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TEXTURE TARGETS IN SCENE DESCRIPTION

CROSS REFERENCE TO RELATED APPLICATIONS
[1] This application claims the benefit of European Patent Application No 23305963.3,

filed on June 16, 2023, which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

[2] The present embodiments generally relate to texture encoding/decoding for 3D scene

representations, more particularly, to a format used to represent a texture as a linear
combination of texture images in MPEG-I Scene Description.
BACKGROUND

[3] Three-dimensional scenes and models may be rendered in real-time to a user. Some

formats such as the one proposed by Khronos / gITF (Graphics Language Transmission
Format) and its extensions defined in MPEG Scene Description format or Apple / USDZ are
possible ways to represent a 3D content to be rendered. Such formats support 3D
model geometry, appearance, scene graph hierarchy, and animation. They are intended to be
a streamlined, interoperable format for the delivery of 3D assets, while minimizing file size and
runtime processing by applications. It is desirable to improve the representation of texture in
such environment to offer more flexibility.

SUMMARY

[4] The drawbacks and disadvantages of the prior art are solved and addressed by the
general aspects described herein.

[5] In one implementation, we propose to provide encoding/decoding of parametric texture
for 3D scene representations. The new proposed format allows to encode a texture as a linear
combination of texture images in MPEG-I Scene Description. We introduce the term “texture
target” to designate a texture component in the combination. The new proposed format called
“MPEG_texture_targets” allows the transfer of meshes with parametric textures. Besides, the
proposed format is fully compatible with existing texture encoding.

[6] According to a first aspect, there is provided a method. The method comprises
obtaining at least one format, from a description for a 3D scene, used to represent a texture
as a linear combination of textures; obtaining, from the description, at least one texture target
with an associated target weight; and reconstructing a texture based on the at least one format
and the at least one texture target with its associated target weight.

[7] According to a second aspect, there is provided a method. The method comprises
obtaining at least one format, from a description for a 3D scene, used to represent a texture
as a linear combination of textures; obtaining, from the description, at least one texture target
with an associated target weight; and encoding a texture based on the at least one format and
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the at least one texture target with its associated target weight.

[8] One or more embodiments also provide a computer program comprising instructions
which when executed by one or more processors cause the one or more processors to perform
the method according to any of the embodiments described herein. One or more of the
present embodiments also provide a computer readable storage medium having stored
thereon instructions for processing scene description according to the methods described
herein.

[9] One or more embodiments also provide a computer readable storage medium having
stored thereon a scene description generated according to the methods described above.
One or more embodiments also provide a method and apparatus for transmitting or receiving
the scene description generated according to the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[10] FIG. 1 shows an example architecture of 3D content creation tools and modern

graphics processing engine.

[11] FIG. 2 shows an example of the syntax of a data stream encoding an 3D scene
description.

[12] FIG. 3 shows an example graph of 3D scene description.

[13] FIG. 4 illustrates the relations between top-level arrays either in a gITF asset or in a
MPEG-1 Scene Description (SD) into which the present principles may be implemented.

[14] FIG. 5a, 5b and 5c¢ illustrate various steps of a same animation of textures according
to an embodiment.

[15] FIG. 6 illustrates a texture image used in the above animation of textures according to
an embodiment.

[16] FIG. 7 illustrates an exemplary embodiment of a method for parsing a Texturelnfo.
[17] FIG. 8 illustrates various textures for parametric meshes to which the processing of a
texture image according to an embodiment may apply.

DETAILED DESCRIPTION

[18] FIG. 1 shows an example architecture of 3D processing engine 130 which may be

configured to implement the methods described herein. A device according to the architecture
of FIG. 1 is linked with other devices via their bus 131 and/or via I/O interface 136.

[19] Device 130 comprises following elements that are linked together by a data and
address bus 131:

— amicroprocessor 132 (or CPU), which is, for example, a DSP (or Digital Signal Processor);
— aROM (or Read Only Memory) 133;

— aRAM (or Random Access Memory) 134;

— astorage interface 135;
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— an I/O interface 136 for reception of data to transmit, from an application; and
— apower supply (not represented in FIG. 1), e.g., a battery.
[20] In accordance with an example, the power supply is external to the device. In each of
mentioned memory, the word “register’ used in the specification may correspond to area of
small capacity (some bits) or to very large area (e.g., a whole program or large amount of
received or decoded data). The ROM 133 comprises at least a program and parameters. The
ROM 133 may store algorithms and instructions to perform techniques in accordance with
present principles. When switched on, the CPU 132 uploads the program in the RAM and
executes the corresponding instructions.
[21] The RAM 134 comprises, in a register, the program executed by the CPU 132 and
uploaded after switch-on of the device 130, input data in a register, intermediate data in
different states of the method in a register, and other variables used for the execution of the
method in a register.
[22] Device 130 is linked, for example via bus 131 to a set of sensors 137 and to a set of
rendering devices 138. Sensors 137 may be, for example, cameras, microphones,
temperature sensors, Inertial Measurement Units, GPS, hygrometry sensors, IR or UV light
sensors or wind sensors. Rendering devices 138 may be, for example, displays, speakers,
vibrators, heat, fan, etc.
[23] In accordance with examples, the device 130 is configured to implement a method
according to the present principles, and belongs to a set comprising:

— amobile device;

— acommunication device;

— agame device;

— atablet (or tablet computer);

— alaptop;

— a still picture camera;

— avideo camera.
[24] In 3D applications, scene descriptions are used to combine explicit and easy-to-parse
description of a scene structure and some binary representations of media content. FIG. 2
shows an example of the syntax of a data stream encoding a 3D scene description. FIG. 2
also shows an example structure 210 of 3D scene description. The structure consists in a
container which organizes the stream in independent elements of syntax. The structure may
comprise a header part 220 which is a set of data common to every syntax element of the
stream. For example, the header part comprises some of metadata about syntax elements,
describing the nature and the role of each of them. The structure also comprises a payload
comprising an element of syntax 230 and an element of syntax 240. Syntax element 230
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comprises data representative of the media content items described in the nodes of the scene
graph related to scene elements. Images, meshes and other raw data may have been
compressed according to a compression method. Alternatively, images, meshes and other
raw data may have been directly embedded in scene description data 240 without being
compressed. Element of syntax 240 is a part of the payload of the data stream and comprises
data encoding the scene description as described according to the present principles.

[25] FIG. 3 shows an example graph 310 of a 3D scene description. In this example, the
scene graph may comprise a description of real objects, for example ‘plane horizontal surface’
(that can be a table or a road) and a description of 3D objects 312, for example an animation
of a car. Scene description is organized as an array 310 of nodes. A node can be linked to
child nodes to form a scene structure 311. A node can carry a description of a real object
(e.g., a semantic description) or a description of a 3D object. In the example of FIG. 3, node
301 describes a camera located in the 3D volume of the scene. Node 302 describes a car
and comprises an index of a representation of the car, for example an index in an array of 3D
meshes. Node 303 is a child of node 302 and comprises a description of one wheel of the
car. The same way, it comprises an index to the 3D mesh of the wheel. The same 3D mesh
may be used for several objects in the 3D scene as the scale, location and orientation of
objects are described in the scene nodes.

[26] FIG. 4illustrates the current solution to represent texture in MPEG-1 Scene Description
(SD). In particular, FIG. 4 represents a gITF file structure. The entry point is the “scene” node
(430) which contains “node” node(s) (435) that can be for instance a “camera” (410) or a “mesh”
(440). The MPEG-I Scene Description (SD) format allows the storage in gITF files of texture
image (498) or a link (498). The representation of textures (490) uses images (498) and
textures samplers (495) in the gITF file. The first one (498) defines images loaded from a file
or included in the gITF file (with buffer views (450)). The second one (495) points to samplers
allowing to define how to use the image data. For instance, the MPEG-| Scene Description
(SD) format allows the definition of sampling and wrapping strategies. Moreover, an extension
may apply at the gITF texture level, for instance KHR_texture_transforms, which specifies
more complex transforms to apply on a texture image such as rotate or rescale the image.
Then, materials assets (470) in the gITF file reference textures may be used to define how the
texture is used in the rendering, like changing colors, normals, etc.

[27] Today, this approach is limited as it does not provide flexibility in combining different
texture images, or while trying to animate the texture. Textures combination can be performed
before the creation of the gITF file in a so-called “baking” processing. During these pre-
processing steps, one computes the combination and only stores the resulting texture in the
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gITF file. If it allows the transportation and rendering of the final scene, as we lose all the
combination process, it no longer allow any further changes in the rendering of the final scene.
Animation of texture can be also performed with “baking” processing. The texture image for
each frame of the animation can be precomputed and then sent alongside the gITF file.
However, the skilled in the art will recognize that such processing quickly results in a very
large amount of image data, and there is still no way to modify these texture images.
[28] It is therefore desirable to improve the signaling/encoding of the texture assets
combining different texture images or animating the texture along with time.
[29] MPEG_Texture Targets extension in MPEG-I Scene Description
[30] The proposed format according to any of the embodiments disclosed hereafter is
advantageously compliant with the gITF format and with the recent MPEG-I SD effort to extend
glITF with MPEG-I SD extensions or with any other 3D scene description format. The skilled
in the art will recognize that the meaning and use of the disclosed embodiments are generic
and may be coded in other formats (XML, USD, ...).
[31] In the current MPEG-I or in the current version of gITF and available extensions, a
combination of different texture images or animation of the texture has to be defined and
computed in advance which is not convenient for adapting the texture to a parametric mesh
for instance. Therefore, one embodiment proposes to introduce the definition of a weighted
sum of texture images in the gITF file:

texture = clamp(textureBase + Y,; weight; X textureTarget;) (1)
[32] With this new proposed definition, a weighted sum of images (such as 2D arrays of
vectors) is processed. According to a particular variant, the values resulting from the weighted
sum are clamped to ensure that they are in a valid color range. With a range defined as [0,1],
the clamping operation turns any negative value to zero and any value higher than one into
one. Consequently, the proposed encoding allows the creation of new materials based on the
weighted combination of texture images.
[33] The textureBase and textureTargets in the above equation (1) are textures, accessors
or images as defined in the gITF file using current standard and extensions (respectively in
textures, accessors or images assets).
[34] We also assume that the set of texture bases and targets that we consider in
combination, have the same layout (same width, height and vector size/channel count),
whatever the processes that build them. That includes extensions like KHR_texture_transform
that can change further the layout.
[35] The ¢ITF Specification makes use of common engineering and graphics terms such
as image, buffer, texture, etc. to identify and describe certain gITF constructs and their
attributes, states, and behaviors. The specification defines a texture as an object that
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combines an image and its sampler (as disclosed in the Section 5.29 “Texture” of the gITF 2.0

specification  (https:/reqistry.khronos.org/qITF/specs/2.0/gITF-2.0.pdf)) that allows the
definition of sampling and wrapping strategies.

Name Type Description Required

The index of the sampler used by this texture.
sampler integer When undefined, a sampler with repeat | No
wrapping and auto filtering SHOULD be used.

The index of the image used by this texture.
_ When undefined, an extension or other
source integer _ No
mechanism SHOULD supply an alternate texture

source, otherwise behavior is undefined.

name string The user-defined name of this object. No
extensions | extension | JSON object with extension-specific objects. No
extras extras Application-specific data. No

Table 1: The GITF Texture property

[836] The "source” property of Texture references the base texture. According to a particular
embodiment, it may correspond to the base texture in the equation (1).

[37] Besides, in a gITF file, one can reference a texture using a Texturelnfo property. It is
used in several places in materials assets, like “baseColorTexture”, “normalTexture”, or
“metallicRoughnessTexture”. The specification defines four properties for Texturelnfo: “index”,
“texCoord”, “extensions” and “extras” as disclosed in Section 5.30 “Texturelnfo” of the gITF
2.0 specification  (https://registry.khronos.org/gITF/specs/2.0/gITF-2.0.pdf)  which is
reproduced below:

Name Type Description Required
index integer The index of the texture Yes
. The set index of texture’s TEXCOORD attribute
texCoord | integer _ _ No, default: 0
used for texture coordinate mapping.
extensions | extension | JSON object with extension-specific objects. No
extras extras Application-specific data. No

Table 2: The GITF Texturelnfo property
[38] The "index” property of Textureinfo references the base texture. According to a
particular embodiment, it may correspond to the base texture in the equation (1).
[39] According to one embodiment, a new “MPEG_texture_targets” property is defined in
the “extensions” attribute respecting the definition of the TextureInfo property. According to
another embodiment, the new “MPEG_texture_targets” property may be defined in the

“extensions” attribute of the Texture property. The skilled in the art will recognize that this new
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“MPEG_texture_targets” property is optional.
[40] The “MPEG_texture_targets” property contains two arrays of properties:

Name | Type Description Required
TextureTargef[1- | .

targets q List of texture targets ( Texturelnfo) No

weights | number [1-*] List of target weights (numbers) No

Table 3: The MPEG_texture targets property
[41] The “targets” property is an array of TextureTarget. It contains all the information
needed to reference, and eventually update, a texture. Each item of index i in this array
corresponds to textureTarget; in equation (1).
[42] The “weights” property is an array of float numbers to weight each texture target. Each
item of index i in this array corresponds to weight; in equation (1).
[43] According to a particular feature, the size of the arrays “targets” and “weights” are the
same.
[44] According to yet another particular feature, a TextureTarget property defines the
texture data for one texture target.

Name Type Description Required

_ Defines which attribute to use: "texture"
type string . _— . No
or "accessor" or “image

texture Texturelnfo A texture No

index number An accessor id or image id No

Table 4: The TextureTarget property
[45] There are three possible sources:
[46] If "type" equals "texture", then the texture data is loaded using the "texture" property.
It is a standard Texturelnfo property.
[47] If "type" equals "image", then the texture data is loaded using the "index" property. It
is a number that references one the images in the gITF file.
[48] If "type" equals "accessor", then the texture data is loaded using the "index" property.
It is a number that references one the accessors in the gITF file.
[49] Whatever the source type, the layout of the data contained in the referenced accessor
must be compatible with the base texture. For instance, if the base texture is a 512x512 RGB
image, then a "texture" source must also be a 512x512 RGB image and an "accessor" source
must be an array of 262144 (=512x512) 3D vectors.
[50] Advantageously, the disclosed format provides high compatibility with existing
implementation as a particular software that does not support the texture targets extension,
may use the base texture as defined in the standard, ignoring the targets. Consequently, an

7
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incomplete but relevant rendering is still possible, assuming that in most texture combinations,
the base texture is the main contributor, and the targets slightly change the final result. The
skilled in the art will appreciate that, in the case where an item of “targets” has a property
"texture" of type Texturelnfo, it can define values in its “extensions” property in a recursive
fashion, leading to an iterated specific processing for each texture target. For instance, each
item in the “targets” array can use the KHR_texture_transform extension to transform texture

targets before combination with the weighted sum.

[51] gITF schemas examples

[52] For the sake of clarity, these examples only show parts of the gITF file related to
materials. We assume that there is a scene with one (or more) mesh that uses this material.
Consequently, the following only describes the material loading procedure.

[53] According to a first exemplary embodiment, the following gITF may define a material
with a combination of three texture images for the base color.

{
"images": [
{
"uri”: "textureBase.jpg"
|8
{
"uri”: "textureTarget0.jpg”
|8
{
"uri”: "textureTarget1.jpg”
}
1;
"textures™: [
{
"source": 0
|8
{
"source™: 1
|8
{
"source": 2
}
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1,

"materials": [

{

"pbrMetallicRoughness™:

{

"baseColorTexture™:
{
"index™": 0,
"extensions™:

{
"MPEG_texture_targets":

{
"targets™: [
{
"type": "texture",
"texture":
{
"index": 1
}
}
{
"type": "texture",
"texture”: {
"index": 2
}
}
],
"weights": [-0.1, 0.4]
}
}
}

Example 1: a material with a combination of three texture images for the base color

9
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[54] The material loader first parses the “images” list and load the three image files
"textureBase.jpg", “textureTarget0.jpg” and “textureTarget1.jpg”. Then, it parses the “textures”
list and assigns each texture to one of the images:

texture 0 corresponds to image in "textureBase.jpg" file;

texture 1 corresponds to image in "textureTarget0.jpg" file;

texture 2 corresponds to image in "textureTarget1.jpg" file.
[55] During the next stage, the material loader parses the “materials” list, and finds a single
one with a "pbrMetallicRoughness" attribute. This attribute only defines the base color texture
in the “baseColorTexture” attribute. This is a Texturelnfo property: the “index” attribute defines
the base texture to be used. Since “index” equals 0, it corresponds to texture 0, so the image
in the “texture_base.jpg” file.
[56] Then, if the material loader supports the proposed “MPEG_texture_targets” extension,
it parses the “‘MPEG_texture_targets” property in
“materials/pbrMetallicRoughness/baseColorTexture/extensions”. The “targets” list contains
two texture targets:

texture target O references texture 1 with weight -0.1;

texture target 1 references texture 2 with weight 0.4.
[57] As aresult, the base color texture of material 0 is then the result of the following sum:

baseColorTexture = clamp(textureBase. jpg — 0.1 X textureTarget0. jpg +
0.4 x textureTargetl. jpg)

[58] The resulting texture is a usual 2D array of RGB vectors that can be processed by
current gITF decoders and renderers.

[59] According to a second exemplary embodiment, the gITF may define a material creating
an animation with textures. FIG. 5a, 5b and 5c illustrate various steps of a same animation of
textures resulting from the processing of a texture image as shown on FIG. 6 according to a
particular embodiment. In this second example, one may create a material that changes with
time, starting with a glowing rectangle as shown on FIG. 5a. This material may be applied on
any surface, for instance on a cube or a mesh with the shape of a screen. In a second step,
we want that a glowing number “2” slowly appears (e.g. the number fades from black to full
white). FIG. 5b shows the animated texture with the number “2” fully visible. To that end, a
number “2” texture is added to the rectangle texture of FIG. 5a. Then, we want that the number
slowly disappears, fading back to black and we may want to repeat the same fading in/out
with the number “1” and the message “GO!”. FIG. 5¢ shows the animated texture with the
number "1" then "GO!" are fully visible. The animation ends with a final fading of the “GOY”
message, going back to the initial state of FIG. 5a with an empty rectangle.

10
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[60] FIG. 6 illustrates a texture image used in the above animation of textures according to
an embodiment. Advantageously, the present principles allow creating this animation with a
single texture image. This single texture image is a texture atlas as it may contain four textures
in a single image. In the gITF file, we therefore define what part of the image to use in each
case. We may encode the material with the following gITF content:

{

"images": [
{
"uri”: "textureAtlas.jpg"”
}
],

"textures™: [

{
"source": 0

}

],

"materials": [

{

"emissiveTexture":
{
"index™: 0,
"extensions":
{
"KHR_texture_transform": {
"offset™: [0, 0],
"scale": [0.5, 0.5]
1,
"MPEG_texture_targets": {
"targets™: [
{
"type": "texture”,
"texture™:
{
"index™: 0,

"extensions™ : {

11
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"KHR_texture_transform™: {
"offset": [0, 0.5],
"scale": [0.5, 0.5]

}
}
}
12
{
"type": "texture”,
"texture":
{

"index™: 0,
"extensions™ : {
"KHR_texture_transform™: {
"offset": [0.5, 0],
"scale": [0.5, 0.5]

}
}
}
12
{
"type": "texture”,
"texture":
{

"index™: 0,
"extensions™ : {
"KHR_texture_transform™: {
"offset": [0.5, 0.5],
"scale": [0.5, 0.5]

}

}
}
],
"weights": [0, 0, 0]
}

12
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}
}
}
],
"animations": [
{
"channels": [
{
"sampler"”: 0,
"target": {
"path”: "pointer”,
"extensions™: {
"KHR_animation_pointer™: {
"pointer™:
"/materials/O/emissiveTexture/extensions/MPEG_texture_targets/weights”
}
}
}
}
],
"samplers": [
{
"input™: 0,
"interpolation”: "LINEAR",
"output™: 1
}
]
}
]

}

Example 2: a material with a combination of portions of a single texture image to create

animated textures
[61] The gITF loaders first decodes the “images” and “textures” properties to read the

texture image. As we have a single texture in this example, we have a single texture image
with index 0.

13
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[62] Then, the “materials” property is analyzed to find a single emissive texture. The
“emissiveTexture” is a Texturelnfo: its “index” property with value 0 points to the texture image.
Its “extensions” property has two items: “‘KHR_texture_transform”  and
“MPEG_texture_targets”.
[63] According to a preferred variant, other extensions, in this exemplary case,
“KHR_texture_transform” are firstly decoded. The “offset’” and “scale” properties define a
texture transform that crops the top-left part of the texture atlas, corresponding to the empty
glowing rectangle. Next the loader decodes “MPEG_texture_targets” extension. There are
three targets: each one references the same texture (“index” is 0). They also all have
“KHR_texture_transform” content that describe a crop. The first one crops the top-right part
(number “2”), the second one the bottom-left part (number “1”) and the last one the bottom-
right part (message “GO!”). The “weights” property defines the amount of each texture target
to add.
[64] Anitem in the “animations” list defines a single animation that updates the material.
In this animation, there is a single channel in the “channels” list. It references the sampler
defined in the “samplers” list and use the “KHR_animation_pointer’ extension to point to the
“weights” property of the “MPEG_texture_targets” of the emissive texture. The sampler
references the temporal values (in “input”) and weight values (in “output”). For sake of clarity,
we don’t show the accessors/buffer views/buffers with theses values but present their content
here.
[65] The values pointed by “input” are:

[0,1,2,3,4,5, 6]
[66] They correspond to the main steps of the animation (in seconds). The values pointed
by “output” are:

[[0,0,0], [1,0,0], [0,0,0], [0,1,0], [0,0,0], [0,0,1], [0,0,0]].
[67] Each value in a weight combination (like wy, w;,w, = [0,1,0]) corresponds to one of the
texture targets: the one with number “2”, the one with number “1” and the one with message
“GOY. The final texture is always the base texture (the one with a rectangle) to which we add
the texture targets with weights:

texture = textureyecrangie T Wo X texture,ympers + W1 X texturepympert
T Wy X texturey gssageco

[68] They lead to the following changes, knowing that a linear interpolation is made
between each step:

Time 0s: all weights are zero: only the base texture (with the rectangle) is used.

Time 1s: weights are [1,0,0]: the texture with number “2” is fully added to the base

texture.
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Time 2s: all weights are zero: only the base texture (with the rectangle) is used.

Time 3s: weights are [0,1,0]: the texture with number “1” is fully added to the base

texture.

Time 4s: all weights are zero: only the base texture (with the rectangle) is used.

Time 5s: weights are [0,0,1]: the texture with number “GO!” is fully added to the base

texture.

Time 6s: all weights are zero.
[69] The skilled in the art will appreciate the compacity of the data needed to generate this
texture animation according to the at least one embodiment. Only 4 textures (grouped in a
single atlas image) are required to create the animation thanks to the proposed extension. On
the contrary, without the texture targets, and a frame rate of 60 images per seconds, we must
bake a total of 60 x 6 - 3 = 357 textures.

[70] According to a third exemplary embodiment, the gITF may define a material where the

texture sources are obtained from accessors.

{

"images": [
{
"uri”: "textureBase.jpg"
}
],

"textures™: [

{
"source": 0

}

],

"buffers": [

{
"byteLength™: 1179648,

"uri": "textureTargets.bin"

}
],
"bufferViews":
{
"buffer": 0,
"byteLength™: 589824,
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"byteOffset": O,

"name": "textureTarget0",
"target": 34962

b

{

"buffer”: 1,
"byteLength™: 589824,
"byteOffset”: 589824,

"name": "textureTarget1”,
"target": 34962

}
],
"accessors™: |
{
"bufferView": 0,
"byteOffset": O,
"componentType™: 5126,
"count": 65536,

"name": "textureTarget0",
"type": IIVEC3'I

{

"bufferView": 0,
"byteOffset": O,
"componentType™: 5126,
"count": 65536,

"name": "textureTarget1”,
"type": IIVEC3'I

}
],

"materials": [

{

"pbrMetallicRoughness™:

{

"baseColorTexture™:

{

16
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"index™": 0,
"extensions™:

{
"MPEG_texture_targets":

{
"targets": [
{
"type": "accessor",
"accessor™: 0
}
{

"type": "accessor",

"accessor": 1

}
1,
"weights": [-0.1, 0.4]
}
}
}

Example 3: a material where the texture sources are obtained from accessors
[71] The gITF loaders first decodes the “images” and “textures” properties to read the
texture image. We have a single texture in this example with index 0. This texture is a
256x256 RGB image.
[72] Then, it decodes the "buffers", "bufferViews" and "accessors" properties. The result
is two arrays of 65536 (=256*256) 3D vectors with 32-bit float values:

Accessor 0: first array of 65536 3D vectors with 32-bit float values;

Accessor 1: second array of 65536 3D vectors with 32-bit float values.
[73] Then, if the material loader supports the proposed “MPEG_texture_targets”
extension, it parses the “MPEG_texture_targets” property in
“materials/pbrMetallicRoughness/baseColorTexture/extensions”. The “targets” list contains
two texture targets:

texture target O references accessor 0 with weight -0.1;
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texture target 1 references accessor 1 with weight 0.4.
[74] As aresult, the base color texture of material 0 is then the result of the following sum:
baseColorTexture = clamp(textureBase.png — 0.1 X accessory + 0.4 X accessory)
[75] The resulting texture is a usual 2D array of RGB vectors that can be processed by
current gITF decoders and renderers. Advantageously, the embodiment based on “accessor”
properties allows processing texture data with 32-bit float values. As usual textures are defined
from 8-bit integer converted to float, the embodiment based on “texture” property is limited to

8-bit precision.

[76] Processing Model

[77] FIG. 7 illustrates an exemplary embodiment of a method for parsing a Texturelnfo. The
proposed extension data is parsed any time a Texturelnfo property occurs in the gITF file.
Most gITF parsers already offer hook mechanisms one can register. For our case, we ask the
main gITF parser to call the extension code every time it finds a Texturelnfo property. As
shown on FIG.7, the process ingests Texturelnfo data (710) and outputs a texture (780).
[78] In a first step (720), the method first parses the data in a default fashion, as defined
without any extension. This step (720) initializes the main texture. Then, the extension property
of the texture is tested (730). If there is no “extensions” property, the process is over and
outputs (780) the main texture. If there are extensions, it first applies any non-
MPEG_texture targets extensions (740, 750), like KHR_texture_transform. This holds for all
current extensions but might not be true for future extensions. For these later cases, it will be
up to the designers to choose the extension order. If no order is defined, we assume that
MPEG_texture targets extension always comes last. Each extension updates the main
texture: its layout and values can change, but still remains a texture (e.g. a 2D array of vectors).
[79] If the MPEG_texture targets extension is defined (760) in the Texturelnfo data, the
process (770) parses each item in the “targets” property. Since each item of this array is a
Texturelnfo, we repeat all the current processes presented with Fig. 7 in an iterated fashion.
It means that each texture target (771, 772) may be transformed or the result of a combination
in a specific manner. From our process point of view, it does not matter since this process
always outputs a texture. The only assumption is that each texture target has the same layout
as the main texture. Then, each texture target is multiplied (773) by the corresponding weight
in the “weights” array and added (774) to the main texture. Once all targets are processed,
the main texture is returned (780).

[80] These and other aspects, features and advantages of the general aspects will become
apparent from the following detailed advantages of exemplary embodiments, which is to be
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read in connection with the accompanying drawings.

[81] An exemplary embodiment relates to texture animation. Using the current gITF
standard and extensions, texture can be animated with a pre-computation of all steps. Then,
all these steps are stored in the gITF file, and the texture is changed every frame, leading to
high memory footprint that may not fit on small hardware. Advantageously, when the animation
is expressed or approximated as a linear combination of textures, as for instance exposed
with the non-limiting example 2, the proposed extension dramatically reduces the size of scene
data. With this approach, we only store the texture we need to, as well as the weights and
animation data that reproduce the texture animation.

[82] Another exemplary embodiment relates to light effects baking. A common technique
to render scene with complex light effects uses texture baking. It precomputes the lights
received by scene objects and store them in textures. Then, the renderer no more needs to
compute lights and only must apply the texture to get a high-quality result. This is a common
approach in video games, that consoles to display rendering they cannot compute in real time.
This technique works fine if they are no (or few) dynamism in scene lights. If they are a lot of
changes, like unstable lights (campfire, candles, ...), explosions, objects collapsing, etc., then
we must regularly bake a lot of textures to reflect the changes. In the worst case, textures
must be baked every frame. This leads to very large gITF files, and texture data no more fits
on small hardware. Advantageously, the proposed extension allows approximating the texture
changes with combinations. For instance, unstable lights can be approximated with a dozen
of textures, each one corresponding to a direction and hue. Then, for each frame, we choose
a combination of these textures. We can repeat this approach every time the true texture may
be approximated with a linear combination of texture targets. The resulting gITF file is then
small and the scene can fit on small hardware.

[83] Another exemplary embodiment relates to the handling of numerous similar objects or
characters. Indeed, some scenes can contain many similar objects or characters. For instance,
one can find hundreds of trees in a forest or many warriors on a battlefield. Without the
proposed extension, if we want to have unique objects or characters, we must precompute
and store a different texture for each of them. As in the previous cases, it quickly leads to very
large gITF files, and its data may not fit on small hardware. Advantageously, the proposed
extension allows using a limited number of texture targets, and creating a unique combination
for each object or character in the scene. With this approach, each new item only costs a few
texture target weights.

[84] FIG. 8 illustrates various textures for parametric meshes to which the processing of a
texture image according to an embodiment may apply. There are many ways to create these

texture combinations: we present an example here to create a unique texture for the face of
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each character in a scene using the FLAME face model as disclosed in “FLAME, Learning a

mode/ of facial shape and expression from 4D scans”, by. Tianye Li, Timo Bolkart, Michael J
Black, Hao Li and Javier Romero (SIGGRAPH ASIA 2017, BANGKOK, THAILAND). The
FLAME face model defines a parametric face rig. Face meshes can be created combining

many morph targets. These meshes can be textured combining a base texture and 200 texture
targets with 512x512 float values. A combination 810, 820 represents a particular face identity
(skin color, eye browns, etc.) as illustrated on FIG. 8. One can store a morph targets
combination in a gITF file using the standard MPEG-I SD features. Advantageously, the
proposed extension allows storing a texture combination in the same gITF file. As a result, we
can create scenes with thousands of characters with a small memory footprint.

[85] Furthermore, such gITF files may be transported in many ways (drivers, networks, etc.)
and users receiving them can render faces and modify the combination if needed. For instance,
artists in CGI production receive drafts of characters and refine them (e.g., change the
combination weights) in their software (Blender, Maya, Unity, etc.).

[86] Furthermore, using extensions like KHR_animation_pointers, one can animate the
texture combination, for instance to render a character whose face skin is changing with time
(new hair, tattoos, scars, etc.).

[87] Various numeric values are used in the present application. The specific values are
for example purposes and the aspects described are not limited to these specific values.
[88] Various methods are described herein, and each of the methods comprises one or
more steps or actions for achieving the described method. Unless a specific order of steps or
actions is required for proper operation of the method, the order and/or use of specific steps
and/or actions may be modified or combined. Additionally, terms such as “first”, “second”, etc.
may be used in various embodiments to modify an element, component, step, operation, etc.,
such as, for example, a “first decoding” and a “second decoding”. Use of such terms does not
imply an ordering to the modified operations unless specifically required. So, in this example,
the first decoding need not be performed before the second decoding, and may occur, for
example, before, during, or in an overlapping time period with the second decoding.

[89] The implementations and aspects described herein may be implemented in, for
example, a method or a process, an apparatus, a software program, a data stream, or a signal.
Even if only discussed in the context of a single form of implementation (for example,
discussed only as a method), the implementation of features discussed may also be
implemented in other forms (for example, an apparatus or program). An apparatus may be
implemented in, for example, appropriate hardware, software, and firmware. The methods
may be implemented in, for example, an apparatus, for example, a processor, which refers to

processing devices in general, including, for example, a computer, a microprocessor, an
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integrated circuit, or a programmable logic device. Processors also include communication
devices, for example, computers, cell phones, portable/personal digital assistants (‘PDAs”),
and other devices that facilitate communication of information between end-users.

[90] Reference to “one embodiment” or “an embodiment” or “one implementation” or “an
implementation”, as well as other variations thereof, means that a particular feature, structure,
characteristic, and so forth described in connection with the embodiment is included in at least
one embodiment. Thus, the appearances of the phrase “in one embodiment” or “in an
embodiment” or “in one implementation” or “in an implementation”, as well any other variations,
appearing in various places throughout this application are not necessarily all referring to the
same embodiment.

[91] Additionally, this application may refer to “determining” various pieces of information.
Determining the information may include one or more of, for example, estimating the
information, calculating the information, predicting the information, or retrieving the information
from memory.

[92] Further, this application may refer to “accessing” various pieces of information.
Accessing the information may include one or more of, for example, receiving the information,
retrieving the information (for example, from memory), storing the information, moving the
information, copying the information, calculating the information, determining the information,
predicting the information, or estimating the information.

[93] Additionally, this application may refer to “receiving” various pieces of information.
Receiving is, as with “accessing”, intended to be a broad term. Receiving the information may
include one or more of, for example, accessing the information, or retrieving the information
(for example, from memory). Further, “receiving” is typically involved, in one way or another,
during operations, for example, storing the information, processing the information,
transmitting the information, moving the information, copying the information, erasing the
information, calculating the information, determining the information, predicting the information,
or estimating the information.

[94] Itisto be appreciated that the use of any of the following “/”, “and/or”, and “at least one
of’, for example, in the cases of “A/B”, “A and/or B” and “at least one of A and B”, is intended
to encompass the selection of the first listed option (A) only, or the selection of the second
listed option (B) only, or the selection of both options (A and B). As a further example, in the
cases of “A, B, and/or C” and “at least one of A, B, and C”, such phrasing is intended to
encompass the selection of the first listed option (A) only, or the selection of the second listed
option (B) only, or the selection of the third listed option (C) only, or the selection of the first
and the second listed options (A and B) only, or the selection of the first and third listed options
(A and C) only, or the selection of the second and third listed options (B and C) only, or the
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selection of all three options (A and B and C). This may be extended, as is clear to one of
ordinary skill in this and related arts, for as many items as are listed.

[95] As will be evident to one of ordinary skill in the art, implementations may produce a
variety of signals formatted to carry information that may be, for example, stored or transmitted.
The information may include, for example, instructions for performing a method, or data
produced by one of the described implementations. For example, a signal may be formatted
to carry the bitstream of a described embodiment. Such a signal may be formatted, for
example, as an electromagnetic wave (for example, using a radio frequency portion of
spectrum) or as a baseband signal. The formatting may include, for example, encoding a data
stream and modulating a carrier with the encoded data stream. The information that the signal
carries may be, for example, analog or digital information. The signal may be transmitted over
a variety of different wired or wireless links, as is known. The signal may be stored on a
processor-readable medium.
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CLAIMS

1. A method, comprising:

obtaining at least one format, from a description for a 3D scene, used to represent a
texture as a linear combination of textures;

obtaining, from said description, at least one texture target with an associated target
weight; and

reconstructing said texture based on said at least one format and said at least one
texture target with said associated target weight.

2. A method, comprising:

indicating at least one format, in a description for an extended reality scene, used to
represent a texture as a linear combination of textures;

indicating at least one texture target with an associated target weight; and

encoding said texture based on said at least one format and said at least one texture
target with said associated target weight.

3. The method of any one of claims 1-2, wherein said at least one format includes an
array of texture targets.

4. The method of any one of claims 1-3, wherein said at least one format includes an
array of target weights.

5. The method of any one of claims 1-4, further comprising

obtaining a base texture;

obtaining a linear combination of textures as a weighted sum of said at least one
texture target multiplied by the associated target weight with said base texture.

6. The method of claim 5, further comprising clamping the weighted sum to obtain a

linear combination of textures.

7. The method of any one of claims 1-6, wherein a texture target is obtained from the
at least one format, in a second description for a 3D scene, used to represent a texture as a

linear combination of texture targets.

8. An apparatus, comprising one or more processors and at least one memory coupled

to said one or more processors, wherein said one or more processors are configured to:

23



10

15

20

25

30

35

WO 2024/256340 PCT/EP2024/065958

obtain at least one format, from a description for a 3D scene, used to represent a
texture as a linear combination of textures;
obtain, from said description, at least one texture target with an associated target
weight; and
reconstruct said texture based on said at least one format and said at least one texture
target with said associated target weight.

9. An apparatus, comprising one or more processors and at least one memory coupled
to said one or more processors, wherein said one or more processors are configured to:

indicate at least one format, in a description for an extended reality scene, used to
represent a texture as a linear combination of textures;

indicate at least one texture target with an associated target weight; and

encode said texture based on said at least one format and said at least one texture
target with said associated target weight.

10. The apparatus of any one of claims 8-9, wherein said at least one format includes
an array of texture targets.

11. The apparatus of any one of claims 8-9, wherein said at least one format includes
an array of target weights.

12. The apparatus of any one of claims 8-9, wherein said one or more processors are
configured to:

obtain a base texture;

obtain a linear combination of textures as a weighted sum of said at least one texture

target multiplied by the associated target weight with said base texture.

13. The apparatus of claim 12, wherein said one or more processors are configured to
clamp the weighted sum to obtain a linear combination of textures.

14. The apparatus of any one of claims 8-13, wherein a texture target is obtained from
the at least one format, in a second description for a 3D scene, used to represent a texture as

a linear combination of texture targets.

15. A non-transitory computer readable medium comprising instructions which, when
the instructions are executed by a computer, cause the computer to perform the method of
any of claims 1-7.
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