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PARTICIPANT COLLABORATION ON A DISPLAYED VERGION OF AN
OBJECT

FIELD
This disclosure relates o systems and methods that enable participanis to

collaborate on a displayed version of an object.

BACKGROUND

160631] Coliaboration systems enable a team of people {also referred to as
“participants”) o achieve a common goal, such as developing an idea, crealing
a design, solving a problem, or playing a game. Typically collaboration systems
enable the team of people to work toward the common goal by coordinating the
exchange of information and ideas. Collaboration facilitates the group decision
making process with a rapid exchange of ideas. The rapid exchange of ideas is

also referred (o as “brain storming.”



WO 2011/136784 PCT/US2010/033068

BRIEF DESCRIFPTION OF THE DRAWINGS
186821 The accompanying drawings, which are incorporated in and form a parnt
of this Detailed Description |, Hllusirate various examples and, together with the

descriplion, serve {0 explain principles discussed below:

(00031 Figure 1A depicts an example system for participant collaboration on a

displayed version of an ¢bject example using a horizontal display surface.
10004 Figure 1B depicts an example display surface.

106051 Figure 2 depicts an example system for participant collaboration on a
displayed version of an object example using a vertical display surface

example.

(000861 Figure 3 depicts an example flowchart of a method for participant

collaboration on a displayed version of an object example.

16037 The drawings referred to in this Brief Descriplion should not be

understood as being drawn to scale unless specifically noted.
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DETAILED DESCRIPTION

10608] Reference will now be made in detail to various examples of the subject
matier, examples of which are Hlustrated in the accompanying drawings. While
various examples are discussed herein, it will be understood that they are not
intended o limit to these examples. On the contrary, the presented examples
are intendead {o cover alternatives, modifications and equivalents, which may be
included within the spirit and scope the various examples as defined by the
appended claims. Furthermore, in the following Delalled Description, numerous
specific details are set forth in order o provide a thorough undersianding of
aexamples of the present subject matier. However, examples may be praciiced
without these specific details. In other instances, known methods, procedures,
compaonents, and circuiis have not been described in detail as not {o

unnecessarily obscure aspects of the described examples.

(00091 Unless specifically stated otherwise as apparent from the following
discussions, it is appreciated that throughout the present Detailed Descriplion s,
discussions utilizing terms such as “comprising,” “projecting,” rendering,”
“‘enabling,” "diffusing,” “configuring,” "updating,” reflecting,” “performing,”
“determining,” "calculaling,” "recelving,” “using,” “transforming,” “using data to
transform the stale of a device,” or the like, refer {0 the actions and processes
of a computer sysiem, or electronic computing device. The computer system or
similar elecironic computing device manipulates and transforms data
represented as physical {(elecironic) quantities within the computer system’s
registers and memaries inlo other dala similarly represented as physical
guantities within the computer sysiem memories or registers or other such
information storage, transmission, or display devices. Some examples of the
subject matter are also well suited {o the use of other computer systems such

as, for example, optical and virtual computers.

(00101 Various examples provide for participant collaboration on a displayed
version of an object, such as a molecule. For example, an image of the

molecule can be created with respect to the location of a participant relative to a
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display surface based on a dataset that represents the molecule. The crealed
image can be received by a projector associated with the participant’s head
gear. The image can be displayed when the projector projects the received
image onto the display surface. According 1o one example, the display surface
reflects and diffuses light from the projected image that hits the display surface
resufting in the participants’ eyes seeing a portion of light associaled with the

displayed image.

108111 According 1o one example, the head gear includes one projector that
receives and projects an image onto the display surface. In this case, both of
the participant’s eyes see a portion of light associated with the displayed image.
fn another example, the head gear includes two projeciors that receive and
project slightly different images onlo the display surface where one of the
images is intended for the participant’s right eye and the other image is

intended for the participant’s lefl eye.

106121 Further, since the images are created with respect {o locations
associated with the participants relative {o the display surface, each of the
participants have thelr own unigue view points of the displayed version of the
obiject, according to various example. The images can be updated o reflect
changes, such as movement of the molecule or parts of the molecule over time,
the participants’ locations relalive to the display surface, annotations that the
participants associale with the molecule, or the participants engaging in

behaviors that cause the displayed molecule o move, among other things.

108131 Figure 1A depicts an example system for participant collaboration on a
displayed version of an object example using an example of a horizontal display
surface 100A. The features depicied in Figure 1A can be arranged differently
than as iHustrated, and can implement additional or fewer features than what
are described herein. Further, the features in Figure 1A can be combined in

various ways. The sysiem, depicted in Figure 1A, can be implemented with
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hardware, hardware and machine readable instructions, {such as but not limited

to hardware and software or hardware and firmware), or a combination thereof.

108141 Figure 1A depicts two participants 110, 120 wearing head gears 110A,
120A and standing around a horizontal display surface 100A {(also referred to
as a “lable top display surface™). The system includes the head gears 110A,
1204 and the display surface 100A. The system may also include one or more
computing devices 113, 123, 180, The computing devices 113, 123, 180 may
communicate with each other over a network 185 that may be wireless or wired.
According to one example, a computing device 190 includes a dataset 181 that
represents an object. Images 19248-1982C can be created based on the dataset
191,

[6015] Although, dataset 181 is depicted as residing at computing device 180,
the dataset 191 may be stored in parl or in whole on any one or more of the
computing devices 113, 123, 180 or electronic memory that is accessible by

any one or more of the computing devices 113, 123, 180, among other things.

(00161 A participant 110, 120's head gear 110A, 120A can be any devics for
attaching projectors 112, 114, 122, 126 to the parlicipant 110, 120’s head. For
example, the head gear 1104, 120A may use a band around the participant’s
forehead, a band that goes over the top of the participant’s head, a hat, or some
means for positioning a projector near an eye, such as above the eye or io the
side of the eye. The head gear may use a slicky substance or suction cups to
attach a projector 1o a participant's head insiead of a band or hat, among other
things. The head gear may also optionally include one or more cameras or ong

or more computing devices.

106171 Referring to Figure 1A, one of the participant 110’s head gear 110A
includes two projectors 112, 114, two optional cameras 111, 115, and one
optional computing device 113. The other participant 110's head gear 110A

includes one projecior 122, one optional camera 121 and one optional
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computing device 123. Examples of projectors 112, 114, 122 include pico or
micro projectors, such as those found in cell phones. The projectors 112, 114,
122 can be low lumen projectors. The projectors 112, 114, 122 can be laser
projectors. Typically an image projected by a laser projecior is focused no
matier how they are positionead relative to a display surface, such as display
surface 100A. According to one example, a projector 112, 114, 122 is mounied
in close proximity to a participant’s eye. A projector 112, 114, 122 projecis an
image of an object {also referred {0 herein as "a projectad image”) that was

created based on the dalaset 191 that represents the object.

186181 According to one example, a projector 112, 114, 122 projects an image
140A-140C onio the display surface 100A for a particular participant 110's,
120's view point 181-183. For example, the location of a participant 110, 120
with respect to the display surface 100A c¢an be determined and the computing
device 190 can creale an image 192A-192C of an object based on the data set
181 and the location of the participant 110, 130. With respect to a head gear
110A with two projectors 122, 114, image 182A and image 1828 can be
created respeciively based on the dataset 191 and with respect {0 the locations
of the participant 110's right and left eyes. The projector 114 near participant
110’s left eye can receive image 1928 and the projecior 112 near participant
110's right eye can receive image 182A. The respective projeciors 110, 112
project the received images 192A and 1828 onto the display surface 1060A
resulling in the displaved images 1404, 140B. As depicted in Figure 1A, light 1
is associated with the projected image 182A and light 2 is associated with the
projected image 1828, According to one example, the display surface 1004,
reflects and diffuses the light 1 and 2 so that eye 116 receives at least a portion
of the light 1 and eye 117 receives at least a portion of the light 2. As will be
discussed in more detaill, eye 116 does not see light 2 and eye 117 does not
see light 1, according 1o one example. Since there is a displayed image 1404
for the participant 110’s right eve and a displayed image 1408 for the
participant 110’s left eye, the participant 110 perceives the “object” in at least 3

dimensions (3D}, according to one example. Participant 120 can also perceive
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the "object” in at least 3D, for example, if parlicipant 120°s head gear 1204

inciuded the optional projector 126 thal projected another displayed image.

108181 With respect lo a head gear 120A with one projector 122, the image
1820 can be created based on the database 181 and with respect to the
focation of the participant 120. The projector 122 can receive and project the
image 182C onto the display surface 110A resulling in displayed image 140C.
Light 3 is associated with the projected image 182C. According to one
example, the display surface 100A reflects and diffuses the light 3, so that the
participant 120's eves 124 and 125 see al least a portion of the lght 3. Since
there is a displayed image 140C for both of the participant 120°s eyes, the
participant 120 can perceive the “object” in atl least 2 dimensions (20).
According to one example, a displayed image 140A-C is also referred to as “the

displayed versions of the object.”

106201 Since, according to one example, the images 182A-182C are created
with respect {o locations associated with the participants 110, 120 relative to the
display surface 1004, each of the participanis 110, 120 perceive the displayed
version 140 of the object from their own unique view poinis 182, 183. The
unique view points 182, 183 are also referred 10 as “personal view poinis” since
they are unique for each of the participants 110, 120, Unigue view poinis 182,
183 may overiap but are unigue because they are not identical, according to
one example. Each participant 110, 120 has the illusion of viewing a displayed
version 140 of the object from the correct viewpoini relative to where sach
participant 110, 120 is located with respect io the display surface 100A.
According to one example, a participant’s “location” includes their posilion
horizontally or vertically and orientation, or a combination thereof, among other
things, relative to the display surface. Further, each participant 110, 120 is
provided the correct view point when they walk around the display surface
100A, according to one example. For example, if participant 110 moves from
location a to location b, participant 110’s view point changes from view point

182 to view point 181,
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186211 According to one example, images are not created for other potential
view points for locations where none of the participants are located. For
example, an image would not be created for location d where none of the
participants 110, 120 are located, as depicted in Figure 1A, Further, participant
110's mages 192A and 1928 do not include participant 120's image 192C.
Similarly, participant 120's image 1820 does not include participant 110's
images 192A and 1928.

1006221 According to one example, the oplional cameras 112, 115, and 121 can
capture information that is integrated with information from the dataset 181 that
reprasents the object (o create the images 182A-C. For example, the images
192A-C can also represent how the participants 110, 120 are interacting with
the displayed images 140. The projected images 1 and 2 for participant 110's
view point 182 could depict where sither participant 110 or participant 120 or
hoth of the participants 110 and 120 are pointing at the displayed images 140.
According to one example, a participant’s hand, finger or pointing device is
seamiess infegraied with the displayed version 140 of the object. For example,
the displayed images 140A-C may include masks for a participant’s 110, 120
finger or hand, or a pointing device so that the displayed images 140A-C do not
overlay the participant’s 110, 120 hand, finger or pointing device. According to
another example, a pointing device may be used to annotale the displayed
images 140 and the displayed images 140 may include the annotations. The
annotations may be in a particular color. The annotations may be text or
symbols, among other things. Ancther example of participant inferaction is a
participant using their hand or pointing device 1o move the displayed version
140 of the object, for example, by rotating the displayed version 140 in the
direction that they wave their hand or moving the displayed version 140 in the

direction that they move their hand.

108231 According 1o one example, the displayed images 140 is updated to

refiect how the participants 110, 120 are interacling with the displayed images
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140, for example, by updating the displayed images 140 (o reflect that a
participant 110, 120 is pointing al a new location on the displaved version 140
with their hand or a pointing device or writing new text on the displayed version
140, that a participant 110, 120 has moved with respect the displaved version
140 and so on. According {0 one example, a tracking sysiem is used as a part
of updating the displayed version 140 to reflect how the participants 110, 120
are interacting with the displayed version 140. According 1o one example, the
cameras 111, 115 and 123 provide information {0 the tracking sysiem to

determine the relationship of various entities with respect {o each other.

106241 According to one example, images 192A-C and images 140A-C are
versions of the object. The images 192A-C are created versions of the object
and images 140A-C are displayed versions of the object. Images can also be
stored versions, transmitted versions, received versions, projected versions,
displayed versions, reflected versions, or diffused versions of the object, or a
combination thereof. An image, whether stored, created, transmitied, received,
nrojected, displayed, reflecied, or diffused, can be referred 1o as “an image from
a participant’s view point” or referred 0 as “an image with respecito a

participant’s view point,” among other things.

100251 According o one example, the term “perceive” Is used o refer to what a
participant’s brain perceives and the word “see” is used to refer to what a
participant’'s eyes see. For example, participant 110's eyes 116, 117 may
respectively see slightly different images 1404, 1408, However, the participant
110’s brain may perceive a three dimensional {3D) version of the object based
on the slightly different images 140A, 1408 thal the participant 110's eyes 116,

117 see.

186261 According to one example, “a scene” that a participant perceives
includes the physical objects, such as the display surface, participants’ hands,
or pointers, that are co-located with the participant, among other things, in

combination with participant’s view point of virtual ohjects, such as displayed
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images from the participant’s view point. The scene could also include images
of physical objects that reside at remole locations. For example, the scens
could include an image of a participant that is located remotely in another room,
another part of the world, stc. Another example, an image of a part of the
remolely located participant’s hand, an image of an object that the remotely
focated participant is using o point at reflecied version of the object that they
perceive. Al least some of the images may not be displayed by the display
surface. For example, projectors can be oriented in a way thatl a participant
perceives an image of a remotely locaied participant from the comer of their
aye without the image of the remotely located participant being projected onlo
the display surface. in this case, “the scene” can include the image of the

remotely located participant, which is not displayed by the display surface.

16027  Figure 1B depicts a display surface 100, according to one example. The
features depicted in Figure 1B can be arranged differently than as illustrated,
and can implement additional or fewer features than what are described herain.
Further, the features in Figure 18 can be combined in various ways. The
sysiem, depicied in Figure 18, can be implemented hardware, hardware and
machine readable instructions, {such as but not imited o hardware and
software or hardware and firmware), or a combinagtion thereof. The display
surface 100 may be a horizonial display surface 100A {also referred in as a
“table top display surface™), as depicted in Figure 1A, or may be a vertical

display surface (also referred {0 as a “wall mounted display surface”).

100281 The display surface 100 includes a retro-reflective backplane 134 and a
diffuser 132, according to one example. The relro-reflective back plane 134,
according to one example, can be made of micro corner cube reflectors, among
gther things. The diffuser 132, according 10 one example, can be made of

holographic diffusing material, among other things.

108281 The light 171a-171¢ associated with an image projected by a projector is
refiected back by the retro-refleclive backplane 134 of the display surface 100A
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in the exact opposite direction that the light 171a-171c was received from the
same projector, according to one example. For example, if projecior 112
{Figure 1A} projects the light 171a-171¢, then the retro-reflective backplane 134
would reflect the light 171a-17 3¢ directly back to the source of the light, which in

this exampie is projector 112.

1803081 According to one example, the diffuser 132 has optical properties that
shightly diffuse the light 171a-171¢, which is reflected back by the retro-reflective
backplane 134. A diffuser 132, according to one example, is made of a
holographic diffusing material that has oplical properties that enable shaping
the received light 171a, 171b, 171¢ to an isotropic shape or an anisotropic
shape, as will be discussed in more detail, resulting in the reflected diffused
fight 171a’, 17187, 171b°, 17107, 171¢’, and 171¢” that form shaped volumes of
light 171a2, 171b2, and 171¢cZ. The volume of light 173 includes the individusl
volumes of light 17182, 171b2, and 171c2. The volumes 171a2-171c¢2, 173 can
he cone shaped or non-cone shaped depending on the oplical properties of the
diffuser 132. The cone of light 173 includes the individual cones 171a2, 171b2,
171¢2 for each of the light rays 171a-171¢, according to one example. The size
of the cone 173, according to one example, is based on the volume occupied by
the individual cones 171a2, 17102, 171c¢2 for the rays of light 1718, 171a",
1710, 171b7, 171¢, 171" that were diffused and reflected back. The diffused
reflecied light is associaied with a volume of diffused light 172, according to one

example.

180311 For the sake of simplicity, Figure 1B depicts one cone of diffused light
173. However, typically, several cones of diffused light 173 are reflected back
from a display surface 100 where there is one cone 173 for each projector. An
interseclion between two cones 173 of diffused light is referred o as “cross-
talk.” According to one example, the diffuser 132's optical properties provide for
minimal 1o no cross talk between two cones 173 of diffused light from the left
gye and right eye projectors 112, 114 (Figure 1A}, for example by providing

(.35 degrees of distance between a participant's eyes of 62.5 milimeters {mm)
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covearing a range of up (o 20 feet. According to one example, a diffuser’s 132
optical properties enable a display surface 100 to support any number of

projectors with minimal o no cross-talk.

16032 The special optical properties of the diffuser 132 may cause diffused light
171&°, 171&a7, 1710, 1717, 171, and 171¢” {0 be diffused equally in all
directions {also referred o as “isolropic™) resulting in small circular shaped
cones of diffused light 161, 162, 163 as depicied in Figure 1A or the special
optical properties of the diffuser 132 may cause diffused light 1718, 171a",
17107, 171067, 1712, and 171<¢” to be diffused different amounis depending on
direction {(also referred to as “anisotropic”) resulting in narrow tall shaped

ellipses of diffused light to accommodate participanis of different heights.

16033] Respective projected light 1-3 (Figure 1A} are examples of light 171a-
171c (Figure 1B} thatl are projected onto a display surface 100A and diffused
volumes 161, 162, 1683 (Figure 1A) are examples of diffused volumes 172
{Figure 1B). For example, referring to Figure 1A, with respect o participant
110, projector 112 projectors the light 1 associaied with the image 182A for
view point 182 in the direction indicated by arrow 1 and projector 114 projects
the light 2 associated with the image 182B for view point 182 in the direction
indicated by arrow 2. With respect to participant 120, projector 122 projects the
light 3 associated with the image 182¢ for view point 183 in the direction

indicated by the arrow 3.

106341 For isolropic diffusion in conjunction with a horizontal display surface
100, such as display surface 100A depicted in Figure 1A, if a participant is z
units away from the display surface 100, the cone with a diffusion of theta
degrees, according o one example, has a radius of approxdimately z tan (theta).
As long as a participant’s eye is within the volume formed by the cone 173, the
participant’s eve seeas the displayed version of the object from the correct view
point, provided there is minimal cross takk {e.g., overlap) of displayed images

between the participant’s eyes, according {0 one exampie. As the participant
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moves further away from the display surface 100, z is increased and thela is
decreased, according to one example, 1o ensure that the correct eye is seeing
the appropriate displayed image. For anisotropic diffusion in conjunction with a
vertical display surface 100, as will be discussed in more detail, the diffusion
angle is increased vertically since the variations in participants’ heighis has less

bearing in the horizontal display surface 100 example.

(00351 According o one example, a projector is in close enocugh proximity to a
corresponding eye when the eye lies within the volume of reflected, diffused
cone {also referred to as "cone volume”) coming from that projector. The
formula for determining a cone with a diffusion of theta degrees and radius of z,
as discussed herein, can be used 1o determine how close to place the projector
to the light corresponding to the cong volume. Alternatively, given a distance
between an eye and a corresponding projector, the formula can be used to
determine how much diffusion would result in the eye being within the cone
volume. As discussed herein, for the two projectors per person example, oo
wide a diffusion angle may resull in "cross talk” between the eyes. The
diffusion for the two projectors per participant example may be less than half
the distance between a participant’s two eyes, which on average is 82.5
millimeters {mm). As discussed herein, Tor the single projector per participant
example, the diffusion angle can be wider since both of the parlicipant’'s eyes

can fall within the cone volume.

[00386] Continuing the discussion of display surface 100 depicted in Figure 1B in
the context of display surface 100A depicted in Figure 14, the retro reflective
backplane 134 {Figure 1B) reflects the light 1-3 (Figure 1A} back when the light
1-3 from the projectors 112, 114, 122 (Figure 1A} hits the retro refleclive
backplane 134, as discussed herein. The diffuser 132 (Figure 1B) has special
optical properties that slightly diffuse the light as indicated by the circular
shaped cones of diffused light 161, 162 163 (Figure 1A} so that at least a
portion of the light projected by the projectors 112, 114, 122 (Figure 1A} can be
reflected back to the participants’ 110, 120 eves 116, 117, 124, 125 {(Figure 1A).
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For example, the Hght 1-3 (Figure 1A) is projecied onto the display surface
1004 (Figure 1A) that includes a diffuser 132 (Figure 18) and retro-reflective
hackplane 134 {Figure 1B), according 1o one example. The retro-reflective
backplane 134 reflects the projected light 1-3 (Figure 1A} back in the same
direction that the projected light 1-3 (Figure 1A} hits the backplane 134 (Figure
1B}, according to one example. The diffuser 132 (Figure 1B}, according o one
axample, diffuses the reflected light resulling in reflected diffused light, such as
rays 171&°, 171a", 1710, 17107, 171¢, and 171¢ {(Figure 1B) within a volume
formed by a cone, such as cone 173 (Figure 1B}, causing a portion of the light 1
{Figure 1A} from projector 112 {Figure 1A) to be redirected back to eye 116
{Figure 1A), a portion the light 2 {Figure 1A) from projecior 114 (Figure 1A} to
he redirected back to eye 117 {Figure 1A}, and a portion of the light 3 {Figure
1A} from projector 122 {(Figure 1A) o be redirected back to eyes 124 and 125
{Figure 1A) s¢ that a participant’s eye sees the displayed version of the object

from the correct view point.

(0837 Figure 2 depicts a vertical display surface 100B {also referred o as a
“wall mounted display surface”), according to one example. According io one
aexample, the vertical display surface 100B’s (Figure 2} diffuser 132 (Figure 18}
has optical properties thai cause the light 171a, 171b, 171¢c {Figure 1B) o
diffuse different amounts depending on direction {also referred (o as
“anisotropic”) resulting in narrow tall ellipses of diffused light 221, 222, 231, 232,
241 {Figure 2) to accommodate participants 220, 230, 240 (Figure 2) of different
heights.

(00381 As depicted in Figure 2, two volumes of diffused light 221, 222 are
associated with participant 220, two volumes of diffused light 231, 232 are
associated with participant 230, and one volume of diffused light 241 s
associated with participant 240. Two volumes of diffused light 221, 222, 231,
232 {Figure 2) per participant 220, 230 (Figure 2} would result from a participant
220, 230 {Figure 2} wearing head gear with two projectors, such as head gear

110A {Figure 1A}, according to one exampile. Cne volume of diffused light 241
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{Figure 2} would result from a participant 240 {(Figure 1A} wearing head gear
with one projector, such as head gear 1204 (Figure 1A), according io one
example. According to one example, the amount of diffusion is wider for the
single projector exampie the diffuser’s optical propertiies provide for a wide
snough ellipse 241 so that both of participant 240's eyes see light associated
with the ellipse 241, According 1o ancther example, instead of a wider ellipse
241, participant 240 stands far enough away from the display surface 100B so
that both of participant 240's eyes see light associated with the ellipse 241.

10038 Referring to Figure 1A, an object may be any kind of agbject that
participants 110, 120 of the coliaboration may be interested in working on
together. For example, the object may be a molecule, a design of a mechanical
or electrical device, a building or an item of clothing, or a model of the universe,
among other things. The obhject may be still or in motion. For example, a
molecule may be still whereas an item of clothing may be depicled in motion as
the person wearing the clothing moves. Although examples are described in
the context of one object, examples are well suited to multiple objects as might
be used, for example, in a multi-user game or part of a city with multiple

buildings.

106401 Referring to Figure 1A, the data set 181 representing the object may be
a 3D maodel, light field model, or raw dala from multiple sensors, such as
cameras, among other things. An example of a 3D model is a mathematical
model that represents an object with a multitude of litlle triangles here each
triangle has an associated color. An example of a light field model is a plurality
of rays of light where each ray has an associated color and angular direction
relative to a camera. An array of cameras can be used to create the dala that
represents the “rays” of a light field model. A data set 181 can represent the

object by including data that represenis the “rays” of a light field model.

108411 Still referring to Figure 1A, according to one example, a participant 120

can perceive a 2D image of the object from their view point 183 by projecting an
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image 1400 that is intended for the participant 120’s eyes 124, 125 from a
single projector 122 associated with the participant 120’s headgear 120A.
According to another example, a participant 110 can perceive a 3D image of the
object from their view point 182 by projecting slighily different images 1404,
1408 that are intended for the participant 110's respective right and left eyes
116, 117 from two projeciors 112, 114 associated with the parlicipant 110's
headgear 110A. For example, each of the two projectors 112, 114 can project
a slightly different image 1824, 1928 of the object. One of the projectors 114
projects an image 1928 for the left eye and the other projecior 112 can project
an image 1924 for the right eye causing the participant’s 110 brain o perceive

a 3D version of the objsct.

(00421 An image can include another dimension for time. Further, motion
parallax can be used in conjunclion with either the single projector 122 example
or the two projector 112, 114 example (o provide a participant 110, 120 with
cues pertaining to the motion of an object. For example, an object may move
over time, such as a horse running. Motion paraliax can be used o provide a

participant with cues perigining to the horse running.

106431 Still referring to Figure 14, according 1o one example, a tracking system
is used for tracking each participants’ 110, 120 instantaneous position {x, v, z)
and orientation {wx, wy, wz} relalive to some global coordinate system, such as
a real world coordinate system. The real world coordinate system that is
associated with the objects in the real world, such as the display surface 100A
and the participants 110, 120, is used for determining whers the real world
objects are relative to the real world coordinate system, according o ong
example. Therefore, the tracking system can use the real world coordinate
system {o determine where the participants 110, 120 are relative to the display
surface 100A. Examples of tracking systems include, among other things, a

camera based tracking sysiem and an ultrasound based tracking system.
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108441 According to one example, a tracking system, which is associated with a
collaboration system, such as the system depicted in Figure 14, is calibraled,
for example, using unique markings, fiducials or patterns on the display screen
100A, such as bar codes, projecied aclive elemeants, a projected series of
coded patterns, small colored LEDs, or some geometry of the display screen
1004, such as the display screen’s 100A comners. According 1o one example,
the tracking system uses a camera associaled with the display surface 100A
and markings, fiducials, geometry or LEDs associaled with the head gears
110A, 120A.

180451 A tracking system can be pre-calibraied or self-calibrated on the fly.
Both the intrinsic parameters of a camera 111, 115, 121 and extrinsic
parameters that are ouiside of a camera 111, 115, 121 can be calibrated.
Examples of an intrinsic include lens distortion and non-idealities. An example
of an extrinsic parameter is determining the real world coordinate systermn with

respect to some predetermined origin.

1084861 Still referring to Figure 1A, according to one example, a virtual world
coordinale system is associated with each of the parlicipants’ 110, 120 view
poinis 182, 183. A real world coordinate system thal is associated with the
objects in the real world, such as the display surface 1004 and the participants
110, 120, is used for determining where the real world objects are relative to the

real world coordinate system.

180471 According to one example, there is & virtual coordinate system per
participant 110, 120. For example, participant 110 sees displayed images 140A
and 140B from the perspeclive of participant’s 110 view point 182 along with
any interactions of participants 110 and 120 with the images 140A-C and 1408
from the perspective of participant’s 110 view point 182 by determining the
relationship of the real world coordinate system with the virtual world coordinate
system for participant 110, Similarly, participant 120 sees a displayed image

1400 from the perspective of participant’'s 120 view point 183 along with any
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interactions of participants 110 and 120 with the images 140A-C from the
perspective of participant’s 120 view point 183 by delermining the relationship
of the real world coordinate system with the virtual world coordinate system for

participant 120,

[0048] Calibrating the iracking sysiem, as described herein, enables an initial
relationship between the real world coordinate system and each of the virtual
wotld coordinate systems o be established. The relationship between the real
world and the virtual world coordinate systems shall also be referred 1o herein

as a “coordinate system relationships.”

100481 The tracking system can update the relationship between the real and
virtual world coordinate sysiems as the tracking sysiem determines that the
location of any real or virtual object has moved or changed. The relationship
belween the two coordinate systems is used for providing updated displays of
images 140 that reflect how the participants 110, 120 are inferacling with the
images 140 and moving in relationship o the images 140. For example, if
participant 120 points at a first location on the images 140 at ime {, new images
192A-C are created and displayed as images 140A-C for both of the view points
182, 183 to refliect that participant 120 is pointing at the first location on the
images 140. H participant 120 then points at a second location on the images
140 at time t+1, new images 192A-182C are crealed and displayed as images
140A-C for both of the view points 182 and 183 {o reflect that participant 120 is
now pointing at the second location on the images 140. The relationship
hetween the two coordinate systems enables determining where the participant
120, which is in the real world coordinate system, is touching the images 140 atl
the first and second locations with respect (o the view poinis 182, 183, which
have their own virtual world coordinate sysiems, in order (o create the new
images 192A-C.

108501 Still referring to Figure 1A, according to one example, augmented reality

can be used o occlude part of the displayed images 140. For example, if a real
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world object, such as a part of a participants’ 110, 120 hand or a pointer, is
pointing at a part of the displayed images 140, augmented reality can be used
to determine the part of the images 140 that the real world object would overlay.
A mask can be determined o create the illusion that the real world objectis
overlaying the appropriate part of the displayed images 140. in another
example, augmented realily can be used 1o create the illusion that annotation in
the form of text, symbols, color, or a combination theredf, is on {op of the
displayed images 140. A new image 192A-C s created and displayed that
includes the mask or the annotation, or a combination thereof. By creating and
displaying a new image 192A-C that includes the mask or the annotation, ora
combination thereof, the real world object that corresponds to the mask or the
annotation can be seamiessly integrated in the displayed images 140.
According to one example, the Iracking system is used as a par of determining
the appropriate position of an occlusion or annotation relative o the displayed

images 140

100511 According o one example, a collaboration system, such as the system
depicted in Figure 14, uses state information that includes the relationship
between real and virtual world coordinale systems. The state information may
also include information representing participant 110, 120 interactions with the
displayed images 140, pertaining (o pointing, annolations, occlusions, moving

the object, as discussed herein.

(86521 Although various examples were described with respective participanis
that are using the same physical display surface {also referred to as co-located
participants), examples are well suiled for remote participants that use different
physical display surfaces. For exampile, referring to Figure 1A, there may be
two display surfaces 100 where one is in, e.g., San Jose, California and another
is in, e.g., Berlin, Germany. Participant 110 may be looking at the display
surface 100A in San Jose, California and participant 120 may be locking at the
other display surface 100 in Berlin, Germany. The information captured by the

cameras 111, 115, 121 can be communicated between the respective
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participants’ 110, 120 head gears 110A, 1204, the information used by the
projectors 112, 114, 122 can also be communicated between the respective
participants’ 110, 120 head gears 1104, 120A so that both participants 110, 120
see the images 140 and the interactions of the respective participants 110, 120
with the images 140. Participant 110 in San Jose, California can see the
images 140 from their view point 182 as well as any interactions that participant
120 in Berlin, Germany performs on the images 140 from participant’s 110 view
noint 182. Similarly, participant 120 in Berlin, Germany can see the images 140
from their view point 183 as well as any interactions that participant 110 in San
Jose, California performs on the images 140 from participant’s 120 view point
183.

(60531 According to one example, additional cameras and projectors can be
used {o create the illusion that the respeclive participants see each other from
the side. For example, additional cameras and projectors besides cameras
111, 115, 121 and projectors 112, 114, 122 can be used to cause a first
participant 110 to have the illusion of second participant 120 standing next to

the first participant 110 when the participants 110, 120 are remotely located.

106541 Still referring to Figure 14, according to one example, one or more
computing devices 113, 123, 190 create an image 182A-C for a view point 182,
183 using the data set 191 that representing the object. According to ancther
sxample, the one or more computing devices 113, 123, 180 create an image
192A-C for a view point 182, 183 using the dala set 191 and images captured
from participants” 110, 120 cameras 111, 115, 121. The images captured by the
participants’ 110, 120 cameras 111, 115, 121 can be used as a part of creating
an image 192A-C, according to one example, that depicis the participants’ 110,
120 interactions, such as their fingers, all or part of their hands, and pointing
devices, among other things as described herein. According o one example,
image creation uses information from the tracking system, for example, {0
determine the posilion of g finger, part of a hand, a pointing device, annotations,

whether an object has been moved by a participant’'s 110, 120 hand or a
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poiniing device, or a combination thereof, among other things. According to
one example, one or more computing devices 113, 123, 190 update the images
182A-C, for example, for each view point 182, 183 based on the tracking
system information and the images captured from the participants’ 110, 120
cameras 111, 115, 121 that may also include participant 110, 120 interactions,
as described herein. The updated images 192A-C can be communicaied to the
appropriate projector 112, 114, 122, then projected and displayed as imagses
140A-C, as described herein.

[0055] According to one example, there is a network 185 of computing devices
113, 123, 180. The network 185 can be a peer to peer architeciure of
computing devices 113, 123 or a centralized server 180 or a hybrid architecture
that includes both peers 113, 123 and a centralized server 190, All or part of
the data, which is used according to varicus examples, ¢an reside on one or
more of the computing devices 113, 123, 190, For example, the datasel 191
may reside on a centralized server 180, The state information may reside on
computing devices 113, 123 associated with the head gears. The centralized
server 180 and the head gear compuling devices 113, 123 can communicate
the data to each other 113, 123, 180. In ancther example, the state information
and the data set 191 reside on a centralized server 180, In yet another
example, the appropriate state information can reside at each of the head gear
computing devices 113, 123 and the data set 191 can reside at one of the head
gear computing devices 113, 123. In vet another example, all or part of the
data set 191 may raside on all of the head gear computing devices 113, 123.
The computing devices 113, 123, 180 can communicate using wireless or wired

communications.

10056 Although Figure 1A depicis computing devices 113, 123 altached o the
head gear, the compuling devices 113, 123 may be associated with the
participants 110, 120 by some other means, suchas a hand held, abeliora

chip.
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100571 Still referring to Figure 1A, according (o one example, there is one
controfler per participant 110, 120 that determines the coordinate system
relationships, creates an image 192A-0 for a participant’s 110, 120 viewpoint,
tracks state information for that participant 110, 120, communicates information
with various hardware, software, or firmware entities, or other machine readable
instructions, or a combination thergof, among other things. A controller may be
hardware, software, firmware, or other machine readable instructions, or a
combination thereof. A controller may be implemented as a compuling device
113, 123, 180 or may be implemented as an instance of an application that

agxecutes on a computing device 113, 123, 184, among other things.

(00581 In a peer (o peer architeciure where there is one computing device 113,
123 per participant 110, 120, the controllers can reside at the computing
devices 113, 123 associated with each participant 110, 120. In centralized
server architecture, the controllers can reside at a computing device 190 that
serves as the centralized server. In a combination model, the controllers may
reside al the computing devices 113, 123 associated with the participants 110,
120 and the centralized server 180 may perform some type of coordination
between the controllers. n yet another example, one of the controllers
associated with a participant 110, 120 may be a master and the other

controllers may be slaves.

16058 Figure 3 depicts a flowchart 300 of a method for participant coliaboration
on a displayed version of an object, according to one example. Although
specific operations are disclosed in flowchart 300, such operations are
exemplary. That is, examples are well suited o performing various other
operations or varigtions of the operations recited in flowchart 300. It is
apprecialted that the operalions in flowchart 300 may be performed in an order
different than presented, and that not all of the operations in flowchart 300 may

he performed.
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1006607 The following is an iHlustration of flowchart 300 for a head gear that
includes one projecior. The illusiration of flowchart 300 {(Figure 3) shali refer (o
Figure 1A,

160611 AL 310, the method begins.

100621 AL 320, an image 182C is received by a projector 122 that is associated
with a first participant 120's head gear 120A. The head gear 1204 does not
obstruct either of the first participant 120's eyes 124, 125. The image 192C
was created with respect to the first pardicipant 120°s view point 183 based on a
datasel 191 that represents an object, such as a molecule. The creation of the
image 192C with respect to the first participant 120's view point 183 does not
require creation of other images for other potential view points at localions,
such as location d, where none of the participants 110, 120 are located and the
creation of the image 192C does not require the creation of the other images
1924, 1928 for the other potential view points that include a second participant

110's view point 110.

[O063]AL 330, the received image 1920 is displayed on a display surface 100A
by projecting the received image 1820 onto the display surface 1004, the first
participant 120 perceiving the displayed image 1400 by reflecting and diffusing
at least a portion of the light 3 associated with the displayed image 140C from
the display surface 100A, as discussed herein, to the first participant 120’s eyes
124, 125 that is closest to the projector 122, More specifically, the porlion of
fight for the one projector example is reflected back to both of the first
participant 120's eves 124, 125 but are nol reflected back o the eyes 116, 117

of another participant 110, as discussed herein.

180641 Al 340, the method stops.
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[0065] The following is another dlustration of flowchart 300 for 2 head gear that
inciudes two projectors. The #llustration of flowchart 300 (Figure 3) shall refer to
Figure 1A,

1606861 AL 310, the method begins.

IB06TTAL 320, image 1824 and 1828 are received respectively by projectors
112 and 114 that are associated with a first participant 110's head gear 110A,
The head gear 110A does not obstruct either of the first participant 110’s syes
116, 117. The images 1824, 1828 were created with respect to the first
participant 110's view point 182 based on a dataset 191 that represents an
object, such as a molecule. The creation of the images 1824, 1928 with
respect {0 the first participant 110’s view point 182 does not require creatlion of
other images for other potential view poinis at locations, such as location d,
where none of the participants 110, 120 are located and the crealion of the
images 1924, 1828 does not require the creation of the other images 192C for
the other polential view points that include a second participant 120's view point
183.

106681 AL 330, the received images 1924, 1928 are displayed on a display
surface 100A by projecting the received images 1924, 1828 onto the display
surface 100A. The first participant 110 perceives the displayed images 1404,
1408 by reflecting and diffusing at least a portion of the light 1, 2 associated
with the displayed image 140A, 140B from the display surface 100A, as
discussed herein to the first participant 110's eves 116, 117 thal is closest to
the projector 112, 114, More specifically, a portion of the light 1 is reflected
back to the first participant 110's right eye 116, which is nearest to projector 112
that received image 192A, as discussed herein. Similarly, a portion of the light
2 is reflecied back to the first participant 110’s left eye 117, which is nearest o
nrojector 114 that received image 1928, as discussed herein. According to one
example, none of the light 1 or 2 is reflected back to any other participant’s

syes, such as participant 120°s eves 124, 125. Further, according to various
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examples as described herein, there is a minimal amount of cross talk belween
the reflected diffused portions of light received by the eyes 116, 117. More
specifically, the reflecied diffused portion of ight 1 is intended for the right eye
116 and the reflected diffused portion of light 2 is intended for the left eye.
Therefore, participant 110's right eye 116 receives a minimal amount of the
reflected diffused portion of light 2, which is intended for the left eye 117, and
participant 110's lef eye 117 receives a minimal amount of the reflected

diffused portion of light 1, which is intended for the right eye 116,

130681 At 340, the method stops.

106701 According o one example, head gear 120A includes a means for
receiving an image 192A-C that is created with respect to a first participant
120's view point 183 based on a data set 181, According to one example, the
created images 192A-C may be received by a computing device 123, may be
received by a projector 122, or some other apparatus, software process,
firmware, or other machine readable instructions, associated with the head
gear. According io one example, a projector 122 is an example of a means for
projecting the received images 182A-C onto a display surface 100A. According
to one example, the projector 122 in combination with the display surface 100A
is an example of a means for reflecling a portion of the light 3 associated with
the projected images 140A-C back to the first participant’'s 120 eye 124, 125,
which is closest to the projecior 122, According to one example, a display
surface 100A is an example of a means for refleciing. The display surface
1004 is further configured with a means for minimizing cross talk between syes,

as described hergin,

[8071] According to one example, a camera 111, 115, 121is a means for
capturing an image from the view point 183 of the first participant 120.
According to one example, a computing device 113, 123, 120 or an instance of
an application is an example of a means for updating the projected images

140A-C based on information from a tracking system. According to one
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example, a computing device 113, 123, 180 or an instance of an application is
an example of a means for determining relationships between a real world
coordinate system and virtual coordinate systems associated with participanis’
110, 120 view points 182, 183, wherein there is a one o one correlation
between virtual coordinate systems and each view point 182, 183 of a plurality
of participants 110, 120 of the collaboration. According to another example, a
tracking system is an example of a means for determining relationships.
According to another example, a tracking system is used by a means for

determining relationships.

180721 Any one or more of the examples described herein can be implemented
using compuler readable storage medium and computer-executable instructions
which reside, for example, in computer-readable storage medium of a computer
system or like device. The computer readable storage medium can be any kind
of memory thatl instruclions can be stored on. Examples of the computer
readable storage medium include but are not limited to a disk, a compact disk
{CH), a digital versatile device (DVD), read only memory (ROM), flash, and so
on. As described above, certain processes and operations of various examples
are realized, in one example, as a series of instructions {e.g., software program
or other machine readable instructions) that reside within computer readable
storage memaory of a computer system and are executed by the processor of
the computer system. When executed, the instructions cause the compuler

system {o implement the funclionality of various examples.

186731 Although many of the examples are described in the context of a table
top display surface 100A (Figure 1A), examples are also well suited for a wall
mourted display 1008 (Figure 2). Although many of the examples are
described in the conlext of the images 140 being a 3D molecule, examples are
well suited for other applications, such as mulli-user games, designing a
mechanical or electrical device, designing or modifving a building or an item of

clothing, or a model of the universe, among other things.
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186741 Using one projecior 112, 114 {Figure 1A) per eye 116, 117, according 1o
one example, provides for aulo stereoscopic viewing. Various examples
nrovide for viewing 3D images 140 without requiring shulter or polarized
glasses. According o one example, the use of head gear 1104, 120A that
does not obsiruct a participant 110, 120’s eyes 116, 117, 124, 125 enables
participants 110, 120 1o see each other in contrast to head mounted displays
{(HMDs), which cover the participants’ 110, 120 eyes 116, 117, 124, 125 and
nrevent the participants 110, 120 from seeing sach other. According o one
example, the cost and complexity of a system as depicted in Figures 1A or 2
scales linearly because the number of view points 182, 183, 221, 222, 231, 232,
241 is relaled linearly to the number of participants 110, 120, according to one
example, due to there being one head gear 1104, 120A per person. According
to one example, the relro reflective material of a display surface 100 provides
for a high resolution display in contrast {o using lenticles (also referred {0 as
fens lets), such as those found in conventional multi-view displays where, for
example, avery 5" lenticles is dedicated to a different view for a conventional 5
view display. According to one example, by associating at least one projecior
112, 114, 122 per person in combination with the retro reflective display suiface
100 enables each person 110, 120 to have their own unique personalized view
point 182, 183. According o one example, associating at least two projeciors
112, 114 with a participant 110 enables the participant 110 to perceive an
object in 3D, According to one example, images 140 that can be walked
around are provided by a horizontal display surface 100A (also referred to as
“table top”) that the participants 110, 120 can walk around. According to one
axample, the display surface enables the uss of low lumen projectors 112, 114,
122 because the display surface 100 redirects light back in almost the same
direction as it is received instead of sending light in a multitude of direclions.
According o one example, the use of head gear 1104, 120A with at least one
projector per person provides for projecting images 140 for the view points 182,
183 that are associated with the participants 110, 120 instead of projecting
images for viewpoinis where no participant is located. Further, the use of head

gear 110A with at least one projector 112, 114 per participant provides for
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projecting images 1924, 1928 for a first participant 110’s view point 192 from
the first participant 110’s head gear 110A withoul projecting images 192C for

other participants 120's view points 183.

16075] Examples of the subject matier are thus described. Although the subiject
matter has been described in a language specific to structural features and/or
methodological acts, it is {0 be understood that the subject matter defined in the
appended claims is not necessarily limited o the specific features or acls
described above. Rather, the specific Teatures and acls described above are

disclosed as example forms of implementing the claims.

(00761 Various embodimenis have been described in various combinations.
However, any two or more embodimenis may be combined. Further, any
smbodiment may be used separately from any other embodiment. Features,
structures, or characteristics of any embodiment may be combined in any

suitahle manner with one or more other features, structures, or characteristics,
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What is claimed is:

1. An apparaius that enables parlicipants to coliaborate on a
displayed version of an object, the apparatus comprising:

a head gear (1204) for a first participant {120) of the collaboration,
wherein the head gear (120A) comprises a projector (122} and the head gear
{120A} does not obstruct the first participant (120)s eyes (124, 125);

the projector (122) receiving (320} an image {(192C) that was created with
respect {0 a first participant (120)'s view point (183) based on a dataset (181}
that represenis an object, the creation of the image (192C) with respect to the
first participant {120}'s view point {183} does not require creation of other
images for other potential view poinis that include a second participant’s view
point {182} and include a potential view point at a location {d} where none of the
participants (110, 120} are located; and

the projector (122) projecting {330} the received image onto a display
surface {100}, wherein the first participant (120) perceives the projected image
{(192C) by receiving at least a portion of diffused light (3) associated with the
projected image (182C) at the first participant (120)'s eve (124, 125} that is

closest to the projecior {(122).

2. The apparatus of Claim 1, wherein the head gear (1204} further
comprises:

a camera {121} for capturing an image from the view point (183} of the
first participant (120});

the projector (122} projecting the image (182c¢) thal is crealed with
respect {0 the first participant (120)'s view point (183} and created based on
images caplured with respect to the firsi participant (120}'s view point (183} and
a second view point (182) of a second participant {(110) of the collaboration by
cameras (111, 115, 121) silached to the head gears {(110A, 1204) of the first
and second participants (110, 120).
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3. The apparatus of Claim 1,

wherein the projecior (122) is a first projector {122) that is in close
nroximity to a first eyve (125) of the first participant {120} and that enables the
first eye (125) of the first participant (120} to receive a portion of light of a first
projected image of the object; and

wherein the head gear (120A) further comprises a second projector (126)
that is in close proximity 1o a second evye (124} of the first participant (120) and
that enable the second eye (124} of the first pariicipant (1.20) to receive a

portion of light of a second projected image of the object.

4. The apparatus of Claim 1, wherein motion paraliax is used {0

nrovide the first participant {120) with motion cues.

5. The apparatus of Claim 1, wherein the apparatus includes a
tracking system for updating the displayed image (140C) to reflect the changes
in the first participant {120)'s view point {183} due {o the first participant {120)
nhysically moving and the first participant (120)'s interactions with the displayed
image {(140C).

6. A method (300} for participants to collaborate on a displayed
version of an object, the method comprising:

receiving (320}, using a projector (122) associated with a first participant
{120)'s head gear {120A} that does not obstruct the first participant (120)'s eyes
{124, 125}, an image {182C) thal was created with respeact 1o the first participant
{120Ys view point {183) based on a dalaset (181) that represents an object,
wherein the creation of the image (192C) with respect to the first participant
{120)'s view point (183) does not require creagtion of other images for other
potential view points at locations {d} where none of the participants (110, 120}
are located and the creation of the image (182C) does not require the creatlion
of the other images (1924, 1928) {or the other potential view points that include

a second participant (110)'s view point {182}); and
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displaying {330} the received image (192C) on a display surface {100A)
by projecting the received image {(192C) onto the display surface {(100A), the
first participant {120} perceiving the displayed image (1400} by reflecting and
diffusing at least a portion of the light (3} associated with the displayed image
{140C) from the display surface (100A)} o the first participant (120)'s eye (124,
125) that is closest to the projector (122).

7. The method of Claim 6, further comprising:
updating the displayed image {(1400) based on information from a

tracking system.

8. The method of Claim 7, wherein the updaling of the displayed
image (1400} further comprises:

updating the displayed image (140C) to reflect changes in the first
participant (120)Y's view point (183) due to the first participant (120) physically

moving.

g. The method of Claim 7, wherein the updating of the displayad
image (140C) further comprises:

updating the displayed image (140C} to reflect the participant {120)'s
interactions with the displayed image (140C).

10.  An apparatus that enables participants o coliaborate on a
displayed version of an object, the apparatus comprising:

means for receiving (320), performed by a projector {122} associated with
a first participant (120Ys head gear (120A) that does not obstruct the first
participant (120)'s eves {124, 125), an image {(182C) that was created with
respect to the first participant (120)'s view point {183) based on a dataset (181)
that represents an object, wherein the creation of the image {1820} with respect
to the first participant (120)'s view point {(183) does not require creation of other

images for other potential view points at locations (d} where none of the
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participants (110, 120} are located and the creation of the image (182C) does
not require the cregtion of the other images (182A, 192B) for the other potential
view points that include a second participant {110)'s view point {182); and

means for displaying (330) the received image (182C) on a display
surface (1004} by projecting the received image (192C) onto the display surface
{100A)}, the first participant {120) perceiving the displayed image (140C) by
reflecting and diffusing at least a portion of the light (3) associaied with the
displayed image {(140C) from the display surface (100A)} o the first participant
{(120)'s eye (124, 125) that is closest {0 the projector {(122).

11.  The apparatus of Claim 10, wherein the apparatus further
comprises:
means for updating the displayed image (1400) based on information

from a tracking system.

12.  The apparatus of Claim 11, wherein the updates of the displayed
image {(140C} are a group consisting of updates due {0 the first participant (120}
physically moving and updates due {o the first participant (120)'s interactions

with the displayed image (140C}.

13, The apparaius of Claim 12, wherein the first participant (120)'s
interactions are included in a group consisting of poiniing at the displayed image
{140C), annotating the displayed image (1400}, and moving the displayed
image (140C).

14.  The apparatus of Claim 11, further comprising:

a means for delermining relationships between a real world coordinate
system and virtual coordinate systems associated with first and second
participants (110, 120Ys view points (182, 183), wherein there is a one {o one
correlation between the virtual coordinate sysiems and each of the first and

second participant (110, 120)s’ view poinis (182, 183).
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15.  The apparatus of Claim 10, wherein the means for displaying
{100} further comprises a means for minimizing (132) an amount of the light
associated with the projected image (o be perceived by any other eves by

slightly diffusing the portion of the light (3).
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