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elements may be used. The 3D scene may be updated in 
response to the use of the user interface elements. 
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USER INTERFACE ELEMENTS FOR USE 
WITHIN A THREE DIMIENSIONAL SCENE 

PRIORITY DATA 

0001. This application claims benefit of priority of U.S. 
provisional application Ser. No. 61/361,081 titled “User 
Interface Elements for use within a Three Dimensional 
Scene' filed Jul. 2, 2010, whose inventors were Michael A. 
Vesely, Edward Sesek, Slan S. Gray, Peter F. Ullmann, Craig 
Upson, Steven C. Hess, and Scott Harris, and U.S. provisional 
application Ser. No. 61/364.277, titled “Tools for use within a 
Three Dimensional Scene', filed Jul. 14, 2010, whose inven 
tors are Michael A. Vesely, Michael C. Albers, Alan S. Gray, 
Scott Harris, Steven C. Hess, Baifang Lu, Edward M. Sesek, 
Peter F. Ulmann, and Craig Upson, both of which are hereby 
incorporated by reference in its entirety as though fully and 
completely set forth herein. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of three 
dimensional graphics, and more particularly to improved user 
interface elements for use within a three dimensional scene. 

DESCRIPTION OF THE RELATED ART 

0003. Three dimensional (3D) capable computing devices 
and real-time computer-generated 3D computer graphics 
have been a popular area of computer Science for the past few 
decades, with innovations in visual, audio and tactile systems. 
Much of the research in this area has produced hardware and 
Software products that are specifically designed to generate 
greater realism and more natural computer-human interfaces. 
These innovations have significantly enhanced and simplified 
the user's computing experience. 
0004. However, additional tools and improvements to the 
realm of 3D systems are desired. 

SUMMARY OF THE INVENTION 

0005 Various embodiments are presented of a system and 
method for improved user interface elements for use within a 
three dimensional scene. 
0006 A 3D scene may be presented by at least one display. 
More particularly, one or more stereoscopic images of the 3D 
scene may be presented by the display(s), e.g., by one or more 
Stereoscopic displays. The 3D scene may be presented 
according to a first viewpoint. For example, the first view 
point may be based on an eyepoint of a user viewing the 3D 
scene. In one embodiment, the method may include deter 
mining the first viewpoint, e.g., by determining the eyepoint 
of the user viewing the 3D scene. The method may determine 
the eyepoint of the user using various techniques, such as a 
position input device (e.g., glasses which provide eyepoint 
position information), triangulation, head/eye tracking, etc. 
Accordingly, the 3D scene may be rendered such that user can 
view the 3D scene with minimal distortions (e.g., since it is 
based on the eyepoint of the user). 
0007 As indicated above, the 3D scene may be presented 
by a single display or a plurality of displays. In one embodi 
ment, the 3D scene may be presented by a vertical display and 
a horizontal display. For example, the vertical display may 
present a first stereoscopic image, e.g., according to a vertical 
perspective, and the horizontal display may present a second 
Stereoscopic image, e.g., according to a horizontal perspec 
tive. These two stereoscopic images may form the 3D scene. 
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In further embodiments, the two displays may be joined by a 
curvilinear or blending display, which may also present a 
Stereoscopic image. The Stereoscopic image of the blending 
display may operate to blend the stereoscopic images of the 
vertical and horizontal displays. Other numbers and types of 
displays are contemplated for presenting the 3D scene. 
0008. At least a portion of the 3D scene may be presented 
in “open space' in front of or otherwise outside of the at least 
one display. Thus, as indicated above, at least a portion of the 
3D scene may appear as a hologram above the Surface of the 
display. Thus, the user can directly interact with objects (dis 
played virtual objects) in the open space because they co 
inhabit physical space proximate to the user. The inner Vol 
ume is located behind the viewing Surface, and portions of the 
3D scene within this inner volume appear “inside' the physi 
cal viewing device. Thus, objects of the 3D scene presented 
within the inner Volume do not share the same physical space 
with the user, and the objects therefore cannot be directly 
manipulated by hands or hand-held tools. That is, objects 
displayed within the inner Volume may be manipulated indi 
rectly, e.g., via a computer mouse or a joystick. 
0009. The method may further include receiving user 
input using one or more tools or user interface elements 
described herein. 

0010. The 3D scene may be updated based on the user 
input using the one or more tools or user interface elements 
described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. A better understanding of the present invention can 
be obtained when the following detailed description of the 
preferred embodiment is considered in conjunction with the 
following drawings, in which: 
0012 FIGS. 1 and 2 illustrate exemplary systems config 
ured to implement various embodiments; 
(0013 FIGS. 3A and 3B illustrate exemplary horizontal 
and vertical perspective projections, according to some 
embodiments; 
0014 FIGS. 4A and 4B illustrate an exemplary horizontal 
display with a corresponding horizontal projection, accord 
ing to Some embodiments; 
(0015 FIGS.5A and 5B illustrate exemplary view volumes 
of a horizontal projection, according to some embodiments; 
0016 FIG. 6 is a flowchart diagram illustrating one 
embodiment of a method for utilizing user interface elements 
for a 3D scene; 
0017 FIGS. 7-28F illustrate various user interface ele 
ments and their uses according to various embodiments of the 
invention; 
0018 FIG. 29 is a flowchart diagram illustrating one 
embodiment of a method for selecting an object from a plu 
rality of available objects; and 
(0019 FIGS. 30A-30E are exemplary screen shots corre 
sponding to the method of FIG. 29. 
0020 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
are shown by way of example in the drawings and are herein 
described in detail. It should be understood, however, that the 
drawings and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but on the 
contrary, the intention is to cover all modifications, equiva 
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lents and alternatives falling within the spirit and scope of the 
present invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Incorporation by Reference 
0021. The following references are hereby incorporated 
by reference in their entirety as though fully and completely 
set forth herein: 
0022 U.S. patent application Ser. No. 11/098,681 (U.S. 
Patent Publication No. 2005/0219694), titled “Horizontal 
Perspective Display, filed on Apr. 4, 2005. 
0023 U.S. patent application Ser. No. 1 1/141,649 (U.S. 
Patent Publication No. 2005/0264858), titled “Multi-plane 
Horizontal Perspective Display”, filed on May 31, 2005. 
0024 U.S. patent application Ser. No. 12/797,958, titled 
“Presenting a View within a Three Dimensional Scene, filed 
on Jun. 10, 2010, whose inventors are Michael A. Vesely and 
Alan S. Gray. 
0025 U.S. patent application Ser. No. 13/019,384, titled 
“Modifying Perspective of Stereoscopic Images Based on 
Changes in User Viewpoint, filed on Feb. 2, 2011, whose 
inventors are Michael A. Vesely, Nancy L. Clemens, and Alan 
S. Gray. 

Terms 

0026. The following is a glossary of terms used in the 
present application: 
0027 Memory Medium—any of various types of memory 
devices or storage devices. The term “memory medium' is 
intended to include an installation medium, e.g., a CD-ROM, 
floppy disks 104, or tape device; a computer system memory 
or random access memory such as DRAM, DDR RAM, 
SRAM, EDO RAM, Rambus RAM, etc.; a non-volatile 
memory Such as a Flash, magnetic media, e.g., a hard drive, or 
optical storage; registers, or other similar types of memory 
elements, etc. The memory medium may comprise other 
types of memory as well or combinations thereof. In addition, 
the memory medium may be located in a first computer in 
which the programs are executed, or may be located in a 
second different computer which connects to the first com 
puter over a network, such as the Internet. In the latter 
instance, the second computer may provide program instruc 
tions to the first computer for execution. The term “memory 
medium may include two or more memory mediums which 
may reside in different locations, e.g., in different computers 
that are connected over a network. 
0028 Carrier Medium—a memory medium as described 
above, as well as a physical transmission medium, Such as a 
bus, network, and/or other physical transmission medium that 
conveys signals such as electrical, electromagnetic, or digital 
signals. 
0029 Computer System—any of various types of comput 
ing or processing systems, including a personal computer 
system (PC), mainframe computer system, workstation, net 
work appliance, Internet appliance, personal digital assistant 
(PDA), television system, grid computing system, or other 
device or combinations of devices. In general, the term "com 
puter system’ can be broadly defined to encompass any 
device (or combination of devices) having at least one pro 
cessor that executes instructions from a memory medium. 
0030 Viewpoint this term has the full extent of its ordi 
nary meaning in the field of computer graphics/cameras. For 
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example, the term “viewpoint may refer to a single point of 
view (e.g., for a single eye) or a pair of points of view (e.g., for 
a pair of eyes). Thus, viewpoint may refer to the view from a 
single eye, or may refer to the two points of view from a pair 
ofeyes. A “single viewpoint may specify that the viewpoint 
refers to only a single point of view and a “paired viewpoint 
or “stereoscopic viewpoint may specify that the viewpoint 
refers to two points of view (and not one). Where the view 
point is that of a user, this viewpoint may be referred to as an 
eyepoint (see below). The term “virtual viewpoint” refers to a 
viewpoint from within a virtual representation or 3D scene. 
0031 Eyepoint the physical of a single eye or a pair of 
eyes. A viewpoint above may correspond to the eyepoint of a 
person. For example, a person's eyepoint has a corresponding 
viewpoint. 
0032. Vertical Perspective—a perspective which is ren 
dered for a viewpoint which is substantially perpendicular to 
the display surface. “Substantially perpendicular may refer 
to 90 degrees or variations thereof, such as 89 and 91 degrees, 
85-95 degrees, or any variation which does not cause notice 
able distortion of the rendered scene (e.g., which Sustains a 
normalized perspective of the user to the normalized display 
Surface). A vertical perspective may be a central perspective, 
e.g., having a central vanishing point. In a vertical perspec 
tive, the viewpoint may have a line of site parallel to the 
ground plane (e.g., floor) and towards a display Surface that is 
perpendicular to the ground plane. As used herein, a vertical 
perspective may apply to a single image or a stereoscopic 
image. When used with respect to a stereoscopic image (e.g., 
presenting a stereoscopic image according to a vertical per 
spective), each image of the stereoscopic image may be pre 
sented according to the vertical perspective, but with differing 
single viewpoints. The term “perpendicular perspective' may 
also refer to the definition above. 
0033 Horizontal Perspective—aperspective which is ren 
dered from a viewpoint which is not perpendicular to the 
display surface. More particularly, the term “horizontal per 
spective' refers to a perspective which is rendered using a 
Substantially 45 degree angled renderplane in reference to the 
corresponding viewpoint. The rendering may be intended for 
a display which may be positioned horizontally (e.g., parallel 
to a ground plane, e.g. table or floor) in reference to a standing 
viewpoint perspective. “Substantially 45 degrees” may refer 
to 45 degrees or variations thereof. Such as 44 and 46 degrees, 
40-50 degrees, or any variation which may cause minimal 
distortion of the rendered scene (e.g., which Sustains the 
appropriate angled projection of the image within the ren 
dered scene). In a horizontal perspective, a display Surface 
may be parallel to the ground plane, but may be some angle 
off parallel to the ground plane in either the horizontal or 
Vertical direction. As used herein, a horizontal perspective 
may apply to a single image or a stereoscopic image. When 
used with respect to a stereoscopic image (e.g., presenting a 
Stereoscopic image according to a horizontal perspective), 
each image of the stereoscopic image may be presented 
according to the horizontal perspective, but with differing 
single viewpoints. The term 'oblique perspective' may also 
refer to the definition above. 
0034. Automatically refers to an action or operation per 
formed by a computer system (e.g., Software executed by the 
computer system), without user input directly specifying or 
performing the action or operation. Thus the term “automati 
cally' is in contrast to an operation being manually performed 
or specified by the user, where the user provides input to 
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directly perform the operation. An automatic procedure may 
be initiated by input provided by the user, but the subsequent 
actions that are performed “automatically' are not specified 
by the user, i.e., are not performed “manually', where the user 
specifies each action to perform. For example, a user filling 
out an electronic form by selecting each field and providing 
input specifying information (e.g., by typing information, 
selecting check boxes, radio selections, etc.) is filling out the 
form manually, even though the computer system must 
update the form in response to the user actions. The form may 
be automatically filled out by the computer system where the 
computer system (e.g., software executing on the computer 
system) analyzes the fields of the form and fills in the form 
without any user input specifying the answers to the fields. As 
indicated above, the user may invoke the automatic filling of 
the form, but is not involved in the actual filling of the form 
(e.g., the user is not manually specifying answers to fields but 
rather they are being automatically completed). The present 
specification provides various examples of operations being 
automatically performed in response to actions the user has 
taken. 

FIGS. 1 and 2 Exemplary Systems 
0035 FIGS. 1 and 2 illustrate exemplary systems which 
are configured to perform various embodiments described 
below. 
0036. In the embodiment of FIG. 1, computer system 100 
may include chassis 110, display 150A and display 150B 
(which may collectively be referred to as display 150 or “at 
least one display” 150), keyboard 120, mouse 125, stylus 130, 
and glasses 140. In one embodiment, at least one of the 
displays 150A and 150B is a stereoscopic display. For 
example, in one embodiment, both of the displays 150A and 
150B are stereoscopic displays. The displays 150A and 150B 
may be closely positioned to each other, e.g., where they abut. 
The angle formed between the displays may be any of various 
angles, e.g., 90 degrees, 110 degrees, etc. 
0037. The chassis 110 may include various computer 
components such as processors, memory mediums (e.g., 
RAM, ROM, hard drives, etc.), graphics circuitry, audio cir 
cuitry, and other circuitry for performing computer tasks, 
such as those described herein. The at least one memory 
medium may store one or more computer programs or soft 
ware components according to various embodiments of the 
present invention. For example, the memory medium may 
store one or more graphics engines which are executable to 
perform the methods described herein. The memory medium 
may also store data (e.g., a computer model) representing a 
virtual space, which may be used for projecting a 3D scene of 
the virtual space via the display(s) 150. The memory medium 
may further store software for presenting the various user 
interface elements described herein. Additionally, the 
memory medium may store operating system software, as 
well as other software for operation of the computer system. 
Various embodiments further include receiving or storing 
instructions and/or data implemented in accordance with the 
foregoing description upon a carrier medium. 
0038. As indicated above, the computer system 100 may 
be configured to display a three dimensional (3D) scene (e.g., 
via Stereoscopic images) using the display 150A and/or the 
display 150B. The computer system 100 may also be config 
ured to display or present user interface elements, e.g., within 
the 3D scene using the display 150A, the display 150B, and/or 
another display, as described in more detail below. 
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0039. It should be noted that the embodiment of FIG. 1 is 
exemplary only, and other numbers of displays are envi 
sioned. For example, the computer system 100 may include 
only a single display or more than two displays, or the dis 
plays may be arranged in different manners than shown. In 
this particular embodiment, the display 150A is configured as 
a vertical display (which is perpendicular to a user's line of 
sight) and the display 150B is configured as a horizontal 
display (which is parallel or oblique to a user's line of sight). 
The vertical display 150A may be used (e.g., via instructions 
sent by a graphics engine executing in the chassis 110) to 
provide images which are presented according to a vertical 
(or central) perspective and the display 150B may be used 
(e.g., via instructions sent by a graphics engine executing in 
the chassis 110) to provide images which are presented 
according to a horizontal perspective. Descriptions of hori 
Zontal and Vertical perspectives are provided in more detail 
below. Additionally, while the displays 150 are shown as flat 
panel displays, they may be any type of system which is 
capable of displaying images, e.g., projection Systems. 
0040. Either or both of the displays 150A and 150B may 
present (display) stereoscopic images for viewing by the user. 
By presenting Stereoscopic images, the display(s) 150 may 
presenta 3D scene for the user. This 3D scene may be referred 
to as an illusion since the actual provided images are 2D, but 
the scene is conveyed in 3D via the user's interpretation of the 
provided images. In order to properly view the stereoscopic 
images (one for each eye), the user may wear the glasses 140 
(although using some displays, glasses may not be neces 
sary). The glasses 140 may be anaglyph glasses, polarized 
glasses, shuttering glasses, lenticular glasses, etc. Using ana 
glyph glasses, images for a first eye are presented according to 
a first color (and the corresponding lens has a corresponding 
color filter) and images for a second eye are projected accord 
ing to a second color (and the corresponding lens has a cor 
responding color filter). With polarized glasses, images are 
presented for each eye using orthogonal polarizations, and 
each lens has the corresponding orthogonal polarization for 
receiving the corresponding image. With shuttering glasses, 
each lens is synchronized to alternations of left and right eye 
images provided by the display(s) 150. The display may 
provide both polarizations simultaneously or in an alternating 
manner (e.g., sequentially), as desired. Thus, the left eye is 
allowed to only see left eye images during the left eye image 
display time and the right eye is allowed to only see right eye 
images during the right eye image display time. With lenticu 
lar glasses, images form on cyclindrical lens elements or a 
two dimensional array of lens elements. The stereoscopic 
image may be provided via optical methods, where left and 
right eye images are provided only to the corresponding eyes 
using optical means such as prisms, mirror, lens, and the like. 
Large convex or concave lenses can also be used to receive 
two separately projected images to the user. 
0041. In one embodiment, the glasses 140 may be used as 
a position input device to track the eyepoint of a user viewing 
a 3D scene presented by the system 100. For example, the 
glasses 140 may provide information that is usable to deter 
mine the position of the eyepoint(s) of the user, e.g., via 
triangulation. The position input device can include an infra 
red detection system to detect the position the viewer's head 
to allow the viewer freedom of head movement or use a light 
sensitive detection system. Other embodiments of the input 
device can be the triangulation method of detecting the 
viewer eyepoint location, such as a camera (e.g., a CCD 
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camera) providing position data Suitable for the head tracking 
objectives of the invention. The input device can be manually 
operated by the viewer, such as a keyboard, mouse, trackball, 
joystick, or the like, to indicate the correct display of the 
horizontal perspective display images. However, any method 
for tracking the position of the user's head or eyepoint is 
envisioned. Accordingly, the 3D scene may be rendered Such 
that user can view the 3D scene with appropriately modified 
projection skewing (e.g., since it is based on the eyepoint of 
the user). Thus, the 3D scene may be particularly rendered for 
the eyepoint of the user, using the position input device. In 
Some embodiments, each eyepoint may be determined sepa 
rately, or a single eyepoint may be determined and an offset 
may be used to determine the other eyepoint. 
0042. The relationship among the position/orientation of 
the display(s) 150 and the eye(s) position of the user may be 
used to map a portion of the virtual space to the physical space 
of the system 100. In essence, the physical space and compo 
nents used are to be mapped to the virtual model in order to 
accurately render a 3D scene of the virtual space. Examples 
for implementing such a system are described in the incorpo 
rated-by-reference U.S. patent application Ser. No. 1 1/098, 
681 entitled “Horizontal Perspective Display” (U.S. Patent 
Publication No. US 2005/0219694). 
0043. One or more of the user input devices (e.g., the 
keyboard 120, the mouse 125, the stylus 130, etc.) may be 
used to interact with the presented 3D scene. For example, the 
user input device 130 (shown as a stylus) or simply the user's 
hands may be used to interact with virtual objects of the 3D 
scene (via the viewed projected objects). However, this 
“direct' interaction may lend itself more easily to the “open 
space' portions of the 3D scene. Thus, at least a portion of the 
3D scene may be presented in this “open space', which is in 
front of or otherwise outside of (e.g., behind) the at least one 
display. Thus, at least a portion of the 3D scene may appear as 
a hologram above the surface of the display 150. For example, 
when the horizontal display 150B is used, the 3D scene may 
be seen as hovering above the horizontal display. It should be 
noted however, that a portion of the 3D scene may also be 
presented as appearing below the display Surface, which is not 
in “open space'. Thus, “open space' refers to a space which 
the user is able to freely move and interact with (e.g., where 
the user is able to place his hands in the space) rather than a 
space the user cannot freely move and interact with (e.g., 
where the user is notable to place his hands in the space, Such 
as below the display surface). Note that it is possible to have 
open space behind the display Surface, e.g., where the user is 
able to put his hands behind the display surface and freely 
move around. Such embodiments may be particularly appli 
cable for see-through displays. This “open space' may be 
referred to as a “hands-on volume” as opposed to an “inner 
volume” or “inner space', which may be under the surface of 
the display(s). Thus, the user can interact with virtual objects 
in the open space because they are proximate to the user's own 
physical space. The inner volume is located behind the view 
ing Surface and presented objects appearinside the physically 
viewing device. Thus, objects of the 3D scene presented 
within the inner Volume do not share the same physical space 
with the user and the objects therefore cannot be directly, 
physically manipulated by hands or hand-held tools. That is, 
they may be manipulated indirectly, e.g., via a computer 
mouse or a joystick. 
0044. In some embodiments, this open space interaction 
may beachieved by having a 1:1 correspondence between the 
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virtual objects (e.g., in the virtual space) and projected objects 
(e.g., in the physical space). Thus, an accurate and tangible 
physical interaction is provided by allowing a user to touch 
and manipulate projected objects with his hands or hand held 
tools, such as the stylus 130. This 1:1 correspondence of the 
virtual elements and their physical real-world equivalents is 
described in more detail in U.S. Patent Publication No. 2005/ 
0264858, which was incorporated by reference in its entirety 
above. This 1:1 correspondence is a new computing concept 
that may allow the user to directly access and interact with 
projected objects of the 3D scene. This new concept requires 
the creation of a common physical reference plane, as well as 
the formula for deriving its unique x, y, Z spatial coordinates, 
thereby correlating the physical coordinate environment to 
the virtual coordinate environment. Additionally, the 1:1 cor 
respondence allows the user's movement of virtual objects or 
other interaction (e.g., via the stylus 130) to be the same in 
physical space and in presented space. However, other 
embodiments are envisioned where there is a ratio between 
the distance of the user's physical movement and the corre 
sponding movement in the presented 3D scene (e.g., of the 
presented object or virtual stylus). 
0045. As described below, the user may be able to interact 
with the 3D scene using various user interface (UI) elements, 
which may be displayed within the 3D scene. 
0046. The 3D scene generator stored and executed in the 
chassis 110 may be configured to dynamically change the 
displayed images provided by the display(s) 150. More par 
ticularly, the 3D scene generator may update the displayed 3D 
scene based on changes in the user's eyepoint, manipulations 
via the user input devices, etc. Such changes may be per 
formed dynamically, at run-time. The 3D scene generator 
may also keep track of peripheral devices (e.g., the stylus 130 
or the glasses 140) to ensure synchronization between the 
peripheral device and the displayed image. The system can 
further include a calibration unit to ensure the proper map 
ping of the peripheral device to the display images and proper 
mapping between the projected images and the virtual images 
stored in the memory of the chassis 110. 
0047. In further embodiments, the system 100 (e.g., the 
display(s) 150) can further comprise an image enlargement/ 
reduction input device, an image rotation input device, and/or 
an image movement device to allow the viewer to adjust the 
view of the projection images. 
0048 Thus, the system 100 may present a 3D scene which 
the user can interact with (e.g., using UI elements or tools) in 
real time. The system may comprise real time electronic 
display(s) 150 that can present or convey perspective images 
in the open space and a peripheral device 130 that may allow 
the user to interact with the 3D scene with hand controlled or 
hand-held tools. The system 100 may also include means to 
manipulate the displayed image Such as magnification, Zoom, 
rotation, movement, and even display a new image. 
0049 Further, while the system 100 is shown as including 
horizontal display 150B since it simulates the user's visual 
experience with the horizontal ground, any viewing Surface 
could offer similar 3D illusion experience. For example, the 
3D scene can appear to be hanging from a ceiling by project 
ing the horizontal perspective images onto a ceiling Surface, 
or appear to be floating from a wall by projecting horizontal 
perspective images onto a vertical wall Surface. Moreover, 
any variation in display orientation and perspective (or any 
other configuration of the system 100) are contemplated. 
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0050 FIG. 2 illustrates another embodiment of the system 
100, shown as 200A and 200B. In this embodiment, the 
system may be a foldable and/orportable system (e.g., similar 
to a laptop or tablet computer) where the user may have the 
system 200 open (as shown in 200A) or closed (as shown in 
200B). In this embodiment, the horizontal display and verti 
cal display may be blended by a blending display. Thus, the 
display of the system 200 may be thought of as a plurality of 
combined displays, or a single display which is able to project 
horizontally and/or vertically, as desired. 

Exemplary Systems 

0051 Embodiments of the present invention may augment 
the current state of real-time computer-generated 3D com 
puter graphics and tactile computer-human interfaces with 
real time interaction. More specifically, these new embodi 
ments may enable real-time computer-generated 3D simula 
tions to coexist in physical space and time with the user 
interacting with the projected objects. This unique ability 
may be useful in many industries including, but not limited to, 
electronics, computers, biometrics, medical, education, 
games, movies, Science, legal, financial, communication, law 
enforcement, national security, military, print media, televi 
Sion, advertising, trade show, data visualization, computer 
generated reality, animation, CAD/CAE/CAM, productivity 
Software, operating systems, and more. 

FIGS. 3A and 3B Horizontal and Vertical Perspective 
0052 FIG. 3A illustrates an exemplary diagram of a hori 
Zontal perspective projection and FIG.3B illustrates an exem 
plary diagram of a vertical perspective projection. 
0053. In the horizontal perspective of FIG. 3A, the pro 
jected image is not on the plane of vision instead, it is on a 
plane angled to the plane of vision. Typically, the image 
would be on the ground level Surface. This means the image 
will be physically in the third dimension relative to the plane 
of vision. As indicated above, it may be desirable or important 
that the image is viewed from the correct eyepoint, otherwise 
the 3D scene may not represent a physical truism. 
0054. In FIG. 3A, the object was drawn by the artist clos 
ing one eye, and viewing along a line of sight 373 45° to the 
horizontal display plane 374. The resulting image, when 
viewed horizontally at the eyepoint, (in this case, for a single 
image at 45° and through one eye) looks the same as the 
original image. In FIG. 3B, the object in the 3D scene (three 
blocks stacked slightly above each other) was drawn by the 
artist closing one eye, and viewing along a line of sight 371 
perpendicular to the vertical display plane 372. The resulting 
image, when viewed vertically, straight on, and through one 
eye, looks the same as the original image. 
0055 As can be seen, one major difference between ver 

tical (e.g., central) perspective shown in FIG. 3B and hori 
Zontal perspective in FIG. 3A is the location of the display 
plane (374 and 372) with respect to the projected 3D image. 
In the horizontal perspective of FIG.3A, the display plane can 
be adjusted up and down, and therefore the projected image 
can be conveyed in the open air above the display plane, e.g., 
a user can touch (or more likely pass through) the illusion, or 
it can be displayed under the display plane, e.g., a user cannot 
touch the illusion because the display plane physically blocks 
the hand. This is the nature of horizontal perspective, and as 
long as the rendering viewpoint and the user's eyepoint are at 
the same place, the illusion is present. In contrast, for the 
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single eye vertical (e.g., central) perspective of FIG. 3B, the 
3D illusion is likely to be only inside the display plane, 
meaning one cannot touch it. However, using stereoscopic 
images, both perspectives can convey the 3D scene in “open 
space'. 
0056 FIGS. 4A and 4B Display Adjustment for Hori 
Zontal Perspective 
0057 The display(s) 150 may be made of many physical 
layers, individually and together having thickness or depth. 
To illustrate this, FIGS. 4A and 4B illustrate a conceptual 
side-view of a typical LCD display 450 (an embodiment of 
one or more of the displays 150). FIGS. 4A and 4B also 
illustrate how the projected 3D scene can include a portion in 
open space and another portion in the inner Volume. 
0058. The top layer of the display 450 is the physical 
“view surface'' 452, and the imaging layer (liquid crystal 
layer), where images are made, is the physical "image layer” 
453. The view surface 452 and the image layer 453 are sepa 
rate physical layers located at different depths or Z coordi 
nates along the viewing device's Z axis. To display an image, 
the LCD's polarized light is provided from the image layer 
453 through the view surface 452 (which may be glass). 
0059. In the example shown in FIGS. 4A and 4B, the same 
blocks from 3A and 3B are shown with a horizontal perspec 
tive. As shown, the middle block in FIG. 4A does not correctly 
appear on the view Surface 452. In FIG.4A, the imaging layer, 
i.e. where the image is made, is located behind the view 
surface 452. Therefore, the bottom of the middle block is 
incorrectly positioned behind or underneath the view surface 
452. 
0060 FIG. 4B illustrates an example of the proper location 
of the three blocks on the display 450. That is, the bottom of 
the middle block is displayed correctly on the view surface 
452 and not on the image layer 453. To make this adjustment, 
the Z coordinates of the view surface 452 and image layer 453 
are used by the 3D scene generator to correctly render the 
image. Thus, the unique task of correctly rendering an open 
space image on the view surface 452 versus the image layer 
453 may be critical in accurately mapping the 3D scene 
objects to the physical projected space. 
0061 Thus, the display's view surface 452 is the correct 
physical location to demarcate the division between open 
space and inner space and hence image rendering must use 
this view Surface thickness as an offset when intending to 
render scenes where the object is to be fully conveyed in open 
space. Therefore, the top of the display's view surface 452 is 
the common physical reference plane. However, only a Subset 
of the view surface 452 can be the reference plane because the 
entire view Surface may be larger than the total image area. 
0062. Many viewing devices enable the end user to adjust 
the size of the image area within the viewing region of the 
viewing devices by adjusting certain Xandy values. However, 
all three, X, y, z, coordinates are important to determine the 
location and size of the common physical reference plane. 
The formula for this is: The image layer 453 is given a Z 
coordinate of 0. The view surface is the distance along the z 
axis from the image layer 453. The reference plane's Z coor 
dinate is equal to the view surface 452, i.e., its distance from 
the image layer 453. The X and y coordinates, or size of the 
reference plane, can be determined by displaying a complete 
image on the viewing device and measuring the length of its 
X and y axis. 
0063. The concept of the common physical reference 
plane is not common. Therefore, display manufactures may 
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not supply its coordinates. Thus a “reference plane calibra 
tion' procedure may need to be performed to establish the 
reference plane coordinates for a given display Surface. This 
calibration procedure may provide the user with a number of 
orchestrated images with which he interacts. The user's 
response to these images provides feedback to the 3D scene 
generator Such that it can identify the correct size and location 
of the reference plane. In one embodiment, when the end user 
is satisfied and completes the procedure the coordinates are 
saved in the end user's personal profile. With some displays, 
the distance between the view surface 452 and image layer 
453 is quite small. But no matter how small or large the 
distance, it is critical that all Reference Plane x, y, and Z 
coordinates are determined as close as technically possible 
within certain tolerance, e.g., optimally less than a quarter 
inch. 
0064. After the mapping of the “computer-generated 
horizontal perspective projection display plane to the “physi 
cal reference plane x, y, Z coordinates, the two elements are 
essentially coincident in space; that is, the computer-gener 
ated horizontal plane now shares the real-world or physical X, 
y, z, coordinates of the physical reference plane. 

FIGS. 5A and 5B Exemplary Mono and Stereo View Vol 
umes in Horizontal Perspective 
0065 FIGS. 3A and 3B illustrate “view volumes” of the 
horizontal and Vertical perspectives, respectively, for a single 
eye. FIG. 5A illustrates a more detailed single eye view vol 
ume in a horizontal perspective, and FIG. 5B illustrates the 
view Volumes of a stereoscopic image. 
0066 Mathematically, the computer-generated x, y, z. 
coordinates of the viewpoint (e.g., corresponding to a user's 
eyepoint) form the vertex of an infinite pyramid, whose sides 
pass through the X, y, Z coordinates of the reference/horizontal 
plane. FIG. 5A illustrates this infinite pyramid, which begins 
at the viewpoint 551 and extends through the far clip plane 
(not shown). There are new planes within the pyramid that run 
parallel to the reference/horizontal plane 556, which, together 
with the sides of the pyramid, define two new volumes. These 
unique volumes are called open space Volume 553 and the 
inner volume 554, which were described previously. As 
shown, the open space volume 553 may exist within the 
pyramid between and inclusive of the comfort plane 555 and 
the reference/horizontal plane 556. As indicated above, in one 
embodiment, a user may interact with 3D objects located 
within the inner volume 554 via a computer mouse, joystick, 
or other similar computer peripheral. The plane 556 along 
with the bottom plane 552, are two of the planes within the 
pyramid that define the inner volume 554. Note that while the 
bottom plane 552 is farthest away from the viewpoint 551, it 
is not to be mistaken for the far clip plane. 
0067 FIG.5A also illustrates a plane 555, called the com 
fort plane. The comfort plane 555 is one of six planes that 
define the open space volume 553, and of these planes it is 
closest to the viewpoint 551 and parallel to the reference 
plane 556. The comfort plane (or near plane) 555 is appro 
priately named because its location within the pyramid deter 
mines the user's personal comfort, e.g., how his eyes, head, 
body, etc. are situated while viewing and interacting with 
simulations. The user can adjust the location of the comfort 
plane 555 based on his personal visual comfort through a 
“comfort plane adjustment procedure, where the user can 
adjust the position or closeness of the plane 555. This proce 
dure may provide the user with various 3D scenes within the 
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open space volume 553 and may enable him to adjust the 
location of the comfort plane 555 within the pyramid relative 
to the reference plane 556. When the user is satisfied and 
completes the procedure, the location of the comfort plane 
555 may be saved in the user's personal profiles. Other planes, 
Such as the bottom plane may be adjusted similarly. 
0068 FIG. 5B illustrates the provision of a stereoscopic 
image to two single viewpoints (corresponding to two eyes) 
viewing the 3D scene of the polar bear. As shown, viewpoint 
662 may correspond to a user's right eyepoint and viewpoint 
664 may correspond to a user's left eyepoint. By rendering 
and presenting a stereoscopic image according to these single 
viewpoints, a 3D scene of the polar bear may be provided to 
the user, e.g., using the glasses 140 as described above. 
FIG. 6 Utilizing User Interface Elements within a 3D Scene 
0069 FIG. 6 illustrates a method for utilizing user inter 
face elements within a 3D scene. The method shown in FIG. 
6 may be used in conjunction with any of the computer 
systems or devices shown in the above Figures, among other 
devices. In various embodiments, some of the method ele 
ments shown may be performed concurrently, in a different 
order than shown, or may be omitted. Additional method 
elements may also be performed as desired. As shown, this 
method may operate as follows. 
0070. In 602, a 3D scene may be presented by at least one 
display (e.g., the display(s) 150). More particularly, one or 
more stereoscopic images of the 3D scene may be presented 
by the display(s). The 3D scene may be presented according 
to a first viewpoint. For example, the first viewpoint may be 
based on an eyepoint of a user viewing the 3D scene. In one 
embodiment, the method may include determining the first 
viewpoint, e.g., by determining the eyepoint of the user view 
ing the 3D scene. The method may determine the eyepoint of 
the user using various techniques, such as a position input 
device (e.g., glasses which provide eyepoint position infor 
mation), triangulation, head/eye tracking, etc. Accordingly, 
the 3D scene may be rendered such that the user can view the 
3D scene with appropriately modified projection skewing 
(e.g., since it is based on the eyepoint of the user). More 
specifically, when the 3D scene is based on the user's eye 
point, the 3D scene is rendered based on the perspective as 
would be seen by the viewer. This rendering avoids much of 
the perceived skewing that would be conveyed if the view 
point of the scene did not match the eyepoint of the viewer. In 
other words, a displayed object retains the correct perspective 
as perceived by the viewer as long as the viewer eyepoint and 
3D scene viewpoint remain in correspondence. 
0071. As indicated above, the 3D scene may be presented 
by a single display or a plurality of displays. In one embodi 
ment, the 3D scene may be presented by a vertical display and 
a horizontal display. For example, the vertical display may 
present a first stereoscopic image, e.g., according to a vertical 
perspective, and the horizontal display may present a second 
Stereoscopic image, e.g., according to a horizontal perspec 
tive. These two stereoscopic images may form or convey the 
3D scene to the user. In further embodiments, the two displays 
may be joined by a curvilinear or blending display, which 
may also present a stereoscopic image. The stereoscopic 
image of the blending display may operate to blend the Ste 
reoscopic images of the vertical and horizontal displayS. 
Other numbers and types of displays are contemplated for 
presenting the 3D scene. 
0072 At least a portion of the 3D scene may be presented 
in “open space' in front of or otherwise outside of the at least 
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one display. Thus, at least a portion of the 3D scene may 
appear as a hologram above the display Surface. For example, 
when a horizontal display is used, the 3D scene may be seen 
as hovering above the horizontal display. It should be noted 
however, that a portion of the 3D scene may also be presented 
as appearing behind the display Surface, which is not in “open 
space'. Thus, “open space” refers to a space in which the user 
is able to freely move and interact (e.g., where the user is able 
to place his hands in the space) rather than a space in which 
the user cannot freely move nor interact (e.g., where the user 
is notable to place his hands in the space, such as below the 
display surface). This "open space' may be referred to as a 
“hands-on volume” as opposed to an “inner-volume', which 
may be under the Surface of the display(s). Thus, the user can 
directly interact with objects (displayed virtual objects) in the 
open space because they co-inhabit the physical space proxi 
mate to the user. The inner volume is located behind the 
viewing surface, and portions of the 3D scene within this 
inner Volume appear “inside the physical viewing device. 
Thus, objects of the 3D scene presented within the inner 
Volume do not share the same physical space with the user, 
and the objects therefore cannot be directly, physically 
manipulated by hands or hand-held tools. That is, objects 
displayed within the inner Volume may be manipulated indi 
rectly, e.g., via a computer mouse, stylus, or a joystick. 
0073. In one particular embodiment, the 3D scene may be 
provided by a display system which conveys two distinct 
images, where one image is conveyed to be seen by a left eye 
of a user and a second image is conveyed to be seen by a right 
eye. The display may be in one of many pitch, yaw, or roll 
orientations and may have a defined 0 parallax position. For 
example, two images of a stereo image pair may have a 
common appearance object feature in the same overlapping 
location on the screen, hence each eye sees the same object 
feature at the same location on the screen. Object features that 
are off parallax may be considered object features that have a 
common appearance (though the appearance may be slightly 
different for each eye view), but are slightly different loca 
tions on the screen as seen by each eye. Depending upon the 
perspective and the orientation of the screen to the viewer, the 
distinct projection and the distinct placement of the object 
feature on the screen as seen by each eye may be different. 
0074. In 604, user input may be received to one or more 
user interface elements, e.g., presented within the 3D scene. 
The user input may be received via a user interface device, 
e.g., whose 3D position is controlled by the user. For example, 
the user may interact via a stylus, glove, or even using his 
fingers with an appropriate detection mechanism. Further, the 
user may interact with a keyboard or other non-direct inter 
action user input device. The user interface elements may be 
any of the elements described herein. Particular user interface 
elements are described in more detail below. 

0075. In some embodiments, various ones of the user 
interface elements may also depend on or use the position of 
viewpoints or head tracking Accordingly, the method may 
involve tracking the viewpoint or head of one or more users 
and presenting the user interface elements accordingly. For 
example, in one embodiment, the head tracking may identify 
where in relation to the display the head is positioned (e.g., in 
at least three of pitch, yaw, and roll, plus X, Y, and Z). 
0076. In 606, the 3D scene may be updated based on the 
user input to the user interface elements received in 604. More 
details regarding the changes are provided in the sections 
below. In updating the 3D scene, the method may add or 
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remove images within the 3D scene, but may still present the 
updated 3D scene in the manner described in 602 (e.g., via 
Stereoscopic images). 
0077. Additionally, the 3D scene may be updated based on 
changes of the first viewpoint (e.g., corresponding to changes 
of the eyepoint of a user). For example, the user may move his 
head, thereby changing the eyepoint location. Accordingly, a 
next viewpoint (which corresponds to the user's new eye 
point) may be determined after displaying the 3D scene. 
Based on this next viewpoint, the 3D scene may be updated 
and an updated Stereoscopic image of the 3D scene may be 
provided by the display(s). Presenting the 3D scene according 
to the first viewpoint and updating according to a new view 
point may be performed in the manner described in U.S. 
patent application Ser. No. 13/019,384, which was incorpo 
rated by reference in its entirety above. 

FIGS. 7-28F: Exemplary User Interface Elements 
0078 FIGS. 7-28F illustrate various embodiments of user 
interface elements or tools that may be used in interacting 
with a 3D scene. User interface (UI) elements may be differ 
ent from typical objects displayed in the 3D scene. More 
particularly, UI elements may be a special type of content 
object which may be used to interact or modify the presented 
3D scene. Note that while the embodiments are shown with 
respect to a single display 150B, they may be used with any of 
the described systems above, e.g., the display 150A, both 
displays 150, and/or via other combinations or devices, e.g., 
in any number of pitch, yaw, and/or roll configuration with 
rendering projected commensurate with the orientation and 
perspective to the viewer. 
007.9 FIG. 7 illustrates one embodiment of a 3D UI ele 
ment. As shown, the interface element in FIG. 7 comprises an 
angled menu 700 (also referred to as an angle menu widget), 
which may appear above the surface of the display 150B. 
0080. As shown in the angled menu, the menu items may 
appear at a tilt relative to either the vertical (e.g., 90 degrees) 
or horizontal (e.g., 0 degrees) or with respect to the display 
Surface, as shown. In other words, the menu items will not 
simply display vertically as in standard two-dimensional dis 
play systems, but rather the angled-menu item or widget may 
be displayed at an angle in the 3D scene, e.g., at an angle 
relative to the x, y and/or Z axes in the 3D scene. In one 
embodiment, the angle may be different from a 90 degree 
angle relative to the display Surface. For example, the menu 
may be provided such that it is perpendicular to (and therefore 
facing) the line of sight of a first viewpoint (e.g., the user's 
eyepoint). In one embodiment, the user can select the angle of 
tilt of the angled menu item. 
I0081. Note that while the menu is described as “presented 
at an angle', the illusion or perception of the angle is gener 
ated by the generation of the stereoscopic image that results in 
the user perceiving the menu at the desired angle. Accord 
ingly, presenting the menu at an angle, as described herein, 
relates to how the menu is perceived by the user due to the 
Stereoscopic images being generated. 
I0082 In one embodiment, the menu may extend from a 
Zero parallax or to a Zero parallax. Additionally, or alterna 
tively, the menu items may extend from a plane within the 3D 
scene. For example, the 3D scene may include a plane that 
corresponds to a displayed floor or wall and the menu may 
expand from or to the displayed floor or wall. Almost any type 
of perceived plane is envisioned. Such as a sky plane, horizon, 
street, floor of a building, top of an object, bottom of an object, 
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etc. In addition, the perceived plane may be perceived as 
originating behind the screen, on the screen, or in front of the 
SCC. 

0083. While the menu items are shown within the menu as 
text, they may be any combination of text and/or images. In 
one embodiment, the menu may comprise a plurality of 3D 
icons. The icons may also have an angle that is based on a 
viewpoint rather than the angle of the display. Thus, in some 
embodiments, the menu items may have an angle relative to 
the viewpoint that is different from the angle of the display 
relative to the viewpoint and/or different from the angle of the 
menu relative to the viewpoint. 
0084. In further embodiments, the menu items may be 
Stereo and/or mono objects, as desired. Additionally, the 
menu items may be provided within a graphical framework 
(e.g., as shown in FIG. 7), or may be free floating. In some 
embodiment, upon selection of a menu item, Submenus may 
be presented. The Submenus may expand out in the direction 
of the menu expansion (e.g., along the plane of the menu) or 
may extend in a different direction (e.g., at any other X, Y, Z. 
pitch, yaw, or roll). In one embodiment, the menu items may 
be displayed in an curved arc. For example, rather than being 
presented perpendicularly to the viewpoint, the menu items 
may arc around a perpendicular menu item, similar to the arc 
created by a user pivoting an arm with a stylus. Accordingly, 
by presenting the menu items with an arc that mimics the 
user's arm, the menu items may be more easily selected. In 
another embodiment, the menu items may be provided in a 
circle or sphere around a central point (e.g., in a hub and spoke 
configuration). 
0085. In one embodiment, the menu structure may have 
Some items shown in front of another (e.g., when a Submenu 
is invoked and is presented in front of other menu items). 
Accordingly, transparency may be applied to the menu items 
to allow the obstructed menu items to be viewed. Similarly, 
the system may support the user's ability to “look around a 
front menu item to see an obstructed menu item. Accordingly, 
instead of redisplaying the menu items as perpendicular to the 
user's viewpoint as the user's head moves, they may be dis 
played in a manner that allows the user to turn to the side or at 
a different angle to view an obstructed menu item. However, 
in other embodiments, the menu items may always be reren 
dered in order to present the menus in a desired fashion. Thus, 
in these embodiments, the menu items may change their 
orientation and position to match the user's change in View 
point. 
I0086. Additionally, or alternatively, there may be more 
menu items than is currently presented in the menu. Accord 
ingly, the user may be able to scroll through the different 
menu items. In one embodiment, this may be achieved by 
using one or more keys of a keyboard (e.g., selecting up and 
down arrows to Scroll through the list), providing input to a 
touch pad (e.g., providing a gesture, such as a two finger 
Vertical motion to scroll), providing input to a stylus (e.g., 
providing a flicking gesture or positioning the stylus at a 
certain angle to scroll through the items), etc. Almost any 
gesture or method for Scrolling may be used. 
0087. The menu and menu items may be presented in 
Vertical, horizontal, or some graphic projection (or perspec 
tive) in between. In one embodiment, the projection (or per 
spective) may be independent or dependent on the position of 
the display. For example, for a horizontal display, the menu 
items may be presented with horizontal projection conveying 
objects extending above the display. As a different example, 
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for a vertical display, the menu items may be presented with 
Vertical projecting conveying objects extending in front of the 
display. For an angle in between, an angled projection may be 
used. Alternatively, the provided perspective may only 
depend on the user's viewpoint relative to the display rather 
than the position of the display, as in the above examples. 
0088 FIGS. 8A-8C illustrate another embodiment of a 3D 
UI element. In this embodiment, the UI element (which is 
shown as the angled menu 700) may be configured to “come 
out' or “rise out of the surface menu as a pop-up item. In 
other words, the UI element may initially appear as shown in 
FIG. 8A, and the window or menu may “pop up' as a 2D or 
3D plate from the horizontal, as shown in 8B and 8C. The 
menu items may be appear in a gradual fashion or one at a 
time, as desired. When the user-interface element (e.g. the 
window or menu) pops up or rises up, the UI element may 
appear at an angle to the user as shown in FIG. 7. The 3DUI 
element may disappear via various animations, e.g., in the 
reverse of 8A-8C (which would appear as 8C-8A), instantly, 
with a "goof animation, etc. 
I0089. The UI element may have varying angles, thickness, 
transparency, translucency, reflectivity, and placement (e.g., 
in order to prevent eye strain). For example, as shown in FIG. 
9, the UI element (again shown as menu 700) may have a 
thickness 902, which may be more pleasing than one that does 
not have thickness. Thus, FIG. 9 illustrates a 3DUI element 
that has a depth. More specifically, the menu item 700 is of a 
3D nature in that it has height, width, and also a measurable 
depth. In one embodiment, the menu may have, for example, 
a cardboard thickness. The thickness of the UI element can 
vary based on selections (e.g., preferences) by the user. In 
other words, the thickness of the user interface element is 
configurable by the user, e.g. through a menu or other type of 
selection. In one embodiment, the thickness may be propor 
tional to the length and/or width of the menu. For example, 
the thickness may be /10 of the smallest of the menu's length 
or width. Additionally, the UI element may vary any number 
of other properties, (e.g. shape, angle, gradient, color, bright 
ness, transparency), as desired. Further, similar descriptions 
apply to other features of the UI element, such as, for 
example, a bezel of the menu. 
0090 FIG. 10 illustrates a UI element (shown again as 
menu 700) which may be positioned at a point of focus. In the 
particular example shown, the UI element may be shown at 
the point of a cursor (e.g., which may be manipulated via the 
stylus 130 or another user input device). More specifically, 
FIG. 10 illustrates operation where a user positions a cursor 
within the 3D scene and makes the selection which causes a 
localized menu or tool selection to appear at the point of the 
cursor within the 3D scene. In other words, when a menu is 
selected, e.g., through a keyboard shortcut or other user input, 
the 3D menu 700 may appear at the location or point within 
the 3D scene where the stylus or cursor is currently pointing 
within the 3D scene. The placement of the UI element may be 
based on user selection or configuration, prior user selection 
of various attributes such as an OK button, top dash left, 
center, etc. In other words, when the user provides input for 
the user interface element to be displayed at the cursor loca 
tion, the portion of the menu displayed at the cursor location 
may correspond to a previously configured part of the UIL 
element such as the OK button. 

0091. As indicated above, however, the UI element may be 
positioned at a point of focus via other mechanisms, e.g., 
proximity to a selected object, head or eye tracking, which 
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may indicate where the user's focus is in the 3D scene. By 
placing the UI element at the user's point of-focus—(where 
the user is looking), eye strain may be reduced since the user's 
accommodation and convergence of the 3D scene may not 
have to change to a high degree. If the user is required to 
change his convergence, especially when it is at a point away 
from the display surface of the display 150B, then eye strain 
may develop, which is undesirable. Thus, by providing the UI 
element at the point of focus—, instead of a default point or 
other point, the user may have a more pleasing experience. 
0092 FIGS. 11A and 11B illustrate an embodiment of the 
invention whereby a user can select an option to Switch the 
scale of the 3D scene. More specifically, FIG. 11A shows a 
3D scene where an object, e.g., a soda can 1100, is displayed 
at an unreal scale. The user 1150 may then provide input to 
configure the scaling of the 3D scene to change from the 
unreal scale to a real scale. When this user input is received, 
the system causes objects within the 3D scene (in this case the 
soda can 1100) or the entire 3D scene itself to change or shift 
to the user scale, also referred to as real scale. In one embodi 
ment, the user can use a stylus to select one or more objects 
within the 3D scene and then provide input to change the scale 
to a real scale or different scale. Alternatively, when the user 
provides input, the entire 3D scene changes scale to the “real 
scale” or some other preconfigured scale. As shown in FIG. 
11B, the soda can 1100 is now scaled to the same size as a real 
Soda can, and thus has been scaled to the user's scale (or real 
scale). 
0093. This effect can be achieved by creating the object 
with actual physical dimensions (e.g., actual inches or other 
physical units) which correspond to the physical object and 
by knowing the display properties of the display 150B (e.g., 
the DPI). In one embodiment, metadata is stored with the 
object, wherein this metadata comprise the actual physical 
dimensions of the object. Utilizing this information, the 
object may be scaled to its actual physical size, thereby 
achieving a 1:1 correspondence between projected objects 
and corresponding physical objects. Scaling the object to its 
physical size may also be based on the display resolution of 
each display, angle of view, etc. In abroader sense, this allows 
objects to have a common scale across multiple displays and 
projects. Thus, if a user creates an object for a first display in 
a first project, it will have the same size on a second display in 
a second project, since the same scale is being used. Thus, in 
the embodiment of FIGS. 11A and 11B, an object may be 
arbitrarily scaled, and by providing some user input, one or 
more objects within the scene (or the whole scene) may be 
rescaled to the user's (or real) scale. 
0094 FIGS. 12A and 12B illustrate an exemplary UI ele 
ment or feature where a user can select a Subobject from an 
object and remove the subobject from its normal place within 
the object. For example, in the embodiment of FIG. 12A, the 
user may select a bone 1250 from the arm 1200, e.g., for 
editing or inspection. Accordingly, in FIG. 12B, the arm 1200 
may automatically disappear and the bone 1250 may be 
shown for closer inspection. In this embodiment, when the 
bone 150 is selected for editing or inspection, the bone 1250 
may automatically move to the user's "comfort region' So 
that the user does not have to strain or be in an uncomfortable 
position for extended periods of time in order to interact with 
the object. For example, the comfort region may be closer to 
the user (e.g., the front of the display 150B) and may allow the 
user's hand or arm to rest on a Surface (e.g., may be within an 
inch of the display Surface). As another example, if the user 
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wished to draw a tattoo on an arm of a projected avatar, the 
user may be able to select the arm and have the arm automati 
cally move to the user's comfort Zone and also magnify (e.g., 
to the user's Scale) automatically, thereby allowing the user to 
draw the tattoo on the arm. Upon completion, the subobject 
may be automatically returned back to its original position 
and the remaining scene may be automatically returned to its 
original scale and position. Thus, in the embodiment of FIGS. 
12A and 12B, upon release, or via one or more selections, the 
bone 1250 may be returned back to the arm 1200, and the arm 
may be displayed as in FIG. 12A. 
0095. Note that the above procedure may be implemented 
using any number of methods. For example, the Subobject 
may be selected by selecting a button (e.g., on the stylus or 
elsewhere) and may be moved about via user input while the 
button is depressed. Upon release of the button the object may 
automatically Snap back to its original position. This embodi 
ment may be particularly useful for inspection. In alternate 
embodiments, the user may select and reposition the Subob 
ject manually. However, the user may be able to invoke a 
special selection (e.g., via a special mode or button) where the 
selected object automatically moves to his comfort region. 
Upon completion (e.g., in any of these embodiments), the 
Subobject (and the scene) may be automatically returned to its 
original location. This embodiment may be particularly use 
ful for editing (e.g., as in the tattoo example above). Note that 
if the subobject no longer fits, e.g., the fit of the subobject 
within the object changes due to editing, a notice may be 
presented and/or the subobject/object may be automatically 
modified so that they are able to fit together. In alternate 
embodiments, instead of removing the subobject from the 
object, the entirety of the object or the scene may be auto 
matically repositioned so that the selected object is in the 
user's comfort region. Thus, in this embodiment, instead of 
removing the Subobject from the object, the scene (or simply 
the object and/or Surrounding objects) may be automatically 
repositioned and/or rescaled in the comfort region. 
0096. Additionally, the animations and display properties 
during the procedure above may vary significantly. For 
example, the arm 1200 may not disappear when inspecting or 
editing the bone 1250 (as shown in FIG. 12B), but may be 
automatically made translucent or have some transparency 
(so that the user is not distracted by its presence). Addition 
ally, while the bone 1250 is shown as being recentered and 
brought closer to the user (so that the user can more easily 
inspect or modify the bone 1250), it may simply stay in its 
original location and the arm 1250 may automatically tem 
porarily disappear (e.g., with an animation) or change trans 
parency during inspection/editing so that only the bone 1250 
is emphasized. 
0097 FIGS. 13A and 13B illustrate an embodiment where 
an object may be repositioned and/or scaled for easier inter 
action using a tool. For example, in FIG.13A, the user is using 
a paintbrush tool 1350 to interact with car 1300. However, the 
car 1300A is very small compared to the size of the paint 
brush tool 1350. Accordingly, as shown in FIG. 13B the car 
1300A may be automatically scaled up to an appropriate size 
1300B for the size of the paint brush tool 1350. In some 
embodiments, the object may be automatically rescaled and 
repositioned into a comfort region as indicated above, so that 
the object is more easily interactable. Additionally, the posi 
tion of the selection of the object (in this case, the hood of the 
car 1300A may determine the orientation/position of the car 
1300B. For example, where the car 1300A has an initial 
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position that is away from the user, if the user places the 
paintbrush on a fender of the car 1300A, the car 1300A 
automatically scales up and may also automatically rotate to 
present the fender to the user as in 1300B. The original object 
may be automatically minimized in a region of the view 
space, as shown in FIG. 13B. Thus, as shown in FIGS. 13A 
and 13B, when an object is selected to be acted upon (e.g. to 
be acted upon using a stylus), the object may be automatically 
positioned and oriented in a region of the view Volume that is 
proximate to tool access and scaled to a size to be appropri 
ately acted upon. 
0098 FIGS. 14A and 14B illustrate an embodiment where 
a tool may be scaled for easier interaction with an object. As 
shown in FIG. 14A, the user is using a knife tool 1450A to 
interact (e.g., cut) apple 1400. However, the knife tool 1450A 
is not appropriately scaled for cutting the apple 1400. Accord 
ingly, in the embodiment of FIG. 14B, the knife tool 1450A 
may be automatically scaled up to the size of the apple 1400, 
as 1450B. Thus, in contrast to scaling the object to the tool 
size of FIGS. 13A and 13B, the tool may be automatically 
scaled to the size of the object. In some embodiments, only 
one of these methods may be used, or both, depending on the 
situation. For example, both the tool and the object may be 
automatically scaled to a size that is more appropriate for 
interaction (e.g., where both are small, but it is hard for the 
user to accurately use the tool on the object). The determina 
tion of scaling during tool use may thus be based on the ease 
of interaction for the user, which may involve scaling the tool, 
the object, or both. In these embodiments, the user does not 
have to tediously spend time and effort making the object 
and/or the tool the proper size, but instead, the system may 
perform Scaling appropriately and automatically. However, 
the user may be able to further manually adjust either or both 
of the scales (for the tool and object) to make his own adjust 
mentS. 

0099 FIGS. 15A and 15B illustrate embodiments where 
objects may be minimized or changed into icons for selection 
by the user. More particularly, as shown in FIG. 15A, a 
minimized version of a head 1500A (which may be 2D or 3D, 
and may be referred to as an icon) may be present in a 
container 1550 displayed by the display 150B. When the user 
selects the head 1500A and provides input to position the 
head 1500A on the screen, the head may be automatically 
rescaled (e.g., to the scale of the scene or real scale) and 
projected as an object within the 3D scene, as shown as 1500B 
in FIG. 15B. The transition from the icon to the scaled size 
may be a gradual change or an immediate one, e.g., as the 
head 1500A is outside of a threshold distance of the container 
1550 or top of the container 1550. Note that the container 
1550 may be a projected container, or may simply be a portion 
of the display 150B (e.g., where there is no visual container, 
but any object in that portion is iconized or minimized). In 
Some embodiments, this rescaling behavior may occur only 
with a specific container (such as the container 1550) or any 
object which can contain objects, as desired. 
0100. An object may similarly be automatically mini 
mized by being placed in the container 1550 or in the portion 
of the display 150B described above. Alternatively, the user 
may be able to select a minimize option (e.g., via Voice 
activation, a particular button, a gesture, etc.) which may 
minimize the object without having to manually move the 
object to the container 1550 or portion of the display 150B. 
Note that the scaling of an object to tool size as described in 
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FIGS. 13A and 13B may be particularly relevant when the 
object is initially minimized, as in FIGS. 15A-B. 
0101 FIG. 16 illustrate a similar concept for tools. In this 
embodiment, tools may be selected from corresponding por 
tions 1600 (e.g., a palette) of the display 150B. Thus, the user 
may change the current tool to a different tool by selecting a 
corresponding tool in the portions 1600. However, similar to 
FIGS. 15A and 15B, the tools could be placed in a container, 
e.g., as in 1550, rather than aligned on a portion of the display 
150B. Note that the automatic scaling of a tool to an object as 
described in FIGS. 14A and 14B may be particularly relevant 
where the tool is initially minimized, as in these Figures. 
0102 The portions 1600 may also be relevant for mini 
mizing and/or Switching between programs or entire 3D 
scenes that may be displayed by the display 150B. Further, 
individual objects can be minimized to this portion of the 
screen (which may be referred to as a “dock') and may be 
selected for reappearance in the 3D scene. Thus, a portion of 
the display 150B may be used for minimizing/maximizing/ 
Switching portions of scenes, entire Scenes, executing pro 
grams, etc., as desired. 
(0103 FIGS. 17A and 17B illustrate embodiments of a UI 
element or feature which may assista user in selecting Small 
objects. The objects may be small due to Scaling or distance 
(e.g., they may be large when viewed close, but may appear 
Small because they are in the distance). As used herein, a 
“small object may refer to any object which is difficult for 
the user to interact with or otherwise select due to its projected 
size. It is often difficult for a user to select such objects. 
Accordingly, a number of techniques can be used to assist the 
user in this task. In the embodiment shown in FIG. 17A, the 
user may be attempting to select a dog 1750A among trees 
1700A using a laser (also referred to as a “laser beam tool') to 
1710 (e.g., which may extend from the user's stylus). In one 
embodiment, in order to assist the user to select the dog 
1750A, a region of selection of the dog 1750A may be auto 
matically expanded such that the dog 1750A does not have to 
be absolutely selected (e.g., by the laser 1710 touching a 
portion of the dog 1750A). The region of selection of the dog 
1750A may be automatically expanded (as shown in 1750B) 
in response to the laser 1710 coming within a certain prox 
imity to the dog 1750A within the 3D scene. In this embodi 
ment, the dog 1750A may be more easily selected since 
regions next to dog 1750A may be scaled down, as shown by 
trees 1700B. In further embodiments, the laser 1710 may 
utilize anti-jitter features, such that even if the user's hand is 
shaking while using the stylus, the laser 1710 may not shake, 
thereby assisting the user in selecting the dog 1750A. Further, 
the laser 1710 may automatically enter a slow motion mode, 
e.g., where movements of the stylus do not have a 1:1 corre 
sponding movement in the laser 1710, e.g., a 1" movement of 
the stylus may correspond to a 0.5" movement of the laser 
1710. In other words, the sensitivity of the cursor or stylus 
may be automatically decreased when the cursor or stylus 
comes within a certain proximity to an object within the 3D 
SCCC. 

0104. In further embodiments, a Zoom function may be 
used to assist the user. Various different types of Zoom func 
tions are envisioned, e.g., where the entire scene automati 
cally Zooms in on the region to which the laser 1710 is 
pointing. In the embodiment of FIG. 17B, only objects within 
a certain radius of the laser 1710 are automatically Zoomed in, 
and Surrounding objects are automatically scaled down and 
visually moved out of the way. As shown in FIG. 17B, the dog 
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1750A is shown larger as 1750B and the trees 1700A are 
shown smaller as 1700B. The area of Zoom is shown to the 
user via indication 1770. 

0105 Various different techniques may be used to invoke 
this behavior. For example, the user may select a special key 
to invoke one or more of these techniques. Alternatively, or 
additionally, the system may automatically invoke the behav 
ior as the user attempts to select (e.g., moves the laser 1710 
across) various Smaller objects. Thus, various techniques may 
be used to assist the user in selecting Small objects. 
01.06 FIGS. 18A and 18B illustrate a UI feature that 
allows a user to interact with an object or subobject that is 
currently displayed below the Surface of the screen (e.g., in 
the inner space). In the embodiment shown, the user may 
select head 1800 and invoke the UI feature (e.g., via various 
possible actions, should as Voice, button selection, gesture, 
etc.) to move that object into open space, as shown in FIG. 
18B. Once in open space, the user may interact with the head 
1800 more directly, e.g., with his hands or a stylus. Thus, by 
moving an object from inner space to open space, the user 
may more easily interact with the object, e.g., using a stylus. 
In some embodiments, only the selected subobject may be 
moved into open space (such as the embodiment shown, 
where the body does not move with the head 1800). Alterna 
tively, the associated object may also move with the subob 
ject, e.g., where the head would still be positioned as in 18B, 
but the body would still be attached. In further embodiments, 
the entire Scene may be correspondingly moved, rather than 
just the object or the subobject. 
01.07 FIGS. 19 A-19C illustrate a UI element or feature 
where a laser 1920 may indicate when there is an invisible or 
obscured object behind a visible object. More particularly, in 
FIG. 19A, the user may use a stylus to direct a depicted laser 
at or through the head 1900. The system may analyze or be 
aware that, from the user's perspective, there is an invisible or 
obscured can 1910 behind the head 1900. Accordingly, the 
system may automatically visually indicate that there is an 
obscured or invisible object. This may be performed via any 
number of ways. In the embodiment of FIG. 19A, the laser 
(i.e., the beam of the laser beam tool) may take on two colors 
1921 (before the head 1900) and 1922 (after the head 1900), 
which may indicate that there is an object behind the head 
1900 from the user's point of view. Alternatively, such an 
indication could be provided via visible differences in the 
laser, e.g., notches in the laser 1920. In one embodiment, as 
shown in FIG. 19B, when the head 1900 is selected (e.g., via 
the laser 1920), and there is an object behind the head 1900, 
the head 1900 may automatically become somewhat trans 
parent such that the user can see the can 1910 behind the head 
1900. As shown in FIG. 19C, when the head 1900 is moved 
(or the user moves his head and can therefore see the can 
1910), the laser automatically takes on the single color 1921 
and is not transparent. Thus, as shown in FIGS. 19A-19C, an 
invisible or obscured object may be automatically visually 
indicated to the user. 

0108 FIG. 20 illustrates a UI element or feature where a 
listing may be displayed which indicates a hierarchy of Sub 
objects for a selected object. This hierarchy may indicate all 
of the Subobjects that are currently selected (e.g., since the 
selected object). In the embodiment shown in FIG. 20, the 
head 2000 and the can 2010 are selected via the laser 2020. In 
response to this selection, corresponding listing 2005 is auto 
matically shown which lists the subobjects associated with 
the head 2000 that are also selected, in this case, including 
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forehead, left eye, right eye, nose, lips, neck, cheek, left brow, 
right brow. Similarly, a corresponding listing 2015 is auto 
matically shown which lists the subobjects associated with 
the can 2010 that are also selected, in this case, the "Coca 
Cola' letters, “classic” letters, white sash, aluminum top, 
aluminum bottom, and red surface. By automatically show 
ing this listing of Subobjects, the user can see if something 
was accidentally de-selected when searching for another 
object to be selected. This list may be a table indicating object 
name or ID, location, and/or other metadata. The list may be 
color coded in a manner that allows each list to be easily 
identified with the corresponding object. For example, the 
head 2000 may have a yellow outline and the list 2005 may 
also have a yellow outline. Similarly, the can 2010 may have 
a purple outline and the list 2015 may also have a purple 
outline. Further, the lists or tables may be shown proximate to 
the corresponding object to indicate that they are associated 
with each other. 

0109 FIGS. 21A and 21 B illustrate a UI element or fea 
ture where visual indications may be used to convey or indi 
cate attributes or criteria of objects. For example, in the 
embodiment of FIG.21A, a can of Draino TM 2110 and a bottle 
of lemon juice 2120 are shown on the display 150B. The user 
may be using a tool tip for testing acids and bases. Corre 
spondingly, when the user selects the can of DrainoTM, the can 
may be automatically highlighted in blue or the beam select 
ing the can may be colored blue, indicating that the can 
contains a base. Similarly, when the user selects the bottle of 
lemon juice, the bottle or beam may be automatically shown 
in pink, indicated that it is an acid. In some embodiments, 
there may be a legend or key 2130 displayed to assist the user 
in understanding these indications. Other types of indications 
are also envisioned, such as pop up visual indications, audi 
tory output etc. 
0110. In the embodiment of FIG. 21B, visual indications 
may be used to indicate whether a threshold is reached. In this 
embodiment, the threshold may be whether the selected item 
costs more than 100 dollars. If the user selects the ipodTM 
2160, then the visual indication (e.g. color) may indicate that 
the ipodTM is worth more than 100 dollars. If the user selects 
the pen 2170, then the visual indication may indicate that the 
pen is worth less than 100 dollars. Thus, visual indications 
may be used to convey attributes or comparison of associated 
data with criteria to the user. 

0111. In the embodiment of FIG. 22, a popup window or 
control dashboard may be shown for an object. The popup 
window may be automatically displayed in response to selec 
tion, stylus position, user demand, tool function, etc. In the 
embodiment shown, the user may select head 2200 and win 
dow 2250 may automatically appear in response to the selec 
tion. As shown in this menu, the user may be able to perform 
various actions using the menu, Such as "close eyes”, “change 
skin color”, “modify hair”, “view properties”, etc. Thus, a 
window that is used to interact with an object may be dis 
played in response to various input, e.g., to the object. 
0112 FIG. 23 illustrates an exemplary UI element or fea 
ture where tools may be activated or deactivated. As shown, 
the user may wish to use a knife tool 2350 on the apple 2300. 
Accordingly, the tool may be automatically deactivated until 
the knife tool 2350 comes into range of the apple 2300. Thus, 
in some embodiments, a tool may be deactivated (e.g., based 
on selection) and then automatically activated once it reaches 
a target object and/or an object for which the tool is appro 
priate. Alternatively, the user may be able to selectively acti 
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vate or deactivate the tool. Thus, where the tool is deactivated, 
it will not interact with the glass of water 2310. When the tool 
is activated, there may be feedback to the user (e.g., visual 
feedback). Such as object highlighting, or other indications. 
0113. In further embodiments, the tool in use may auto 
matically change based on its context. For example, if the user 
brings a laser or tool into proximity of the glass of water 2310, 
an eyedropper tool may be automatically selected, e.g., based 
on metadata of the glass or water object. Similarly, when the 
tool comes into proximity of the apple 2300, the knife tool 
2350 may be automatically selected for use, e.g., based on 
metadata of the apple 2300. Thus, tools or functions of tools 
may be automatically selected based on proximity to various 
objects. Similar descriptions apply to the contexts of Scenes 
or groups of objects, etc. 
0114 FIG. 24 illustrates an embodiment of a UI element 
where portions of the 3D scene may be made to become 
transparent, e.g., to allow the user to view the 3D scene in a 
new way. In the embodiment shown, house 2400 may nor 
mally be opaque, and the inside of the house 2400 may not be 
visible. The user may utilize a gradient tool 2450, which may 
make a portion of the 3D scene gradually transparent, so that 
the user may view objects inside the house 2400, such as the 
chair 2410. In the embodiment shown, the transparency may 
be within the circle or cone of the gradient tool 2450. When 
manipulated as a cone, the transparency may be higher at the 
base and lower at the point, thereby allowing the user to see 
inside objects. In some embodiments, this gradient of trans 
parency may apply to the entire Scene, Such that objects at or 
near the base level are transparent and objects at or near the tip 
are opaque, regardless of where the objects are in the scene. 
Alternatively, this effect may slowly diffuse from the gradient 
tool’s application. In these embodiments, a user could there 
fore use the tool to selectively view levels of objects in the 3D 
scene. Using the example of FIG. 24, by using the tool to see 
the chair 2410, the entire front of the house may become 
transparent Such that the user could see the complete interior 
of the house. Thus, the gradient tool may allow the user to see 
more details of a desired object by making objects around it 
transparent. The tool may be used on single objects, Subob 
jects, or groups of objects, as desired. 
0115 FIG. 25 illustrates an embodiment of a UI element 
where the user may manipulate the position and/or orienta 
tion of the 3D scene. In the particular embodiment shown, one 
or more of the displays, e.g. the horizontal display 150B, may 
include a physical control Such as a slider or knob, etc. that a 
user may use to manipulate the 3D scene. For example, the 
user may use the slider or knob to rotate the 3D scene and/or 
to raise or lower the 3D scene relative to the horizontal axis. 
Thus, this slider/knob input may act as a “virtual pedestal 
where the object is displayed within the 3D scene. As shown, 
the user may move the slider/knob left to right to raise or 
lower an object within the 3D scene such as the soda can 
shown in FIG. 25. While the slider is shown as a physical 
control, various other controls or mechanisms for changing 
the orientation or position of the 3D scene are envisioned, 
such as software controls (virtual controls displayed within 
the 3D scene), which may be controlled via voice commands, 
gestures, user input devices, etc. 
0116 FIGS. 26A and 26B illustrate one embodiment of a 
UI element where the user can disable head/eye tracking for 
Some objects, but leave on head/eye tracking for other objects. 
In FIG. 26A, the user may disable head/eye tracking for one 
or more objects, in this case the trees 2650, while head/eye 
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tracking remains enabled for the head 2600. Accordingly, as 
the user moves his head from the front of the screen to the left 
side of the screen, the user is able to see the head 2600 from 
his changing point of view, but the trees 2650 stay in their 
originally rendered position throughout the movement. Thus, 
if head tracking were on for all of the objects, the trees 2650 
would not be in front of the head as shown in FIG. 26B, but 
instead would be behind and to the right of the head 2600. The 
user may enable this UI element via a special selection of an 
object and/or gesture (such as a vertical stylus position on the 
trees 2650 while moving his head) and/or via other means. 
For example, the user may hold a special button or touch a 
touchpad to make a selected object (or object that the user is 
looking at) lose or retain head tracking rendering. In some 
embodiments, this feature may be inferred automatically by 
the user's head or eye movements. This UI element may be 
augmented by including appropriate highlighting of objects 
that are enabled or disabled while the user is changing his 
head position. 
0117. Further head gestures are envisioned. For example, 
if the user moves his head quickly (e.g., with an acceleration 
above a threshold), the 3D scene may be re-rendered for a 
position further than where his head “ends up' after the move 
ment. For example, if the user slowly moved around the 
display to look around an object (similar to the head 2600 in 
FIGS. 26A and 26B), the re-rendering of the 3D scene would 
have a 1:1 correspondence with his actual head movement; 
however, if the user quickly moved around the display, the 3D 
scene may be rotated further than where his head “ended up' 
after the movement. Thus, the 1:1 correspondence of the head 
movement to 3D scene rendering may be changed when the 
user moves above or below a threshold, as desired. After the 
user ends this head gesture (e.g., by being still for an amount 
of time. Such as one second), the 1:1 correspondence may be 
reinstated. Thus, during quick movement of the head, the 3D 
scene may be updated with a preprogramed motion, based on 
the head movement speed. The direction and type of head 
movement detected may be used as input to select an appro 
priate rendering response, e.g., from a table of rendering 
responses. 

0118 FIG. 27 illustrates one embodiment of a UI element 
where a graphical book indicates the current position among 
a plurality of selections. More particularly, the graphical book 
may show the current selection on the present page, and the 
thickness of the book prior to and after the selection may 
represent the relative percentage of options prior to and after 
the selection in the display list. As shown, the user may have 
selected head 2700, e.g., with laser 2750. Correspondingly, a 
list of subobjects of the head object is displayed in a graphical 
list 2710. As shown, the current selection is “right eye' which 
is 33% down on the list. A graphical book 2720 is shown 
which shows the “right eye' as the current selection, and also 
indicates that the book is open at a point that is 33% of the 
entirety, which corresponds to the list. Thus, the book pro 
vides a graphical indication of the current selection with 
respect to the previous and remaining selections. Such 
graphical indications may be particularly useful when there 
are many possible selections, e.g., more than can be displayed 
at once. Additionally, while a book indication is shown in this 
image, other possibilities are envisioned. Such as a scroll bar, 
a glass of water, or textual indications, such as a percentage 
sign, among other variants. 
0119 FIGS. 28A-28F illustrate various embodiments of 
the use of rulers as UI elements. Rulers may be used to 
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provide the user with feedback of the scale of what he his 
viewing in a 3D scene. Rulers may be associated with an 
object (or group of objects), with the display, and/or with the 
user's point of view, as desired. In the embodiment of FIGS. 
28A and 28B, the rulers for each axis (2850x, 2850y, and 
2850z) are shown as being associated with the display 150B 
rather than the head 2800, the viewpoint of the user, and/or the 
scene. Thus, as the scene is rotated, the rulers stay in their 
original position with respect to the display 150B. In the 
embodiment of FIGS. 28C and 28D, the rulers are associated 
with the head 2800. Thus, as the head rotates from FIG. 28C 
to FIG. 28D, the rulers also automatically rotate (but may 
change their appearance or orientation so as to continue to be 
readable). In the instance where the entire 3D scene rotated, 
and the rulers rotated with the scene, the rulers would be 
associated with the 3D scene. However, where only the head 
2800 rotated and the rulers rotated with the head 2700, the 
rulers would be associated with the head 2800. Similar 
descriptions apply to rulers associated with groups of objects. 
In the embodiment of FIGS. 28E and 28F, the rulers may be 
associated with the user's point of view (i.e., the user's view 
point). Thus, as the user's head moves from the front of the 
screen to the left diagonal of the screen, the rulers move to 
follow the user's viewpoint. Thus, the rulers displayed in the 
3D scene may only move with respect to various possible 
objects or entities, such as the scene, the user's point of view, 
an object, a group of objects, etc. The rulers may also follow 
the stylus (or other user input device.) Thus, the rulers may 
have a fixed origin or may be configured to float with respect 
to objects or points of view. 
0120) Further, as the 3D scene or object is scaled, the 
rulers may be dynamic, e.g., automatically changing their 
units and increasing resolution as desired. For example, if the 
user is viewing the head 2800 and the rulers are showing a 
scale of inches (e.g., with /4" increments), as the user Zooms 
in, the rulers may automatically change their scale to includ 
ing more increments (e.g., with /16" increments). Further, the 
rulers may automatically change their unit of measure (e.g., 
from centimeters to millimeters). The user may also be able to 
Switch between physical units of measure (e.g., inches) to 
other units of measure. Such as pixels. In further embodi 
ments, other measurements may be shown in the 3D scene, 
e.g., measures of liquid, weight, specific gravity, etc. Further, 
multiple rulers may be displayed and may each be tied to 
different objects, which may be of different scales. 

FIG. 29 Selectable Objects 
0121 FIG. 29 illustrates a method for selecting and using 
selectable objects (or viewable widgets) within a 3D scene. 
The method shown in FIG. 29 may be used in conjunction 
with any of the computer systems or devices shown in the 
above Figures, among other devices. In various embodi 
ments, some of the method elements shown may be per 
formed concurrently, in a different order than shown, or may 
be omitted. Additional method elements may also be per 
formed as desired. As shown, this method may operate as 
follows. 
0122. In 2902, a 3D scene may be presented, similar to 
602, described above. 
0123 Presenting the 3D scene may include presenting one 
or more selectable objects. The selectable objects may be 
referred to as “widgets” or "icons” that are provided as select 
able stereoscopic objects within the 3D scene. For example, 
they may be provided within the 3D scene similar to the 
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objects shown in FIG.16. While the palette in FIG.16 may be 
either presented as 2D or 3D objects, the widgets of 2902 may 
be preferably presented as stereoscopic 3D objects. 
0.124 However, they may be presented in such a way so 
that a user does not confuse the widgets as “normal” objects 
of the 3D scene, but instead as objects used for interaction, 
Such as for performing desired actions. In some embodi 
ments, this may be achieved by only displaying the widgets 
when the user invokes their display, e.g., by positioning a 
stylus in a certain area of the screen (e.g., positioning a cursor 
or stylus where the widgets typically appear for a certain 
amount of time), providing a designated gesture (e.g., via the 
stylus, touch pad, or other mechanism), providing a desig 
nated key combination, etc. However, in other embodiments, 
the widgets may be displayed all the time or most of the time, 
but may be displayed in Such a manner that the user under 
stands their function. For example, the widgets may be dis 
played along a side of the 3D scene and may not change their 
appearance while the rest of the 3D scene changes (e.g., in 
response to various stimuli. Such as those provided by the 
user, while a 3D scene is played, etc.). Thus, these widgets 
may be displayed in a manner to indicate different function 
ality or behavior than other objects in the 3D scene. 
0.125. These widgets may be selectable by the user to 
perform a desired action. For example, in FIGS. 30A-30E 
below, the widgets may be selectable to spawn further wid 
gets, each of which may be selectable for including an object 
within the 3D scene. However, other actions may be per 
formed after selecting the widget. For example, one of the 
widgets may be used to select a specific tool to be used by the 
user (e.g., a paintbrush, pencil, selecting object, Scalpel, etc.). 
As another example, the widgets may be selectable to per 
forman action to the 3D scene, e.g., begin playback of the 3D 
scene, stop playback of the 3D scene, invoke a physics engine, 
clear the 3D scene, open a new 3D scene, open an application, 
close an application, etc. Thus, according to various embodi 
ments, these widgets may be selectable to perform any 
desired action. 
0.126 The widgets may have one or more of the following 
properties: 
I0127. The widgets may be generated and/or displayed 
based on a first viewpoint (e.g., an eyepoint of the user view 
ing the 3D scene). For example, if the widgets have a pre 
ferred orientation, they may be facing or oriented toward the 
first viewpoint. In further embodiments, the widgets may be 
presented so that they are viewable by the user, e.g., they are 
not obstructed by other objects. Additionally, the widgets 
may be provided at an angle that is perpendicular to the 
viewpoint's line of sight. Accordingly, the widget may be 
presented on a plane or at an angle (relative to the first view 
point) that is different than the display's plane or angle. 
I0128. However, in other embodiments, the widget may be 
presented based on the display, e.g., on the same plane of the 
display, at Zero parallax, etc. As another example, the per 
spective of the widgets may vary depending on the display. 
For example, for a vertical display, the widgets may be pro 
vided in a vertical or central perspective. For a horizontal 
display, the widgets may be provided in a horizontal orangled 
perspective. In other embodiments, the perspective may only 
depend on the angle of the viewpoint's line of sight relative to 
the display. Further, for a vertical display, the widgets may be 
presented in front of the display, while for a horizontal or 
angled display, the widgets may be presented above the dis 
play. 
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0129. Additionally, as indicated above, the widgets may 
be viewable at all times, some of the time, in response to user 
input, etc. For example, a user action may be used to cause the 
widgets to come into view or come out of view, as desired. 
0130. In 2904, user input may be received to select a first 
widget of the one or more widgets, and, in 2906, an action 
may be performed based on the selection of the first widget. 
More specifically, the action(s) associated with the first wid 
get may be performed. 
0131. In one embodiment, as indicated above, the widgets 
may be extensible by nature. For example, upon action on a 
widget, Subsequent widgets (and potentially Subsequent Sub 
widgets) may be presented in a contiguous manner, noncon 
tiguous manner, disassociated manner, or correlated graphic 
manner, as desired. For example, the widgets may extend like 
a set of building blocks that build onto a structure. In another 
example, the widgets may extend as parts of a drawing or 
image or extend to form a geometric pattern. In another 
example, the widget may extendina form similar to a selected 
or nearby object. 
0132) Thus, selection of the first widget may result in 
presentation of additional widgets, each of which may be 
selected to perform a desired action. FIGS. 30A-30E provide 
an example illustrating Such an embodiment. 
0133. In these embodiments, each of the initial widgets 
may be considered a “menu that when invoked presents a 
plurality of menu items (the additional widgets), that may be 
selectable to perform an action. 

FIGS. 30A-30E Exemplary Screen Shots Corresponding to 
FIG. 29 

0134 FIGS. 30A-30E are exemplary screen shots corre 
sponding to FIG. 29. As shown in FIG. 30A, an exemplary 
display is presenting a 3D scene including 3D object (a tree) 
and a plurality of widgets (a basketball, a car, and a shoe). As 
shown, these widgets are presented as Smaller objects along 
the left side of the display indicating to the user that they are 
different from the main objects in the 3D scene, such as the 
tree. Accordingly, a user may use a selection device (e.g., a 
stylus) to select one of these widgets. Upon selection of the 
basketball (as shown in FIG. 30B), a plurality of additional 
widgets are presented, including a baseball, a football, and a 
soccer ball (as shown in FIG.30C). Each of these objects are 
selectable for inclusion in the 3D scene. In the example of 
FIG. 30D, the user has selected the soccer ball. Accordingly, 
in FIG.30E, the soccer ball is included in the 3D scene with 
the tree, and the widgets along the left side have returned to 
the configuration of FIG. 30A. As shown in FIG. 30E, the 
Soccerball has taken on a larger (e.g., more realistic) size than 
the selectable widget shown in FIGS. 30C and 30D. 

Further Embodiments 

0135) In one embodiment, a specific Zooming effect may 
be controllable by the user. For example, instead of moving an 
object of interest towards the user's point of view (which 
would be similar to the user moving forward for closer 
inspection), another Zoom effect is to increase the stereo 
scopic effect, which is effectively increasing the interocular 
distance in the rendering engine. This causes the left and right 
images to gradually scale their relative perspectives and gives 
the user a stereo Zooming effect equivalent to gradually 
occurring stereo fish-eye view, which is different than simply 
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moving the object closer to the user. This effect may be 
triggered via any of various user input mechanisms or auto 
matically, as desired. 
0.136. In some embodiments, the user may be able to selec 
tively switch between two different points of view. For 
example, the user may be able to switch between a first and 
third person perspective of his avatar. Alternatively, the user 
may able to simply specify another point of view and Switch 
between viewing a current point of view and the specified 
point of view. This tool would also allow a user to inhabit and 
see the 3D scene through the perspective of other objects or 
avatars that have allowed access to their point of view, or 
Vantage point. 
0.137 In one embodiment, a second perspective may be 
provided within a first perspective. For example, a central 
perspective projection may be provided within a horizontal 
projection display, Such as a standup picture frame displayed 
as projecting from a horizontal display Surface, and the pic 
ture frame may depict a central perspective video). Addition 
ally, a view of a 3D scene may be provided within the 3D 
scene. The view may be stereoscopic or monoscopic, as 
desired. Further descriptions regarding the changes of points 
of view, multiple perspectives, and views within a 3D scene 
are provided in U.S. patent application Ser. No. 12/797,958, 
which was incorporated by reference in its entirety above. 
0.138. Although the embodiments above have been 
described in considerable detail, numerous variations and 
modifications will become apparent to those skilled in the art 
once the above disclosure is fully appreciated. It is intended 
that the following claims be interpreted to embrace all such 
variations and modifications. 

We claim: 
1. A method for interacting with a three dimensional (3D) 

Scene, comprising: 
presenting the 3D scene by at least one display, wherein 

said presenting the 3D scene comprises displaying at 
least one stereoscopic image of the 3D scene by the at 
least one display, wherein the 3D scene is presented 
according to a first viewpoint, 

presenting a 3D menu within the 3D scene, wherein the 3D 
menu comprises a plurality of menu items, wherein the 
3D menu is presented at an angle that is different than the 
angle of the at least one display relative to the first 
viewpoint; 

receiving user input selecting a menu item in the 3D menu: 
and 

automatically updating the 3D scene based on the user 
input selecting the menu item. 

2. The method of claim 1, further comprising: 
receiving a second viewpoint; and 
wherein said automatically updating the 3D scene is based 

on the second viewpoint. 
3. The method of claim 1, wherein the viewpoint corre 

sponds to an eyepoint of a user, wherein said presenting the 
3D menu is performed based on the eyepoint of the user. 

4. The method of claim 1, wherein said presenting is per 
formed based on a user designated position of a user interface 
device within the 3D scene, wherein the user designated 
position corresponds to a physical position of the user inter 
face device, and wherein the physical position of the user 
interface device is controlled by the user. 

5. The method of claim 1, wherein said presenting the 3D 
menu comprises presenting the 3D menu as a pop-up 3D 
menu which appears gradually in an animated fashion. 
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6. The method of claim 1, wherein said updating the 3D 
scene comprises removing the 3D menu from the 3D scene, 
wherein said removing the 3D menu is performed gradually 
in an animated fashion. 

7. The method of claim 1, wherein said presenting the 3D 
menu comprises presenting the 3D menu from a plane pre 
sented within the 3D scene. 

8. The method of claim 1, further comprising: 
receiving a second viewpoint; 
wherein said automatically updating the 3D scene presents 

an alternate presentation of the 3D menu, wherein pre 
senting the alternate presentation of the 3D menu allows 
a user to look around the 3D menu. 

9. The method of claim 1, wherein said automatically 
updating the 3D scene comprises presentinga Submenu based 
on the selected menu item, wherein the Submenu is presented 
as an expansion from the 3D menu. 

10. The method of claim 1, wherein the presented 3D menu 
is presented with a thickness, wherein the thickness is pro 
portional to length and width of the 3D menu. 

11. A non-transitory computer accessible memory medium 
storing program instructions for utilizing a 3D menu in a 
three-dimensional (3D) scene, wherein the program instruc 
tions are executable by a processor to: 

present the 3D scene by at least one display, wherein said 
presenting the 3D scene comprises displaying at least 
one stereoscopic image of the 3D scene by the at least 
one display, wherein the 3D scene is presented accord 
ing to a first viewpoint; 

present the 3D menu within the 3D scene, wherein the 3D 
menu comprises a plurality of menu items, wherein the 
3D menu is presented at an angle that is different than the 
angle of the at least one display relative to the first 
viewpoint; 

receive user input selecting a menu item in the 3D menu: 
and 

automatically update the 3D scene based on the user input 
Selecting the menu item. 

12. The non-transitory computer accessible memory 
medium of claim 11, wherein the program instructions are 
further executable to: 

receive a second viewpoint; and 
wherein said automatically updating the 3D scene is based 

on the second viewpoint. 
13. The non-transitory computer accessible memory 

medium of claim 11, wherein the viewpoint corresponds to an 
eyepoint of a user, wherein said presenting the 3D menu is 
performed based on the eyepoint of the user. 

14. The non-transitory computer accessible memory 
medium of claim 11, wherein said presenting is performed 
based on a user designated position of a user interface device 
within the 3D scene, wherein the user designated position 
corresponds to a physical position of the user interface device, 
and wherein the physical position of the user interface device 
is controlled by the user. 

15. The non-transitory computer accessible memory 
medium of claim 11, wherein said presenting the 3D menu 
comprises presenting the 3D menu as a pop-up menu which 
appears gradually in an animated fashion. 

16. The non-transitory computer accessible memory 
medium of claim 11, wherein said updating the 3D scene 
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comprises removing the 3D menu from the 3D scene, wherein 
said removing the 3D menu is performed gradually in an 
animated fashion. 

17. The non-transitory computer accessible memory 
medium of claim 11, wherein said presenting the 3D menu 
comprises presenting the 3D menu from a plane presented 
within the 3D scene. 

18. The non-transitory computer accessible memory 
medium of claim 11, wherein the angle is selected by a user. 

19. The non-transitory computer accessible memory 
medium of claim 11, wherein the program instructions are 
further executable to: 

receive user input positioning a pointing device in a first 
manner, and 

scrolling the 3D menu in response to the user input posi 
tioning the pointing device in the first manner. 

20. The non-transitory computer accessible memory 
medium of claim 11, wherein said presenting the 3D menu 
comprises presenting the plurality of menu items in an arc. 

21. A system for utilizing user interface elements in a 
dimensional (3D) scene, comprising: 

a processor; 
an input device configured to provide information to the 

processor indicating a current viewpoint of the user; 
at least one display coupled to the processor, 
a memory medium coupled to the processor which stores 

program instructions executable to: 
present the 3D scene by at least one display, wherein said 

presenting the 3D scene comprises displaying at least 
one Stereoscopic image of the 3D scene by the at least 
one display, wherein the 3D scene is presented 
according to a first viewpoint; 

present the 3D menu within the 3D scene, wherein the 
3D menu comprises a plurality of menu items, 
wherein the 3D menu is presented at an angle that is 
different than the angle of the at least one display 
relative to the first viewpoint; 

receive user input selecting a menu item in the 3D menu: 
and 

automatically update the 3D scene based on the user 
input selecting the menu item. 

22. The system of claim 21, wherein the program instruc 
tions are further executable to: 

receive a second viewpoint; and 
wherein said automatically updating the 3D scene is based 

on the second viewpoint. 
23. The system of claim 21, wherein said presenting is 

performed based on a user designated position of a user 
interface device within the 3D scene, wherein the user desig 
nated position corresponds to a physical position of the user 
interface device, and wherein the physical position of the user 
interface device is controlled by the user. 

24. The system of claim 21, wherein said presenting the 3D 
menu comprises presenting the 3D menu as a pop-up menu 
which appears gradually in an animated fashion. 

25. The system of claim 21, wherein said presenting the 3D 
menu comprises presenting the 3D menu from a plane pre 
sented within the 3D scene. 
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