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PRESERVING SCENE LIGHTING EFFECTS ACROSS VIEWING
PERSPECTIVES

BACKGROUND
[0001] Within the field of computing, many scenarios involve a rendering of a scene
of objects from a viewing perspective. For example, a collection of object models may be
generated and arranged in a desired manner, including the selection and positioning of
light sources to illuminate the scene. A viewing perspective may be selected to represent
the position, angle, and/or orientation of a camera or a human viewer within the scene.
The scene may be rendered from the viewing perspective using a variety of techniques for
the object modeling, light dispersal and shadowing, and surface mapping to depict color,
shading, translucency, and/or surface texture.
[0002] In addition to presenting the rendering of the scene, a device may capture a
representation of the scene for subsequent presentation at a later time. Such capturing
typically involves a choice between two techniques. As a first option, a flat, two-
dimensional image of the scene from the viewing perspective, may be captured, such as a
two-dimensional bitmap. As a second option, the three-dimensional scene model may be
captured, including the object models and the light sources, which may be used to re-
render from a different viewing perspective. In this manner, the scene representation of a
scene may be captured for subsequent presentation in similar or different circumstances.

SUMMARY

[0003] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key factors or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.
[0004] A three-dimensional scene may be designed by a scene designer, who may
arrange the objects and light sources within the scene to achieve a particular intent. When
viewed from a particular viewing perspective, the three-dimensional scene may exhibit a
variety of lighting effects caused by the relative positions of the objects, the light sources,
and the selected viewing perspective. For example, light sources may create gloss,
translucency, and/or iridescence when viewed from the selected viewing perspective. The
scene designer may arrange the scene to utilize these lighting effects, e.g., to highlight

particular objects or surfaces thereof; to obscure certain features of the scene; or to achieve
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various aesthetic properties of the scene, such as color, tone, and perception of depth or
scale.

[0005] In some circumstances, it may be desirable to enable the scene to be presented
from a different viewing perspective, in a manner that reflects the three-dimensionality of
the image. Such techniques may be difficult to achieve using a flat, two-dimensional
capture of the scene, such as in an image. However, if the scene is rendered anew using
the same object models and lighting sources but from a different viewing perspective, the
lighting effects that are exhibited at the first viewing perspective may change. For
example, gloss, translucency, and/or iridescence may be diminished or lost when the scene
is viewed from a different viewing perspective, or may change in location and/or intensity.
Additionally, new lighting effects may be created at the second perspective that diminish
the quality of the scene presentation; e.g., lighting sources may create new instances of
glare that obscure portions of the scene, and surfaces that appeared translucent when
viewed from the first viewing perspective may appear opaque from a different viewing
perspective. Such changes to the lighting effects may fail to preserve and reflect the intent
of the scene designer.

[0006] Some of these undesirable alterations may be preserved by constraining the
viewing perspective of the scene — e.g., capturing a static two-dimensional representation
of the scene when viewed from the viewing perspectives (such as a screen capture or
snapshot), or re-rendering the scene while limiting the degree to which the viewing
perspective may be altered. Such techniques may preserve the intent of the scene designer,
but may diminish or eliminate the capability of viewing the scene from significantly
different viewing perspectives

[0007] Presented herein are techniques for capturing a representation of a scene in
view of the previously presented observations. In accordance with these techniques, the
viewing perspective may be partitioned into a lighting perspective, i.e., the perspective
from which the lighting effects are rendered, and an object perspective, i.e., the
perspective from which the three-dimensional objects are rendered. In order to fulfill a
request to present the scene from a second perspective, the scene may be rendered from
the new object perspective, but the lighting effects may be maintained according to the
original lighting perspective.

[0008] In accordance with these techniques, when a scene is first rendered from an
initial perspective, a lighting effect of a light source is crated upon a lit object, due in part

to the initial perspective, which may be selected by the scene designer. The lighting effect
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may be captured and stored with a representation of the object model of the scene. The
scene may then be presented from a second perspective by re-rendering the object model,
while applying the stored lighting effect to the lit object. Because the lighting effect
generated from the initial perspective is maintained, the second rendering maintains
consistent lighting effects despite the shift in the viewing perspective of the object model.
In this manner, the rendering may preserve the intent of the scene designer when arranging
the lighting effects during the initial perspective, in accordance with the techniques
presented herein.
[0009] To the accomplishment of the foregoing and related ends, the following
description and annexed drawings set forth certain illustrative aspects and
implementations. These are indicative of but a few of the various ways in which one or
more aspects may be employed. Other aspects, advantages, and novel features of the
disclosure will become apparent from the following detailed description when considered
in conjunction with the annexed drawings.

DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is an illustration of an example scenario featuring a presentation of a
rendering of a scene from a viewing perspective prepared by a scene designer.
[0011] Fig. 2 is an illustration of an example scenario featuring a first technique for
presenting renderings of a scene from various perspectives.
[0012] Fig. 3 is an illustration of an example scenario featuring a second technique for
presenting renderings of a scene from various perspectives.
[0013] Fig. 4 is an illustration of an example scenario featuring a technique for
presenting renderings of a scene from various perspectives in accordance with the
techniques presented herein.
[0014] Fig. 5 is an example method of presenting a scene from various perspectives in
accordance with the techniques presented herein.
[0015] Fig. 6 is an example method of representing a scene that is presentable from
various perspectives in accordance with the techniques presented herein.
[0016] Fig. 7 is an example device that presents a scene from various perspectives in
accordance with the techniques presented herein.
[0017] Fig. 8 is an illustration of an example computer-readable storage device storing
instructions that cause a device to render a scene from various perspectives in accordance

with the techniques presented herein.
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[0018] Fig. 9 is an illustration of an example scenario featuring various techniques for
storing a lighting effect of a light source upon a lit object from an initial perspective in
accordance with the techniques presented herein.
[0019] Fig. 10 1s an illustration of an example scenario featuring a lighting adjustment
of a lighting effect applied to a surface of a lit object from an initial perspective in
accordance with the techniques presented herein.
[0020] Fig. 11 is an illustration of an example scenario featuring a presentation and
synchronous adjustment of scenes presented from different applications and integrated
with a user interface in accordance with the techniques presented herein.
[0021] Fig. 12 is an illustration of an example computing environment wherein one or
more of the provisions set forth herein may be implemented.

DETAILED DESCRIPTION
[0022] The claimed subject matter is now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set forth
in order to provide a thorough understanding of the claimed subject matter. It may be
evident, however, that the claimed subject matter may be practiced without these specific
details. In other instances, structures and devices are shown in block diagram form in
order to facilitate describing the claimed subject matter.
[0023] A. Introduction
[0024] Fig. 11s an illustration of an example scenario 100 in which a device 102
presents a rendering 112 of a scene 110 comprising a collection of objects 114.
[0025] In this example scenario 100, the device 102 comprises a display 104 and a
memory 106 storing a set of object models 108, such as three-dimensional geometric
shapes and textures applicable thereto, and a definition of a scene 110 as a collection of
objects 114, which are respectively specified by a position within the scene 110 and an
object model 108 to be used for the rendering 112 of the scene 110. The device 102 may
produce a rendering 112 of the scene 110, for presentation on the display 104, in response
to a selection of a viewing perspective 120, such as a simulated viewpoint of a camera, or
the viewing perspective of an observer such as a user of the device 102. The rendering 112
may involve rendering one or more light sources 116, which cast light 118 upon various
objects 114 of the scene 110. Many techniques may be utilized in the course of generating
the rendering 112 of the scene 110, including shape rendering and texturing techniques for

the respective objects 114, and lighting techniques for applying the lighting 118 to the
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surfaces of the objects 114.

[0026] In such scenarios, a scene designer 124 may arrange the scene 110 in order to
achieve a desired presentation of the content. In particular, the scene designer 124 may
choose the viewing perspective 120 and the position of the lighting source 116 to create a
particular aesthetic style or content when the scene 110 is rendered from the viewing
perspective 120. For example, the scene designer 124 may position lighting within the
scene to create desired lighting effects 122 when viewed from the selected viewing
perspective 120. As a first such example, the light 118 from the light source 116 may
create a first lighting effect 122 A upon a lit object 126 that comprises a gloss representing
a reflection of the light source 116 upon the surface of the lit object 126. As a second such
example, a second lighting effect 122B may comprise a transparency of a lit object 126
such as a window. When the window is viewed from various viewing perspectives and/or
positions of the light source 116, the window may appear completely opaque and/or
reflective, completely transparent, or partly transparent and partly opaque or reflective. As
a third such example, a third lighting effect 122C may comprise an iridescence of a
surface of a lit object 126, such as a colorful sheen that is visible only for a particular
viewing perspective 120 relative to the lit object 126 and the position of the light source
116. Other such lighting effects 122 include, e.g., reflectiveness of surfaces such as
mirrors; the translucency of partly transmissive surfaces; the color of tinted objects; and
the luster and/or shininess of surfaces modeled with particular types of material.

[0027] In some scenarios, the scene designer 124 may utilize these lighting effects 122
created by the light source 116 and the viewing perspective 120 to alter the content of the
rendering 112 of the scene 110. For example, luster, gloss, and/or reflectiveness, when
viewed from the selected viewing perspective 120, may highlight a particular area 128 of a
lit object 126 in a meaningful way. Similarly, the lighting of a scene 110, when viewed
from the selected viewing perspective 120, may alter the aesthetic tone of the scene 110,
and/or alter the perception of depth and/or scale of the objects 114 of the scene 110.
Additionally, the scene designer 124 may choose lighting effects 122 to correct certain
deficiencies in the scene 110; e.g., a visual flaw or an undesirable portion of an object
model 108 may be hidden by positioning the light source 116 to create a glossy or lustrous
lighting effect 122 when the scene 110 is rendered viewed from the selected viewing
perspective 120. In this manner, the scene designer 124 may utilize lighting effects 122 to
achieve a desired aesthetic result and/or alter the rendering 12 of the scene 110 in

furtherance of a particular intent.
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[0028] However, in such cases, the visual effects 122 may significantly depend upon
the viewing perspective 120 that the scene designer 124 selected when designing the scene
110. If the scene 110 is rendered anew from a different perspective 120 (such as a different
camera position, angle, or orientation), the rendering of lighting effects 122 upon the lit
objects 124 of the scene 110 may change in a manner that is not consistent with the intent
of the scene designer 124. For example, luster and transparency may change as the
viewing perspective 120 changes, thereby invalidating the uses of lighting effects 122 such
as highlighting, transparency, tone, perception of depth and/or scale, and/or hiding of
portions of the scene 110, as intended by the scene designer 124. Additionally, the
changed viewing perspective 120 may create new lighting effects 122 that the scene
designer 124 did not attend, such as glare that obscures a significant portion of a surface of
a lit object 124 and diminishes the visual appeal of the scene 110.

[0029] Fig. 2 is an illustration of an example scenario 200 depicting various renderings
of a scene 110 from different viewing perspectives 120. In this example scenario 200, a
first rendering 202 A of the scene 110 is generated from a viewing perspective 120,
wherein the position of the viewing perspective 120, relative to the objects 114 and the
light source 116, produces a set of lighting effects 122 upon various lit objects 126, such
as a gloss lighting effect 122A applied to a particular surface portion of a cube; a desired
level of transparency lighting effect 122B of a window; and a colorful iridescence lighting
effect 122C applied to a side surface of the cube. Such lighting effects 122 may have been
specifically intended by a scene designer 124, e.g., to highlight the corner of the cube; to
enable objects within the second cube to be visible through the window; and/or to accent
the cube with a radiant iridescent color effect.

[0030] However, a second rendering 202B of the same scene 110 from a second
viewing perspective 204A, such as closer to the objects 114 and from a different angle,
causes the gloss lighting effect 122A to move to a different portion of the cube, and
changes the transparency lighting effect 122B of the window, such as making the window
appear more opaque and/or reflective, such that the objects within the second cube are no
longer visible as intended by the scene designer 124. Additionally, the iridescence lighting
effect 122C of the side of the cube may not be apparent from the second viewing
perspective 204 A, causing this lighting effect 122 to vanish from the scene 110. A third
rendering 202C of the same scene 110 from a third viewing perspective 204B may cause
the glossy spot lighting effect 122A to vanish, and/or may cause the transparency lighting
effect 122B of the window to appear completely opaque and/or reflective. Additionally,
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the second perspective 204B may create new and unintended lighting effects 122, such as
a bright glare 122D of the light source 116 off of a portion of the window, which may
occlude a portion of the third rendering 202C and/or mar the quality of the third rendering
202C. In this manner, the re-rendering of the scene 110 from different viewing
perspectives 204, including the light 116 cast upon the lit objects 126 by the light source
116, may undesirably alter, remove, or add lighting effects 122 in a manner that is
inconsistent with the intent of the scene designer 124.

[0031] Other techniques may be utilized to reduce the undesired adaptation of the
lighting effects 122 of the scene 110. Fig. 3 presents an example scenario 300 in which the
lighting effects 122 of a rendering 112 of the scene 110 are preserved by rigidly
maintaining the viewing perspective 120. In this example scenario 300, the rendering 112
from the viewing perspective 120 is transformed into a flat representation 302, such as a
static two-dimensional image, in which the lighting effects 122 are fixed within the
rendering 112. The flat representation 304 may be reproduced as a first rendering 304 of
the scene 110 from the same viewing perspective 120. Some visual transformations may
be applied to the flat representation 302 to simulate the movement of the viewing
perspective 120, such as proportionally scaling the flat representation 302 up or down to
simulate movement of the viewing perspective 120 closer to and/or further away from the
objects 114. Moreover, the lighting effects 114 remain static in such transformations,
thereby preserving the intent of the scene designer 124. However, some visual artifacts of
the scaling process may diminish the visual quality of the second rendering 304, such as
aliasing, poor resolution upon moving the viewing perspective 120 close to the objects
114, and a failure of the objects 114 to scale as the viewer may expect due to depth
perception. Moreover, such transformations may be of limited value for other adjustments
of the viewing perspective 120, and may exhibit significant deformity of the rendering
112. For example, if the viewing perspective 120 is displaced laterally, the flat
representation 304 may disproportionately scaled to produce a simulated rendering 306
from a different perspective; however, such transformation distorts the geometry of the
objects 114 with the rendering 112 and significantly degrades the visual quality of the
rendering 112. Flattening the rendering 112 therefore limits, and in many cases eliminates,
the availability of moving the viewing perspective 120 without significantly degrading the
quality of the rendering 112.

[0032] Still other techniques may be utilized to balance the preservation of the lighting
effects 122 and the capability of altering the viewing perspective 120 of the scene 110. As
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a first such example, the scene designer 124 may capture many flat representations 302 of
the scene 110 from many different viewing perspectives 120, and may alter the lighting
effects 122 in the rendering 112 form each such viewing perspective 120 to maintain the
aesthetic intent of the scene designer 124. However, such may be prohibitively taxing of
the time and attention of the scene designer 124, as well as undesirably processor- and
storage-intensive. As a second such example, the capability of re-rendering the scene 110
from different viewing perspectives 204 as in the example of Fig. 2 may be constrained;
e.g., a viewer may be permitted to move the viewing perspective 204 only a small
increment from the viewing perspective 204 selected by the scene designer 124 in order to
reduce the dynamic aspects of the lighting effects 122. However, such constraints may be
disappointing to a viewer who wishes to explore and view the scene 110 from prohibited
viewing perspectives 204. In this manner, the deficiencies arising from the dependence of
the lighting effects 122 upon the viewing perspective 204 of the scene 110 may
undesirably impact the quality of various renderings 202 of the scene 110, and/or may fail
to preserve the aesthetic vision and intent of the scene designer 124 in the arrangement of
the scene 110.

[0033] B. Presented Techniques

[0034] It may be appreciated that the dynamic nature of the lighting effects 122 in the
example scenario 200 of Fig. 2 is caused by the dependence of the lighting effects 122
upon the position of the viewing perspective 204 relative to the light source 116 and the lit
objects 126. That is, a user or process may request rendering of the scene 110 in order to
view the scene 110 from different viewing perspectives 204, including viewing the objects
114 from different positions, angles, orientations, and/or distances. However, such a
request may not include a desire to alter the lighting effects 122, and the user may be
surprised to find the lighting effects 122 so altered. The user may be disappointed by the
rendering 202 with the lighting effects 122 which, although accurate to the geometry of
the object models and the scene 110, may diminish the quality of the rendering 202 and/or
alter the aesthetic quality of the scene 110 that the scene designer 124 intended.

[0035] Presented herein are techniques for representing and rendering scenes 110 that
may enable a robust capability of viewing the scene 110 from a variety of viewing
perspectives 204, while also preserving the intent of the scene designer 124 regarding the
arrangement and the lighting of the scene 110.

[0036] Fig. 4 is an illustration of an example scenario 400 featuring a rendering of a

scene 110 comprising a set of objects 114, including a light source 116. In this example
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scenario 400, an initial perspective 404 of the scene 110 is identified, and a first rendering
402 of the objects 1124 of the scene 110 is generated. In the course of the first rendering
402, the simulation of light 118 cast upon various lit objects 126 produces a setoff lighting
effects 122, including a first lighting effect 122A presenting a surface gloss upon a surface
of a cube; a second lighting effect 122B presenting a transparency level of a window; and
a third lighting effect 122C presenting an iridescent sheen of a surface. A scene
representation 406 is generated that comprises an object model of the scene 110 (e.g., a
description of the number, types, positions, and other properties of the objects 114 of the
scene 110), and also the lighting eftects 408 that are created by the light source 116 upon
the lit objects 126 of the scene 110. The lighting effects 408 may be stored, e.g., as an
identification of the type of lighting effect; the lit object 126 upon which the lighting effect
408 is applied; and/or the properties of the lighting effect 408 (e.g., the position, size,
shape, and intensity of the surface gloss applied to the cube; the degree of window
transparency of the window; and the luminosity and color spectrum of the surface
iridescence of the surface of the cube). Notably, the lighting effects 408 stored with the
scene representations 406 describe the effect of the light 118 cast by the light source 16
upon the lit objects 126 when the scene 110 is rendered from the initial perspective 404.
[0037] When a request is received to generate a second rendering 410 of the scene 110
from a second perspective 412, the objects 114 of the scene may be rendered according to
the second perspective 412. The lighting effects 408 stored with the scene representation
406 may be applied to the lit objects 126, such as applying the surface gloss to the same
position on the cube as in the initial perspective 404; applying the same level of
transparency to the window as in the initial perspective 404; and applying the same
luminosity and color spectrum to the iridescent surface of the cube. The second rendering
410 of the scene 110 therefore presents the geometry of the objects 114 of the scene 110
when viewed from the second perspective 412, and also the lighting effects 122 of the
initial perspective 404. This rendering process may therefore present the scene 110 in a
manner that is consistent with the intent of a scene designer 124 in accordance with the
techniques presented herein.

[0038] C. Technical Effects

[0039] Various uses of the techniques presented herein for rendering a scene 110 from
a variety of perspectives may result in a variety of technical effects.

[0040] A first technical effect that is achievable according to the techniques presented

herein involves preserving the visual properties of the scene 110 when viewed from an
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initial perspective 404 (such as may be intended by a scene designer 124), while also
providing the capability of rendering the scene 110 from any second perspective 412. In
addition to preventing the lighting effects 122 from changing in unpredicted and
potentially undesirable ways, such techniques also reduce the introduction of unpredicted
and potentially undesirable new lighting effects 122 that were not apparent from the initial
perspective 404 but that are apparent from the second perspective 412, such as the
introduction of glare that obscures a portion of the scene 110. Such techniques therefore
maintain the consistency of the visual quality of the scene 110 when presented from
various second perspectives 412.

[0041] A second technical effect that is achievable according to the techniques
presented herein involves the generation of renderings 112 of the scene 110 with a
distinctive aesthetic quality. It may be appreciated that a complete re-rendering of the
scene 110 as presented in the example scenario 200 of Fig. 2 includes a dynamic
adjustment of the lighting effects 122 presented within the scene 110. Although
undesirable, such dynamic effects arise due to the accurate simulation of the light source
116 applied to the scene 110: i.e., the movement of the surface gloss lighting effect 122A
over the surface of the cube as the viewing perspective 120 changes matches the real-
world behavior of light 118 cast upon lit objects 126 when viewed from different viewing
perspectives 120. By contrast, the presented techniques reduce the consistency of the
lighting effects 122 with respect to real-world equivalent behavior, but do so in order to
raise the visual quality of the rendered scene. That is, preserving the position of the surface
gloss lighting effect 122A on the surface of the cube as the viewing perspective changes
120 may enable the scene designer 120 to produce more visually pleasing representations
of the scene 110 than may be achieved by more accurate light models. Moreover, such
rendering techniques may produce a distinctive and recognizable visual effect, which may
be characteristic of a particular visual style and/or context. For example, the preservation
of lighting effects 122 from the initial perspective 404 may be associated with curated
presentations of a three-dimensional scene 110, and may inspire scene designers 124 to
use lighting effects 122 to create new and interesting visual styles that are difficult to
attain with rendering techniques featuring lighting effects 122 that undesirably change
based upon the perspective 120 of the viewer.

[0042] A third technical effect that is achievable according to the techniques presented
herein involves the efficiency of rendering the scene 110. Many rendering techniques

involve a sophisticated and processor-intensive light rendering model, such as full-scene
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raytracing techniques that exhaustively simulate light rays cast from the light source;
scenes 110 with a large numbers of light sources 116; and/or surfaces modeled with
sophisticated lighting effects such as reflection, diffraction through water or transparent
materials, translucency, and iridescence. In such scenarios, complete simulation of the
light sources 116 within the scene 110 may be incompatible with the capabilities of the
device 102 and/or the desired presentation, such as a realtime, consistently high-framerate
rendering of the scene 110 on a mobile device with comparatively modest computational
power and memory. The techniques presented herein may raise the efficiency of the
rendering process by storing using the lighting effects 122 generated by various slight
sources 116, and then reapplying such lighting effects 122 to the lit objects 114 when
rendered from a second perspective 412, rather than completely re-simulating the light
source 116 within the scene 110.

[0043] A fourth technical effect that is achievable according to the techniques
presented herein involves the additional capabilities of adapting the lighting effects 122
within a rendering 202 of the scene 110 to match a context in which the scene is presented.
For example, one or even several renderings 202 of different scenes 110 may be integrated
with a user interface of a computing environment, and the lighting effects 408, stored as
discrete elements, may be distinctively adapted to match the computing environment (e.g.,
scaling glossy lighting effects up or down based on the glossiness of the overall computing
environment). Such adaptations are efficiently achievable, without necessarily re-
rendering the entire scene 110, due to the distinct storage of the lighting effects 408 as part
of the scene representation 406. Many such technical effects may be achievable by the
rendering of scenes 110 according to the techniques presented herein.

[0044] D. Example Embodiments

[0045] Fig. 5 is an illustration of an example method 500 of presenting a scene 110 of
objects 114 lit by a light source 116 in accordance with the techniques presented herein.
The example method 500 may be implemented, e.g., as a set of instructions stored in a
memory component of a device, such as a memory circuit, a platter of a hard disk drive, a
solid-state storage device, or a magnetic or optical disc, and organized such that, when
executed on a processor of the device, cause the device to operate according to the
techniques presented herein.

[0046] The example method 500 begins at 502 and involves executing 504 the
instructions on a processor of the device. Specifically, executing 504 the instructions on

the processor causes the device to generate 506 a first rendering 402 of the objects 114 of
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the scene 110 from an initial perspective 404, including rendering the light source 116
upon a lit object 126 to produce a lighting effect 122 from the initial perspective 404.
Executing 504 the instructions on the processor also causes the device to store 508 the first
rendering 402 of the objects 114 of the scene 110, including the lighting effect 122 upon
the lit object 114. Executing 504 the instructions on the processor also causes the device
to, responsive 510 to a request to render the scene 110 from a second perspective 412,
generate 512 a second rendering 410 of the objects 114 of the scene 110 from the second
perspective 412 while maintaining the lighting effect 122 upon the lit object 114 from the
initial perspective 404. Executing 504 the instructions on the processor also causes the
device to present 514 the second rendering 406 to fulfill the request. Having achieved the
presentation of the scene 110 from the second perspective 412 while preserving
application of the lighting effects 122 to the lit objects 126 as viewed from the initial
perspective 404, the example method 500 achieves the rendering of the scene 110 in
accordance with the techniques presented herein, and so ends at 516.

[0047] Fig. 6 1s an illustration of an example method 600 of representing a scene 110
of objects 114 in accordance with the techniques presented herein. The example method
600 may be implemented, e.g., as a set of instructions stored in a memory component of a
device, such as a memory circuit, a platter of a hard disk drive, a solid-state storage
device, or a magnetic or optical disc, and organized such that, when executed on a
processor of the device, cause the device to operate according to the techniques presented
herein.

[0048] The example method 600 begins at 602 and involves executing 604 the
instructions on a processor of the device. Specifically, executing 604 the instructions on
the processor causes the device to receive 606 a scene representation 406 of the scene 110,
comprising a set 608 of object models 108 for the respective objects 114 of the scene 110;
a light source 610 positioned within the scene 110; and an initial perspective 612 for
lighting the scene 110. Executing 604 the instructions on the processor also causes the
device to render 614 the light source 116 upon an object model 108 of a lit object 116 of
the scene 110 to produce a lighting effect 122 from the initial perspective 404. Executing
604 the instructions on the processor also causes the device to store 616, in the data store,
a scene representation 406 of the scene 110 that comprises the object models 618 and the
lighting effect 620 from the initial perspective 404. Having generated the representation of
the scene 110 in a manner that may be re-rendered to present the scene 110 from a second

perspective 412 while preserving the application of the lighting effects 122 to the lit
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objects 126 as viewed from the initial perspective 404, the example method 600 achieves
the representation of the scene 110 in accordance with the techniques presented herein,
and so ends at 622.

[0049] Fig. 7 is an illustration of an example scenario 700 featuring an example device
702 that presents a scene 110 of objects 114 from various perspectives 120 in accordance
with the techniques presented herein. In this example scenario 700, the example device
702 comprises a processor 704, a presenter 708 such as a display, and a data store 706
storing instructions that, when executed by the processor 704, cause the example device
702 to operate according to the techniques presented herein.

[0050] More particularly, in this example device 702, the data store 706 stores a scene
representation 406 of the scene 110, comprising a set of object models 108 of the
respective objects 114 of the scene 110, and a lighting effect 122 generated upon a lit
object 126 of the scene 110 by a light source 116 when rendered from an initial
perspective 404. For example, using the example method 600 of Fig. 6, the device 702
may initially render the scene 110 from the initial perspective 404, where the initial
rendering 402 includes the generation of one or more lighting effects 122 cast upon lit
objects 126 by the light source 116 when the scene 110 is viewed from the initial
perspective 404, and, using the initial rendering 402, may generate and store the scene
representation 406 including the object models 108 and the lighting effects 122. The
example device 702 of Fig. 7 is further configured to, using the processor 704, generate a
rendering of the scene 110 from a second perspective 412, by rendering the object models
108 of the respective objects 114 from the second perspective 412, and rendering the
lighting effect 122 upon the lit object 126 maintained from the initial perspective 116. The
presenter 708 of the example device 702 presents (e.g., to a user viewing a display) the
rendering of the scene 110 from the second perspective 412, including the lighting effect
122 cast upon the lit object 126 when viewed from the initial perspective 404. In this
manner, the example device 702 of Fig. 7 presents the scene 110 of objects 114 from
various perspectives 120 in accordance with the techniques presented herein.

[0051] Still another embodiment involves a computer-readable medium comprising
processor-executable instructions configured to apply the techniques presented herein.
Such computer-readable media may include various types of communications media, such
as a signal that may be propagated through various physical phenomena (e.g., an
electromagnetic signal, a sound wave signal, or an optical signal) and in various wired

scenarios (e.g., via an Ethernet or fiber optic cable) and/or wireless scenarios (e.g., a
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wireless local area network (WLAN) such as WiFi, a personal area network (PAN) such as
Bluetooth, or a cellular or radio network), and which encodes a set of computer-readable
instructions that, when executed by a processor of a device, cause the device to implement
the techniques presented herein. Such computer-readable media may also include (as a
class of technologies that excludes communications media) computer- computer-readable
memory devices, such as a memory semiconductor (e.g., a semiconductor utilizing static
random access memory (SRAM), dynamic random access memory (DRAM), and/or
synchronous dynamic random access memory (SDRAM) technologies), a platter of a hard
disk drive, a flash memory device, or a magnetic or optical disc (such as a CD-R, DVD-R,
or floppy disc), encoding a set of computer-readable instructions that, when executed by a
processor of a device, cause the device to implement the techniques presented herein.
[0052] An example computer-readable medium that may be devised in these ways is
illustrated in Fig. 8, wherein the implementation 800 comprises a computer-readable
memory device 802 (e.g., a CD-R, DVD-R, or a platter of a hard disk drive), on which is
encoded computer-readable data 804. This computer-readable data 804 in turn comprises a
set of computer instructions 806 that, when executed on a processor 808 of a device 810,
cause the device 810 to operate according to the principles set forth herein. In a first such
embodiment, the processor-executable instructions 806 of the computer-readable storage
device 802 may provide a method of presenting a scene in accordance with the techniques
presented herein, such as the example method 500 of Fig. 5. In a second such embodiment,
the processor-executable instructions 806 of the computer-readable storage device 802
may provide a method of generating a scene representation of a scene in accordance with
the techniques presented herein, such as the example method 600 of Fig. 6. In a third such
embodiment, the processor-executable instructions 806 may comprise a portion of a
device that presents a scene in accordance with the techniques presented herein, such as
the example device 702 of Fig. 7. Many such computer-readable media may be devised by
those of ordinary skill in the art that are configured to operate in accordance with the
techniques presented herein.

[0053] E. Variations

[0054] The techniques discussed herein may be devised with variations in many
aspects, and some variations may present additional advantages and/or reduce
disadvantages with respect to other variations of these and other techniques. Moreover,
some variations may be implemented in combination, and some combinations may feature

additional advantages and/or reduced disadvantages through synergistic cooperation. The
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variations may be incorporated in various embodiments (e.g., the example method 500 of
Fig. 5; the example method 600 of Fig. 6; the example device 702 of Fig. 7; and/or the
example computer-readable storage device 802 of Fig. 8) to confer individual and/or
synergistic advantages upon such embodiments.

[0055] As a first such variation, the techniques presented herein may be utilized with a
variety of devices 104, such as workstations; laptops; tablets; mobile phones; game
consoles and portable gaming devices; portable or non-portable media players; media
display devices such as televisions, appliances; home appliance and automation devices;
and computing components integrated with a wearable device integrating such as eyewear
or a watch.

[0056] As a second such variation, the techniques presented herein may be utilized
with a variety of scenes 110 and objects 114 presented therein, such as video games and
other interactive media; non-interactive presentations, such as graphically rendered
movies; static object sets, such as libraries of object models 108; and the elements
comprising a user interface. The scene 110 may also comprise a reproduction of objects in
a real-world environment, such as a scanning of live objects that may be reproduced,
concurrently or subsequently, using graphical representations of the objects 114. The
scene 110 may also comprise two-dimensional objects 114 that are rendered within a
three-dimensional scene to apply a lighting effect 122 when viewed from the initial
perspective 404, which may be persisted when the two-dimensional object 114 is
presented in a different context and from a second perspective 412. The scene may also
comprise a simulation and rendering of objects 114 in the context of scientific studies,
such as engineering simulations. The scene may also be presented in various ways,
including a virtual reality presentation using a headset, and/or an augmented reality
presentation that integrates graphical representations of objects with live images of a local
environment of a user.

[0057] As a third such variation, the techniques presented herein may utilize various
light sources 116, such as simulations of sunlight, fire, explosions, natural and/or artificial
luminescence, light bulbs, and lasers. Such light sources 116 may also exhibit a variety of
properties of the resulting light 118, such as intensity, wavelength, focus and/or diffusion,
focal length, lensing, and constructive and/or destructive interference patterns, as well as
variations thereof, such as strobing effects. Additionally, the light 18 of the light source
116 may be rendered upon the lit objects 126 using various lighting techniques, including

raytracing, shading, additive and/or subtractive blending, subsurface scattering and
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transport, refraction through surfaces such as glass and water, and conduction such as fiber
optics.

[0058] As a fourth such variation, the initial perspective 404 and the second
perspective 412 may be selected using various techniques. As a first such example, a user,
such as a scene designer 124, may specify the initial perspective 404 for generating the
lighting effect 122. Alternatively, the initial perspective 404 may be specified by a process
and/or arbitrarily selected. As a second such example, the second perspective 412 may be
selected by a user (e.g., using a pointing device such as a mouse or controller); may be
controlled by a sensor of a device, such as an orientation sensor of a virtual reality headset
or a gyroscope or tilt sensor of a mobile device; and/or may be specified by a process,
such as a perspective track that conveys the perspective through the scene 110. Many such
scenarios may be devised in which the objects 114 of a scene 110 may be rendered using
the techniques presented herein.

[0059] E2. Lighting Effect Representation

[0060] A second aspect that may vary among embodiments of the techniques
presented herein is the representation and storage of information about lighting effects 122
created by a light source 116 upon a lit object 126 when viewed from an initial perspective
404 of the scene 110.

[0061] Fig. 9 presents an illustration of a first variation of this second aspect,
involving various techniques for representing the lighting effect 122 stored with the scene
representation 406.

[0062] As a first such example 900, an object model 108 of the lit object 126 may
further comprise a texture 902, such as a bitmap or bump map applied over a geometric
surface of the object model 108. While rendering the light source 116 upon the object
model 108, the device may alter the texture 902 of the lit object 126 to produce a lit
texture 904 that incorporates the lighting effect 122 from the initial perspective 404. In
addition to rendering the lit texture 904 over the object model 404 to produce the first
rendering 402, the device may store the lit texture 904 of the lit object 126 that
incorporates the lighting effect 122 in the scene representation 406. The lit texture 904
may then be reused in a second rendering 410 from a second perspective 412, thereby
maintaining, in the second rendering 410, the lighting effect 122 presented from the initial
perspective 404.

[0063] As a second such example, the lighting effect 122 may be stored in the scene

representation 406 as a lighting effect result. For example, rather than integrating the
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lighting effect 122 with the texture 902, the device may store the lighting effect 122 as a
decal that may be applied to the lit object 126 during the second rendering 410. Storing the
lighting effect 122 as a decal may be advantageous, e.g., if the texture 902 applied to the
lit object 126 animates or is dynamically generated during the second rendering 410. As
another example, if the lighting effect 122 comprises a layer that is applicable to the object
122, the layer may be stored in the scene representation 406 and included in the rendering
pipeline of the lit object 126 during the second rendering 410. For example, an iridescent
lighting effect 122 of a surface of the lit object 126 may be graphically as an iridescence
shader 906 that is applied over the surface during rendering. The iridescence shader 906
may be stored in the scene representation 406 as the lighting effect 122 from the initial
perspective 404. During the second rendering 410, rather than re-processing the
iridescence lighting effect 122 from the second perspective 408, the device may reapply
the iridescence shader 906 to the surface, thereby preserving the lighting effect 122 from
the initial perspective 404.

[0064] As a third such example 908, rather than storing a graphical representation or
result of the lighting effect 122, the device may store, in the scene representation 406, a
lighting effect expression 912 of a lighting calculation performed by a lighting engine 910.
During the first rendering 402 of the scene 110, a lighting engine 910 may evaluate the
data comprising the scene 110 to generate a lighting effect expression 912 for rendering
the lighting effect 122 upon the object model 108 of the lit object 126 from the initial
perspective 404, such as a description of the type, intensity, colors, and position of the
lighting effect 122 within the scene 110 and upon the surface of the lit object 126. The
device may store the lighting effect expression 912 of the lighting effect 122 in the scene
representation 406, and subsequently utilize the lighting effect expression 912 to re-render
the lighting effect 122 upon the surface of the lit object 126 during the second rendering
410. This variation may be advantageous, e.g., if the surface of the lit object 126 is highly
dynamic, such as having a fluid shape, where re-rendering the graphical representation of
the lighting effect 122, while still reflecting the initial perspective 404 rather than the
second perspective 412 of the second rendering 412, may exhibit greater conformity with
the surface of the lit object 126.

[0065] As a second variation of this second aspect, additional information may be
stored in the scene representation 406 that further describes the scene 110 that relates to
the lighting effect 122 of the lit object 126 from the initial perspective 404.

[0066] As a first such example, the light source 116 may be defined by a light source
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information set, such as a description of the type, color, and focus of the light, and the
scene representation 406 may also store the light source information set. Such storage may
later be used during the second rendering 410, e.g., to adapt the lighting effect 122 applied
to the lit object 126. For example, if the lighting effect 110 is emitted by a green light
source 116, and the second rendering 410 further includes a red light, additive color
mixing may be applied to the green color of the light source 116 indicated by the light
source information set and the red color of the second rendering 410 to adjust the hue of
the light effect 122 to yellow. Such tinting may reflect some changes to the scene 110
during the second rendering 410, while otherwise preserving the rendering of the lighting
effect 122 from the initial perspective 404 rather than the second perspective 412 of the
second rendering 410.

[0067] As a second such example, the object model 108 of the lit object 126 may
further comprise surface information describing a surface of the object model 108 upon
which the lighting effect 122 of the light source 116 is visible from the initial perspective
404. The surface information may be stored in the scene representation 406, and used to
adjust the lighting effect 122 during the second rendering 410. For example, the surface
information may indicate that a translucency lighting effect 122 is caused by a
translucency of the surface material, and that the surface translucency changes based on
variations of the light source 116 (e.g., hue, intensity, or polarity). In addition to
presenting the second perspective 412, the second rendering 410 may include an
adjustment of the light source 116 in order to match a surface alteration of the surface,
such as the translucency of the surface material. The second rendering 410 may therefore
adjust the lighting effect 122 to match the effect of the light source 116 based upon the
translucency of the surface material of the lit object 126, while preserving the lighting
effect 122 presented from the initial perspective 404 rather than the second perspective
412.

[0068] As a third variation of this second aspect, many techniques may be utilized to
capture the lighting effects 122 of the light source 116 from the initial perspective 404. As
a first such example, a first rendering 402 of the scene 110 may be generated at a first
time, and the lighting effects 122 may be stored in volatile or nonvolatile memory for later
use. At a later time, a second rendering 410 of the scene 110 may include the previously
captured and stored lighting effects 122. Alternatively, the first rendering 402 may be
performed on a just-in-time basis, and the lighting effects 122 based upon the initial

perspective 404 may be captured and incorporated in promptly following further
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renderings of the scene 110 from a second perspective 412. As a second such example, the
first rendering 402 of the scene 110 may be performed completely (e.g., completing the
entire rendering pipeline to generate a full visual representation of the scene 110).
Alternatively, the first rendering 402 of the scene 110 may be reduced to the rendering
processes that generate the lighting effects 122 from the initial perspective 404. Other
steps of the rendering process may be performed in a simplified manner, and/or removed
from the first rendering 402, particularly if such steps are not relevant to the rendering of
the lighting effects 122 from the initial perspective 404. Many such techniques may be
utilized to generate and capture the lighting effects 112 within the scene 110 from the
initial perspective 404, for incorporation into the second rendering 410, in accordance with
the techniques presented herein.

[0069] E3. Applying Lighting Effect Within Second Rendering

[0070] A third aspect that may vary among embodiments of the techniques presented
herein involves the application of the lighting effect 122 to the lit object 126 during the
second rendering 410 of the scene 110.

[0071] Fig. 10 presents an illustration of an example scenario 1000 featuring a first
variation of this third aspect, involving a lighting effect alteration to be applied to the
lighting effect 122. In this example scenario 1000, the lighting effect is represented as a
decal that may be rendered onto the surface texture of a lit object 126 to present a surface
gloss lighting effect 122 from the initial perspective 404 of the first rendering 402. The
device may receive a request to adjust the lighting effect 122, such as increasing or
decreasing the brightness of the surface gloss. As one such example, the computing
environment of the device may utilize a visual context that includes a glossiness
adjustment as a spectrum between a high-gloss presentation and a low-gloss presentation.
It may be desirable to adjust the presentation of the gloss lighting effects 122 of the scene
110 to match the gloss setting of the computing environment. Accordingly, responsive to
receiving the lighting effect alteration of the lighting effect 122, the device may apply the
lighting effect alteration to the lighting effect 122 (e.g., increasing or decreasing the
brightness and/or size of the decal), and generate a third rendering of the objects 108 of the
scene 110 that includes the lighting effect 122, altered by the lighting effect alteration, to
the lit object 126.

[0072] As a second variation of this third aspect, the second rendering 410 of the scene
110 may include an animation of the lit object 126, and the lighting effect alterations may

comprise an animation frame lighting effect adjustment that matches the particular
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animation frame of the lit object 126. For instance, an animation of the lit object 126 may
include a cyclically varying translucency of the object surface, and the animation frame
lighting effect alteration of respective animation frames may comprise a variance in the
surface translucency. The device may therefore applying the animation frame lighting
effect alteration of the lighting effect 112, based upon the selected animation frame of the
animation of the lit object 126, in order to achieve the animation effect.

[0073] As a third variation of this third aspect, the device may present a toggle option
that toggles the lighting effect 122 between the second rendering 410 that maintains the
lighting effect 122 upon the lit object 126 from the initial perspective 404, and a third
rendering that re-renders the light source 116 to present the lighting effect 112 when
viewed from the second perspective 412. The toggle option may enable the alternate
selection of either the application of the lighting effect 112 upon the lit objects 126 from
the initial perspective 404 (e.g., according to the intent of the scene designer), and a
different rendering process where all lighting and lighting effects 112 are cast upon the lit
objects 126 according to a current perspective of the viewer. Responsive to a selection of
the toggle option that selects the third rendering, the device may generate the third
rendering of the objects 114 of the scene 110 from the second perspective 412, including
rendering the light source 116 upon the lit object 126, to produce the lighting effect 122
from the second perspective 412.

[0074] As a fourth variation of this third aspect, the device may blending the lighting
effect 122 maintaining the initial perspective 404 of the first rendering 402 with a second
lighting effect upon the lit object 126 rendered from the second perspective 116. That is,
the lighting effects 112 of the lit object 126 may present a blended combination of lighting
effects 112 from the initial perspective 404 and from the second perspective 412 of the
second rendering 410. Many such presentations and adaptations of the lighting effect 122
presented within the second rendering 410 may be utilized in accordance with the
techniques presented herein.

[0075] E4. Integrated Presentations of Multiple Scenes

[0076] A fourth aspect that may vary among embodiments of the techniques presented
herein involves an integration presentation of scenes 110. Such techniques may be
advantageous, e.g., for enabling one or more applications to generate renderings of various
scenes 110 that may be presented together in a shared context, where the lighting effects
112 upon the lit objects 126 of the respective scenes 110 are maintained from an initial

perspective 404 of each such scene 110.
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[0077] Fig. 11 presents an illustration of an example scenario 1100 in which a first
application 1102 produces a first scene 1104 including a first lighting effect 112 rendered
upon a first lit object 126, and a second application 1102 produces a second scene 1104
including a second lighting effect 112 rendered upon a second lit object 126. A first
rendering of the first scene 1104 and a second rendering of the second scene 1108 may be
generated, and integrated to produce an integrate rendering of both scenes 110, such as
within a user interface 1110 that depicts both lit objects 126.

[0078] Additionally, many adjustments of the integrated rendering may be received,
and may applied separately either to individual scenes 110, or synchronously to two or
more such scenes 110 of the integrated rendering. As a first variation of this fourth aspect,
responsive to receiving an altered second perspective 412 (e.g., a request to shift the
second perspective 412 of the first scene 1104), the device may re-renders the object
models of the respective objects 110 of the first scene 1104 from the altered second
perspective 412, and re-render the lighting effect 122 upon the lit object 126 maintained
from the initial perspective 404 of the first scene 1104. The device may then integrate the
re-rendering of the first scene 1104 and the second rendering of the second scene 1108 (for
which the individual second perspective 412 is maintained) to produce a second integrated
rendering. Alternatively, and as depicted in the example scenario 1100 of Fig. 11, the
adjusted second perspective 412 may be applied synchronously to both scenes 110 by re-
rendering the first scene 1104 and the second scene 1108 form the altered second
perspective 412, and integrating the re-rendered presentations. For example, the first scene
1104 and the second scene 1108 may each depict the lighting effects 122 of upon the lit
objects 126 from a shared initial perspective 404, and a request to shift to a second
perspective 412 (e.g., laterally displacing the viewpoint) may result in a synchronous shift
of the second perspective of the lit objects 126 of both scenes 110, while the lighting
effects 122 of both scenes 110 are maintained from the initial perspective 404.

[0079] As a second variation of this fourth aspect, lighting effect alterations may be
applied to individual scenes 110 of an integrated rendering. For example, the device may
apply the lighting effect alteration to the lighting effect 122 of the first 1104, re-render the
lighting effect 112 altered according to the lighting effect alteration upon the lit object 126
of the first scene 1104; and integrate the re-rendering of the first scene 1104 with the
second rendering of the second scene 1108, thereby producing a second integrated
rendering that applies the lighting effect alteration to the lit object 126 of the first scene
1104 while maintaining the lighting effect 122 of the second scene 1108. Alternatively, a
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lighting effect alteration may be applied synchronously to both scenes 110 of the
integrated rendering. e.g., by applying the lighting effect alteration to the lighting effects
122 of the respective scenes 110; re-renders the lighting effects 112, altered according to
the lighting effect alteration, upon the lit objects 126 of both scenes 110; and integrating
the re-rendering of the first scene 1104 and the second scene 1108 to produce a second
integrated rendering that consistently applies the lighting effect alteration to both scenes.
The integration of multiple scenes 110 may also maintain distinct geometric spaces in the
respective scenes 110 (e.g., changing the second perspective 410 of a collection of scenes
110 may result in each scene 110 reorienting the geometry and spatial arrangement of the
objects 126, as well as the lighting effects 112, of the scene 110. Alternatively, the
integration may merge the spatial arrangements of the individual scenes 110 to produce a
composite scene 110, where adjustments of the second perspective 410 also reorient the
objects 126 and/or lighting effects 124 of the scenes 110 relative to the objects 126 of
other scenes 110. The spatial arrangements may also be adjusted with respect to the visual
context in which the scenes 110 are incorporated; e.g., as a user visually navigates within a
user interface that incorporates a scene 110, the second perspective 410 within the scene
110 may also shift. Alternatively, visual navigation within the user interface may be
distinct from navigation within one or more scenes 110 integrated therein.

[0080] As a third variation of this fourth aspect, lighting effects 122 and/or light
sources 116 within a scene 110 may be isolated to the respective scene 110, including
separating the lighting effects 122 and/or the light sources 116 from the user interface and
other scenes 110 that may be integrated therein. Alternatively, the lighting effects 122
and/or light sources 116 of the user interface may be incorporated in a scene 110
embedded therein, either complementary to or instead of the lighting eftects 122 and/or
light sources 116 within the scene 110. Conversely, the lighting effects 122 and/or light
sources 116 of the scene 110 may be applied to the user interface outside of the scene 122
(e.g., a glossy lighting eftect 122 applied to a surface may also be visually reflected upon
other portions of the user interface adjacent to the scene 122). Lighting effects 122 and/or
light sources 116 of one scene 110 may also be propagated to other scenes 110 integrated
with the user interface, such as casting a light source 116 from a first scene 110 into a
second scene 110, which may include generating new lighting effects 122 in the second
scene 110. Blended combinations of such lighting effects 122 and light sources 116 may
also be used; e.g., a scene 110 may incorporate lighting effects 122 of the first rendering

402, light sources 116 from the user interface, and light sources 116 from an adjacent
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scene 110 of the user interface. Such integration may also be performed proportionally
(e.g., reflecting the visual distance and/or spatial layout between scenes 110 in the user
interface), and/or may be weighted (e.g., a scene 110 may strongly reflect its own light
sources 116 and lighting effects 122, and more subtly reflect the light sources 116 and/or
lighting effects 122 shared by another scene 110 or the user interface). Many such
techniques may be utilized in the integrated presentation of multiple scenes 110 in
accordance with the techniques presented herein.

[0081] F. Computing Environment

[0082] Fig. 12 and the following discussion provide a brief, general description of a
suitable computing environment to implement embodiments of one or more of the
provisions set forth herein. The operating environment of Fig. 12 is only one example of a
suitable operating environment and is not intended to suggest any limitation as to the
scope of use or functionality of the operating environment. Example computing devices
include, but are not limited to, personal computers, server computers, hand-held or laptop
devices, mobile devices (such as mobile phones, Personal Digital Assistants (PDAs),
media players, and the like), multiprocessor systems, consumer electronics, mini
computers, mainframe computers, distributed computing environments that include any of
the above systems or devices, and the like.

[0083] Although not required, embodiments are described in the general context of
“computer readable instructions” being executed by one or more computing devices.
Computer readable instructions may be distributed via computer readable media
(discussed below). Computer readable instructions may be implemented as program
modules, such as functions, objects, Application Programming Interfaces (APIs), data
structures, and the like, that perform particular tasks or implement particular abstract data
types. Typically, the functionality of the computer readable instructions may be combined
or distributed as desired in various environments.

[0084] Fig. 12 illustrates an example of a system 1200 comprising a computing device
1202 configured to implement one or more embodiments provided herein. In one
configuration, computing device 1202 includes at least one processing unit 1206 and
memory 1208. Depending on the exact configuration and type of computing device,
memory 1208 may be volatile (such as RAM, for example), non-volatile (such as ROM,
flash memory, etc., for example) or some combination of the two. This configuration is

illustrated in Fig. 12 by dashed line 1204.
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[0085] In other embodiments, device 1202 may include additional features and/or
functionality. For example, device 1202 may also include additional storage (e.g.,
removable and/or non-removable) including, but not limited to, magnetic storage, optical
storage, and the like. Such additional storage is illustrated in Fig. 12 by storage 1210. In
one embodiment, computer readable instructions to implement one or more embodiments
provided herein may be in storage 1210. Storage 1210 may also store other computer
readable instructions to implement an operating system, an application program, and the
like. Computer readable instructions may be loaded in memory 1208 for execution by
processing unit 1206, for example.

[0086] The term “computer readable media” as used herein includes computer-
readable memory devices that exclude other forms of computer-readable media
comprising communications media, such as signals. Such computer-readable memory
devices may be volatile and/or nonvolatile, removable and/or non-removable, and may
involve various types of physical devices storing computer readable instructions or other
data. Memory 1208 and storage 1210 are examples of computer storage media. Computer-
storage storage devices include, but are not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, Digital Versatile Disks (DVDs) or other
optical storage, magnetic cassettes, magnetic tape, and magnetic disk storage or other
magnetic storage devices.

[0087] Device 1202 may also include communication connection(s) 1216 that allows
device 1202 to communicate with other devices. Communication connection(s) 1216 may
include, but is not limited to, a modem, a Network Interface Card (NIC), an integrated
network interface, a radio frequency transmitter/receiver, an infrared port, a USB
connection, or other interfaces for connecting computing device 1202 to other computing
devices. Communication connection(s) 1216 may include a wired connection or a wireless
connection. Communication connection(s) 1216 may transmit and/or receive
communication media.

[0088] The term “computer readable media” may include communication media.
Communication media typically embodies computer readable instructions or other data in
a “modulated data signal” such as a carrier wave or other transport mechanism and
includes any information delivery media. The term “modulated data signal” may include a
signal that has one or more of its characteristics set or changed in such a manner as to

encode information in the signal.
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[0089] Device 1202 may include input device(s) 1214 such as keyboard, mouse, pen,
voice input device, touch input device, infrared cameras, video input devices, and/or any
other input device. Output device(s) 1212 such as one or more displays, speakers, printers,
and/or any other output device may also be included in device 1202. Input device(s) 1214
and output device(s) 1212 may be connected to device 1202 via a wired connection,
wireless connection, or any combination thereof. In one embodiment, an input device or
an output device from another computing device may be used as input device(s) 1214 or
output device(s) 1212 for computing device 1202.

[0090] Components of computing device 1202 may be connected by various
interconnects, such as a bus. Such interconnects may include a Peripheral Component
Interconnect (PCI), such as PCI Express, a Universal Serial Bus (USB), Firewire (IEEE
1394), an optical bus structure, and the like. In another embodiment, components of
computing device 1202 may be interconnected by a network. For example, memory 1208
may be comprised of multiple physical memory units located in different physical
locations interconnected by a network.

[0091] Those skilled in the art will realize that storage devices utilized to store
computer readable instructions may be distributed across a network. For example, a
computing device 1220 accessible via network 1218 may store computer readable
instructions to implement one or more embodiments provided herein. Computing device
1202 may access computing device 1220 and download a part or all of the computer
readable instructions for execution. Alternatively, computing device 1202 may download
pieces of the computer readable instructions, as needed, or some instructions may be
executed at computing device 1202 and some at computing device 1220.

[0092] G. Usage of Terms

[0093] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.

[0094] As used in this application, the terms "component," "module," "system",
"interface", and the like are generally intended to refer to a computer-related entity, either
hardware, a combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a

processor, a processor, an object, an executable, a thread of execution, a program, and/or a
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computer. By way of illustration, both an application running on a controller and the
controller can be a component. One or more components may reside within a process
and/or thread of execution and a component may be localized on one computer and/or
distributed between two or more computers.

[0095] Furthermore, the claimed subject matter may be implemented as a method,
apparatus, or article of manufacture using standard programming and/or engineering
techniques to produce software, firmware, hardware, or any combination thereof to control
a computer to implement the disclosed subject matter. The term "article of manufacture"
as used herein is intended to encompass a computer program accessible from any
computer-readable device, carrier, or media. Of course, those skilled in the art will
recognize many modifications may be made to this configuration without departing from
the scope or spirit of the claimed subject matter.

[0096] Various operations of embodiments are provided herein. In one embodiment,
one or more of the operations described may constitute computer readable instructions
stored on one or more computer readable media, which if executed by a computing device,
will cause the computing device to perform the operations described. The order in which
some or all of the operations are described should not be construed as to imply that these
operations are necessarily order dependent. Alternative ordering will be appreciated by
one skilled in the art having the benefit of this description. Further, it will be understood
that not all operations are necessarily present in each embodiment provided herein.

[0097] Any aspect or design described herein as an "example" is not necessarily to be
construed as advantageous over other aspects or designs. Rather, use of the word
“example” is intended to present one possible aspect and/or implementation that may
pertain to the techniques presented herein. Such examples are not necessary for such
techniques or intended to be limiting. Various embodiments of such techniques may
include such an example, alone or in combination with other features, and/or may vary
and/or omit the illustrated example.

[0098] As used in this application, the term "or" is intended to mean an inclusive "or"
rather than an exclusive "or". That is, unless specified otherwise, or clear from context, "X
employs A or B" is intended to mean any of the natural inclusive permutations. That is, if
X employs A; X employs B; or X employs both A and B, then "X employs A or B" is
satisfied under any of the foregoing instances. In addition, the articles "a" and "an" as used
in this application and the appended claims may generally be construed to mean "one or

more" unless specified otherwise or clear from context to be directed to a singular form.
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[0099] Also, although the disclosure has been shown and described with respect to one
or more implementations, equivalent alterations and modifications will occur to others
skilled in the art based upon a reading and understanding of this specification and the
annexed drawings. The disclosure includes all such modifications and alterations and is
limited only by the scope of the following claims. In particular regard to the various
functions performed by the above described components (e.g., elements, resources, etc.),
the terms used to describe such components are intended to correspond, unless otherwise
indicated, to any component which performs the specified function of the described
component (e.g., that is functionally equivalent), even though not structurally equivalent to
the disclosed structure which performs the function in the herein illustrated example
implementations of the disclosure. In addition, while a particular feature of the disclosure
may have been disclosed with respect to only one of several implementations, such feature
may be combined with one or more other features of the other implementations as may be
desired and advantageous for any given or particular application. Furthermore, to the
extent that the terms "includes", "having", "has", "with", or variants thereof are used in
either the detailed description or the claims, such terms are intended to be inclusive in a

manner similar to the term "comprising."

27



WO 2018/013373 PCT/US2017/040565

CLAIMS
1. A method of presenting a scene of objects lit by a light source, the method using a
processor of a device and comprising:
executing, by the processor, instructions that cause the device to:
generate a first rendering of the objects of the scene from an initial
perspective, including rendering the light source upon a lit object to produce a lighting
effect from the initial perspective;
store the first rendering of the objects of the scene, including the lighting
effect upon the lit object; and
responsive to a request to render the scene from a second perspective:
generate a second rendering of the objects of the scene from the
second perspective while maintaining the lighting effect upon the lit object from the initial
perspective; and
present the second rendering to fulfill the request.
2. The method of claim 1, wherein executing the instructions further causes the
device to:
present a toggle option that toggles between the second rendering that maintains
the lighting effect upon the lit object from the initial perspective and a third rendering that
re-renders the light source using the second perspective; and
responsive to a selection of the toggle option that selects the third rendering:
generate the third rendering of the objects of the scene from the second
perspective, including rendering the light source upon the lit object to produce the lighting
effect from the second perspective; and
present the third rendering to fulfill the selection.
3. The method of claim 1, wherein generating the second rendering of the objects of
the scene further comprises:
rendering the light source upon a lit object to produce a second lighting effect from
the second perspective; and
blending the lighting effect and the second lighting effect upon the lit object to

blend the initial perspective and the second perspective.
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4. The method of claim 1, wherein:

the object model of the lit object further comprises a texture;

rendering the light source upon the object model further comprises: altering the
texture of the lit object to produce a lit texture that incorporates the lighting effect from the
initial perspective; and

storing the lighting effect further comprises: storing the lit texture of the lit object
that incorporates the lighting effect from the initial perspective.
5. The method of claim 1, wherein:

rendering the light source further comprises: generating a lighting effect expression
of the lighting calculation for rendering the lighting effect upon the object model of the lit
object from the initial perspective; and

storing the lighting effect further comprises: storing the lighting effect expression
of the lighting calculation for rendering the lighting effect upon the object model of the lit
object from the initial perspective.
6 The method of claim 1, wherein:

rendering the light source upon the object model further comprises: generating a
lighting effect result that is applicable to light the object model of the lit object from the
initial perspective; and

storing the lighting effect further comprises: storing the lighting effect result
associated with the lit object.
7. The method of claim 1, wherein:

the light source is defined by a light source information set; and

executing the instructions further causes the device to store, in the data store with
the scene representation of the scene, the light source information set and the initial
perspective.
8. The method of claim 1, wherein:

the object model of the lit object further comprises surface information describing
a surface of the object model upon which the lighting effect of the light source is visible
from the initial perspective; and

executing the instructions further causes the device to store, in the data store with
the scene representation of the scene, the surface information describing the surface of the

object model.
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9. A device that presents a scene of objects, the device comprising:
a data store that stores a scene representation of the scene comprising:
a set of object models of the respective objects of the scene, and
a lighting effect generated upon a lit object of the scene by a light source
when rendered from an initial perspective; and
a processor that generates a rendering of the scene from a second perspective by:
rendering the object models of the respective objects from the second
perspective, and
rendering the lighting effect upon the lit object maintained from the initial
perspective; and
a presenter that presents the rendering of the scene from the second perspective,
including the lighting effect upon the lit object from the initial perspective.
10. The device of claim 9, wherein:
the scene representation of the scene further comprises, for the lit object, a lit
texture that incorporates the lighting effect of the light source upon the object from the
initial perspective; and
rendering the lighting effect upon the lit object further comprises: applying the lit
texture to the object to maintain the lighting effect from the initial perspective while
presenting the object model of the lit object from the second perspective.
11. The device of claim 9, wherein:
the device stores a first rendering of a first scene and a second rendering of a
second scene; and
the processor integrates the first rendering of the first scene and the second
rendering of the second scene to produce an integrated rendering that is presented by the
presenter.
12. The device of claim 11, wherein:
the processor, responsive to receiving an altered second perspective:
re-renders the object models of the respective objects of the first scene from
the altered second perspective;
re-renders the lighting effect upon the lit object maintained from the initial
perspective; and
integrates the re-rendering of the first scene and the second rendering of the

second scene to produce a second integrated rendering; and
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the presenter presents the second integrated rendering including the altered second
perspective of the first scene while maintaining the second perspective of the second
scene.
13. The device of claim 11, wherein:
the processor, responsive to receiving an altered second perspective:
re-renders both the first scene and the second scene using the altered
second perspective, and
integrates the re-rendering of the first scene and the second scene to
produce a second integrated rendering; and
the presenter presents the second integrated rendering applying the altered second
perspective to both the first scene and the second scene.
14. The device of claim 11, wherein:
the processor, responsive to receiving a lighting effect alteration:
applies the lighting effect alteration to the lighting effect;
re-renders the lighting effect, altered according to the lighting effect
alteration, upon the lit object of the first scene; and
integrates the re-rendering of the first scene and the second rendering of the
second scene to produce a second integrated rendering; and
the presenter presents the second integrated rendering including the lighting effect
alteration applied to the first scene while maintaining the lighting effect of the second
scene.
15. The device of claim 11, wherein:
the processor, responsive to receiving a lighting effect alteration:
applies the lighting effect alteration to the lighting effect;
re-renders the lighting effect, altered according to the lighting effect
alteration, upon lit objects of the first scene and the second scene; and
integrates the re-rendering of the first scene and the second scene to
produce a second integrated rendering; and
the presenter presents the second integrated rendering including the lighting effect

alteration applied to both the first scene and the second scene.

31



WO 2018/013373 PCT/US2017/040565

1/11

f100

106 —~
MEMORY
108 — 110
OBJECT SCENE
104 ~ 102 MODELS
TYPE POSITION
—— CUBE 80, 10,0
CUBE 240, 10, 0
WINDOW | 220 10, 40
= HiN LIGHT | 40, -40, 10
BB CAMERA | 160, 0, 60
124
11 RENDERING 14
N\ 126 [~
122C — D 122A —
—> 128 N 122B
\—,c;(— ™
|||
| [~]
SCENE DESIGNER 126 —
— 120
VIEWING
PERSPECTIVE
LIGHT SOURCE

FIG. 1



WO 2018/013373

2/11

PCT/US2017/040565

v 200
202A —~ FIRST RENDERING
126
\P122A — 114
122C — R 122B
][]
118 \/
116 ’/ — 120
VIEWING
LIGHT SOURCE PERSPECTIVE
202B
O\ SECOND RENDERING
126 114
122C Y 122B
- 122A
204A
118 7 \ﬁ
116 // VIEWING
h PERSPECTIVE
LIGHT SOURCE
202C
™ THIRD RENDERING
126 114
122D 122B
; 204B
118
116 i/
LIGHT SOURCE

FIG. 2



WO 2018/013373 PCT/US2017/040565
3/11
v 300
112
N RENDERING
126 ~p122A — 114
122C — _\‘X(_ 122B
|z
][]
118 W
116 i// — 120
VIEWING
LIGHT SOURCE PERSPECTIVE
302 — i 302 — l
\
FLAT REPRESENTATION FLAT REPRESENTATION
120
— 120 %
VIEWING VIEWING
PERSPECTIVE PERSPECTIVE
306 )
304 e

— e R EPRESENTATH ON,_

P RENT PERSPECTIVE
126 —FLAT REPRESENTATION _ DIFFEREN 114

14 122C — 126 .ok
122C T o
N L —
3¢ —— 122B P 122B
1227 J [ 122A - = §/@

FIG. 3




WO 2018/013373

PCT/US2017/040565

4/11

400
’/_

402
N FIRST RENDERING
126 ~pa22a — 114
122C — \"2 122B
118
404
—
116 /
INITIAL
LIGHT SOURCE PERSPECTIVE
406 ~| 119 SCENE REPRESENTATION 408
N\ \ 4 \ AV
SCENE LIGHTING EFFECTS
TYPE POSITION LIGHTING EFFECT 1:
CUBE 80 10.0 SURFACE GLOSS
CUBE 240, 10. 0 LIGHTING EFFECT 2:
WINDOW | 220, 10, 40 WINDOW TRANSPARENCY
LIGHT | 40, 40, 10 LIGHTING EFEECT 3:
CAMERA | 160, 0, 60 SURFACE IRIDESCENCE
410
Y\ SECOND RENDERING
126 ~p122a — — 114
122C — 2 | 122B
R A iz

116’/

126 —/

§SECOND

PERSPECTIVE

LIGHT SOURCE

FIG. 4



WO 2018/013373 PCT/US2017/040565
5/11

500
502 r
( START )

504 j

EXECUTE, BY PROCESSOR,
INSTRUCTIONS THAT CAUSE DEVICE TO:

506
N\

GENERATE FIRST RENDERING OF OBJECTS OF SCENE
FROM INITIAL PERSPECTIVE, INCLUDING RENDERING LIGHT SOURCE UPON
LIT OBJECT TO PRODUCE LIGHTING EFFECT FROM INITIAL PERSPECTIVE

508 j
STORE FIRST RENDERING OF OBJECTS OF SCENE,
INCLUDING LIGHTING EFFECT UPON LIT OBJECT
510 ﬂ
RESPONSIVE TO REQUEST
512 TO RENDER SCENE FROM SECOND PERSPECTIVE:

GENERATE SECOND RENDERING OF OBJECTS OF SCENE
FROM SECOND PERSPECTIVE WHILE MAINTAINING LIGHTING EFFECT
UPON LIT OBJECT FROM INITIAL PERSPECTIVE

514 —
\

PRESENT SECOND RENDERING TO FULFILL REQUEST

516

END

FIG. 5




WO 2018/013373 PCT/US2017/040565
6/11

600
602 f
(' START )

EXECUTE, BY PROCESSOR,
INSTRUCTIONS THAT CAUSE DEVICE TO:

606 ™
RECEIVE MODEL OF SCENE COMPRISING:
608 R
SET OF OBJECT MODELS FOR RESPECTIVE OBJECTS OF SCENE
610 Y
LIGHT SOURCE POSITIONED WITHIN SCENE
612 ™
INITIAL PERSPECTIVE FOR LIGHTING SCENE
614 R

RENDER LIGHT SOURCE UPON OBJECT MODEL OF LIT OBJECT OF SCENE
TO PRODUCE LIGHTING EFFECT FROM INITIAL PERSPECTIVE

616ﬂ

STORE, IN DATA STORE,
SCENE REPRESENTATION OF SCENE COMPRISING:
618 R

OBJECT MODELS

620 ™\

LIGHTING EFFECT FROM INITIAL PERSPECTIVE

622

END

FIG. 6




WO 2018/013373 PCT/US2017/040565

7/11
'/_ 700
DEVICE
706 — 708 —
406 — DATA STORE
SCENE REPRESENTATION PRESENTER
108 — —122
OBJECT LIGHTING
MODELS EFFECT
M2 —| SECOND
PERSPECTIVE
402 —~ 410 —
126 — FIRST RENDERING 126 —.SECOND RENDERING
114 114
¢ 122~ ¢ 122~
J “14 _ 2112
122 g 122 G

/// — 404 & ///

116

FIG. 7



WO 2018/013373
8/11

|
|
|
|
|
806 v

COMPUTER W

PCT/US2017/040565

e ey’ Wttty

810 ~

DEVICE

INSTRUCﬂONSJ

804 4

01011010001010
10101011010101
101101011100...

802 =

COMPUTER-READABLE
STORAGE DEVICE

FIG. 8




WO 2018/013373

9/11

PCT/US2017/040565

900
402 4
N\ FIRST RENDERING
118 126
116 } N\ 122 404
‘(
™~ INITIAL
LIGHT SOURCE PERSPECTIVE
902 — 122 —
TEXTURE LIT TEXTURE
V 771 — 906
IRIDESCENCE
SHADER
908
202 — 'S
FIRST RENDERING
118 126
116 l ::122 404
%‘ -
™~ INITIAL
LIGHT SOURCE PERSPECTIVE
912
110 "N\ LIGHTING EFFECT
N SCENE EXPRESSION
TYPE | POSITION 910~ LIGHTING EFFECT:
CUBE 80, 10, 0 SURFACE GLOSS
LIGHTING
CUBE 24010, 0 O TRE POSITION:
WINDOW | 220, 10, 40 110, 10, 50
LIGHT | 40, -40, 10
CAMERA | 160, 0, 60 ARGB / INTENSITY:

Ox40FFFFFF / 0x80

FIG. 9




WO 2018/013373
10/11

PCT/US2017/040565

1000
122 'S
122~ 122~ \
| DIMMER N, BrIGHTER N2/
< —— »—U<
A N
| |
126 N\ 722 126\ 122 126 N2
1100
1104 ~ /,-1108 K
FIRST SCENE SECOND SCENE
1102 1102
A\ 122 122 L
FIRST X SECOND
APPLICATION [ 23 \\\/ = | APPLICATION
RIEY
1110 — USER INTERFACE
7S
N Y
DY 412~
SECOND
PERSPECTIVE
1110 — USER INTERFACE
<—

FIG. 11



WO 2018/013373

11/11

PCT/US2017/040565

f 1200

DEVICE

FIG. 12

| DEVICE CONFIGURATION | 1210
| |
| 1206 | STORAGE
| |
| |
i PROCESSING | — 1212
i UNIT | OUTPUT DEVICE(S)
| |
| : _—1214
| |
| : INPUT DEVICE(S)
| MEMORY |
! . _—1216
| | COMMUNICATION
| 1208 | CONNECTION(S)
e |
1218
COMPUTING | ~—1220
DEVICE




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/040565

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6T15/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6T

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 7
figures 16A, 16B

X US 6 664 962 Bl (KOMSTHOEFT MATTHEW [US]
ET AL) 16 December 2003 (2003-12-16)
Y column 9, line 60 - column 11, Tine 18; 3-8,

column 21, line 49 - column 22, line 21;

_/__

1,2,9

10-1

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 October 2017

Date of mailing of the international search report

13/10/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kopilovic, Ivan

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/040565
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Michael Abrash: "Chapter 68 Quake's 3-8,
1ighting model", 10-15
Michael Abrash's Graphics Programming
Black Book, Special Edition,
1 January 1997 (1997-01-01), pages
1243-1256, XP055408669,
ISBN: 978-1-57610-174-2
Retrieved from the Internet:
URL:http://twimgs.com/ddj/abrashblackbook/
gpbb68.pdf
[retrieved on 2017-09-21]
page 1251 - page 1254
Y David Blythe: "Programming with OpenGL: 3-8,
Advanced Rendering - Chapters 10 and 11", 10-15
9 August 1999 (1999-08-09), XP055408531,
Retrieved from the Internet:
URL:https://pdfs.semanticscholar.org/fc76/
bb3649978a1939d9bd9d9d3769f47ebfcbecl. pdf
[retrieved on 2017-09-21]
page 95 - page 103
Y MOLLER T ET AL: "Real-Time Rendering, 3-8,
passage", 10-15
REAL-TIME RENDERING, XX, XX,
1 January 1999 (1999-01-01), pages 99-144,
XP002297807,
the whole document
Y US 20037169272 Al (NAGANO HIDETOSHI [JP]) 3-8,
11 September 2003 (2003-09-11) 10-15
figure 5
Y PAPAGIANNAKIS G ET AL: "Real-time photo 3-8,
realistic simulation of complex heritage 10-15
edifices",
VIRTUAL SYSTEMS AND MULTIMEDIA, 2001.
PROCEEDINGS. SEVENTH INTERNATION AL
CONFERENCE ON BERKELEY, CA, USA 25-27 OCT.
2001, LOS ALAMITOS, CA, USA,IEEE COMPUT.
socC, US,
25 October 2001 (2001-10-25), pages
218-227, XP010567084,
DOI: 10.1109/VSMM.2001.969674
ISBN: 978-0-7695-1402-4
section 1.1
section 2.1.3
- / -

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/040565

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y IONES A ET AL: "Fast, realistic lighting 3-8,
for video games", 10-15
IEEE COMPUTER GRAPHICS AND APPLICATIONS,
IEEE SERVICE CENTER, NEW YORK, NY, US,
vol. 23, no. 3, 1 May 2003 (2003-05-01),
pages 54-64, XP011097311,

ISSN: 0272-1716, DOI:
10.1109/MCG.2003.1198263

section "Implementation";

page 61 - page 62; figure 13

A MICHAEL HALLE ED - ASSOCIATION FOR 1-15
COMPUTING MACHINERY: "Multiple viewpoint
rendering",

COMPUTER GRAPHICS. SIGGRAPH 98 CONFERENCE
PROCEEDINGS. ORLANDO, FL, JULY 19- 24,
1998; [COMPUTER GRAPHICS PROCEEDINGS.
SIGGRAPH], ACM, NEW YORK, NY, US,

24 July 1998 (1998-07-24), pages 243-254,
XP058331816,

DOI: 10.1145/280814.280884

ISBN: 978-0-89791-999-9

section 9.5

section 9.6

A LENGYEL J ET AL: "RENDERING WITH COHERENT 1-15
LAYERS",

COMPUTER GRAPHICS PROCEEDINGS. SIGGRAPH
97. LOS ANGELES, AUG. 3 - 8, 1997;
[COMPUTER GRAPHICS PROCEEDINGS. SIGGRAPH],
READING, ADDISON WESLEY, US,

3 August 1997 (1997-08-03), pages 233-242,
XP000765821,

ISBN: 978-0-201-32220-0

section 4.3

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/040565
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6664962 Bl 16-12-2003  JP 4790150 B2 12-10-2011
JP 2002074390 A 15-03-2002
US 6664962 B1 16-12-2003
US 2003169272 Al 11-09-2003  JP 3780954 B2 31-05-2006
JP 2003233830 A 22-08-2003
US 2003169272 Al 11-09-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report

