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ANCHORING ASCENE DESCRIPTION TO A USER ENVIRONMENT
FOR STREAMING IMMERSIVE MEDIA CONTENT
16601} This apphcation claims prionity to 1.8, Patent Application No. 17/659,760, filed
April 19, 2022 and U.S. Provisional Application No. 63/177,261, filed Apnl 20, 2021,
the entire contents of each of whach are incorporated by reference herein. U.S. Patent
Application No. 17/659,760, filed April 19, 2022 claims the benefit of U.S. Provisional
Application No. 63/177.261, filed Aprid 20, 2021,

TECHNICAL FIELD
[8602] This disclosure relates to storage and transport of media data, especially for

immersive media content.

ACKGROUND

(8663} Digital video capabilitics can be incorporated into a wide range of devices,
including digital televisions, digital divect broadcast systems, wireless broadeast
systeras, personal digital assistants (PDAs), laptop or deskiop computers, digital
cameras, digital recording devices, digital media players, video gaming devices, video
game consoles, cellular or satelite radio telephones, video teleconferencing devices, and
the bike. Dhgital video devices implement video compression techniques, such as those
desenibed in the standards defined by MPEG-2, MPEG-4, ITU-TH.263 or ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding {AVC), ITU-T H.2635 (also referred to
as High Efficiency Video Coding (HEVCY), and extensions of such standards, to
transmit and receive digital video information more efficientlv.

[80304] Video compression techmiques perform spatial prediction and/or temporal
prediction to reduce or remove redundancy inherent 1n video sequences. For block-
based video coding, a video frame or slice may be partitioned into macroblocks. Each
macroblock can be further partitioned. Macroblocks in an mtra~-coded (1} frame or slice
are encoded using spatial prediction with respect fo neighboring macroblocks.
Macroblocks in an inter-coded (P or B} frame or slice may use spatial prediction with
respect to neighboring macroblocks in the same frame or slice or temporal prediction
with respect to other reference frames.

[80305] After video data has been encoded, the video data may be packetized for

transmission or storage. The video data may be assembled into a video file conforming
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to any of a variety of standards, such as the Intemnational Organization for
Standardization (IS0 base media file format and extensions thereof, such as AV,

SUMMARY

16606] In general, this disclosure describes techniques for streaming and presenting
mmersive media content, ¢.g., for augmented reality (AR), virtual reality (VR), or
mixed reality (MR} content. Such content may generally be referred to as extended
reality (XR} content. In general, XR content may mchude a viviual scene meluding one
or more virtual objects. The virtual scene may be presented to a user as threg-
dimensional (30} and navigable media content. For example, the user may be able to
navigate the virtual scene using condrollers and/or real-world movement. Inorderto
allow for proper movement i a real-world presentation environment, as well as to
ensure that virtual objects are appropriately presented, this disclosare describes
techniques for anchonng the virtual scene to the real-world presentation environment.
For example, one or more real-world anchor points may be identified and used to anchor
the virtual scene to the real-world presentation environment. These anchor points may
be defined in a scenc description, which may include a scene graph.

{6607} In one example, a method of presenting media data includes recciving a seene
description of a bitstream, the scene description mncluding data describing a scene
anchor and one or more virtual objects in a virtual scene, the scene anchor representing
a correspondence between the virtual scene and a real-world presentation environment;
determining the correspondence between the virtual scene and the real~-world
presentation environment using the scene anchor; and presenting the one or more virtual
objects at locations within the real-world presentation environment according to the
determined correspondense.

16608} In another exarople, a device for presenting media data includes a memory
configured to store media data defining one or more virtual objects m a virtual scene;
and one or more processors implemented in circuitry and configured to: receive a scene
description of a bitsircam, the scene description including data describing a scene
anchor and one or more virtual objects m a virtual scene, the scene anchor representing
a corrgspondence between the virtual scene and a real-world presentation environment;
determine the correspondence between the virtual scene and the real-world presentation

cuvironment using the scene anchor; and present the one or more virtual objects at
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locations within the real-world presentation environment according to the determined
correspondence.

(8609} In ancther example, a computer-readable storage mednom has stored thercon
instructions that, when executed, cause a processor 1o receive a scene desoription of a
bitstream, the scene description mncluding data descnibing a scene anchor and one or
more virtual objects in a virtual scene, the scene anchor representing a correspondence
between the virtual scene and a real-world presentation environment; determine the
correspondence between the virtual scene and the real-world presentation environment
using the scene anchor; and present the one or more virtual objects at tocations within
the real-world presentation environment according to the determimed correspondence.
(8618} In ancther example, a device for presenting media data mehudes means for
receiving a scene deseription of a buistream, the scene description iocluding data
descnbing a scene anchor and one or more virtual objects 1n a virtual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
presentation environment; means for determining the correspondence between the
virtual scene and the real-world presentation environment using the scene anchor; and
means for presenting the one or more virtual objects at locations within the real-world
presentation cnvironment according to the determined correspondence.

(8011} The details of one or more examples are set forth in the accompanymg drawings
and the description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF BESCRIPTION OF DRAWINGS

10612] FIG. 1 15 a block diagram illustrating an example system that implements
echnigques for streaming media data over a network.

(8613} FIG. 2 15 a block diagram illustrating an example sct of components of the
retrigval unit of Fi{r. 1 1o greater detail.

{6614} FIG. 3 1s a conceptual diagram tllustrating clements of example multimedia
confent.

[8015] FIG. 4 18 a block diagram illustrating elements of an example video file, which
may correspond to a segment of a representation.

16616} FIG. 3 15 a graph illustrating an exarmople Graphics Language Transmission

Format {gI'TF} scene graph structure.
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16617} F1G. 6 15 a block diagram iHlustrating an exaraple MPEG-] architecture,
meluding mmportant mierfaces between various components.

(6618} FIG. 7 15 a conceptual diagram illustrating an example circular buffer,

[8619] FHG. ¥ 1s a block diagram illustrating an example MPEG-1 Scene Description
architecture.

[8328] FIG. 9 18 a conceptual diagram lustrating an example anchor XR space
indicated by a scene description.

16621} F1G. 10 15 a block diagram iHustrating another example chent device 300 that
may perform the techniques of this disclosure.

(8622} FIG. 11 is a flowchart thustrating an example method according (o the

techniques of this disclosure.

DETAILED DESCRIPTION

16623} fo general, this disclosure describes techniques for streaming immersive roedia
content, e.g., for extended reality (XR) content, such as augmented reality {AR), mixed
reality (MR), or virtual reality (VR) content. In particular, this disclosure describes
cchnigues for signaling correspondence between a virtual environent and a real-world
presentation environment in which the virtual environment 1s o be presented. In this
manner, a client device can orent and/or scale the virtual environment {o fit the real-
world presentation environment, ©.g., to ensure boundaries of the virtual environment
do not exceed boundaries of the real-world presentation envivorwaent, Thus, the client
device may avoid presenting the virtual environment in a2 manner that may cause
boundaries of the virtual environment to exceed the boundaries of the real-world
presentation enviromment, which may help avoid collisions between a user and real-
world objects, such as walls, chairs, tables, and the like. Sinularly, these techniques
may ensure that the aser is able to take advantage of larger real-world presentation
environments when more real-world room is available.

{6624} These technigues may be beneficial in the coutext of streamed tmmersive media
content, in that a server device that sends the immersive media content need to be
provided with details representing multiple different real-world presentation
cnvironments for cach recipiont of the mmmersive media content. Instead. these
cchnigques allow cach respective chent device to determune appropriate real~world

anchor points that correspond to anchor poimts as defined in the scene desceription. In
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this manner, excess processing by the server may be avoided, while still allowing for
cach mdividual presentation of the immersive media content to conform to the
corresponding real-world presentation environment in which the immersive media
condent is presented.

{6625} The techoiques of this disclosure may be applied to video files conforming to
video data encapsulated according to any of ISO base media file format, Scalable Video
Coding {8V} file format, Advanced Video Coding (AVC) file format, Third
Generation Partnership Project (3GPP) file format, and/or Multiview Video Coding
(MW} file tormat, or other similar video file formats.

18626} In HTTP streaming, frequently used operations inclode HEAD, GET, and partial
GET. The HEAD operation retrioves a header of a file associated with a given uniform
resource locator (URL) or uniform resource name (URN), without retrieving a pavioad
associated with the URL or URN. The GET operation retrieves a whole file associated
with a given URL or URN. The partial GET operation roceives a bvie range as an mput
parameter and retricves a continuous number of bytes of a file, where the number of
bytes correspond 1o the received byie range. Thus, movig fragments may be provide
for HTTP streaming because a partial GET operation can get one or more individual
movie fragments. In a movie fragment, there can be several track fragments of different
tracks. In HTTP streanming, a media presentation may be a structured collection of data
that 1s accessible to the chient. The client may request and download media data
mformation to present a streaming service {0 a user.

186271 In the example of streaming 3PP data using HTTP streaming, there may be
multiple representations for video and/or audio data of multimedia content. As
explaimed below, different representations may correspond to different coding
characteristics {¢.g., different profiles or levels of a video coding standard}, different
coding standards or extensions of coding standards {(such as multiview and/or scalable
extensions), or different bitrates. The manifest of such representations may be defined
in a Media Presentation Description (MPB) data structure. A media presentation may
correspond to a structured collection of data that 1s accessible to an HT'TP streaming
chient device. The HTTP streaming client device may request and download media data
mformation to present a streaming service to a user of the client device. A media
presentation may be described inn the MPD data structure, which may include updates of

the MPD.
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16628} A media presentation may contain a sequenee of one or more Periods. Each
period may extend until the start of the next Period, or until the end of the media
presentation, in the case of the last period. Each period may contain one or more
representations for the same media content. A representation may be one of a number
of alternative encoded versions of audio, video, timed text, or other such data. The
representations may differ by encoding tyvpes, e.g., by bitrate, resolution, and/or codec
for video data and bitrate, language, and/or codec for audio data. The term
represeutation may be used to refer to a scction of encoded audio or video data
corresponding to a particular pertod of the mulimedia content and encoded 1n a
particalar way.

{8629} Representations of a particular period may be assigned to a group indicated by
an attribute 10 the MPD indicative of an adaptation set to which the representations
belong. Representations in the same adaptation set are generally considered alternatives
to each other, in that a client device can dynamically and scamiessly switch between
these representations, ¢.g., to perform bandwidih adaptation. For example, cach
representation of video data for a particular period may be assigned to the same
adaptation set, such that any of the representations may be selected for decoding to
present media data, such as video data or audio data, of the multimedia content for the
corresponding period. The media content within one period may be represented by
either one representation from group 0, if present, or the combimation of at most one
representation from cach non-zero group, in some examples. Timing data for each
representation of a period may be expressed relative to the start time of the period.
186381 A representation may include one or more segments. Each represenfation may
mehide an mitialization segment, or each segment of a representation may be seif-
initializing. When present, the initialization segment may contain nitialization
information for accessing the represemtation. In general, the mitialization segment does
not contain media data. A segment may be umiguely referenced by an identifier, such as
a uniform resource locator (URL), uniform resource name {URN}, or umiform resource
identifier {URI). The MPD may provide the identifiers for cach segment. In some
exaraples, the MPD may also provide bvte ranges 1 the form of a range atiribute,
which may correspond to the data for a segment within a file accessible by the URL,
URN, or URIL

(8031} Dafferent representations may be selected for substantially simuliancous retrieval

for different types of media data. For example, a client device may select an audio
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represeutation, a video representation, and a timed text representation from which to
retrigve segments. In some examples, the client device may select particular adaptation
sets for performing bandwidth adaptation. That is, the client device may select an
adaptation set mchiding video representations, an adapiation set including aundio
represerdations, and/or an adaptation sef including timed text. Altematively, the client
device may select adaptation scts for certam types of media {¢.g., video), and directly
select representations for other types of media {¢.g., audio and/or timed text).

{8632} FIG. 115 a block diagram illustrating an examaple system 10 that implements
techniques for streaming media data over a network. In this example, system 10
mehides content preparation device 20, server device 60, and client device 40, Client
device 40 and server device 60 are communicatively coupled by network 74, which may
comprise the Imtemet. In some examples, content preparation device 20 and server
device 60 may also be coupled by network 74 or another network, or may be directly
communicatively coupled. In some examples, content preparation device 20 and server
device 60 may comprise the same device.

16633} Content preparation device 20, i the example of FIG. 1, comprises andio source
22 and video source 24. Audio source 22 may comprise, for example, a microphong

that produces clectrical signals representative of captured andio data to be encoded by

gtoring previously recorded audio data, an audio data generator such as a computerize
synthesizer, or any other source of audico data. Video source 24 may comprise a video
camera that produces video data to be encoded by video encoder 28, a storage medium
encoded with previously recorded video data, a video data generation unit such as a
computer graphics source, or any other source of video data. Content preparation
device 20 is not necessarily communicatively coupled to server device 60 in all
cxamples, but may store multimedia content {0 g separate medium that is read by server
device 60.

8334} Raw audio and video data may comprise analog or digital data. Analog data
may be digitized before being encoded by audio encoder 26 and/or vides encoder 28.
Audio source 22 may obtain audio data from a speaking participant while the speaking
pariicipant is speaking, and video source 24 may simultancously obtain video data of
the speaking participant. In other examples, audio source 22 may comprise a computer-
readable storage medium comprsing stored audio data, and video source 24 may

comprise a compuicr-readable storage medium comprising stored video data. In this
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manner, the techniques described i this disclosure may be apphied to hive, streanung,
real-time audio and video data or to archived, pre-recorded audio and video data.

(8835} Audic frames that correspond to video frames are generally andic frames
containing audio data that was captured {or generated} by audio source 22
conteraporaneously with video data captured {or generated) by video source 24 that is
contained within the video frames. For example, while a speaking participant generally
produces audico data by speaking, audio source 22 captures the audio data, and video
source 24 captures video data of the speaking participant at the same time, that s, while
audio source 22 1s capturing the audio data. Hence, an andio frame may temporally
correspond to one or more particular video frames. Accordingly, an andio frame
corresponding 10 a video frame generally corresponds to a situation in which audio data
and video data were captured at the same time and for which an audio frame and a video
frame comprise, respectively, the audio data and the video data that was captured at the
same time.

16636} In some examples, audio encoder 26 may encode a timestamyp in cach encoded
audio frame that represents a time at which the audio data for the encoded audio frame
was recorded, and similardy, video encoder 28 may encode a timestamp i each encoded
video frame that represents a time at which the video data for an encoded video frame
was recorded. In such examples, an audio frame corresponding to a video frame may
comprise an audio frame comprising a timestamp and a video frame comprising the
same timestamp. Content preparation device 20 may nclude an internal clock from
which audio encoder 26 and/or video encoder 28 may generate the timestamps, or that
audio source 22 and video source 24 may use {o associate audio and video data,
respectively, with a tmestamp,

18637} In some examples, audio source 22 may send data to audio encoder 26
corresponding to a time at which audio data was recorded, and video source 24 may
send data to video encoder 28 corresponding to a time at which video data was
recorded. In some examples, audio encoder 26 may encode a sequence identifier in
encoded audio data to indicate a relative temporal ordering of encoded andio data but
without necessarily indicating an absolute time at which the audio data was recorded,
and similarly, video encoder 28 may also use sequence identifiers to mdicate a relative
temporal ordering of encoded video data. Sinularly, 1o some examples, a sequence

wdentificr may be mapped or otherwise correlated with a timestamp.
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[8638] Audio encoder 26 generally produces a stream of encoded andio data, while
video encoder 28 produces a stream of encoded video data. Fach mndividual stream of
data {whether audio or video) may be referred to as an elementary stream. An
clementary stream is a single, digitally coded {possibly compressed) component of a
represerdation. For example, the coded video or audio part of the representation can be
an elementary stream. An clementary stream may be converted into a packetized
clementary stream {PES} before being encapsulated within a3 video file, Within the
same representation, a stream 1D may be used to distinguish the PES-packets belonging
to one elementary stream from the other. The basic unit of data of an clementary stream
i3 a packetized clementary stream (PES) packet. Thus, coded video data generally
corresponds to elementary video streams. Similarly, audio data corresponds to one or
more respective elementary streams.

1863%] Many video coding standards, sach as ITU-T H264/AVC and the upcoming
High Efficiency Video Coding (HEVC) standard, define the syniax, semantics, and
decodmg process for error-froe bitstreams, any of which counform to a certan profile or
level, Video coding standards tvpicaily do not specify the encoder, but the encoder is
tasked with guaranteeing that the generated bitstreams are standard-comphant for a
decoder. In the context of video coding standards, a “profile” corresponds to a subset of
algorithms, features, or tools and constraints that apply to them. As defined by the
H.264 standard, for example, a “profile” is a subset of the entive bitstream syntax that is
specified by the H.264 standard. A “level” corrgsponds to the hinutations of the decoder
resource consumption, such as, for example, decoder memory and computation, which
are related to the resolution of the pictures, bit rate, and block processing rate. A profile
may be signaled with a profile _ide (profile indicator) value, while a level may be
signaled with a level ide (level indicator) value.

[8046] The H.264 standard, for example, recognizes that, within the bounds imposed by
the syntax of a given profile, 1t is still possible to require a large variation in the
performance of encoders and decoders depending upon the values taken by syntax
clements i the bitstream such as the specified size of the decoded pictures. The H264
standard further recognizes that, in many applications, it 18 nerther practical nor
cconomical o miplement a decoder capable of deahing with all hyvpothetical uses of the
syntax within a particular profile. Accordingly, the H. 264 standard defines a “level™ as
a specified set of constraints mposed on values of the syntax clements in the bitstream.

These constraints may be simple limits on valaes. Altemmatively, these constraints may
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take the form of coustraints on arithmetic combinations of values {¢.g., picture width
multiplicd by picture height multiphied by nurnber of pictures decoded per second}. The
H 264 standard further provides that individual implementations may support a different
level for cach supported profile.

[8041] A decoder conforming to a profile ordimarily supports all the features defined 1n
the profile. For example, as a coding feature, B-picture coding is not supported in the
baseline profile of H.264/AVC but 1s supported in other profiles of H204/AVC. A
decader conformung to a level should be capable of decoding any bitstrean that does not
require resources bevond the imitations defined 1n the level. Defimtions of profiles and
levels may be helpful for interpretabnlity. For example, during video transmission, a
patr of profile and level definitions may be negotiated and agroed for a whole
transmission session. More specifically, m H264/AVC, a level may define lumitations
on the number of macroblocks that need to be processed, decoded picture buffer (DPB)
sizg, coded picture buffer {CPB) size, vertical motion vector range, maximum number
of motion vectors per two consecutive blocks, such as macroblocks (MRBs), and whether
a B-block can have sub-block partitions less than 3x8 pixels. In this manner, a decoder
may determing whether the decoder is capable of properly decoding the bitstream.
(8642} In the example of FIG. 1, cocapsulation unit 30 of content preparation device 20

ceives clementary streams comprising coded video data from video encoder 28 and

-
L'}

clementary streams comprismg coded andio data from audio encoder 26. In some
examples, video encoder 28 and audio encoder 26 may each include packetizers for
forming PES packets from encoded data. In other examples, video encoder 28 and
audio encoder 26 may cach interface with respective packetizers for forming PES
packets from encoded data. In still other examples, encapsulation anit 30 may include
packetizers for forming PES packets from encoded audio and video data.

[8043] Video encoder 28 may encode video data of multimedia content 1 a varicty of
ways, to produce different representations of the multimedia content at various bitrates
and with various characteristics, such as pixel resolutions, frame rates, conformance to

various coding standards, conformance to various profiles and/or levels of profiles for

dimensional or three-dimensional plavback}, or other such characteristics. A
representation, as used in this disclosure, may comprise one of audio data, video data,
text data {e.g., for closed captions), or other such data. The representation may include

an elementary stream, such as an audio elementary stream or a video elementary stream.

10
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Each PES packet may include a stream_id that identifies the clementary stream to which
the PES packet belongs. Encapsulation unit 30 1s responsible for assembling
clementary streams into video files {e.g., segments) of vartous representations.

(0644} Encapsulation unit 30 receives PES packets for elementary streams of a
representation from audio encoder 26 and video encoder 28 and forms corresponding
network abstraction laver (NALY amis from the PES packets. Coded video segments
may be organized into NAL units, which provide a “network-friendly” video
represeutation addressing applications such as video telephony, storage, broadcast, or
streaming. NAL uniis can be categonzed to Video Coding Laver (VL) NAL units and
non-YCL NAL units. VCL umits may contain the core compression engine and may
include block, macroblock, and/or slice level data. Other NAL units may be non-VCL
NAL uotts. In some examples, a coded picture m one time mnstance, normally prescuted
as a primary coded picture, may be contained inn an access unit, which may include one
or more NAL units.

[6645] Non-YVCL NAL units may include parameter set NAL units and SEINAL units,
among others, Parameter sets may contain sequence~-ievel header information (in
sequence parameter sets (SPS)) and the infrequently changing picture-level header
information (in picture parameter sets (PPS)). With parameter sets {e.g., PPS and 5PS),
infrequently changing information need not to be repeated for cach sequence or picture;
hence, coding efficiency may be improved. Furthermore, the use of parameter sets may
enable cut-of-band transmission of the important header mformation, averding the need
for redundant transmissions for error resdignce. in out-of-band transmigsion cxamples,
parameter set NAL wuts may be transmitted on a different channel than other NAL
uniis, such as SEI NAL units.

(8846} Supplemental Enhancement Information (SEI} may contain information that is
not necessary for decoding the coded pictures samples from VCL NAL units, but may
assist in processes related to decoding, display, error resilience, and other purposes. SEI
messages may be contained in non-YCL NAL umits. SEI messages are the normative
part of some standard specifications, and thus are not always mandatory for standard
compliant decoder implernentation. SEf messages may be sequence level SEI messages
or picture level SEf messages. Some sequence level information may be contained in
SEY messages, such as scalability information SEI messages in the example of SV C and
view scalability information SEI messages in MVC. These example SEI messages may

convey information on, e.g., exiraction of operation points and charactenistics of the

11
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operation points. In addition, cucapsulation unit 30 may form a manifest file, such asa
media preseniation descriptor (MPD) that describes characteristics of the
representations. Encapsulation umit 30 may format the MPD according to extensible
markup language (XML}

{60647} Encapsulation unit 30 may provide data for one or more representations of
multimedia content, along with the manifest file {¢.g., the MPD} to output mterface 32
Output interface 32 may comprise a network nterface or an nterface for writing to a
storage medium, such as a universal seral bus (USB) interface, a CD or DVD writer or
burner, an mterface to magnetic or flash storage media, or other mterfaces for storing or
transmitting media data. Encapsulation anit 30 may provide data of cach of the
representations of multimedia content to cutput interface 32, which may send the data to
server device 60 via network transmission or siorage media. in the example of FIG. 1,
server device 60 inclades storage medium 62 that stores various multimedia contents
64, each mcluding a respective manifest file 66 and one or morg representations 68 A~
68N (representations 68). In some examples, ouwiput interface 32 roay also send data
directly to network 74.

(80648} In some examples, representations 68 may be separated 1into adaptation sets.
That is, various subsets of representations 68 may include respective common sets of
characteristics, such as codec, profile and level, resolution, number of views, file format
for segments, text type information that may identify a language or other characteristics
of text to be displaved with the representation and/or andio data to be decoded and
presented, e.g., by speakers, camera angle information that may describe a camera angle
or real-world camera perspective of a scene for representations in the adaptation sct,
rating information that describes content suitability for particular audiences, or the like.
6049} Mamifest file 66 may inclade data indicative of the subsets of representations 68
corresponding to particular adaptation sets, as well as common charactenstics for the
adaptation sets. Manifest file 66 may also include data representative of individual
characteristics, such as bitrates, for individual representations of adaptation sets. In this
manner, an adaptation set may provide for simplified network bandwidth adaptation.
Representations in an adaptation set may be indicated using child clements of an
adaptation set element of mamfest file 66.

18058} Server device 60 mcludes request processing unit 70 and network interface 72
o some exanples, server device 60 may include a plurality of network miterfaces.

Furthermore, any or all of the features of server device 60 may be implemented on other
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devices of a content delivery network, such as routers, bridges, proxy devices, switches,
or other devices. In some examples, intermediate devices of a content delivery network
may cache data of multimedia content 64, and include components that conform
substantially to those of server device 6. In general. network interface 72 is configured
to send and receive data via network 74

[30651] Request processing unit 70 1s configured to receive network requests from chient
devices, such as client device 40, for data of storage medium 62, For example. request
processing unit 70 may mmplement bypertext transfer protocol (HTTP) version 1.1, as
desenibed in RFC 2616, “Hypertext Transfer Protocol — HTTP/1.1,” by R, Ficlding et
al, Network Working Grouop, IETF, June 1999, That s, reqoest processing unit 70 may
be configured to receive HUTP GET or partial GET requests and provide data of
swdtimedia content 64 n response to the requests. The requests may specify a segment
of one of representations 68, e.g., using a URL of the segment. In some examples, the
requests may also specify one or morg byte ranges of the segment, thus comprising
partial GET requests. Request processing unit 70 may further be configured 1o service
HTTP HEAD requests to provide header data of a segment of one of representations 68.
In any case, request processing unit 70 may be configured to process the requests to
provide requested data to a requesting device, such as client device 40.

(60652} Addinonally or altermatively, request processing unit 70 may be configured to
deliver media data via a broadeast or multicast protocol, such as eMBMS. Content
preparation device 20 may create DASH segments and/or sub-segments in substantially
the same way as described, but server device 60 may deliver these scgments or sub-
segments using eMBMS or another broadeast or muiticast network transport protocol.
For example, request processing unit 70 may be configured to recetve a multicast group
jon request from client device 40. That is, server device 60 may advertise an Internet
protocol (1P} address associated with a multicast group to chient devices, mncluding
chent device 40, associated with particular media content {¢.g., a broadcast of a live
event}. Chent device 40, 1n turn, may submit a request to join the multicast group. This
request may be propagated throughout network 74, ¢.g., routers making up network 74,
such that the routers are caused to divect traffic destined for the 1P address associated
with the multicast group to subscribing client devices, such as chient device 40,

18653 As illustrated 1o the example of FIG. 1, multimedia content 64 inchides manifest
file 66, which may correspond to a media presentation description (MPD), Manifest file

66 may contain descriptions of different alternative representations 68 {e.g., video
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services with dufferent qualities) and the description may mnelude, e.g., codec
mformation, a profile value, a level value, a bitrate, and other descriptive characieristics
of representations 68. Chent device 40 may retrieve the MPD of a media presentation
to determine how to acoess segments of representations 68,

[8054] In parucular, retrieval unit 52 may retrieve configuration data (not shown) of
chent device 40 to determine decoding capabiiities of video decoder 48 and rendering
capabilitics of video output 44, The configuration data may also include any or all of a
language preference selected by a user of client device 40, one or more caraera
perspectives corresponding to depth preferences set by the user of client device 44,
and/or a rating preforence selected by the user of client device 40. Retrieval wnit 52
may comprise, for example, a web browser or a media client configured to submit
HTTP GET and partial GET requests. Retrieval unit 52 yeay correspond to software
mstructions execoted by one or more processors or processing units (not shown) of
chient device 40. In some examples, all or portions of the functionality described with
respect to retrigval unit 32 may be tmplemented 1o hardware, or a combination of
hardware, software, and/or firmware, where requisite hardware may be provided to
execute wstructions for software or firmware.

(8655} Retrioval wiut 52 may compare the decoding and rendering capabtlities of client
device 40 to characteristics of representations 68 indicated by information of manifest
file 66. Retneval unit 32 may mitially retrieve at least a portion of manifest file 66 to
determine characteristics of ropresentations 68. For exarmple, retrieval unit 52 may
request a portion of manifest file 66 that describes characteristics of one or more
adaptation sets. Retrieval unit 52 may select a subset of representations 68 (¢.g., an
adaptation set) having characteristics that can be satisficd by the coding and rendering
capabilities of clicut device 40. Retrieval unit 532 may then determine bitrates for
reprosentations i the adaptation set, determine a currently available amount of network
bandwidth, and retrigve segments from one of the representations having a bitrate that
can be satisfied by the network bandwidth.

13656 In general, higher bitrate representations may vield higher quality video
plavback, while lower bitrate representations may provide sufficient quality video
playback when available network bandwidth decreases. Accordingly, when available
network bandwidth is relatively bigh, retrieval unit 52 may retrieve data from relatively
high bitrate representations, whercas when avauable network bandwidth is low, retrieval

unit 52 may retrieve data from relatively low bitrate representations. In this manner,

14



WO 2022/226502 PCT/US2022/071809

chient device 40 may stream multimedia data over network 74 while also adapting to
changing network bandwidth availability of network 74,

(8657} Additionally or altematively, retrieval unit 52 may be configured o receive data
in accordance with a broadcast or multicast network protocol, such as eMBMS or [P
guidticast. in such exampies, retrieval untt 52 may submit a request to join a nulticast
network group associated with particalar media content. After joining the multicast
group, retricval unit 52 may receive data of the multicast group without fusther requests
issued to server device 60 or content preparation device 20, Retrieval wt 52 may
submit a request to leave the multicast group when data of the multicast group 1s no
longer needed, ¢.g., to siop playback or {0 change channels to a different multicast
group.

[GG38] Network interface 54 may receive and provide data of segments of a selected
representation to retrigval unit 52, which may in turn provide the segments to
decapsulation unit 50, Decapsulation unit 30 may decapsulate elements of a video file
nto constituent PES streams, depacketize the PES streams to retricve encoded data, and
send the encoded data to either andio decoder 46 or video decoder 438, depending on
whether the encoded data is part of an audio or video stream, ¢.g., as mmdicated by PES
packet headers of the stream. Audic decoder 46 decodes encoded audio data and sends
the decoded audio data to audio ouiput 42, while video decoder 48 decodes encoded
video data and sends the decoded video data, which may include a plurality of views of
a stream, to video ouiput 44.

160359} Video encoder 28, video decoder 48, audio encoder 26, audio decoder 46,
encapsulation umt 30, retrieval unit 52, and decapsulation unit 50 each may be
mplemented as any of a variety of suttable processing circuitry, as applicable, such as
ong or more microprocessors, digital signal processors {BSPs), application specific
integrated circuits {ASICs), field programmable gate arrays (FPGAS), discreie logic
circuitry, software, hardware, firmware or any combinations thereof. Each of video
encoder 28 and video decoder 48 may be included in one or more encoders or decoders,
cither of which may be integrated as part of a combined video encoder/decoder
{COBEC). Likewise, cach of audio encoder 26 and audio decoder 46 may be included
i one or more encoders or decoders, either of winch may be integrated as part of a
combined CODEC. An apparatus including video encoder 28, video decoder 48, audio

encoder 26, andio decoder 46, encapsulation untt 30, retrieval unit 52, and/or
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decapsulation unit 50 may comprise an integrated circuit, a nucroprocessor, and/or a
wirgless communication device, such as a cellular telephone.

(8868} Chent device 40, server device 60, and/or content preparation device 20 may be
configured to operate mn accordance with the technigues of this disclosare. For purposes
of example, this disclosure describes these techoiques with respect to chient device 40
and server device 60. However, 1t should be understood that content preparation device
28 may be configured to perform these techniques, instead of {or n addition o} server
device 60.

16661} Encapsulation unit 30 may form NAL units comprising a header that identifies a
program o which the NAL wunit belongs, as well as a payload, ¢.g., audio data, video
data, or data that descrbes the transport or program stream to which the NAL unit
corresponds. For example, in H264/AVC, a NAL unit includes a I-byie headerand a
payload of varving size. A NAL onit including video data in its pavload may comprise
various granuvlarity levels of video data. For example, a NAL unit may comprise a
block of video data, a plurality of blocks, a slice of video data, or an entire picture of
video data. Encapsulation unit 30 may receive encoded video data from video encoder
28 m the form of PES packets of elementary sirecams. Encapsulation unit 30 may
associate each elementary stream with a corresponding program.

16662} Encapsulation unit 30 reay also assemble access units from a plurality of NAL
units. In general, an access unit may comprise one or more NAL units for representing
a frame of video data, as well as audio data corresponding to the frame when such aadio
data is available. An access unif generally inchides all NAL units for one output fime
mstance, ¢.g., all audio and video data for one time instance. For example, 1t each view
has a frame rate of 20 frames per sccond (fps), then cach time instance may correspond
to a time mterval of 0.05 seconds. During this time interval, the specific frames for all
views of the same access unit (the same time mstance) may be rendered sumultancously.
In one exampie, an access unit may comprise a coded picture m one fime mstance,
which may be presented as a primary coded picture.

18663] Accordingly, an access unit may comprise all audio and video frames of a
comumon temporal instance, ¢.g., all views correspounding to time X, Ths disclosure also
refers to an encoded picture of a particular view as a “view component.” That is, a view
component may comprnse an cncoded picture {or frame) for a particular view at a

particular tume. Accordingly, an access unit roay be defined as comprising all view
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components of a common temporal nstance. The decoding order of access units need
not necessarily be the same as the output or display order,

(8864} A media presentation may inclode a media presentation description (MPE),
which may contain descriptions of different aliernative representations {¢.g., video
scrvices with different qualities) and the description may include, ¢.g., codec
wmformation, a profile valae, and alevel value. An MPD is one example of a manifest
file, such as manifest file 66, Client dovice 40 may retrieve the MPD of a media
presentation to determine how to access movie fragments of various presentations.
Movie fragments may be located 1in movie fragment boxes (moof boxes) of video files.
[8865] Mamfest file 66 {which may comprise, for example, an MPD)} mayv advertise
availability of segments of representations 68. That is, the MPD may mclade
information indicating the wall-clock time at which a first segment of one of
representations 68 becomes available, as well as information indicating the durations of
segments within representations 58, In this manner, retrieval unit 52 of client deviee 46
may determine when each segroent is available, based on the starting time as well as the
durations of the segmenis preceding a particular segment,

[80866] Afier encapsulation unit 30 has assembled NAL wnits and/or access unifs into a
video file based on recetved data, encapsulation unit 30 passes the video file to cutput
wterface 32 for output. In some examples, encapsulation unit 30 may store the video
file locally or send the video file (o a remote server via output interface 32, rather than
sending the video file directly to chient device 40, Criput interface 32 may comprise,
for example, a transmitter, a transceiver, a device for writing data to a computar-

readable medium such as, for example,

, an optical drive, a magnetic media drive {e.g.,
floppy drive}, a umversal serial bus (USB) port, a network mterface, or other output
interface. Output interface 32 outputs the video file to a computer-readable medium,
such as, for examople, a transuussion signal, a magnetic medium, an optical medium, a
memory, a flash dnve, or other computer-readable medium,

[8367] Network mterface 54 may receive a NAL anif or access unit vig network 74 and
provide the NAL anit or access unit to decapsulation unit 50, via retrieval unit 52.

Decapsulation wit 50 may decapsulate a elements of a video file into constituent PES
data to either audio decoder 46 or video decoder 48, depending on whether the encoded

data is part of an audio or video stream, ¢.g., as indicated by PES packet headers of the

stream. Audio decoder 46 decodes encoded andio data and sends the decoded andio
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data to andio output 42, while video decoder 48 decodes encoded video data and sends
the decoded video data, which may include a plurality of views of a stream, {o video
output 44,

[0668] As discussed in greater detail below, chient device 40 may be configured to
perform the vanous techniques of this disclosure alove or in any combmation. In
general, retrigval unit 32 may be configured to retrieve a bitstream including media data
{e.g.. sceng data), as discussed above, as well as a scene description. The scene
description may inchide anchor pomt data representing a correspondence between a
vittual scene represented by the media data and a real-world presentation environment.
Client device 40 may be configured to anchor the virtual scene to the real-world
presentation environment using the anchor point data, and alse transform the virtual
scene as needed, e.g.., through rotation, translation, and/or scaling.

[8368] FIG. 2 18 a block diagram tllustrating an example set of components of retrieval
unit 52 of FIG. 1 in greater detail. In this example, retrieval unit 52 includes eMBMS
middleware unit 100, DASH client 110, and media application 112,

186781 In this example, eMBMS nuddieware umit 100 further includes eMBMS
reception unit 106, cache 104, and proxy server vuit 102, In this example, eMBMS
reception umt 106 is configured to receive data via e MBMS, ¢ g, according to File
Delivery over Umdirectional Transport (FLUTE}, descrnbed in 1. Pallact al,

“FLUTE
RFC 6726, Nov. 2012, available at tools.ietf org/himl/rfc6726. That is, eMBMS

File Delivery over Unidirectional Transport,” Network Working Group,

reception unit 106 may receive files via broadeast from, ¢.g., server device 60, which
may act as a broadeast/multicast service center (BM-SC).

(8871} As cMBMS muddleware unit 100 receives data for files, eMBMS middieware
amit may store the received data m cache 104, Cache 104 may comprise a computer-
readable storage medium, such as flash memory, a hard disk, RAM, or any other
suttable storage medium,

[B372] Proxy server unit 102 may act as a server for DASH chent 110, For example,
proxy server unit 102 may provide a MPD file or other manifest file to DASH client
110, Proxy server unit 102 may advertise availability times for segments in the MPD
file, as well as hyperlinks from which the segments can be retrieved. These hvperlinks
may mnclude a focathost address prefix corresponding to client device 40 {e.g., 127.0.0.1
for IPv4). In this manner, DASH chent 110 may request segments from proxy server

unit 102 using HTTP GET or partial GET requests. For example, for a segment
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available from bink hitp: /7127 .6.0. 1 /repi/seg3, DASH client 110 may construct an HUFP
GET request that meludes a request for http//127.0.0 repl/seg3, and submit the
request to proxy server anit 102, Proxy server unit 102 may retrieve requested data
from cache 104 and provide the data to DASH clicot 110 in response to such requests.
{6673} FIG. 3 1s a conceptual diagram tllustrating clements of example multimedia
content 120, Multimedia content 120 may correspond to multimedia content 64 (FIG.
1}, or another muitimedia content stored n storage medium 62, In the example of FIG.
3, multimed:a content 120 includes media presentation description (MPD) 122 and a
plurality of representations 124A-124N (representations 124). Representation 124A
mchides optional header data 126 and segments 128A-128N (segments 128), while
representation 124N inchudes optional header data 130 and segments 132A-132N
(segments 132). The letter N is used to designate the last movie fragment in cach of
representations 124 as a matter of convenience. In some examples, there may be

different numbers of movie fragments between representations 124,

MPD 122 may correspond to mamfest file 66 of FIG. 1. Likewise, representations 124
may correspond to representations 68 of FIG. 1. In general, MPD 122 may inclode data
that generally describes characteristies of representations 124, such as coding and
rendering characteristics, adaptation sets, a profile to which MPD 122 comrespouds, text
tvpe mformation, camera angle information, rating mformation, trick mode mformation
(e.g., mformation mdicative of representations that mchide temporal sub-sequences),
and/or mformation for retrigving remaote periods (¢.g., for targeted advertisement
msertion o media content during playback).

(8875} Header data 126, when present, may describe characteristics of segments 128,
¢.g., temporal locations of random access points (RAPs, also referred to as stream
access points {5APs)), which of segments 128 includes random access pomts, byte
offsets to random access pomnts within segments 128, uniform resource locators {URLs)
of segments 128, or other aspects of segments 128, Header data 130, when present, may
descnbe similar characteristics for segments 132, Additionally or alteratively, such
characteristics may be fully included within MPD 122,

18676} Segments 128, 132 include one or more coded video samples, each of which
may mclude frames or shices of video data. Each of the coded video samples of
scgments 128 may have sinular characteristics, ¢.g., height, width, and bandwidth

requitements. Such characteristics may be described by data of MPD 122, though such
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data is not itustrated in the example of FiG. 3. MPD 122 may include charactenstics as
deseribed by the 3GPP Specification, with the addition of any or all of the signaled
mformation described in this disclosure.

18677} Each of segments 128, 132 may be associated with a unique wniforny rgsource
locator {URL}). Thus, cach of segments 128, 132 may be independently retrievable
using a streaming network protocol, such as DASH. In this manner, a destination
device, such as chient device 40, may use an HTTP GET request to retriove segmants
128 or 132, In some examples, clicot device 40 may use HTTP partial GET requests to
retrieve specific byte ranges of segments 128 or 132

{8678} FIG. 4 15 a block diagram iHustrating elements of an example video file 150,
which may correspond to a segment of a representation, such as onc of segments 128,
132 of FIG. 3. Each of scgments 128, 132 may include data that conforms substandially
to the arrangement of data tustrated in the example of FIG. 4. Video file 150 may be
said to encapsulate a segment. As described above, video files in accordance with the
IS0 base media file format and extensions thereof store data in a series of objects,
referred to as “boxes.” In the example of FIG. 4, video file 150 mcludes file tvpe
{(FTYP) box 132, movie (MOOV) box 154, segment mdex (sidx) boxes 162, movie
fragment {MOOF) boxes 164, and movie fragment random access (MFRA) box 166,
Although Fi(. 4 represents an example of a video file, it should be understood that
other media files may nclude other types of media data (e.g., audio data, timed text
data, or the like) that is structured similarly to the data of video file 130, in accordance
with the 150 base media file format and its extensions.

16679} File type (FTYP) box 152 generally describes a file type for video file 150. File
type box 152 may include data that identifies a specification that describes a best use for
video file 150, File type box 152 may alternatively be placed before MOOY box 154,
movie fragment boxes 164, and/or MFRA box 166,

{8388 In some examples, a Segment, such as video file 150, may nclude an MPD
update box {not shown) before FTYP box 132, The MPD update box may inclade
information indicating that an MPD corresponding to a representation including video
file 150 15 to be updated, along with mformation for updating the MPD. For example,
the MPD update box may provide a URI or URL for a resource to be used to update the
MPD. As ancther example, the MPD update box may nclude data for updating the

MPD. In some examples, the MPD update box may immediately follow a segment type
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{(STYP) box (not shown) of video file 130, where the 8TYP box may define a segment
type for video file 150

(8681} MOOY box 154, 1n the example of FIG. 4, mclades movie header (MVYHD) box
156, track (TRAK) box 158, and one or more movie exiends (MVEX) boxes 160, In
general, MVHD box 156 may describe general charactonstics of video file 150, For
example, MVHD box 1536 may include data that describes when video file 150 was
originally created, whes video file 150 was last modified, a tmescale for video file 150,
a duration of playback for video file 150, or other data that generally describes video
file 150.

(8682} TRAK box 138 may mclude data for a track of video file 150, TRAK box 158
may include atrack header {TKHD) box that describes characteristics of the track
corresponding to TRAK box 158, In some examples, TRAK box 158 may nclude
coded video pictures, while in other examples, the coded video pictures of the track may
be included i movic fragments 164, which may be refercneed by data of TRAK box
158 and/or sidx hoxes 162,

16683} In some examples, video file 130 may melude more than one track.
Accordingly, MOOV box 154 may inchide a nomber of TRAK boxes equal to the
aumber of tracks n video file 150, TRAK box 158 may describe charactenstics of a
corresponding track of video file 150, For example, TRAK box 158 may describe
temporal and/or spatial mformation for the corresponding track. A TRAK box similar to
TRAK box 158 of MOOV box 154 may describe characteristics of a parameter set
track, when encapsulation unit 30 {(FIG. 1} meludes a parameter set track 1o 3 video filg,
such as video file 150, Encapsulation umit 30 may signal the presence of sequence level
SEI messages in the parameter set track within the TRAK box descnibing the parameter
set track.

[8084] MVEX boxes 160 may descrbe characteristics of corresponding movie
fragments 164, e.g., to signal that video file 150 includes movie fragments 164, in
addition to video data incloded within MOOV box 134, if any. In the context of
streaming video data, coded video pictures may be included in movie fragments 164
rather than o MOOY box 1534, Accordingly, all coded video samples may be included
m movie fragments 164, rather than in MOOV box 154,

{8688} MOOV box 154 may include a number of MVEX boxes 160 equal 1o the
sumber of movie fragments 164 m video file 150 Fach of MVEX boxes 160 may

describe characteristics of a corresponding one of movie fragments 164, For example,
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cach MVEX box mav include a movic extends header box (MEHD) box that describes a
temporal duration for the corresponding one of movie fragments 164

{8886} As ncted above, encapsulation unit 30 may store a sequence data set in a video
sample that does not include actual coded video data. A video sample may generally
correspond to an access unit, which is a representation of a coded picture at a specific
time mstance. In the context of AV, the coded pictare include one or more VUL NAL
units, which contain the information to construct all the pixels of the access unit and
other associated non-VCL NAL units, such as SEI messages. Accordingly,
encapsulation umit 30 may include a sequence data set, which may mnclude sequence
level SEI messages, in one of movie fragments 164, Encapsalation unit 30 may farther
signal the presenee of a sequence date sct and/or sequence fevel SET messages as being
present in one of movie fragments 164 within the one of MVEX boxes 160
corresponding to the one of movie fragments 164

186871 SIDX boxes 162 are optional elements of video file 150, That is, video files
contorming to the 3GPP file format, or other such file formats, do not necessanty
mclude SIDX boxes 162, In accordance with the example of the 3GPP file format, a
SIDX box may be used to identify a sub-segment of a segment (¢ g., a scgment
contained within video file 150}, The 3GPP file format defines a sub-segment as “a
scif-contained set of one or more consecutive movie fragment boxes with cormresponding
Media Data box{es} and a Media Data Box contaning data referenced by a Movie
Fragment Box must follow that Movie Fragment box and precede the next Movie
Fragment box containing information about the same track.” The 3GPP file format also
mdicates that a SIBDX box “contains a sequence of references to subscgments of the
{sub}scgment documented by the box. The referenced subsegments are contiguons in
presentation time. Stmilarly, the bytes referred to by a Segment Index box are always
contiguous within the segment. The referenced size gives the count of the number of
bytes in the matenial referenced.”

3088} SIDX boxes 162 generally provide information representative of one or more
sub-segments of a segment included in video file 150, For instance, such information
may nclude playback times at which sub-segments begin and/or end, byte offsets for
the sub-segments, whether the sub-segments include (e.g., start with} a stream access
point {SAP), a type for the SAP {c.g., whether the SAP is an mstantancous decoder

refresh (IDR) picture, a clean random access (CRA) picture, a broken link access (BLA)
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picture, or the like), a position of the SAP (in terms of playback time and/or byte offset)
i the sub-segment, and the like.

(8689} Movie fragments 164 may mclude one or more coded video pictures. In some
cxamples, movie fragments 164 may include one or more groups of pictures (GOPs),
cach of which may include a number of coded video pictures, ¢.g., frames or pictures.

In addition, as described above, movie fragments 164 may include sequence data sets in
some cxamples. Each of movie fragments 164 may include a movie fragment header
box (MFHD, not shown in FIG. 4). The MFRD box may describe characteristics of the
corresponding movie fragment, such as a sequence number for the movie fragment.
Movie fragments 164 may be included in order of sequence nmumber in video file 150
[8694] MERA box 166 may describe random aceess points within movie fragments 164
of video file 130, This may assist with performmng trick modes, such as perforaing
seeks o particular temporal locations (e, playback times) within a segment
cncapsulated by video file 150, MFRA box 166 is generally optional and need not be
included in video files, in some examples. Likewise, a client device, such as client
device 40, does not necessarily need to reference MFRA box 166 to correctly decode
and display video data of video file 150, MFRA box 166 may include a number of track
fragment random access {TFRA) boxes (not shown) equal o the number of tracks of
video file 150, or in some examples, equal 1o the nmumber of media tracks {¢.g., non-hint
tracks) of video file 150,

180%1] In some examples, movie fragments 164 may inchide one or more stream access
points {8APs), such as IDR pictures. Likewise, MFRA box 166 may provide
mdications of locations within video file 150 of the SAPs. Accordingly, a temporal sub-
sequence of video file 150 may be formed from SAPs of video file 150, The temporal
sub-sequence may also include other pictures. such as P-frames and/or B-frames that
depend from SAPs. Frames and/or slices of the temporal sub-sequence may be arranged
within the segments such that frames/shices of the temporal sub-sequence that depend on
other frames/slices of the sub-seqacnce can be properly decoded. For example, i the
hicrarchical arrangement of data, data used for prediction for other data may alsc be
mcluded in the temporal sub-sequence.

16692} FIG. 515 a graph illustrating an example Graphics Language Transmission
Format {giTF} scene graph structure. One technology for enabling immersive three-
dimensional (3D) user experiences is a scene description. A scene description may be

used to describe the composition of a 3D scene, where the scene description includes
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data referencing and positioning various two-dimensional (2D} and 3D asseis in the
scene. The information provided in the scene description may then be used by a
presentation enging to render the 3D scene properly, using technigues like Phvsically-
Based Rendering (PBR) that produce realistic scenes,

[8093] A scone descrption usually includes a scene graph, which 1s a ditected acyclic
graph, typically a plain tree-structure, that represents an object-based hierarchy of the
geometry of a scene. The leaf nodes of the graph represent geometric primitives such as
images, textures, or media data butfers. Fach node in the graph holds pointers to 1is
children. The child nodes can, among others, be a group of other nodes, a geometry
clement, a transformation matrix, accessors to media data buffers, camera mformation
for the rendering, or the hike.

(8094} Spanial transformations are represented as nodes of the graph and represented by
a transformation matrix. Typical vsage of transform nodes 1s to describe rotation,
transiation or scaling of the objects in s chuld nodes. Scene graph also supports
animations nodes that allow to change animation properiies over time, hence describing
dynamic content.

(8695} Thus structure of scene graphs has the advantage of reduced processing
complexity, ¢.g., while traversing the graph for rendering. An example operation that is
simplified by the graph representation is the culling operation, where branches of the
graph are dropped from processing, if deemed that the parent node’s space 18 not visible
or relevant (fevel of detail culling) to the rendering of the current view frustum.

18696] While there are many proprietary solutions for scene description (fvpically at the
heart of game engines, VIX design fools, or AR/VR authoring tools), several solutions
have alse been standardized. In particular, in 2001, Virtual Reality Modeling Language
{(VRML)}, which uses an XML syntax, was the first scene description solution to be
standardized for WEB usages. Later on, OpenScenceGraph, an open source project using
Open(GL that was relcased 1 2005, has been used as a component in several computer
games and rendering platforms such as Delta3D or FhghtGear, In 2010, X35,
standardized by ISG/AEC, became the successor of VRML. X35 introduced binary
formats and JSON format for the scene graph description and featured new capabilitics
such as multi~texture renderimg, shading, real-time environment lightming, and culling.
In 2015, the Khronos Group, which also manages OpenGL, released the Graphics

Library Transmassion Forroat (giTF}). glTF 15 a scene description format, based on a
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JSON format, intended to be efficient and interoperable as a common description format
for 3D content tools and services.
186971 A typical glTF scene graph, such as that shown in FIG. §, 18 a tree of nodes
describing content propertigs, access to content data, possible dynamic animations, and
parameters for rendering. In the example of FIG. 5, the scene graph structure includes
scene node 170 that has a chuld node 172, Node 172 has child camera node 174, mesh
node 176, and skin node 178, Mesh node has child matenal node 180 and accessor
node 182, Amimation node 184 is also a parent noted to node 172 and accessor node
182, and skin node 178 has an edge to accessor node 182, Accessor node 182 has child
buffer view node 188, which itself has child buffer node 194, Material node 180 has
child texture node 186, Texture node 186 has child sampler node 190 and image node
i92.
18098] Typically, camera node 174 inchudes data describing the view from which
rendering shall be made. 3D objects may be described in mesh sub-nodes, such as mesh
node 176, whose child nodes provide information on how to access the media data
through buffers and texture information {(e.g., accessor node 182, buffer view node 188,
buffer node 194, material node 180, textare node 186, sampler node 190, and image
node 192}, Amimation nodes, such as animation node 184, may inchide data describing
dynamic changes of 313 objects over time.
[B0699] olTF 2.0 provides a sohd and efficient basehine for exchangeable and
wmteroperable scene descriptions. However, gITF 2.0 has traditionally been focased on
static scenes and assets, which makes 1t unfit to addross the requirements and negds of
dynamic and rich 3D scenes i inunersive environments.
[6108] Cortain gaps in gl TF 2.0 mclade:

e No support for ttmed media hike video and moving meshes and point clouds.

= No support for audio.

s Limited support for interactions with the scene and the assets 1o the scene.

e No support for local and real-time media, which are crucial for example for AR

SXperiences.

8181} MPEG has decided 1o leverage the extension mechamism that ¢f TF 2.0 offers, to
develop its solution for immersive multimedia afier carefully evaluating different
alternatives, including home grown old scene graph solutions and the possibility of

defining a new onc from scratch.
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16102} F1G. 6 15 a block diagram iHlustrating an exaraple MPEG- architecture,
meluding mmportant mierfaces between various components. In this example, the
MPEG-I architecture includes scene description and updates 200, media aceess function
{(MAF) 2006, format plugin 216, protocol plugin 218, media access application
programuning nterface (AP 204, MAF plugins 202, presentation engine 220, network
210, local storage 208, decoders 212A-2120 (decoders 2172), textars buffer 2144 color
buffer 2148, index buffer 214C, and metadata buffer 214D (buffers 214). Scens
description and updates 200 may correspond to the scene graph of FIG. .

16103} MPEG developed an architecture for MPEG-1 to guide the work on the scene
description, which serves as the entry point for consumption of an immersive media
presentation. The design focuses mainly on buffers {c.g.. texture buffer 214A, color
buffer 2148, index buffer 214C, and metadata buffer 21413) as means for data exchange
throughout the media access and rendering pipeiing. It also defines media access APE
204 1o request media that is refergnced by scene description and updates 200, which will
be made accessible through butfers 214, This design aligns micely with gl TF 2.0
principles and integrates well with a video decoding mterface.

(8104} In order to provide access to timed media and metadata in a sceng, a gl
extension has been specified to define timed accessors (MPEG accessor timed
extension}. An accessor in gl TF defings the types and lavout of the data as stored m a
buffer that 18 viewed through a bufferView. When timed data is read from a buffer, the
data in the buffer s expected to change dvnamically with time. The buffer clement 1s
extended to add support for a circular buffer that is used with timed data. According to
the MPEG extension, a scene that containg timed media and/or metadata shall use the
timed aceessor extension to access the data. The timed accessor is an extension to
regular accessors to indicate that the underlying data buffer s dynamig,

[6105] FIG. 7 15 a conceptual diagram tllustrating an example circular buffer. In order
to support iimed data access, the buffer element has been extended by MPEG 1o provide
circalar buffer fimctionality. The extension 13 named “MPEG _circular buffer” and may
be included as part of “buffors” structures. Buffers that provide access to timed data
may nclude the “MPEG circular_buffer” extension.

16106} In the example of FIG. 7, circular buffer 240 includes empty data 2344, 2348
{which may correspond to portions of circular buffer 240 that do not include usable
media data), as well as decoded media frames mcluding respective headers 230A-230D

and payloads 232A-232D. Although four frames are shown i this example, in general,
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circular buffer 240 may store any arbitrary number of frames, accordmmg to an amount of
memory allocated to civcular buffer 240 and a size of the frames.

(8107} Chent device 40 of FIG. 1 may maintain read pointer 236 and write pointer 238,
In general, read pointer 236 identifies a starting point of a next media frame to be read
{(in this case, the frame including header 230A and payload 2324), while write pointer
238 represents a portion of circular buffer 240 at which a subsequent frame can be
written. As discussed above, client device 40 may manage circular buffer 240 insuch a
manner that read pointer 236 does vot pass write pourder 238, and also to provent write
potnter 238 from overtaking read pointer 236, to avoid buffer overflow and underflow.
(6108} In this example, chient device 40 may allocate memory for circudar buffer 240
based on a number of frames to be stored, dimensions of cach frame, and the sample
format of every texel of the frampe. Multiple frames may be used to swap the buffers
and ensure smooth access to the baffer. An accessor of client device 40 may maintain
both read pointer 236 and wriie pointer 238 as shown. The framces are read at read
pointer 236 for rendering. New incoming frames from the media decoder are mserted at
write pointer 238, Prior data in that frame may be overwritten and the frame buffer may
be resized accordingly. Client device 40 may store values for read pointer 236 and
write pointer 238 as offsets into the buffer.

(8189 The renderer of chient device 40 may ensure that Timestamp{write _pointer) >
Timestampi{read pomter). When overwriting a frame m the buffer with a new decoded
video frame, the renderer may ensure that the read pointer is moved o the frame with
the oldest tmestamp. This may result in a frame drop, but may also ensure that no
concurrent access 1o the same frame n the buffer is performed.

(8818} An MPEG media extension, identified by MPEG media, provides an array of
MPEG media iterns used in the scene.

[8111] An MPEG video texture extension, identified by “MPEG _wvideo_texture,”
provides the possibility to ink a gl TF texture object to media and 1ts respective track
listed by an MPEG media object. The MPEG video texture extension also provides a
reference to a imed accessor, using timedAccessor object, where the decoded timed
texture will be made available.

(8112} FIG. 8 15 a block diagram iHustrating an example MPEG-T Scene Description
architecture. The MPEG-I Scene Description solution is designed to describe scenes
that nux media from ditferent input modalities. The teraction with these different

modalities 1s assured through dedicated interfaces to the presentation engine that
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consumes the scenc description. The mteraction with the local real-world of the viewer
13 performed through the -1 and 141 mterfaces. These interfaces can leverage existing
APIs such as OpenXR.

(8813} In this example, the MPEG-I Scene Description architecture includes local
camera 230, local mucrophone 252, controller device 254, sensors 256, scene graph 262,
scense graph updates 264, 2B/3D0 media data 258, and presentation engine 260, Local
camera 250 may be used to capture images of local, real-world objects, which may be
used as anchor points for a virtual scene. Local nucrophone 257 may be used to capture
user speech. Controller device 254 may be a game controller deviee including one or
more buttons, track pads, or the like for receiving user input. Sensors 256 may melude
gyroscopes, motion sensors, light sensors, or other types of sensors for detecting user
posture, virtual camera oricntation, user location, or the hike, ZI3/3D media data 258
may include data for rendering a virtual scene, e.g., one or more virtual objects,
including walls, floor, ceiling, chairs, tables, or any other virtual object, as well as
locations of the objects within the viriual scene. Scene graph 262 and scene graph
updates 264 may correspond to scene description and updates 200 of FIG. 6 and the
scene graph of FIG. 5.

{6114} OpenXR is an application programming nterface (AP} for developing XR
applications that address a wide range of XR devices. XR refers to a nux of real and
virtual world environments that are generated by computers through interactions by
humans. XR meludes technologies such as virtual reality (VR), avgmented reality
(AR}, and mixed reality (MR). OpenXR is the interface between an application and XR
runtime. The runtime handles functionality such as frame composition, user-triggered
actions, and tracking mformation.

{81158} OpenXR is designed to be a layercd APL, which means that a user or application
may 1nsert AP layers between the application and the runtime implementation. These
AP lavers provide additional functionality by intercepting OpenXR functions from the
laver above and then performing different operations than would otherwise be
performed without the layer. In the simplest cases, the laver simply calls the next layer
down with the sarme arguments, but a more complex layer may tmplement APY
functionality that 1s not present n the layers or rantime below it This mechanism is
essentially an architected “function shimming™ or “mtercept” feature that is designed

nto Open XK and meant to replace more mformal methods of “hocking”™ APl calls.
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16116} Applications can deternne the AP layers that are available to ther by calling
the xrEnumerateApiLayverProperties function to obtain a list of available API layers.
Applications then can select the desired AP layers from this list and provide them to
the xr{Ureateinstance function when creating an instance.

(6117} APl layvers may miplement OpenXR functions that may or may not be supporied
by the underlying rontime. In order to expose these new features, the APY laver must
cxpose this functionality in the form of an OpenXR exiension. It must not expose new
OpenXR functions without an associated extension,

[6118] An OpenXR instance is an object that allows an OpenXR application to
communicate with an OpenXR runtime. The apphication accomplishes this
communication by calling xrCreatelnstance and recciving a handle to the resulting
Xrlnstance object.

18119} The Xrlnstance object stores and tracks OpenXRerelated application state,
without storing any such state in the application’s global address space. This allows the
application to create multiple instances as well as safely encapsulate the application’s
OpenXR state since this object 18 opaque to the application. OpenXR runfimes may
bt the number of simultaneous Xrinstance obiects that may be ¢reated and used, but
they must support the creation and usage of at least one Xrinstance cbioct per process.
{3126} Spaces are represerted by XrSpace handles, which the application creates and
then uscs m AP calls. Whenever an application calls a function that retums
coordinates, it provides an XrSpace to specify the frame of reference in which those
coordinates will be expressed. Similarly, when providing coordinates to a function, the
application specifics which XrSpace the runtime should use to mterpret those
coordinates.

18821 OpenXR defings a set of well-known reference spaces that applications us¢ to
bootstrap their spatial reasoning. These reference spaces are: VIEW, LOCAL, and
STAGE. Fach reference space has a well-defined meaming, which establishes where 1ts
origin i posiiioned and how s axes are onented.

#4122} Runtimes whose tracking systems improve their vnderstanding of the world over
time may track spaces independently. For example, even though a LOCAL space and a
STAGE space cach map their origin to a static posiion in the world, a runtime with an
inside-out tracking system may imtroduce slight adjusiments to the origin of each space

on a continuous basis to keep each origin in place.
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16123} Bevond well-known reference spaces, runtimes expose other independently-
tracked spaces, such as a pose action space that tracks the pose of a motion controller
over fime.

16124} The sceone description, including scene graph 262 and scene graph updates 264,
as discussed above, acts as the entrv pout in a sct of data for conswming immersive
media data. The scene description describes all virtual objects of the scene and their
spatial and temporal relationships. Currently, the scene description {and no other
clement) describes relationships between virtual objects of a scene and objocts 1o the
real-world. In order to support AR and MR applications, however, this disclosure
recognizes the necessity of desertbing such relationships between virtual objects and
real-world objects.

[8125] More particularly, this disclosure describes technigues for anchoring a scene to
real-world spaces. In one example, the anchors used may be mapped to OpenXR
spaces.

[8126] FIG. 9 15 a conceptual diagram illustrating an example anchor XR space
mdicated by a scene description. According to the techniques of thus disclosure, a scene
description node may contain a reference to an XR space, which indicates that the scenc
is anchored to that space. The anchor XR space may be a reference space, ¢.g., local,
view, ot stage. Alternatively, the anchor XR space may be an application-defined space
that 1s setup at runtime based on application or user input. The scene description
mdicates the type of the anchor XR space. If the anchor space is an application-defined
space, the sceng description may provide some constraints on the XR space that the
application should enforce.

16127} The scene description may indicate a transformation of the scene coordinate
system into the anchor XR space. For example, rotation, translation, and scaling of the
origin of the scone description coordinate space may be performed to align to the XR
space. In the absence of any transform, the coordinate system of the scene desceription is
abigned with that of the anchor space.

18128] XR runtime systems, such as OpenXR, allow guerying of the bounding space for
an XR space. The scene description may request that the presentation engine aligns the
scene extents, 1.¢. the bounding box of the scene, to the bounding box of the anchor XR
space. The scene description may indicate if this alignment involves scaling to maich
the two spaces or not. The scaling may be 1n both dimensions, or the scaling may

conserve the spatial extent relationships of the scene. If no scaling 15 apphied, the
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presentation engine aligns the long edge of the scene bounding box to that of the XR
space and then centers the scene bounding box 1o be collocated with the center of the
XR space bounding box.

16129} o the example of FIG. 9. the anchor XR space is of type “stage,” corresponding
to the floor of the viewer’s living room.

18130] According to the techoiques of this disclosure, an MPEG scene anchor
extension may be added as a gl TF 2.0 extension to the scenc node. An AR scene may
contain the MPEG _scene_anchor extension to deseribe the anchoring of the sceneto a
real-world XR space. The extension may be declared m the extensionsUsed clement
and may be included in the extensionsRequired element of the giTF 2.0 scene.

{6131} When a presentation engine, ¢.g., executed by client device 40 of FIG. 1, does
not support the scene anchor extension, the presentation cugine may revert to rendering
a complete virtual seene,

18132} Table 1 below represents an example set of elements of an MPEG scene anchor

extension and their propertics:

TABLE1
Name Type Default Bescription
xrReferenceSpace | emumeration | STAGE the reference type may be one of
Tvpe VIEW=1, LOCAL=2, STAGE=3, or
APPLICATION=4,
aligned enumeration | NOT the aligned flag may take ong of the
ALIGNED | following vahies: NOT ALIGNED=0,
ALIGNED NOTSCALED=1,
ALIGNED SCALED=2.
IWALIGNED SCALED 15 set, the
scene bounding box s aligned to the
bounding box of the XR space.
if
(aligned==NOT _
ALIGNED) {
transformation | matrixdx4 N/A a transformation of the scene space to
anchor it to the XK space.
position arrav{numb position of the origin of the scene
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er)

goordinate system in the XR space.

orientation

arrav{imumb

cr}

Quatermnion descenibing the rotation of
the scene in the anchor space.
centerPosition and onentation arc used

as alternatives to transformation.

H

if (xrReference
'l‘yp ==
APPLICATION)
§

xrActionSpace

string

An application defined Action Space,
¢.g. that corresponds to controdler
actions. The XRAction to be used as
anchor is identified by the path, e.g.

“impui/thumbstick/right”

xrObjectld

number

wdentifier shared between application
and content server. The client may
send a list of applications to the server
or it may send a media streams to the
server for object detection and then
gets a list of identified objects and
their locations. The shared objects
may be used as anchor points. An XR
Space may be created for anchor

objects to track them in space.

3
]

poseFeadback

number

accessor that describes an uplink
stream to which pose information is to

be sent.

sceneUnderstandi

ngStream

nunther

accessor that describes an uplink
stream to which the local captured

view s 10 be streamed.
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16133} The following set of data represents an example mstance of the scene anchor

extension described above:

“extensions”: {

“MPEG scene_anchor’™ {
“xrReferenceSpace Tyvpe™ 4, # Application
“aligned” : 0, # NOT ALIGNED
“xrActionSpace” | “fuser/hand/night/input/gnp”,
“sceneUnderstandingStream™ 13

I3
b

“name””; “Scene”,
“nodes™ |

759,

760,

761,

762,

763,

764

(-

3
i

[8134] FIG. 10 13 a block diagram lustrating another example client device 300 that
may perform the technigues of this disclosure. Client device 300 may correspond (o
chient device 40 of FIG. 1. In this example, client device 300 mcludes network interface
302, retrieval umit 304, user mierface devices 306, camera 308, sensors 310, microphone
312, display 314, decoders 316, scene data 320, and presentation engine 330, Anv or all
of the varicus units and devices may be implemented in software, hardware, or
firmware. When implemented in software or firmware, it should be understood that

requisite hardware, such as a memory for storing msiructions and one or more
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processors for executing the mstructions, may also be provided. Hardware may include
Ong OF MOTE Processing circiits, such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific mtegrated circuits (ASICs), fickd
programmable logic arrays {FPGAs), or other equivalent integrated or discreie logic
circuitry,

181 35] Network mterface 302 15 gencrally configured to send and receive data viaa
network. For example, network interface 302 may mclude a network interface card
{NIC) configured to send and receive Ethemet data. Altematively, network mterface
302 mav be a wireless network interface configured o send and receive network data
according to any of a variety of protocols, such as any of the various IEEE 802 11
network protocols. Network interface 302 may correspond to network interface 34 of
FiG. 1

64136} Retrieval umt 304 may correspond to retrieval umit 52 of FIGS. 1 and 2.
Retrieval unit 304 may be configured o retricve media data via network terface 302
according to a variety of retrieval protocols. For example, retrieval unit 304 may be
configured to retrieve media data via umcast according to DASH. Ag another example,
retrieval unit 304 may be configured to receive media data via broadcast or mubticast,
¢.g., according to eMBMS. As vet another example, retrieval unit 304 may be
configured to retrieve media data according to Real-time Transport Protocol (RTH).
Other protocols for retrieving media data may also be used.

18137} Decoders 316 may correspond to andio decoder 46 and video decoder 48 of FIG.
1. Additionally or aliernatively, decoders 316 may correspond to decoders 212 of FIG.
6. In general, decoders 316 decode varnous types of media data, such as two-
dimengional video, three-dimensional video, audio, metadata, or the ke, Decoders 316
may output decoded media data o scenc data 320,

[8138] Scene data 320 represents one or more memories (storage devices) for storing
media data 322, Addwionally, accordimg to the techniques of this disclosure, scene data
320 also stores scene graph 324, Scene graph 324 may correspond to the scene graph of
F1G. 5, scene description and updates 200 of FIG. 6, and/or scene graph 262 and scene
graph updates 264 of FIG. 8. Scene graph 324 may be updated according to various
puts, such as when a user moves their head {as detected by camera 308 and/or sensors
3103, when a user interacts with {¢.g., makes contact with} a virtual object {as detected
through collision in response to movement detected by camera 308, sensors 310, and/or

user interface device 306}, or through animations defined m scene graph 324

34



WO 2022/226502 PCT/US2022/071809

13139} Scene graph 324 also includes at least one scene anchor, according to the
techniques of this disclosure. The scene anchor may be a reference space in a real-
world presentation environment, ¢.g., local, view, or stage. According to the OpenXR
specification, a view space tracks view origin used o generate view transforms for the
primary viewer (user} with up/down, left/right, and forward/backward movemenis. A
local space establishes a world-locked origin, gravity-aligned to exclude pitch and roll,
with up/down, left/right, and forward/backward movements. A stage space is a runtime-
defined flat, rectangular space that is empty and can be walked around on, having an
origin on the floor at the center of the rectangle, with up/down, lefi/mght, and
forward/backward movements aligned to axes of the stage.

[8848) Thus, view space may be used for virteal objects that are to be persistently
presented on the display regardless of user viewport direction and orientation, such as
reticides, heads-up displays (HUDs), or the bke. The local space may be used for
virtual objects that are not postiioned relative to the physical floor of the real-world
presentation environment. The stage space may be used for other virtual objects that a
user may interact with and that may be positioned relative to the phvsical floor {stage}
of the real-world presentation environment.

(8841} User interface devices 306 may include controllers or other devices by which a
user provides mput to chient device 300, Such controliers may include one or more
butions, track pads, analog conirol sticks, analog triggers, or the ke, Using these
various elements of user input devices 306, a user may provide mput representing
virtual world movement, interaction with virtual objects {¢.g., opening a door or chest),
opening a menu, or the hike.

(8842} Camera 308 represents a camera used o capture tmages or video data of the
real-world presentation environment. In some exampies, camera 308 may detect light
cruttted from devices coupled to chient device 300, such as infrared light boxes, which
may be used to determine the location and onentation of a user in the real-world
presentation environment. Additionally or altematively, camera 308 may detect real-
warld objects, such as the floor, the ceiling, walls, chairs, tables, or the like, and client
device 300 may provide a warning to the user of potential collision with the real-world
objects. Simularly, sensors 310 may be gyroscopes and/or other sensors for detecting
posture, location, and/or orientation mformation of a user in the real-world presentation

environmerd. Microphone 312 may be a microphone for capturing specch of the user,

35



WO 2022/226502 PCT/US2022/071809

¢.g., to be transmitted to other users when multiple people arc mteracting with a virtual
environment, ¢.g., for a virtual presentation or game.

(8843} Display 314 represents a display for providing visual cutput o the user. Display
314 may include two screens for providing separate cutput to the user’s eyes, e.g., a lefi-
eve screen and a right-eve screen. Altematively, display 314 may mclude a single
display that is configured to rapidly alternate between left-eve and right-eye
presentations, and the user’s gyves may be altemately shottered in a synchronized fashion
with the display.

{6144} Prescutation umit 330 1 thus example melades anchor pont detection unit 332
and transformation wt 334, Presentation unit 330 may receive data from scene graph
324 to determine an anchor point type, €.2., local, view, or stage. Presentation unit 330
may also receive mage input from camera 308 and sensor data from sensors 316,
Anchor point detection unit 332 may determing a type of anchor point to be used from
the data of scence graph 324, and identify a corresponding real-world anchor point using
image data froro camera 308, Presentation unit 330 may usc the wdentified anchor point
i the real-world presentation environment o align a virtual scene with the real-world
presentation environment. For example, the real-world anchor point may be a point on
the floor, a surface (e.g., a table), or the like. In some examples, a visual marker on the
real~world object may be used, such as a quick response {QR) code, 1o represent the
real-world anchor point.

18145 In some examples, presentation unit 330 may receive data from an application
{not shown) executed by client device 300 representing an application-defined space,
corresponding to the real-world presentation environment. For example, a user may use
aser inferface devices 306 to defime the application-defined space. Presentation unit 330
may receive data from the application representing the application-defined space. The
application-detined space may include the real-world anchor poing.

[8146] Transformation unit 334 may transform the virtual scene to match the real-world
presentation environment. For example, transformation unit 334 may determine an
orientation of the virtual scene and an orientation of the real-world presentation
chvironment, then transtorm the virtual scene such that the onentations of the virtual
scene and the real-world presentation environment are aligned. That is, scene graph 324
may nclude data representing a transformation of a scene coordinate system into a real-
world coordinate system of the real-world presentation environment. Such

transformation may include a rotation and/or translation. Additionally or alternatively,
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transformation unit 334 may grow or shrink the virtual scene to fit within the real-world
presentation environment according to a scaling transformation.

(8847} After alignimg the virtual sceng anchor point with the real-world anchor point
and making any necessary transformations, presentation unit 330 may present media
data 322 via display 314, For example, media data 322 may include data definiog
virtual obiects, textures, colors, and locations for the virtual objects. Presentation unit
330 may present the virtual objects at the corresponding locations, refative to the user’s
virtual camera onientation {determined from data received from camera 308 and sensors
310}, Presentation unit 330 may update the presentation according to user movements
detected from user interface devices 306, camera 308, and/or sensors 310, and/or based
on updated to scene graph 324

[8148] For example, a user may interact with a virtual object, ¢ .g., by colliding with the
virtual object or by pressing a button to interact with the virtual object. Presentation
unit 330 may determine an ammation to render on the virtual object in rosponse to such
action, ¢.g., movement, rotation, deformation, or the like of the virtual object. Such
animations may be defined in, e.g., animation node 184 of'the example scene graph of
FIG. 5. Thus, o subsequently outputied frames, presentation unit 330 may update the
location and orientation of the virtual object, relative 1o a user’s perspective ag
determined by data received from camera 308 and sensors 310, Such updates may
further melade modifications to the presentation of the virtual objects based on locations
of light sources, and the texture and color information for the virtual objects.

164149} in some examples, scene graph 324 may include data for the

MPEG scene_anchor discussed above with respect to Table 1. As shown in Table 1,
the MPEG scene anchor may include a poseFeedback element and a
sceneUnderstandimgStream element. When a user’s pose changes, as detected by
camera 308 and sensors 310, client device 300 may send pose information updates via
an uplink stream mmdicated by the poscFeedback element using network interface using
network interface 302, If a locally captured view, captured by 308, is to be uploaded,
chient device 300 may send the locally captured view via an uplink stream mdicated by
the scenctnderstandingStream eleroent using network interface 302

[8188] In this manner, chient device 300 represents an example of a device for
presenting media including a memory configured to store media data defining one or
more virtual objects m a virtual scene; and one or more processors implemented in

circuitry and configured to: receive a scene description of a bitstream including the data
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describing the one or more virtual objects m the virtual scenc and a scene anchor, the
scene anchor representing a correspondence between the virtual scene and a real-world
presentation environment; determine the correspondence between the virtual scene and
the real-world presentation environment using the scene anchor; and present the one or
more virtual objects at locations within the real-world presentation environment
according to the determined correspondence.

18851} FIG. 11 is a fowchart itHustrating an example method according to the
techoiques of this disclosure. The method of FIG. 11 may be performed by, e.g., chient
device 40 of FIG. 1, a device or set of devices conforming to the MPEG- architecture
of FIG. 6 or FIG. 8, or client device 300 of FIG. 10, For purposes of example and
cxplanation, the method of FIG. 11 is described with respect to client device 300 of
FIG. 10, However, it should be understood that other devices or sets of devices may be
configured to perform this or a similar method.

18152} butally, client device 300 may receive a bitstream inchiding a scene description
(350). For examaple, client device 300 may retricve the bitstrean according to BASH,
RTP, eMBMS, or other unicast, broadcast, or multicast, network protocols. That s,
recetving the scene description may inclade any method for obtaining the scene
description, such as wireless or wired transmission and reception over a network, from a
computer-readable medmm such as a transmission medium or a storage medium such as
a CD ROM, DVD, Blu-Ray dise, a storage device such as a hard drive or flash dnive, or
the bke. The bitstream may further inchude media data for one or more virtual objects,
such as walls, cetling, floor, doors, tables, chairs, or the like. The scene description may
mclude a scene graph that 1s periodically updated by scene graph updates. For example,
the scene descrniption may correspond to the example scene graph of FIG. 3, scene
description and updates 200 of FIG. 6, scene graph 262 and scene graph updates 264 of
Fi(. §, or scene graph 324 of FIG. 10,

[31583] Presentation unit 330 of client device 300 may determine an anchor point from
the scene description (352). According to the technigues of this disclosure, the scene
description may include data for an anchor point, such as the MPEG scene anchor as
discussed above with respect to Table 1. The data for the anchor point may include, for
example, data indicating whether the reference space tvpe {e.g., a real~world
presentation euvironment) is to be a view, local, stage, or application type of reference
space. The data for the anchor point may further mdicate whether the scene data tsto be

transformed {(e.g., rotated, translated, and/or scaled) to match the real-world presentation
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cuvironment. The anchor point may further include various actions that a user may
perform, such as movements received via a controller or real-world repositioning of a
device worn by the user. The anchor point may also include object identifiers that are
sharoed between a prosentation application and the server. Such objects may be used as
anchor points. In general, the scene descaption reay include data that relates the scene
anchor point to a real-world anchor point, such as a particular location on the floor (2.2,
a midpoint of the floor).

6184} Presentation unit 330 may also receive data representing the real-world
presentation environment (354). In some examples, this data may be provided by an
application that receives mput data from the aser. For example, the user may use user
interface devices 306 to define the real-world presentation environment, ¢.g., by tracing
the real-world presemtation envitommaent physically or virtually with user interface
devices 302, In some examples, presentation unit 330 may awtomatically detect the
real-world presentation environment using camera 308, In some examples, client device
300 may receive image and/or video data captured by camera 308 and upload this data
via a sceneUnderstandingSiream as mdicated by the scene description, then receive data
via network interface 302 mdicating a position of the real-world anchor point in the
real-world presentation environment.

[B155] Presentation unit 330 may then receive data for the virtual scene (356). For
example, the bitstream may include data for one or more virtual objects, including data
defining the objects themselves, locations of the objects within the virtual scene,
textures for the objects, and colors for the objocts. Presentation unit 330 may anchor the
vittual scene to the real-world presentation environment at the determined real-world
anchor point (358}, Presentation unit 330 may also transform the virtual scene o align
with the real-world presentation environment (360}, ¢.g., using rotation, translation,
and/or scaling. Presentation unit 330 may then present the virtual scene {362},
inclading presenting the virtual objects at appropriate positions within the virtual scene.
84156} The user may move a virtual camera (representing the user’s eyes} through the
virtual scene using user interface devices 306 or physical movement, which may be
detected by camera 308 and/or sensors 310, fo response to such movements,
presentation unit 330 may update the presentation to account for the new virtual camera
location. For example, for “view™ anchored objects, the position may remain
unchanged, but for “local” or “stage” anchored objects, the positions may change based

on user movement or virtual object amimations.
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(8187} In this manner, the method of FIG. 11 represents an example of a method
mcluding receiving a scene deseripiion of a biistream, the scene description including
data describing a scene anchor and one or more virtaal objects in a virtual scene, the
scene anchor representing a correspondence between the virtual scene and a real-world
presentation environment; detemining the correspondence between the virtual scene
and the real-world presentation environment using the scene anchor; and presenting the
one or more virtual objects at locations within the real-world presentation environment
according to the deternined correspondence.

{6138} Varnous examples of the techmigues of this disclosure are summanzed in the
following clauses:

16159} Clause 1: A method of presenting media data, the method comprising: receiving
a scene description of a bitstream including data describing one or more virtual objects
in a virtual scene and a scene anchor, the scene anchor representing a correspondence
between the virtual scene and a real-world presentation environment; determining the
correspondence between the virtual scene and the real~world presentation environment;
and presenting the one or more virtual objects at locations within the real-world
presentation environment according to the determined correspondence.

(8868 Clavse 2: The method of clause 1, wherein the scene anchor includes data
defining a type for the real-world presentation enviromment, the type being one or more
of local, view, or stage.

18161} Clause 3: The method of ¢lause 1, wherein the scene anchor includes data
defining a type for the real-world presentation environment, the type being an
application-defined space, the method further comprising receiving data defining the
application-defined space.

18162} Clavse 4: The method of any of clauses 1--3, wherein the scene description
includes data representing a transformation of a scene coordinate sysiern into a
coordinate system of the real-world presentation environment.

18163} Clause 5: The method of ¢lause 4, wherein the transformation includes one or
more of a rotation, a transiation, or scaling.

16164} Clause 6: The method of anv of clauses 1-5, wherein presenting the onc or more
virtual objects comprises aligning the virtual scene to the real-world presentation

environment.
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183163} Clause 7: The method of clause 1, wheren the scene anchor includes data
defiming a type for the real-world presentation environment, the type being one or more
of local, view, or stage.

18166 Clavse 8 The method of clause 1, wherein the scene anchor includes data
defining a type for the real-world presentation enviromment, the type being ag
application-defined space, the method firther comprising recetving data defining the
application-defined space.

18167} Clause 9: The method of clause 1, wherein the scene deseription mcludes data
representing a transformation of a scene coordinate system into a coordinate system of
the real-world presentation environment.

18168 Clavse 10: The method of clause 9, wherein the transformation includes one or
more of a rotation, a translation, or scaling,

18169 Clause 11: The method of clause 1, wherein presenting the one or more virtual
objects comprises aligning the virtual scene to the real~world presentation environment.
16176} Clause 12: A device for presenting media data, the device comprising one or
means for performing the method of any of clauses [-11.

(8871} Clagse 13: The device of clause 12, wherein the one or more means comprise
ong Or MOIC processors implemented in circuitry.

(8172 Clause 14: The device of clause 12, further comprising a memaory configured to
store data of the bitstream.

18173} Clause 15: The device of clause 12, wheremn the device comprises at least one of
an mtegrated circuit; a microprocessor, and a wireless communication device.

18174} Clause 16: A device for retrieving media data, the device comprising: means for
recciving a scene deseription of a bitstream incloding data describing one or more
virtual objects in a virtual seene and a scene anchor, the scene anchor representing a
correspondence between the virtual scene and a real-world presentation environment;
means for determining the correspondence between the virtual scene and the real-world
presentation environment; and means for presenting the one or more virtual objects at
focations within the real-world presentation environment according to the determined
correspondence.

18175} Clause 17 A method of presenting media data, the method comprismg:
receiving a scene deseription of a biistream, the scene description including data
describing a scene anchor and one or more virtual objects in a virtual scene, the scene

anchor representing a correspondence between the virtual scene and a real-world
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presentation environment; determining the correspondence between the virtual scene
and the real-world presentation environment using the scene anchor; and presenting the
one or more virtual objects at locations within the real-world presentation environment
according to the determined correspondence.

[8176] Clause 18: The method of clause 17, wherein the scene anchor includes data
defining a type for the real-world presentation environment, the type being one or more
of local, view, or stage.

18377} Clause 19: The method of clause 17, wherein the scene anchor inchudes data
defining a type for the real-world presentation environment, the type being an
application-defined space, the method fusther comprising recetving data defining the
application-defined space.

(8178} Clause 20: The method of clause 17, wherein the scene descaption includes data
representing a transformation of a scone coordinate system into a coordinate svstem of
the real-world presentation environment.

18179} Clause 21: The method of clause 20, wherein the transformation includes one or
more of a rotation, a translation, or scaling.

[8188] Clagse 22: The method of clause 20, wherein presenting the one or more virtual
obiccts comprises: determining signaled locations for the one or more virtnal objects in
the vittual scene; and transfornming the signaled locations to real-world locations
according to the transformation to produce the locations within the real-world
presentation environment.

18181} Clause 23: The method of clause 17, wherein presenting the one or more virtual
objects comprises aligning the virtual seene 1o the real-world presentation environment
according to the scene anchor,

(8882} Clause 24: The method of clause 17, whergin the scene descaption further
includes data defining an action representing input received frorg a user, the method
further compnising detormining a modification to the location of at least one the one or
more virtual objects or a virtual camera in response to the action, and whersin
presenting the one or more virtual objects comprises presenting the one or more virtual
objects according to the modification of the location of the at least one of the one or
more virtual objects or the virtual camera.

(8883 Clause 25: The method of clause 17, whergin the scene descaption further

ncludes data definung object identifiers for the one or more virtual objects.
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16184} Clause 26: A device for preserding rocdia data, the device comprising: a memory
configured to store media data definimg one or more virtual objects m a virtual scene;
and one or more processors implemented m cirenitry and configured to! receive a sceng
description of a bitsircam, the scene description ncluding data describing a scene
anchor and one or more virtual objects in a virtual scene, the scene anchor representing
a corrgspondence between the virtual scene and a real-world presentation environment;
determine the correspondence between the virtual scene and the real-world presentation
cuvironment using the scene anchor; and present the one or more virtual objects at
locations within the real-world presentation environment according to the determine
correspondence.

(6185} Clause 27: The device of clause 26, wherein the scene anchor includes data
defining a type for the real-world presentation enviromment, the tvpe being one or more
of local, view, or stage.

18186} Clause 28: The device of clause 26, wherein the scene anchor includes data
defining a type for the real-world presentation environment, the type being an
application-defined space, the method further comprising receiving data defining the
application-defined space.

[8887] Clavse 29: The device of clause 26, wherein the scene description includes data
represerding a transtformation of a scene coordinate systom udo a coordinate system of
the real-world presentation environment.

18188} Clause 30: The device of clause 29, wherein the transformation includes one or
more of a rotation, a transiation, or scaling.

16189} Clause 31: The device of clause 29, wherein o present the one or more virtual
obiects, the one or more processors are configured to: determine signaled locations for
the one or more virtual objects 1n the virtual scene; and transform the signaled locations
to real-world locations according to the transformation to produce the locations within
the real-world presentation environment.

18190] Clause 32: The device of clause 26, wherein o present the one or more virtual
objects, the one or more processors are configured to align the virtual scene to the real-
world presentation environment according to the scene anchor.

18191} Clause 33: The device of clause 26, wherein the scene description further
includes data defining an action representing input received from a user, and wherein
the one or more processors are further contigured to deteroune a modification to the

location of at least one the one or more virtual objects or a virtual camera in response o
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the action, and whercin the one or more processors are configured to present the one or
more virtual objects according to the modification of the location of the at feast one of
the one or more virtual objects or the virteal camera.

18892} Clavse 34: The device of clause 26, wherein the scene description further
ncludes data definung object identifiers for the one or more virtual objects.

18193} Clause 35: The device of clause 26, wheremn the device comprises at least one of
an mtegrated circuit; a microprocessor, and a wireless communication device.

16194} Clause 36 A computer-readable storage medium having stored thercon
mstructions that, when executed, cause a processor 1o) receive a scene descniption of a
bitstream, the scene description including data descentbing a scene anchor and one or
more virtual objects in a virtaal scene, the scene anchor representing a correspondence
between the virtual scene and a real-world presentation environment; deteroine the
correspondence between the virtual scene and the real-world presentation environment
using the scene anchor; and present the one or more virtual objects at locations within
the real-world presentation covironment according to the detenmined correspondence.
18193} Clause 37: The computer-readable storage medium of clause 36, wherem the
scene anchor mchides data defining a type for the real-world presentation environment,
the type being one or more of local, view, or stage.

16196} Clause 38 The computer-readable storage medium of clause 36, wherein the
sceng anchor includes data defining a type for the real-world presentation environment,
the type being an application-defined space, the method further comprising receiving
data defiming the application-defined space.

181971 Clause 39: The computer-readable storage medium of clause 36, wherem the
scene description inchudes data representing a transformation of a scene coordinate
system into a coordinate system of the real~-world presentation environment.

16198} Clause 40 The computer-readable storage medium of clause 39, wherein the
transformation includes one or more of a rotation, a translation, or scaling.

18199} Clause 41: The computer-readable storage medium of clause 39, wherein the
instouctions that cause the processor to present the one or more virtual objects comprise
mstructions that cause the processor to: determine sigualed locations for the one or more
virtual objects in the virtual scene; and transform the signaled locations to real-world
locations according to the transformation to produce the locations within the real-world

presentation enpvironment.
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16206} Clause 42: The computer-readable storage medium of ¢lause 36, wherein the
structions that cause the processor {o present the one or more virtual objects comprise
mstructions that cause the processor to align the virtual sceng to the real-world
presentation environment according to the scene anchor.

(8201} Clause 43: The computer-readable siorage medium of clause 36, wherein the
sceng descniption further includes data defiming an action representing nput received
from a user, further comprising instructions that cause the processor to determine a
modification to the location of at least one the one or more virtual objects or a virtual
camera in response to the action, and wherein the mstructions that cause the processor to
present the one or more virtual objects comprise instructions that cause the processor to
present the one or more virtual objects according to the modification of the location of
the at least ong of the one or more virtual objects or the virtual camera.

18202} Clause 44: The computer-readable storage medium of clause 36, wherein the
sceng description further includes data defining object wWentifiers for the one or more
virtual objects.

182031 Clause 45 A device for presenting media data, the device comprising: means for
recctving a scene deseription of a bifstream, the scene deseniption including data
describing a seene anchor and one or more virtual objects in a virfual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
presentation environment; means for deternining the comrespondence between the
virtual scene and the real-world presentation environment osing the seene anchor; and
means for presenting the one or more virtual objects at locations within the real-world
presentation environment according to the deternmined correspondence.

(8264} Clause 46; The device of clause 45, wherein the scene anchor includes data
defining a type for the real-world presentation enviromment, the type being one or more
of local, view, or stage.

[82085] Clause 47: The device of clause 45, wheremn the scene anchor includes data
defining a type for the real-world presentation environment, the type being an
application-defined space, the method further comprising receiving data defining the
application-defined space.

18206} Clause 48: The device of clause 45, wherein the scene description includes data
representing a transformation of a scene coordinate system into a coordinate system of

the real-world presentation environient.
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16207} Clause 49: The device of clause 48, wherein the transformation includes one or
more of a rotation, a translation, or scaling.

(8208} Clagse 30: The device of clause 48, wherein the means for presenting the one or
more virtual objects comprises: means for determining signaled locations for the one or
more virtual objects m the virtual scene; and means for transforming the signaled
locations to real-world locations according to the transformation to produce the
locations within the real-world presentation environment.

162091 Clause 31: The device of clause 45, wherein the means for presenting the one or
more virtual objects comprises means for aligning the virtual scene to the real-world
presentation environment according to the scene anchor.

18218 Clavse 52: The device of clause 45, wherein the scene description further
includes data defining an action representing input received frora a user, further
comprising means for determining a modification to the location of at least one the one
or more virtual objects or a virtual camera in response to the action, and wherein the
means for presenting the one or more virtual objects comprises means for presenting the
one or more virtual objects according to the modification of the location of the at least
ong of the one or more virtual objects or the virtual camera.

18211} Clavse 33: The device of clause 45, wherein the scene description further
ncludes data definung object identifiers for the one or more virtual objects.

(8212 Clause 54: A method of presenting media data, the method comprising:
recetving a scene description of a8 bitstream, the scene description including data
describing a scene anchor and one or more virtual obiects in a virtual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
presentation environment; determining the correspondence between the virtual scene
and the real-world presentation environment using the scene anchor; and presenting the
one or more virtual objects at locations within the real~-world presendation environment
according to the determined correspondence.

18213} Clause 55 The method of classe 34, wherein the scene anchor inchides data
defining a type for the real-world presentation environment, the type being one or more
of local, view, or stage.

18214} Clause 56: The method of any of clauses 54 and 55, wherein the scene anchor
includes date defining a type for the reai-world presentation environment, the type being
an application-defined space, the method further comprising receiving data defining the

application-defined space.
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162138} Clause 37 The method of anv of clauses 54-56, wherein the scene description
meludes data representing a transformation of a scene coordinate system into a
coordinate system of the real-world presentation environment.

18216 Clavse 38: The method of clause 57, whergin the transformation includes one or
more of a rotation, a translation, or scaling.

18217} Clause 59 The method of any of clagses 37 and 58, whercin presenting the one
or more virtual objects comprises: determining signaled locations for the one or more
virtual objects 1n the virtual scene; and transtforming the signaled locations to real-world
locations according to the transformation to produce the locations within the real-world
presentation environment.

18218 Clavse 60: The method of any of clauses 54-59, wherein presenting the one or
more virtual objects comprises aligning the virtual scene to the real~world presendation
environment according to the scene anchor.

18219} Clause 61: The method of any of clauvses 34-60, wherein the scene description
further mcludes data defining an action representing juput recetved from a user, the
method further comprising detenmining a modification to the location of at least one the
one or more virtual objects or a virtual camera in response to the action, and whercin
presenting the one or more virtual objects comprises presenting the one or more virtual
objects according to the modification of the location of the at icast one of the one or
more virtual objects or the virtual camera.

18228} Clauss 62: The method of any of clagses 34-61, wherein the scene description
further nclodes data defining object identificrs for the one or more virtual objects.
18221} Clause 63: A device for presenting media data, the device comprising: a memory
configured to store media data defining one or more virtual objects 1n a virtual scene;
and one or more processors implemented in circuitry and configured to: receive a scene
description of a bitsiream, the sceune descrption mcluding data describing a scene
anchor and one or more virtual objects in g virtual scene, the scene anchor representing
a correspondence between the virtual scene and a real-world presentation environment;
determine the correspondence between the virtual scene and the real-world presentation
cuvironment using the scene anchor; and present the one or more virtual objects at
locations within the real-world presentation environment according to the determine

COIIe SpOﬂd@ﬁC@ .
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16222} Clause 64: The device of clause 63, whercin the scene anchor includes data
defiming a type for the real-world presentation environment, the type being one or more
of local, view, or stage.
18223 Clavse 65: The device of any of clauses 63 and 64, wherein the scene anchor
includes data defining a type for the real~world presentation environment, the type bemg
an application-defined space, the method further comprising receiving data defining the
application-defined space.
16224} Clause 66; The device of any of clauses 63-65, wherem the scene descriphion
meludes data representing a transformation of a scene coordinate system into a
coordinate system of the real-world presentation environment.
18225 Clavse 67: The device of clause 66, wherein the transformation includes ong or
more of a rotation, a translation, or scaling,
18226} Clause 68: The device of any of clauses 66 and 67, wherein to present the one or
more virtual objects, the one or more processors are configured to: determing signaled
locations for the one or more virtual objects m the virtual scene; and transform the
signaled locations to real~world locations according to the transformation to produce the
locations within the real-world presentation environment.
18227} Clause 69: The device of any of clauses 6368, wherein to present the one or
more virtual objects, the one or more processors are configured to align the viviual scene
to the real-world presentation environment according to the scene anchor.
18228} Clause 70: The device of any of clauses 6369, wherein the scene description
further nclodes data defining an action representing input received from a user, and
wherein the one or more processors are further configured to determine a modification
o the location of at least one the ong or more virtual objects or a virtaal camera in
response to the action, and whergin the one or more processors are configured to present
the one or more virtual objects according to the modification of the location of the at
cast one of the one or more virtual objects or the virtual camera.
18228} Clause 71: The device of any of clauses 63-70, wherein the scene description
further nclodes data defining object identificrs for the one or more virtual objects.
16230} Clause 72: The device of any of clauses 63-71, wherein the device comprises at
least ong of! an integrated circuit; a microprocessor: and a wireless commumication
device.
63231} Clause 73: A computer-readable storage mediunm having stored thercon

mstructions that, when executed, cause a processor {0 receive a scene description of a
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hitstream, the scene description inchuding data describing a scene anchor and one or
more virtual objects in a virtual scene, the scene anchor representing a correspondence
between the virtual scene and a real-world presentation environment; determing the
correspondence between the virtual scene and the real-world presentation environment
using the scene anchor; and present the one or more virtual objects at locations within
the real-world presentation environment according to the determined correspondence.
198232} Clause 74 The compuier-readable storage medium of clause 73, wherein the
scene anchor includes data defining a type for the real-world presentation environend,
the type being one or more of local, view, or stage.

(8233} Classe 75: The computer-readable storage medium of any of clauses 73 and 74,
wherein the scene anchor includes data defiming 3 type for the real-world presentation
environmerd, the type being an apphication-defined space, the method further
comprising receiving data defining the application-defined space.

18234} Clause 76 The computer-readable storage medium of any of clauses 7375,
wherein the scene description includes data representing a transformation ot a scene
coordinate system 1nio a coordinate system of the real-world presentation environment.
(6235} Clause 77: The computer-readable storage medium of clause 76, wheremn the
transformation mcludes one or more of a rotation, a translation, or scaling.

16236} Clause 78 The computer-readable storage medium of any of clauses 76 and 77,
wherein the instructions that cause the processor 1o present the ong or more virtual
objects comprise mstructions that cause the processor (o) deiermine signaled locations
for the one or mose virtual objects in the virtual scene: and transform the signaled
locations to real-world locations according to the transformation to produce the
locations within the real-world presentation environment.

[8237) Clause 79: The computer-readable storage medium of any of clauses 7378,
wherein the nstructions that cause the processor to present the one or more virtual
objects comprise mstructions that cause the processor to align the virtual scene o the
real-world presentation environment according to the scene anchor.

18238} Clause 80: The computer-readable storage medium of any of clauses 7379,
wherein the scene description further includes data defining an action representing mput
recetved from a user, further comprising instructions that cause the processor to
determine a modification to the location of at least one the one or more virtual objects or
a virtual camera in response to the action, and wherein the instructions that cause the

processor to present the one or more virtual objects comprise nstructions that cause the
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processor to present the one or mare virtual objects according to the modification of the
location of the at least one of the one or more virtual objects or the virtual camera.
(8239} Clause 81: The computer-readable storage medium of any of clauses 7380,
wherein the scene description further mcludes data defining object identifiers for the
one or more virtual objects.

18240} Clause 82 A device for presenting media data, the device comprising: means for
receiving a scene description of a bitstream, the scene description including data
describing a scene anchor and one or more virtual objects in a virtual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
presentation enviromment; means for determiming the correspondence between the
virtual scene and the real-world presentation environment using the scene anchor; and
means for presenting the one or more virtual objects at locations within the real-world
presentation envirgnment according to the determined correspondence.

18241} Clause 83: The device of clause 82, wherein the scene anchor includes data
definung a type for the real-world presentation environment, the type being one or more
of local, view, or stage.

(6242} Clagse 84: The device of any of clauses 82 and 83, wherein the scene anchor
includes date defining a type for the reai-world presentation environment, the type being
an application-defined space, the method further comprising receiving data defining the
apphication-defined space.

18243} Clause 85: The device of any of clauses 8284, wherein the scene description
includes data representing a transtormation of a scene coordinate system info a
coordinate system of the real-world presentation environment.

(8244} Clause 86: The device of clause 85, wherein the transformation includes one or
more of a rotation, a translation, or scaling,

(08245} Clause 87: The device of any of clauses 85 and 86, wherein the means for
presenting the one or more virtual objects comprises: means for determining signaled
locations for the one or more virtual objects in the virtual scene; and means for
transforming the signaled locations to real-world locations according to the
transformation to produce the locations within the real-world presentation environment.
18246} Clause 88: The device of any of clauses 82-87, wherein the means for
presenting the one or more virtual objects comprises means for aligning the virtual

scene to the real-world presentation environment according to the scene anchor.
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16247} Clause 89 The device of any of clauses §2-88, wherem the scene description
further meludes data defining an action representing input received from a user, further
comprising means for determimng a modification to the location of at least one the one
or more virtual objects or a virtual camera in response o the action, and wherein the
means for presenting the one or more virtual objects comprises means for presenting the
one or more virtual objects according to the modification of the location of the at least
one of the one or more virtual objocts or the virtual camera.

16248} Clause 90: The device of any of clauses §2-89, wherem the scene descriphion
further meludes data defining object identifiers for the one or more virtual objects.
6249 In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implomented 1o sofiware,
the functions may be stored on or transuitied over as one or more nstructions or code
on a computer-readable medium and executed by a hardware-based processing unit,
Computer-readable media may include computer-readable storage media, which
corresponds 1o a tangible medium such as data siorage media, or communication media
mcluding anv medium that facilitates transfor of a computer program from one place io
another, e.g., according to a commanication protocol. In this manner, computer-
readable media generally may correspond to (1} tangible computer-readable storage
media which is non-transitory or {2) a comnmunication mediur such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
OBE OF MOTe COMPULETS Or ONE OF MOIC Processors to retricve wstructions, code, and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may mclude a computer-readable medium,

[8258] By way of example, and not hmntation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CB-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medivm that
can be used to store desired program code in the form of mstructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example. if instructions are transnutied from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber ling (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologics such as infrared, radio, and microwave are included in the definition of

medium. It should be understood, however, that compuier-readable storage media and
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data storage media do vot include connections, carricr waves, signals, or other transttory
media, but are instead directed to non~transitory, tangible storage media. Dhsk and disc,
as used heremn, includes compact disc (D}, laser disc, optical disc, digital versatile disc
(BVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

18251} Instructions may be executed by one or more processors, such as ong or more
digital signal processors {(I35Ps), general purpose microprocessors, application specific
miegrated circuils (ASICs), ficld programmable logic arrays (FPGAS), or other
cquivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the technigucs could be fully implemented 1n one or more circuits or logic
clements.

(62532} The techuniques of this disclosere may be implemented i a wide variety of
devices or apparatuses, including a wircless handset, an mtegrated circuit {IC) ora set of
ICs {e.g., achip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techmqgues, but do not necessanly require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as deseribed above, in conjunction with suitable software and/or firmware.
{8253} Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED 15:

1. A method of presenting media data, the method comprising:

receiving a scene description ot a bitstream, the scene description including data
descnbing a scene anchor and one or more virtual objects 1n a virtual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
presentation envirmonment,

determining the correspondence between the virtual scene and the real-world
presentation environment using the scene anchor, and

presenting the one or more virtual objects at locations within the real-world

presentation cnvironment according to the determined correspondence.

s ]

2. The method of claim 1, wherein the scene anchor includes data defimng a type
for the real-world presentation environment, the type being one or more of local, view,

or stage.

3. The method of claim 1, wherein the scene anchor includes data defining a tvpe
for the real-world presentation environment, the type being an application-defined
space, the method further comprsing recetving data defining the application-defined

space.

4, The method of claim 1, wherein the scene description includes data representing
a transformation of a scene coordinate systermn o a coordinate system of the real-world

presentation environment.

5. The method of claim 4, wherein the transformation includes one or more of a

rotation, a translation, or scaling,

6. The method of claim 4, wherein presenting the one or more virtaal objects
COMPIISes:

determining signaled locations for the one or more virtual objects in the virtual
scene; and

transforming the signaled locations to real-world locations according fo the

transformation to produce the locations within the real-world presentation covironment.
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7. The method of claim 1, wherein presenting the one or more virtual objects
compnses aligning the virtual scene to the real-world presentation environment

according 1o the scene anchor,

8. The method of claim 1, wherein the scene description further includes data
defining an action representing input received from a user, the method further
comprising determining a modification to the location of at least one the one or more
virtual objects or a virtual camera in response 1o the action, and wherein presenting the
ong or more virtual objects comprises presenting the ong or more virtual ohjects
according to the modification of the location of the at least one of the one or more

virtual objects or the virtual camera.

9. The method of claim 1, wherein the scene description further includes data

detining object identifiers for the one or more virtual obiects.

190, A device for presenting media data, the device comprsing:
amemory configured to store media data defining one or more virtual objects in
a virtual scene; and
one o7 more processors implemented 1o circuttry and configured to:
receive a seene description of a bitstream, the scene description including
data describing a scene anchor and one or more virteal objects in a virtual scene,
the scene anchor representing a correspondence botween the virtual scene and a
real~-world presentation environment;
determine the correspondence between the virtual scene and the real-
world presentation environment using the scene anchor; and
present the one or more virtual objects at locations within the real-world

presentation environment according to the determined correspondence.

11 The device of claim 10, wherein the scene anchor includes data defining atype
for the real-world presentation environment, the type being one or more of local, view,

or stage.

12, The device of claim 10, wherein the scene anchor mchsdes data defining atype
for the real-world presentation environment, the type being an application-defined

space, the method further comprising receiving data detining the application-defined

o

space.
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13, Thedevice of claim 10, wherein the scene descuption includes data representing
a transformation of a scene coordinate system into a coordinate system of the real-world

presentation enviromment.

14. The device of claim 13, wherein the transformation mcludes one or more of a

rotation, a translation, or scaling.

15, The device of claim 13, wherein to present the one or more virtual objects, the
ong or more processors are configured to:

determing signaled locations for the one or more virtual objects 1o the virtual
scene; and

transform the signaled locations to real-world locations according to the

transformation to produce the locations within the real-world presentation environment.

16. The device of claim 10, wherein to present the one or more virtual objects, the
one or morc processors are configured to align the virtual scene to the real-world

presentation environment according to the scene anchor.

17. The device of claim 10, wherein the scene description further includes data
defining an action representing input recetved from a user, and wherein the one or more
processors are further configured to determine a modification to the location of at least
one the one or more virtual objects or a virtual camera in response to the action, and
wherein the one or more processors are configured to present the one or more virtual
objects according to the modification of the location of the at least one of the one or

more virtual objects or the virteal camera.

18. The device of claim 10, wherein the scene description further inchudes data

defining object wdeutifiers for the one or more virtual objects.

19 The device of clamm 10, whergin the device comprises at least one of!
an integrated circut;
a microprocesser; and

a wireless communication device.

55



WO 2022/226502 PCT/US2022/071809

20. A computer-readable storage medium having stored thereon instructions that,
when executed, cause a processor o

receive a scene description of a bitstream, the scene deseription including data
describing a scene anchor and ong or more virtual objects in a virtual scene, the scene
anchor representing a correspondence between the virtual scene and a real-world
preseniation enviromment;

determinge the correspondence between the virtual scene and the real-world
presentation environment using the scene anchor; and

present the one or more virtual objects at locations within the real-world

presentation environment according to the determined correspondence.

21 ¢ computer-readable storage medium of claim 20, wherein the scene anchor
includes data defining a type for the real-world presentation environment, the type being

one or more of local, view, or stage.

22, The computer-readable storage medium of claim 20, wherein the scene anchor
includes data defining a type for the real~world presentation environment, the type being
an application-defined space, the method further comprising receiving data defining the

application-defined space.

23 The computer-readable storage mediom of claim 20, wherein the scene
description includes data representing a transformation of a scene coordinate system

nto a coordinate system of the real-world presentation environment.

24, The computer-readable storage medinmm of claim 23, wherein the transformation

mcludes one or more of a rotation, a translation, or scaling.

25 The computer-readable storage medium of claim 23, wherein the mstructions
that cause the processor to present the one or more virtual objects comprise instructions
that cause the processor (o

determine signaled locations for the one or more virtual objects in the virtual
scene; and

transtorm the signaled locations to real-world locations according to the

transformation to produce the locations within the real-world presentation cuvironment.

56



WO 2022/226502 PCT/US2022/071809

26.  The computer-readable storage medium of claim 20, wherein the instructions
that cause the processor to present the one or more virtual objects comprise nstructions
that cause the processor 1o align the virtual scene to the real-world presentation

environment according to the scene anchor.

27.  'The computer-readable storage medim of claim 20, wherein the scene
description further includes data defining an action representing mput received from a
user, further comprising mstructions that cause the processor to determine a
modification to the location of at least one the one or more virtual obiects or a virtual
camera in response to the action, and wherein the mstructions that cause the processor {o
present the one or more virtual objocts comprise instructions that cause the processor to
present the one or more virtual objects according 1o the modification of the location of

the at least one of the one or more virtual objects or the virtual camera.

28, The computer-readable storage medivm of claim 20, wherein the scene

description further includes data defining object identifiers for the one or more virtual

29, A device for presenting media data, the device comprising:

means for receiving a scene description of a bitstream, the scene description
mehuding data describing a scene anchor and one or more virtual objects i a virtual
scene, the scene anchor representing a correspondence between the virtual scene and a
real~world presentation environment;

means for determmning the correspondence between the virtual scene and the
real-world presentation environment using the scene anchor; and

means for presenting the one or more virtual objects at locations within the real-

world presentation enviromment according to the determined correspondence.

30, The device of claim 29, wherein the scene anchor includes data defining atype
for the real-world presentation environment, the type being one or more of local, view,

or stage.

31 The device of claim 29, wherein the scene anchor mchsdes data defining atype
for the real-world presentation environment, the type being an application-defined

space, the method further comprising receiving data detining the application-defined

o

space.
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32, Thedevice of claim 29, wherein the scene descuption includes data representing
a transformation of a scene coordinate system into a coordinate system of the real-world

presentation enviromment.

33. The device of claim 32, wherein the transformation mcludes one or more of a

rotation, a translation, or scaling.

34 The device of claim 32, wherein the means for presenting the one or more virtual
objects comprises:

means for detcomining signaled locations for the one or more virtual objects in
the virtual scene; and

means for transforming the signaled locations to real-world locations according
to the transfonmation to produce the locations within the real-world presentation

environment.

35 The device of claim 29, wherein the means for presenting the one or more virtual
obiects comprises means for aligning the virtual scene to the real-world presentation

cnvironment according to the scene anchor,

36. The device of claim 29, wherein the scene description further mchudes data
defining an action representing input received from a user, further comprising means for
determining a modification to the location of at least one the one or more virtual objects
or a virtual camera in response {0 the action, and wherein the means for presenting the
one or more virtual objects comprises means for presenting the one or more virtual
objects according to the modification of the focation of the at least one of the one or

more virtual objects or the virtual camera.

37 The device of claim 29, wherein the scene description further includes data

defining object wlentifiers for the one or more virtual objects.
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