of the graphical object with respect to a representation of a
sphere;

determining a desired orientation of the graphical object with respect to the
representation of the sphere;

determining a desired position of the graphical object with respect to the
representation of the sphere;

orienting the graphical object with respect to the representation of the sphere such
that a center of the graphical object corresponds to a pole of the representation of the
sphere;

projecting the graphical object onto the representation of the sphere;
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rotating the representation of the sphere such that the graphical object is positioned

in accordance with the desired position; and

flattening the spherical representation and the graphical object onto a disk that is to

be projected onto the substantially spherical display surface.

6. The method of claim 1, wherein the acts are performed in an interactive touch-

screen environment.

7. The method of claim 6, wherein the acts are performed in an interactive multi-

touch environment.

8. The method of claim 1, further comprising:
receiving user input by way of a member coming into physical contact with the
curved display surface; and

displaying the graphical object based at least in part upon the user input.

9. The method of claim 1, wherein the graphical object is a portion of a larger
graphical object that includes several other graphical objects, and wherein the acts of
distorting and displaying are performed for each of the graphical objects in the larger
graphical object.

10. A system that facilitates projecting images onto a curved display surface,

comprising:

a receiver component that receives a graphical object that is to be displayed on the

curved display surface in a multi-touch interactive environment; and
a distorter component that distorts the graphical object at run-time of an

application that uses the graphical object.

11. The system of claim 10, further comprising a projector that projects the at least one

graphical object onto the curved display surface.

12. The system of claim 10, wherein the curved display surface is a substantially

spherical display.
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13. The system of claim 10, wherein the graphical object is one of a planar graphical

object or a three-dimensional graphical object.

14. The system of claim 10, wherein the curved display surface is substantially
spherical, and further comprising:

a scaler component that determines a desired scale of the graphical object with
respect to a representation of a sphere;

an orientor component that determines a desired orientation of the graphical object
with respect to the representation of the sphere; and

a position determiner component that determines a position on the representation
of the sphere that corresponds to where the graphical object is desirably displayed on the
curved display surface, wherein the distorter component distorts the graphical object at
run-time of an application that uses the graphical object based at least in part upon the

determined scale, the determined orientation, and the determined position.

15. The system of claim 14, further comprising;:

an illuminator component that orients the graphical object in accordance with the
desired orientation of the graphical object on the representation of the sphere;

a projector component that projects the graphical object onto the representation of
the sphere;

a rotator component that rotates the representation of the sphere until the graphical
object is at the desired position; and

a flattener component that flattens the computer-implemented display surface onto

a projection disk that is to be projected on the curved display surface by a projector.

16. The system of claim 10, further comprising a detector component that detects a
position on the curved display surface that a member is in physical contact with the curved
display surface, wherein the distorter component distorts the graphical object based at least

in part upon the detected position.

17. The system of claim 16, wherein the detector component detects multiple positions

of multiple members in physical contact with the curved display surface.
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18.  The system of claim 10, wherein the curved display surface is a substantially
spherical display surface, and further comprising an illuminator component that
automatically orients the graphical object such that the graphical object is oriented in a
substantially similar manner with respect to a pole of the spherical display surface

regardless of position of the graphical object on the spherical display surface.

19. The system of claim 10, wherein the graphical object is a portion of a larger
graphical object that includes multiple graphical objects, and wherein the distorter
component distorts each of the graphical objects in the larger graphical object at runtime

of the application.

20. A system that facilitates projection of images in an interactive multi-touch
environment, comprising;:

a substantially spherical display, wherein the substantially spherical display
includes an aperture, an interior, and an exterior;

a wide angle lens positioned in the aperture;

a data store that includes a graphical object, wherein the graphical object includes
at least one line that is desirably viewed as a straight line on the substantially spherical
display;

a distorter component that distorts the graphical object at run-time of an
application that uses the object, wherein the distorter component distorts the graphical
object such that the at least one line will be displayed on the substantially spherical display
as a substantially straight line when viewed at an approximately 90 degree angle from a
center of the graphical object; and

a projector that projects the at least one graphical object on the substantially
spherical display such that the at least one line of the graphical object is displayed as a
substantially straight line when viewed at an approximately 90 degree angle from a center

of the graphical object.
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